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1. INTRODUCTION 
 

Environmental and Health Risk Consulting was retained by Clean Stream Environmental Consultants 

to perform an ambient air quality impact assessment in support of the proposed Brandspruit Mine – 

Impumelelo Shaft of Sasol Mining: Secunda Complex. 

 

Coal at the Sasol Mining: Secunda Complex is mined at five operations, namely Twistdraai, 

Bosjesspruit, Brandspruit, Middelbult and Syferfontein Collieries.  In order to continue to satisfy 

existing market requirements and sustain the supply of coal to Sasol Synfuels, the company is 

planning to utilise the Block II reserves.  The presence of a dolerite intrusion necessitates the 

separation of the reserve into a North and a South Block. 

 

The objectives of this study were to describe the ambient emissions from the coal extraction process 

and to assess the impact on the health of the receiving community.  The findings of the study are 

aimed at providing Sasol Mining: Secunda Complex, the Mpumalanga Provincial Government 

Department of Agriculture and Land Administration and other stakeholders with scientific data 

required in terms of present and future air quality management systems. 

 

1.1. TERMS OF REFERENCE 

 

The project is located south west of Secunda, east of Greylingstad and north west of Standerton in the 

Dipaleseng Local Municipality, one of seven Local Municipalities comprising the Gert Sibande 

District Municipality of the Mpumalanga Province. 

 

Sasol Mining is proposing to mine the Block II North reserve from the Impumelelo Shaft, located on 

the farm Raskop 677IR, using a combination of underground mining methods.  Run-of-mine coal 

from the operation will be sent via overland conveyor to the existing Brandspruit Mine Plant. 

 

It is intended that the North Block be mined initially, and that the South Block reserve will be mined 

at a later stage. 
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Mining and agriculture in the region contributes significantly to the GDP of the Mpumalanga 

Province.  Agriculture (i.e. maize, vegetables and stock farming) is responsible for most current land 

use in the study area. 

 

No are currently no mining of significant industrial operations within a radius of 10km of the shaft 

site (see Figure 1 below). 

 

 

Figure 1: Location of the Brandspruit Mine – Impumelelo Shaft Project 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


0109-P005-CLE U Neveling 12 July 2009 0 of 0 1 of 2 3 of 65 

 

Potential sensitive receptors associated with this project include numerous farmsteads and residential 

dwellings surrounding the Impumelelo Shaft location and the overland conveyor. 

 

The assessment of ambient atmospheric emissions comprised the following terms of reference: 

 

- A review of relevant health criteria, ambient air quality guidelines and standards. 

- The compilation of an emissions inventory, based on current emission factors. 

- Compilation of a meteorology database. 

- An assessment of impact based on pollution dispersion simulation. 

- Evaluation of the potential for human health and environmental impacts based on 

comparisons of modelled pollutant concentrations with relevant guidelines and standards. 

 

1.2. METHODOLOGICAL OVERVIEW 

 

The establishment of an emissions inventory formed the basis for assessing the impact from the 

proposed process.  The establishment of an emissions inventory comprises the identification of 

sources of emission and the quantification of each source’s contribution to ambient air 

concentrations. 

 

In the emissions inventory, dispersion simulation and impact assessment, reference was made to 

routine emissions from production and support processes. 

 

Process emission rates were obtained from emission factors which associate the quantity of a 

pollutant to the activity associated with its release.  Due to the absence of locally generated emission 

factors, use was made of the comprehensive set of emission factors published by the United States 

Environmental Protection Agency (US-EPA) in its AP-42 document Compilation of Pollution 

Emission Factors. 

 

The simulation of emissions was performed through the application of the ISC-AERMOD View 

Model.  AERMOD is a steady-state plume model, applicable to rural and urban areas, flat and 

complex terrain, surface and elevated releases, and multiple sources (including, point, area and 

volume sources).  In the stable boundary layer (SBL), the concentration distribution is assumed to be 
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Gaussian in both the vertical and horizontal.  In the convective boundary layer (CBL), the horizontal 

distribution is assumed to be Gaussian, but the vertical distribution is described with a bi-Gaussian 

probability density function.  Additionally, in the CBL, AERMOD treats “plume lofting,” whereby a 

portion of plume mass, released from a buoyant source, rises to and remains near the top of the 

boundary layer before becoming mixed into the CBL.  AERMOD also tracks any plume mass that 

penetrates into elevated stable layer, and then allows it to re-enter the boundary layer when and if 

appropriate. 

 

Ambient pollutant concentrations were simulated to ascertain highest daily and annual averaging 

levels to facilitate comparisons with air quality guidelines and dose-response thresholds. 

 

The dispersion simulations of emissions facilitated a preliminary or screening study of the potential 

for human health impacts.  In order to assess the health implications, the simulated concentrations 

were compared to ambient air quality guidelines and standards. 

 

1.3. KEY FINDINGS 

 

The study, aimed at describing atmospheric emissions from mining operations at the proposed Sasol 

Brandspruit Mine – Impumelelo Shaft Project concludes the following: 

 

- Criteria pollutants account for most emissions from the process, with suspended particulates being 

the major pollutant. 

- Dust deposition is expected to be a visible nuisance during the period of construction and 

rehabilitation.  The impact is expected to be limited to the first 600m downwind of the 

construction site.  Beyond the 600m buffer area, the residential action level will not be exceeded. 

- During the operational life of the shaft, nuisance dust deposition will mostly increase at farmsteads 

closely associated to secondary and access roads. 

- Nuisance dust during normal shaft operations is expected to exceed the target level of 

300mg/m2/day, as well as the residential action level, for a limited distance beyond the process 

boundary.  The potential impact will be the greatest around the ROM bunker where it could extend 

as far as 400m in all directions. 
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- Ground level concentrations in excess of the 24-hour national standard of 75μg/m3 are possible 

over a widespread area stretching up to 3km in a northerly direction, 2km in a southerly direction 

and 1.5km in an easterly and westerly direction.  These maximum concentrations will be typical of 

hot, dry and windy conditions and poor ambient dispersion potential.  It is unlikely that the 

annually prescribed number of daily exceedences will be surpassed. 

- Annual average PM10 concentrations are not predicted to exceed the respective standard at the 

nearest formal residences. 

- The major sources of nuisance dust and PM10 from the mining process are expected to result from 

vehicle movement and open fugitive sources.  No significant impact on the local air quality is 

expected from the construction and operation of the overland conveyor. 

- Strict monitoring of ambient air quality, especially nuisance dust and PM10 will assist effective air 

quality management and open communication to all stakeholders. 

 

Finally, the report endeavours to outline the course of action to improve air quality management both 

for Sasol Mining: Secunda Complex, government departments and surrounding communities. 

 

2. AIR QUALITY ASSESSMENT CRITERIA 
 

2.1. AIR QUALITY DESCRIPTORS 

 

It is assumed that the reader is familiar with most commonly used air quality terminology.  For sake 

of interest the following words or expressions form the basis of the Act, existing guidelines and 

SANS standards and will be used in this report- 

 

a) acceptable to the authority administering this standard or to the parties concluding the 

purchase contract, as relevant.  

b) air pollution means 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.  

c) air quality standard comprises limit values based on health risk or environmental risk (or 

both) and associated averaging periods indicative of exposure durations, in addition to the 

following criteria:  
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- monitoring and data management protocols for air quality assessment and reporting;  

- permissible frequencies of exceeded limit values within defined time frames; and  

- time frames for achieving compliance in non-attainment areas  

d) agglomeration area with a population of 250 000 or more inhabitants or, where the population 

is less than 250 000 inhabitants, a population density per square kilometre that justifies the need 

for ambient air quality to be assessed and managed.  

e) alert threshold level beyond which there is a risk to human health from brief exposure and for 

which priority action is required.  

f) ambient air means outdoor air in the troposphere, excluding work places, were air quality is 

determined in accordance with SANS 1929:2005.  

g) assessment method used to measure, calculate, predict or estimate the level of a pollutant in the 

ambient air.  

h) assessment threshold  

- lower assessment threshold level below which modelling or objective estimation 

techniques alone may be used to assess ambient air quality; and  

- upper assessment threshold level above which monitoring is mandatory, and below which 

a combination of measurements and modelling techniques may be used to assess ambient air 

quality.  

i) atmospheric emission or emission means any emission or entrainment process emanating 

from a point, non-point or mobile source that result in pollution.  

j) national authority national authority responsible for air quality.  

k) provincial authority provincial government department tasked with air quality management 

under the National Environmental Management: Air Quality Act.  

l) local authority local government department tasked with air quality management under the 

National Environmental Management: Air Quality Act.  

m) averaging period over which average value is determined.  

n) level concentration of a pollutant in ambient air or the deposition thereof over a given time.  

o) limit value level fixed on the basis of scientific knowledge, with the aim of avoiding, 

preventing or reducing harmful effects on human health or the environment as a whole (or 

both), to be attained within a given period and not to be exceeded once attained.  

p) margin of tolerance percentage of the limit value by which this value may be exceeded, 

subject to the conditions laid down in SANS 69:2004.  
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q) natural events geothermal activities, bush fires, high winds or the atmospheric re-suspension 

or transport of natural particles from dry regions.  

r) pollutant substance introduced directly or indirectly by man into the ambient air and likely to 

have harmful effects on human health or the environment as a whole (or both).  

s) priority area identified and proclaimed as a priority area by the Minister of Environmental 

Affairs and Tourism or any member of the executive committee (MEC), by notice in the 

Gazette and after consultation with relevant stakeholders, where he/she is of the opinion that:  

- ambient air quality limits or values are being, or are likely to be exceeded; or  

- any other harmful situation exists; and  

- the limits or values being exceeded are causing, or may cause, a significant negative impact 

on the environment or health.  

t) PM10 particulate matter which passes through a size-selective inlet with a 50% efficiency cut-

off at 10µm aerodynamic diameter.  

u) target value level fixed with the aim of avoiding more long-term harmful effects on human 

health and the environment as a whole, to be attained where possible over a given period.  

v) zone area designated by the national authority in which limit values for a specific pollutant are 

exceeded owing to the concentrations of that pollutant in ambient air due to natural sources.  

 

2.2. MINISTRY OF ENVIRONMENTAL AFFAIRS AND TOURISM 

 

The exclusive use of source-based controls (e.g. emission limits) as an air quality management tool 

has been found to have important short-comings.  Emission limits do not take the unique 

characteristics of the receiving environment into account, such as the dispersion potential, existence 

of other sources, existing ambient pollutant concentrations, and the sensitivity of the receiving 

environment.  Such limits therefore provide no insurance that ambient air quality objectives will be 

achieved and that there will be no adverse effects on human health and welfare. 

 

There is a strong shift from air pollution control based exclusively on source-based methods (e.g. 

emission limits) to air quality management based on an effects-based approach (e.g. air quality 

objectives).  An effects-based approach requires the setting of ambient air quality guidelines and 

standards.  Ambient air quality guidelines and standards are laid down by various countries, including 

South Africa, for the regulation of air concentrations of various criteria pollutants (e.g. sulphur 
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dioxide, particulate matter, nitrogen oxides and lead).  Such ambient guideline and standards define 

satisfactory air quality to ensure human health and welfare, thus providing objectives for air quality 

management. 

 

Air quality guidelines and standards are fundamental to effective air quality management, providing 

the link between the source of atmospheric emissions and the receptor.  These guideline values 

indicate safe daily exposure levels for the majority of the population, including the very young and 

the elderly, throughout the individual’s entire lifetime.  Air quality guidelines and standards are 

normally given for specific averaging periods, i.e. the duration over which the standard or guideline is 

applicable.  Generally, five averaging periods are applicable, namely an instantaneous peak, 1-hour 

average, 24-hour average, 1-month average and annual average. 

 

DEAT have brought into effect the National Environmental Management: Air Quality Act (Act No. 

39 of 2004, AQA) on 11 September 2005 as part of a broad programme of air quality management 

reform. 

 

The publication in May 2000 of government’s Integrated Pollution and Waste Management Policy 

(IP & WM Policy) marked a turning point for pollution and waste governance in South Africa.  The 

National Air Quality Management Plan (NAQMP), borne from the IP & WM Policy, has as its 

definition AQA. 

 

Government’s vision with respect to the NAQMP is that the programme will develop, implement and 

maintain an air quality management regime that contributes to sustainable development and a 

measurable improvement in the quality of life of all, by harnessing the energy and commitment of all 

South Africans for the effective prevention, minimisation and control of atmospheric pollution. 

DEAT is responsible for establishing a national framework for achieving the objectives of AQA, 

which includes –  

 

a) mechanisms, systems and procedures to attain compliance with ambient air quality standards; 

b) mechanisms, systems and procedures to give effect to the Republic’s obligations in terms of 

international agreements; 

c) national norms and standards for the control of emissions from point and non-point sources; 
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d) national norms and standards for air quality monitoring; 

e) national norms and standards for air quality management planning; 

f) national norms and standards for air quality information management; and  

g) any other matter which the Minister considers necessary for achieving the objectives of the Act. 

 

The establishment of national ambient air quality standards is achieved through AQA and the South 

African Bureau of Standards (SABS) standard setting initiative.  Schedule 2 (Section 63) of AQA 

pertaining to ambient air quality standards is summarised in Table 1 below. 

 

Table 1: 

Ambient air quality standards1 – DEAT 

(@ 25°C and 101.3 kPa) 

 

Time-weighted average (µg/m3) 
Substance 

10-minutes 1-hour 8-hour 24-hour Annual 
 

Ozone (O3) n.a. 200 120 n.a. n.a. 
 

Nitrogen dioxide (NO2) n.a. 200 n.a. n.a. 40 
 

Sulphur dioxide (SO2) 500 350 n.a. 125 50 
 

Lead (Pb) n.a. n.a. n.a. n.a. 0.5 
 

Particulate matter (PM10) n.a. n.a. n.a. 75 40 
 

Carbon monoxide (CO) n.a. 30 000 10 000 n.a. n.a. 
 

Benzene (C6H6) n.a. n.a. n.a. n.a. 5 
 

 
Note: 
µg/m3  : microgram per cubic meter air 
1  : National standards published on 9 June 2006 
DEAT  : Department of Environmental Affairs and Tourism 
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2.3. SOUTH AFRICAN BUREAU OF STANDARDS 

 

South African National Standard SANS 69:2004 “Framework for setting and implementing national 

ambient air quality standards” defines the basic principles of a strategy to: 

 

a) define and establish objectives for ambient air quality in South Africa designed to avoid, 

prevent or reduce harmful effects on human health and the environment as a whole, taking into 

account technical, economic, social, political, and strategic considerations; 

b) assess the ambient air quality within provinces and within metropoles and towns on the basis of 

common methods and criteria; 

c) establish adequate databases of ambient air quality at local government level that is 

consolidated on a national basis and that assists with prioritisation on local and national levels; 

d) report air quality information to the public, particularly in instances where air pollution levels 

can be harmful; and 

e) endeavour to preserve ambient air quality where it is good and improve it in other cases, 

compatible with sustainable development. 

 

This standard support the establishment and implementation of a system of multiple levels of air 

quality objectives, including limit values and associated time frames for attainment, target values and 

alert thresholds. 

 

In order to take into account the actual levels of a given pollutant when setting limit values and the 

time needed to implement measures for improving the ambient air quality, the national authority may 

also make provision for temporary margins of tolerance. 

 

The system of air quality objectives is modelled on the tiered or banded approach applied by the 

European Community.  The exceeding of thresholds therefore does not result in litigation, as in the 

United States of America, but rather in the initiation of more intensive air quality management 

planning.  The banded approach also encourages the management of air pollution to the lowest levels 

which can cost-effectively be met while compatible with sustainable development objectives, rather 

than ensuring that pollution levels stay just below the relevant threshold. 
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An updated edition of SANS 1929:2005 “Ambient air quality – Limits for common pollutants”, 

SANS 1929:2009, was published for comment in October 2008.  This standard gives limit values for 

common pollutants to ensure that the negative effects of such pollutants on human health are 

prevented or reduced.  Limit values given in this standard are expressed for common pollutants as are 

the margins of tolerance, compliance time frames and permissible frequencies by which the limit 

values may be exceeded. 

 

It is recognised that, although national limit values laid down primarily aim at the protection of 

human health, these limit values might be revised in future to address other components of the 

environment such as vegetation and ecosystems. 

Concentrations shall be expressed at a standardised temperature of 25°C and a pressure of 101.3kPa. 

 

Where test methods are specified, any other method which can be demonstrated to give equivalent 

results may be used. 

 

Sulphur dioxide (SO2) 

 

Limit values, target values, number of permissible exceedences and dates for compliance with limit 

values for sulphur dioxide are stipulated in Table 2. 

 

Table 2: 

Limit values for sulphur dioxide – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Interim target 
value (µg/m3) b 

Target value 
(µg/m3) 

Number of 
annual 

exceedences c 
      
Hourly 1 hour 350 - - 88 
Daily 24 hours 125 50 20 4 
Annual Calendar year 50 - - 0 
      

      
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – Immediately. 
b  : Interim target value shall be subject to regulatory review as outlined in the National Framework. 
c  : Based on 99% compliance. 
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The reference method for the analysis of SO2 shall be Pararosaniline method in accordance with 40 

CFR Part 50, Appendix A. 

 

Nitrogen dioxide (NO2) 

 

Limit values, number of permissible exceedences and dates for compliance with limit values for 

nitrogen dioxide are stipulated in Table 3. 

 

Table 3: 

Limit values for nitrogen dioxide – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Number of 
annual 

exceedences b 
    
Hourly 1 hour 200 88 
Annual Calendar year 40 0 
    

    
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – 2017. 
b  : Based on 99% compliance. 

 

The reference method for the analysis of NO2 shall be ISO 7996. 

 

Carbon monoxide (CO) 

 

Limit values, number of permissible exceedences and dates for compliance with limit values for 

carbon monoxide are stipulated in Table 4. 
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Table 4: 

Limit values for carbon monoxide – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(mg/m3) a 

Number of 
annual 

exceedences b 
    
Hourly 1 hour 30 88 

8-hour 

8 hour running 
average calculated 

on 1-hour 
averages 

10 11 

    

    
Note: 
mg/m3  : milligram per cubic meter air. 
a  : Compliance date – Immediately. 
b  : Based on 99% compliance. 

 

The maximum daily 8 hour mean concentration shall be selected by examining 8 hourly running 

averages, calculated from hourly data and updated each hour.  Each 8 hour average so calculated shall 

be assigned to the day on which it ends, thus, the first calculation period for any one day will be the 

period from 17:00 on the previous day to 01:00 on that day; the last calculation period for any one 

day shall be the period from 16:00 to 24:00 on that day. 

 

The reference method for analysis of CO shall be ISO 4224. 

 

Ozone (O3) 

 

Limit values, number of permissible exceedences and dates for compliance with limit values for 

ozone are stipulated in Table 5. 
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Table 5: 

Limit values for ozone – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Target value 
(µg/m3) 

Number of 
annual 

exceedences b 
     
8-hour 8 hour running 

average calculated 
on 1-hour 
averages 

120 100 11 

     

     
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – 2017. 
b  : Based on 99% compliance. 

 

The maximum daily 8 hour mean concentration shall be selected by examining 8 hourly running 

averages, calculated from hourly data and updated each hour.  Each 8 hour average so calculated shall 

be assigned to the day on which it ends, thus, the first calculation period for any one day will be the 

period from 17:00 on the previous day to 01:00 on that day; the last calculation period for any one 

day shall be the period from 16:00 to 24:00 on that day. 

 

The reference method for analysis of ozone shall be the UV photometric method as described in ISO 

13964. 

 

Lead (Pb) 

 

Limit values, number of permissible exceedences and dates for compliance with limit values for lead 

are stipulated in Table 6. 
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Table 6: 

Limit values for lead – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Target value 
(µg/m3) 

Number of 
annual 

exceedences b 
     
Annual Calendar year 0.5 0.25 0 
     

     
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – Immediately. 
b  : Based on 99% compliance. 

 

The reference method for analysis of lead shall be ISO 9855. 

 

Benzene (C6H6) 

 

Limit values, number of permissible exceedences and dates for compliance with limit value for 

benzene are stipulated in Table 7. 

 

Table 7: 

Limit values for benzene – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Number of 
annual 

exceedences b 
    
Annual Calendar year 5 0 
    

    
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – Immediately. 
b  : Based on 99% compliance. 

 

The reference method for the sampling and analysis of benzene shall either be EPA compendium 

method TO-14A or method TO-17. 
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Dust deposition 

 

The four-band scale which should be used in the evaluation of dust deposition is given in Table 8 and 

target, action and thresholds are indicated in Table 9. 

 

An enterprise may submit a request to the authorities to operate within band 3 (action band), as 

specified in Table 8, for a limited period, provided that this is essential in terms of the practical 

operation of the enterprise (for example the final removal of a tailings deposit) and provided that an 

appropriate control technology is applied for the duration.  No margin of tolerance will be granted for 

operations that result in dust deposition rates which fall within band 4 as specified in Table 8. 

 

Dust depositions that exceed the specified rates but can be shown to be the result of some extreme 

weather or geological event shall be discounted for the purpose of enforcement and control.  Such 

event might typically result in excessive dust deposition rates across an entire metropolitan region, 

and not be localised to a particular operation.  Natural seasonal variations, for example, the naturally 

windy months each year, will not be considered extreme events for this definition. 

 

Table 8: 

Four-band scale evaluation criteria for dust deposition – SANS 1929:2005 

 

Band 
number 

Band 
description  

Dust deposition rate, D 
(mg/m2/day) Comment 

    

1 Residential D < 600 Permissible for residential and light commercial. 

2 Industrial 600 < D < 1 200 Permissible for heavy commercial and industrial. 

3 Action 1 200 < D < 2 400 Requires investigation and remediation if two 
sequential months lie in this band, or more than 
three occur in a year. 

4 Alert 2 400 < D Immediate action and remediation required 
following the first incidence of the dust 
deposition rate being exceeded.  Incident report to 
be submitted to the relevant authority. 

    

    
Notes: 
D  : Dust deposition rate in milligram per square metre per day over a 30-day averaging period 
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Table 9: 

Target, action and alert thresholds for dust deposition – SANS 1929:2005 

 

Level Dust deposition rate, D 
(mg/m2/day) 

Averaging 
period Comment 

    

Target 300 Annual No comment. 

Action residential 600 30 days Three within any year, no two sequential 
months. 

Action industrial 1 200 30 days Three within any year, not sequential months. 

Alert threshold 2 400 30 days None.  First incidence of dust deposition being 
exceeded requires remediation and 
compulsory report to the relevant authorities. 

    

    
Notes: 
D  : Dust deposition rate in milligram per square metre per day over a 30-day averaging period 

 

The reference method for measuring dustfall shall be ASTM D 1739. 

 

Particulate matter (PM10) 

 

Limit values, number of permissible exceedences and dates for compliance with limit value for 

particulate matter (PM10) are stipulated in Table 10. 

 

With regards to the setting of limit values for suspended particulate matter, the following is 

recognised: 

 

a) different types of particles can have different harmful effects on human health; 

b) there is evidence that risks to human health associated with exposure to man-made PM10 are 

higher than risks associated with exposure to naturally occurring particles in ambient air; and 

c) insofar as they relate to PM10, action plans and other reduction strategies should aim to reduce 

concentrations of fine particles as part of the total reduction in concentrations of particulate 

matter 
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Table 10: 

Limit values for PM10 – SANS 1929:2009 

 

Exposure period Averaging 
period 

Limit value 
(µg/m3) a 

Interim target 
value (µg/m3) b 

Target value 
(µg/m3) 

Number of 
annual 

exceedences c 
      
Daily 24 hours 75 - 50 4 
Annual Calendar year 40 30 20 0 
      

      
Note: 
µg/m3  : microgram per cubic meter air. 
a  : Compliance date – 2017. 
b  : Interim target value shall be subject to regulatory review as outlined in the National Framework. 
c  : Based on 99% compliance. 
 

The reference method for the determination of the PM10 fraction of suspended particulate matter shall 

be EN 12341. 

 

2.4. INTERNATIONAL HEALTH CRITERIA 

 

World Health Organisation 

 

The primary objective of the World Health Organisation’s Guidelines for Air Quality is to help 

countries derive their own national standards, to help protect human health from air pollution.  The 

guidelines are technologically feasible and consider socio-economic and cultural constraints.  It 

provides a basis for protecting public health from the adverse effects of air pollution and for 

eliminating or reducing to a minimum, air pollutants likely to be hazardous to human health. 
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Table 11: 

Guideline values for the criteria air pollutants – World Health Organisation 

 

Compound 
Annual 
concentration 
(µg/m3) 

Health endpoint Observed 
effect level 
(µg/m3) 

Uncertainty 
factor 

Guideline 
value 
(µg/m3) 

Averaging 
time 

       
Carbon 
monoxide 

500-7000 n.a. n.a. 100 000 15 minutes 

    60 000 30 minutes 
    30 000 1 hour 
  

Critical level of COHb 
<2.5% 

  10 000 8 hours 
       
Lead 0.01-2 Critical level of PB in 

blood <100-150µg 
Pb/litre 

n.a. n.a. 0.5 1 year 

       
Nitrogen 
dioxide 

10-150 365-565 0.5 200 1 hour 

  

Slight changes in lung 
function in asthmatics 

  40 1 year 
       
Ozone 10-100 Respiratory function 

responses 
n.a. n.a. 120 8 hours 

       
Sulphur 
dioxide 

5-400 1 000 2 500 10 minutes 

  250 2 125 24 hours 
  

Changes in lung 
function in asthmatics 
Exacerbations of 
respiratory symptoms 
in sensitive individuals 

100 2 50 1 year 

       
       

Note: 
µg/m3  : microgram per cubic meter air 
n.a.   : not applicable 

 

Health risk criteria for non-criteria pollutants 

 

Air quality criteria for non-criteria pollutants are published by various sources.  Such criteria include: 

 

- World Health Organization guideline values for non-carcinogens and unit risk factor guidelines 

for carcinogens, 

- Chronic and sub-chronic inhalation reference concentrations and cancer unit risk factors 

published by the US-EPA in its Integrated Risk Information System (IRIS), 
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- Reference exposure levels (RELs) published by the Californian Office of Environmental Health 

Hazard Assessment (OEHHA). 

- Minimg/mrisk levels issued by the US Federal Agency for Toxic Substances and Disease 

Registry (ATSDR). 

 

Various non-carcinogenic exposure thresholds for pollutants of interest in the current study are given. 

 

WHO guideline values are based on the no observed adverse effect level (NOAEL) and the lowest 

observed adverse effect level (LOAEL).  Although most guideline values are based on NOAELs 

and/or LOAELs related to human health endpoints, certain of the guidelines given for 30 minute 

averaging periods are related to odour thresholds. 

 

Inhalation reference concentrations (RfCs) related to inhalation exposures are published in the US-

EPA’s Integrated Risk Information System (IRIS) database.  RfCs are used to estimate non-

carcinogenic effects representing a level of environmental exposure at or below which no adverse 

effect is expected to occur.  The RfC is defined as "an estimate (with uncertainty spanning perhaps an 

order of magnitude) of a daily exposure to the human population (including sensitive subgroups) that 

is likely to be without appreciable risk of deleterious effects during a lifetime".  Non-carcinogenic 

effects are evaluated by calculating the ratio, or hazard index, between a dose (in this case the 

dosage) and the pollutant-specific inhalation RfC.  In the current study reference will be made to the 

chronic inhalation toxicity values published by US-EPA. 

 

RfCs are based on an assumption of lifetime exposure and thus provide a very conservative estimate 

when applied to less-than-lifetime exposure situations.  The RfC is also not a direct or absolute 

estimator of risk, but rather a reference point to gauge potential effects.  Doses at or below the RfC 

are not likely to be associated with any adverse health effects.  However, exceedance of the RfC does 

not imply that an adverse health effect would necessarily occur.  As the amount and frequency of 

exposures exceeding the RfC increase, the probability that adverse effects may be observed in the 

human population also increases.  The US-EPA has therefore specified that although doses below the 

RfC are acceptable, doses above the RfC are not necessarily unsafe. 
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The US Federal Agency for Toxic Substances and Disease Registry (ATSDR) uses the no-observed-

adverse-effect-level/uncertainty factor (NOAEL/UF) approach to derive maximum risk levels 

(MRLs) for hazardous substances.  They are set below levels that, based on current information, 

might cause adverse health effects in the people most sensitive to such substance-induced effects.  

MRLs are derived for acute (1-14 days), intermediate (>14-364 days), and chronic (365 days and 

longer) exposure durations, and for the oral and inhalation routes of exposure.  MRLs are generally 

based on the most sensitive substance-induced end point considered to be of relevance to humans.  

ATSDR does not use serious health effects (such as irreparable damage to the liver or kidneys, or 

birth defects) as a basis for establishing MRLs.  Exposure to a level above the MRL does not mean 

that adverse health effects will occur. 

 

MRLs are intended to serve as a screening tool to help public health professionals decide where to 

look more closely.  Most MRLs contain some degree of uncertainty because of the lack of precise 

toxicological information on the people who might be most sensitive (e.g., infants, elderly, and 

nutritionally or immunologically compromised) to effects of hazardous substances.  ATSDR uses a 

conservative (i.e., protective) approach to address these uncertainties consistent with the public health 

principle of prevention.  Although human data are preferred, MRLs often must be based on animal 

studies because relevant human studies are lacking.  In the absence of evidence to the contrary, 

ATSDR assumes that humans are more sensitive than animals to the effects of hazardous substances 

that certain persons may be particularly sensitive.  Thus the resulting MRL may be as much as a 

hundredfold below levels shown to be nontoxic in laboratory animals.  When adequate information is 

available, physiologically based pharmacokinetic (PBPK) modeling and benchmark dose (BMD) 

modeling have also been used as an adjunct to the NOAEL/UF approach in deriving MRLs. 

 

Proposed MRLs undergo a rigorous review process.  They are reviewed by the Health Effects/MRL 

Workgroup within the Division of Toxicology; and expert panel of external peer reviewers; the 

agency wide MRL Workgroup, with participation from other federal agencies, including EPA; and 

are submitted for public comment through the toxicological profile public comment period.  Each 

MRL is subject to change as new information becomes available concomitant with updating the 

toxicological profile of the substance.  MRLs in the most recent toxicological profiles supersede 

previously published levels. 
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3. BACKGROUND 
 

3.1. PROCESS 

 

The following activities were considered as part of this investigation: 

 

a) Construction of shaft infrastructure; 

b) Operation of infrastructure and mining activities; and 

c) Run-of-mine (ROM) transfer to the Brandspruit Mine Plant. 

 

Figure 2 on the next page contains the surface infrastructure plan for the Sasol Brandspruit Mine – 

Impumelelo Shaft Project. 

 

Construction activities will involve pre-construction earthmoving activities and the following surface 

infrastructure will most likely be erected to facilitate the mining operational activities: 

 

• Power supply systems, 

• Access Road, 

• Process and potable water supply systems, 

• Water pollution management systems, 

• Workshops, 

• Offices and ablution facilities, 

• Service and ventilation shafts, and 

• ROM bunker, conveyor belt and transfer station. 
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Figure 2:  Surface Infrastructure associated with the Impumelelo Shaft 

 

3.2. EMISSIONS INVENTORY 

 

Construction 

 

Heavy construction is a source of dust emissions that may have substantial temporary impact on local 

air quality.  Building and road construction are two examples of construction activities with high 

emissions potential.  Emissions during the construction of a building or road can be associated with 

land clearing, drilling and blasting, ground excavation, cut and fill operations (i.e., earth moving), and 

construction of a particular facility itself.  Dust emissions often vary substantially from day to day, 

depending on the level of activity, the specific operations, and the prevailing meteorological 
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conditions.  A large portion of the emissions results from equipment traffic over temporary roads at 

the construction site. 

 

The temporary nature of construction differentiates it from other fugitive dust sources as to estimation 

and control of emissions.  Construction consists of a series of different operations, each with its own 

duration and potential for dust generation.  In other words, emissions from any single construction 

site can be expected (1) to have a definable beginning and an end and (2) to vary substantially over 

different phases of the construction process.  This is in contrast to most other fugitive dust sources, 

where emissions are either relatively steady or follow a discernable annual cycle.  Furthermore, there 

is often a need to estimate area-wide construction emissions, without regard to the actual plans of any 

individual construction project. 

 

The quantity of dust emissions from construction operations is proportional to the area of land being 

worked and to the level of construction activity.  By analogy to the parameter dependence observed 

for other similar fugitive dust sources, one can expect emissions from heavy construction operations 

to be positively correlated with the silt content of the soil (that is, particles smaller than 75 

micrometers [μm] in diameter), as well as with the speed and weight of the average vehicle, and to be 

negatively correlated with the soil moisture content. 

 

Mining 

 

Sasol Mining: Secunda Complex intends to mine the 2 and 4-Seam coal through underground mining 

utilising a combination of bord-and-pillar and stooping methods for maximum yield of the coal 

reserve. 

 

Run-of-mine coal will be extracted via an incline shaft to a surface bunker.  A conveyor of 

approximately 27km, incorporating one transfer station, will be used to move the ROM coal to the 

existing coal handling facilities at the Brandspruit Mine Plant. 

 

Some important specific emission sources, applicable to this study, are further discussed below. 
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Material handling and stockpiling 

 

Inherent in operations that use minerals in aggregate form is the maintenance of outdoor storage piles.  

Storage piles are usually left uncovered, partially because of the need for frequent material transfer 

into or out of storage.  Dust emissions occur at several points in the storage cycle, such as material 

loading onto the pile, disturbances by strong wind currents, and load-out from the pile.  The 

movement of trucks and loading equipment in the storage pile area is also a substantial source of dust. 

The quantity of dust emissions from aggregate storage operations varies with the volume of aggregate 

passing through the storage cycle.  Emissions also depend on 3 parameters related to the condition of 

the storage pile: age of the pile, moisture content, and proportion of aggregate fines. 

 

When freshly processed aggregate is loaded onto a storage pile, the potential for dust emissions is at a 

maximum.  Fines are easily disaggregated and released to the atmosphere upon exposure to air 

currents, either from aggregate transfer itself or from high winds.  As the aggregate pile weathers, 

however, potential for dust emissions is greatly reduced.  Moisture causes aggregation and 

cementation of fines to the surfaces of larger particles.  Any significant rainfall soaks the interior of 

the pile resulting in a slow drying process. 

 

Total dust emissions from aggregate storage piles result from several distinct source activities 

within the storage cycle: 

 

1. Loading of aggregate onto storage piles (batch or continuous drop operations). 

2. Equipment traffic in storage area. 

3. Wind erosion of pile surfaces and ground areas around piles. 

4. Load-out of aggregate for shipment or for return to the process stream (batch or continuous 

drop operations). 

 

Either adding aggregate material to a storage pile or removing it usually involves dropping the 

material onto a receiving surface.  Truck dumping on the pile or loading out from the pile to a truck 

with a front-end loader are examples of batch drop operations.  Adding material to the pile by a 

conveyor stacker is an example of a continuous drop operation. 
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Fugitive dust sources 

 

Significant atmospheric dust arises from the mechanical disturbance of granular material exposed to 

the air.  Dust generated from these open sources is termed "fugitive" because it is not discharged to 

the atmosphere in a confined flow stream.  Common sources of fugitive dust include unpaved roads, 

agricultural tilling operations, aggregate storage piles, and heavy construction operations. 

 

From the time a mining area is disturbed until new vegetation emerges, all disturbed areas are subject 

to wind erosion. 

 

For the above sources of fugitive dust, the dust-generation process is caused by 2 basic physical 

phenomena: 

 

1. Pulverization and abrasion of surface materials by application of mechanical force through 

implements (wheels, blades, etc.). 

2. Entrainment of dust particles by the action of turbulent air currents, such as wind erosion of an 

exposed surface by wind speeds over 19 kilometers per hour (km/hr) (5.3 m/s). 

 

The impact of a fugitive dust source on air pollution depends on the quantity and drift potential of the 

dust particles injected into the atmosphere.  In addition to large dust particles that settle out near the 

source (often creating a local nuisance problem), considerable amounts of fine particles also are 

emitted and dispersed over much greater distances from the source. 

 

The potential drift distance of particles is governed by the initial injection height of the particle, the 

terminal settling velocity of the particle, and the degree of atmospheric turbulence.  Theoretical drift 

distance, as a function of particle diameter and mean wind speed, has been computed for fugitive dust 

emissions.  Results indicate that, for a typical mean wind speed of 16 km/hr (4.4 m/s), particles larger 

than about 100 μm are likely to settle out within 6 to 9 meters (20 to 30 feet) from the edge of the 

road or other point of emission.  Particles that are 30 to 100 μm in diameter are likely to undergo 

impeded settling.  These particles, depending upon the extent of atmospheric turbulence, are likely to 

settle within a few hundred feet from the source.  Smaller particles, particularly TSP and PM-10, 
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have much slower gravitational settling velocities and are much more likely to have their settling rate 

retarded by atmospheric turbulence. 

 

Dust emissions may be generated by wind erosion of open aggregate storage piles and exposed areas 

within an industrial facility.  These sources typically are characterized by nonhomogeneous surfaces 

impregnated with non-erodible elements (particles larger than approximately 1 centimeter in 

diameter).  Field testing of coal piles and other exposed materials using a portable wind tunnel has 

shown that (a) threshold wind speeds exceed 5 meters per second (m/s) at 15 cm above the surface or 

10 m/s at 7 m above the surface, and (b) particulate emission rates tend to decay rapidly (half-life of a 

few minutes) during an erosion event. In other words, these aggregate material surfaces are 

characterized by finite availability of erodible material (mass/area) referred to as the erosion 

potential.  Any natural crusting of the surface binds the erodible material, thereby reducing the 

erosion potential. 

 

Vehicle transport emissions 

 

When a vehicle travels an unpaved road, the force of the wheels on the road surface causes 

pulverization of surface material.  Particles are lifted and dropped from the rolling 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 act on the road surface after the vehicle has passed. 

 

The quantity of dust emissions from a given segment of unpaved road varies linearly with the volume 

of traffic.  Field investigations also have shown that emissions depend on source parameters that 

characterize the condition of a particular road and the associated vehicle traffic.  Characterization of 

these source parameters allow for “correction” of emission estimates to specific road and traffic 

conditions present on public and industrial roadways. 

 

Dust emissions from unpaved roads have been found to vary directly with the fraction of silt 

(particles smaller than 75 micrometers in diameter) in the road surface materials. 
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Other variables are important in addition to the silt content of the road surface material.  For example, 

at industrial sites, where haul trucks and other heavy equipment are common, emissions are highly 

correlated with vehicle weight. 

 

Emission factors 

 

Data for this investigation were obtained from a number of sources within the Office of Air Quality 

Planning and Standards (OAQPS) of the United States Environmental Protection Agency.  The AP-

42 background files located in the Emission Factor and Inventory Group (EFIG) were reviewed for 

information on the industry, processes, and emissions. The Factor Information and Retrieval (FIRE) 

and VOC/PM Speciation Data Base Management System (SPECIATE) data bases were searched for 

identification of the potential pollutants emitted and emission factors for those pollutants. A general 

search of the Air CHIEF CD-ROM also was conducted to supplement the information from these 

data bases. 

 

Reference was also made to stack and fugitive emission rates obtained from process emission 

sampling conducted by EHRCON on similar and other processes over the past ten years. 

 

Table 12 below summarizes the emission factors and emission rates for the Brandspruit Mine – 

Impumelelo Shaft Project. 
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Table 12a: 

Impumelelo Shaft Project – Emission factors 

 

Emission factor 
Activity 

TSP PM10 
   

1. Construction:   

 a. Fugitive emissions a 2.69 Mg/hectare/month 1.40 Mg/hectare/month 

2. Underground mining:   

 a. General mining b 5 mg/m3 2 mg/m3 

 b. Conveyor transfer to ROM stockpile c 0.85 g/Mg 0.40 g/Mg 

3. ROM Bunker:   

 a. ROM fugitive d 6.04 kg/m2 3.02 kg/m2 

 b. ROM stockpile maintenance c 0.85 g/Mg 0.40 g/Mg 

 c. Transfer to ROM conveyor c 0.85 g/Mg 0.40 g/Mg 

4. ROM Conveyor:   

 a. Rom transfer c 0.85 g/Mg 0.40 g/Mg 

5. Auxiliary equipment:   

 a. Toyota LDV 2.5 D-4D e 0.63 kg/VKT 0.20 kg/VKT 

 b. CAT Wheel Dozer 934H f 5.21 kg/VKT 1.63 kg/VKT 

 c. CAT Wheel Loader 966H g 3.82 kg/VKT 1.20 kg/VKT 

 d. CAT Motor Grader 16M h 3.99 kg/VKT 1.25 kg/VKT 

 e. Road transport truck i 3.42 kg/VKT 0.97 kg/VKT 
   

   
Notes: 
 
a  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2/11.9. 
 
b  : Mine Health and Safety Regulations GN R93 of the  

Mine Health and Safety Act 29 of 1996 
 
c  : US EPA, AP42, Volume I, 5 Edition, Chapter 11.9. 
   Material moisture content 6.9%. 
 
d  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Erosion potential calculated for a highest wind speed of 36km/h and daily activity. 
 
e  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Average vehicle weight of 1 530kg and average road silt content 13.6%. 
 
f  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Average vehicle weight of 47 106kg and average road silt content 13.6%. 
 
g  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Average vehicle weight of 23 698kg and average road silt content 13.6%. 
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h  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Average vehicle weight of 26 060kg and average road silt content 13.6%. 
 
i  : US EPA, AP42, Volume I, 5 Edition, Chapter 13.2. 
   Calculated for a Volvo FM400 H/Red 8x4 with a Afrit 40m3 Tandem/Tandem Axle  

side tip interlink combination trailer with an average mass of 39 057kg and  
average road silt content of 8.4%. 
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Table 12b: 

Impumelelo Shaft Project – Emission rates 

 

Emission rate (g/s)a 
Activity 

TSP PM10 
   

1. Construction:   

 a. Fugitive emissions b 77.84 40.50 

2. Underground mining:   

 a. General mining c 0.65 0.26 

 b. Conveyor transfer to ROM stockpile d 0.34 0.16 

3. ROM Bunker:   

 a. ROM fugitive e 3.83 1.92 

 b. ROM stockpile maintenance f 0.09 0.04 

 c. Transfer to ROM conveyor d 0.34 0.16 

4. ROM Conveyor:   

 a. Rom transfer d 0.34 0.16 

5. Auxiliary equipment:   

 a. Toyota LDV 2.5 D-4D g 7.29 2.26 

 b. CAT Wheel Dozer 934H g 0.30 0.09 

 c. CAT Wheel Loader 966H g 0.44 0.07 

 d. CAT Motor Grader 16M g 0.23 0.07 

 e. Road transport truck g 0.99 0.28 
   

   
Notes: 
 
a  : Emission rate in gram per second. 
 
b   Construction footprint of 75ha. 
 
c  : Centrifugal main surface ventilation fan with a diameter of 2m and  
   an air-handling capacity of 130m3/s 
 
d  : ROM production rate of 12.5 million tons per annum 
 
e  : ROM operational area of 2ha 
 
f  : 25% of ROM production rate 
 
g  : 1 000km/day for LDVs, 5km/day for wheel dozers, 10km/day for wheel loaders,  

5km/day for graders and 25km/day for road transport vehicles 
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3.3. METEOROLOGY 

 

The macro-ventilation characteristics of a region are determined by the nature of the synoptic systems 

that dominate the circulations of the region, and the nature and frequency of occurrence of alternative 

systems and weather perturbations over the region.  Meso-scale processes affecting the dispersion 

potential include thermo-topographically induced circulations, the development and dissipation of 

surface inversions, and the modification of the low-level wind field and stability regime by urban 

areas. 

 

Atmospheric processes at meso-scale were taken onto account in the characterisation of the 

atmospheric dispersion potential of the study area.  Reference was made to hourly average 

meteorological data recorded by the South African Weather Service, modelled to the site of the 

Brandspruit Mine – Impumelelo Shaft Project.  Parameters that need to be taken into account in the 

characterisation of meso-scale ventilation potentials include wind speed, wind direction, extent of 

atmospheric turbulence, ambient air temperature and mixing depth. 

 

Surface wind field 

 

Dispersion comprises vertical and horizontal components of motion.  The wind field largely 

determines the horizontal dispersion of pollution in the atmospheric boundary layer.  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.  The wind direction and the variability in wind direction, 

determine the general path pollutants will follow, and the extend of cross-wind spreading. 

 

Period, diurnal, and seasonal wind roses for the Brandspruit Mine – Impumelelo Shaft Project for the 

period 1 January to 31 December 2008 are presented in Figure 3 to 10.  Wind roses comprise 16 

spokes, which represents the directions from which winds blew during the period.  The colours used 

in the wind roses reflect the different categories of wind speeds.  The dotted circles provide 

information regarding the frequency of occurrence of wind speed and direction categories.  The value 

given in the centre of the circle describe the frequency with which calms occurred, i.e. periods during 

which the wind speed was below 1m/s. 
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Figure 3:  Period wind rose 
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Figure 4:  Day-time wind rose 
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Figure 5:  Evening wind rose 

 

NORTH

SOUTH

WEST EAST
3%

6%

9%

12%

15%

WIND SPEED 
(m/s)

 >= 11.1
  8.8 - 11.1
  5.7 -  8.8
  3.6 -  5.7
  2.1 -  3.6
  0.5 -  2.1

Calms: 4.46%

 
Figure 6:  Night-time wind rose 
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Figure 7:  Spring wind rose 
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Figure 8:  Summer wind rose 
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Figure 9:  Autumn wind rose 

 

NORTH

SOUTH

WEST EAST
3%

6%

9%

12%

15%

WIND SPEED 
(m/s)

 >= 11.1
  8.8 - 11.1
  5.7 -  8.8
  3.6 -  5.7
  2.1 -  3.6
  0.5 -  2.1

Calms: 4.04%

 
Figure 10:  Winter wind rose 
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Temperature 

 

Air temperature is important, both for determining the effect of plume buoyancy (the larger the 

temperature difference between the plume and the ambient air, the higher the plume is able to rise), 

and determining the development of mixing and inversion layers. 

 

Precipitation 

 

Precipitation represents an effective removal mechanism of atmospheric pollutants. 

 

Mixing height and atmospheric stability 

 

The vertical component of dispersion is a function of the extent of thermal turbulence and the depth 

of the surface mixing layer.  Unfortunately, the mixing layer is not easily measured and must often be 

estimated using prognostic models that derive the thickness from some of the other parameters that 

are often measured, e.g. solar radiation and temperature.  During the day-time, the atmospheric 

boundary layer is characterised by thermal turbulence due to the heating of the earth’s surface and the 

extension of the mixing layer to the lowest elevated inversion.  Radiative flux divergence during the 

night usually results in the establishment of ground based inversions and the erosion of the mixing 

layer.  Day-time mixing heights were calculated with the prognostic equations of Batchvarova and 

Gryning, while night-time boundary layer heights were calculated from various diagnostic 

approaches for stable and neutral conditions.  The mixing layer in the study area ranges from 0 metres 

(only a stable or neutral layer exists) during night-times to the base of the lowest-level elevated 

inversion during unstable, day-time conditions. 

 

Atmospheric stability is frequently categorised into one of six stability classes.  These are briefly 

described in Table 13.  the hourly standard deviation of wind direction, wind speed and solar 

radiation is used to determine hourly-average stability classes (STAR method). 

 

The atmospheric boundary layer is normally unstable during the day as a result of the turbulence due 

to the sun’s heating effect on the earth’s surface.  The thickness of this mixing layer depends mainly 

on the extent of solar radiation, growing gradually from sunrise to reach a maximum at about 5-6 
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hours after sunrise.  The situation is more pronounced during the winter months due to strong night-

time inversions and a slower developing mixing layer.  During the night a stable layer, with limited 

vertical mixing, exists.  During windy and/or cloudy conditions, the atmosphere is normally neutral. 

 

Table 13: 

Atmospheric stability classes 

 

 
 

Class A very unstable calm wind, clear skies, hot day-time conditions 

Class B moderately unstable clear skies, day-time conditions 

Class C unstable moderate wind, slightly overcast day-time conditions 

Class D neutral high winds or cloudy days and nights 

Class E stable moderate wind, slightly overcast night-time conditions 

Class F very stable low winds, clear skies, cold night-time conditions 
 

 

 

For elevated releases, the highest ground level concentrations would occur during unstable, day-time 

conditions.  The wind speed resulting in the highest ground level concentration depends on the 

buoyancy.  If the plume is considerably buoyant (high exit gas velocity and temperature) together 

with a low wind, the plume will reach the ground relatively far downwind.  With stronger wind 

speed, on the other hand, the plume may reach the ground closer, but due to the increased ventilation, 

it will be more diluted.  A wind speed between these extremes would therefore be responsible for the 

highest ground level concentrations.  The highest concentrations for low level releases would occur 

during weak wind speeds and stable atmospheric conditions.  Air pollution episodes frequently occur 

just prior to the passage of a frontal system that is characterised by calm wind and stable conditions. 

 

3.4. TOPOGRAPHY 

 

The topography of the study area consists of isolated hills, ridges and undulating plains.  There are no 

significant topographical features. The average area elevation ranges from 1572 to 1 716m AMSL.  

Figure 11 on the next pages depicts the terrain elevations for the study area. 
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4. AIR QUALITY IMPACT ASSESSMENT 
 

4.1. EXISTING AIR QUALITY 

 

The outdoor sources of air pollution resulting from human activities comprise three broad categories. 

 

Stationary sources, which can be subdivided into; rural area sources, e.g. agriculture, mining and 

quarrying and industrial point and area sources, e.g. manufacturing of chemicals, non-metallic 

mineral products, basic metal industries and power generation. 

Community sources, e.g. heating of homes and buildings, municipal waste and sewage sludge 

incinerators, fireplaces, cooking facilities, laundry services and cleaning plants. 

Mobile sources, such as combustion-engine vehicles, e.g. light duty petrol-powered cars, light and 

heavy-duty diesel-powered vehicles, motorcycles, aircraft and line sources such as fugitive emissions 

from vehicle traffic. 

 

Air pollutants are traditionally classified into suspended particulate matter (dusts, fumes, mists and 

smokes), gaseous pollutants (gases and vapours) and odours. 

 

Particulate matter suspended in air includes total suspended particles (TSP), PM10 (SPM with a 

aerodynamic diameter of less than 10µm), PM2.5 (SPM with a aerodynamic diameter of less than 

2.5µm), fine and ultra fine particles, diesel exhaust, coal fly-ash, mineral dusts (e.g. coal, asbestos, 

limestone and cement), metal dusts and fumes (e.g. zinc, copper, iron, lead), acid mists (e.g. sulphuric 

acid), fluoride particles, paint pigments, pesticide mists, carbon black, oil smoke and many others. 

 

Gaseous pollutants include sulphur compounds (e.g. sulphur dioxide and sulphur trioxide), carbon 

monoxide, nitrogen compounds (e.g. nitric oxide, nitrogen oxide and ammonia), organic compounds 

(e.g. hydrocarbons, volatile organic compounds, polycyclic aromatic hydrocarbons and halogen 

derivatives, aldehydes etc.), halogen compounds (e.g. HF and HCL) and odorous substances. 

 

Secondary pollutants may be formed from gaseous pollutants by thermal, chemical or photochemical 

reactions.  For example, by thermal action sulphur dioxide can be oxidised to sulphur trioxide which, 

dissolved in water, gives rise to the formation of sulphuric acid mist.  Photochemical reactions 
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between nitrogen oxides and reactive hydrocarbons can produce ozone, formaldehyde and 

peroxyacetyl nitrate; reactions between hydrochloric acid and formaldehyde can form 

bischloromethyl ether. 

 

While some odours are known to be caused by specific chemical agents such as hydrogen sulphide, 

carbon disulphide and mercaptans, others are difficult to define chemically. 

 

The main source of information on air pollution in developing countries is the Air Management 

Information System (AMIS) set up the WHO.  AMIS is based on voluntary reporting of data by 

municipalities of the WHO member states.  The AMIS core data base collects information on annual 

(arithmetic) mean and high (95-, 98-) percentiles of daily mean concentrations of SO2, NO2, O3, CO, 

SPM, lead and other potentially monitored compounds in more that 100 cities.  In principle data from 

three types of monitoring stations are stored:  ‘industrial’ reflecting levels in areas affected by 

emissions from industry, ‘city centre/commercial’ reflecting levels mostly affected by traffic and 

‘residential’ which should reflect the lowest level of population exposure. 

 

Sulphur dioxide 

 

SO2 is a colourless pungent, irritating, water-soluble and reactive gas.  In most cities of developed 

countries the annual mean concentrations of SO2 in residential areas range between 20 and 40µg/m3. 

 

However, in developing countries the annual mean concentration of SO2 in ambient air may be as 

high as 300µg/m3.  High concentrations are especially evident in cities with cold winters, under 

conditions of poor atmospheric dispersion such as inversions or when emission from a major source 

are brought to ground by certain atmospheric conditions. 

 

Due to its reactivity, SO2 has a highly non-uniform dose distribution along the conductive airways of 

the respiratory tract.  For low to moderate tidal volumes and nasal breathing, the penetration into the 

lungs is negligible.  For larger tidal volumes and oral inhalation, doses of interest may extend into the 

segmental bronchi.  SO2 can only reach the gas-exchange region of the lungs after adsorption onto 

particulate matter. 
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Another special consideration for SO2 is that there is great variation in susceptibility to 

bronchoconstrictive responses.  Persons having asthma or atopy can be about ten times more 

responsive than healthy subjects. 

 

Nitrogen oxides 

 

Ambient concentrations of NO2 in air are highly variable.  Natural background concentrations can 

range from less than 1µg/m3 to more than 9µg/m3.  In cities, ambient annual mean concentrations can 

range from 20-90µg/m3 with hourly maximum concentrations from 75-1 000µg/m3.  In Johannesburg, 

annual average concentrations in excess of 70µg/m3 have been recorded regularly in the 1990s. 

 

NO2 is a relatively water-insoluble gas and appreciable amounts of inhaled NO2 can penetrate to, and 

elicit biological responses in small lung airways.  As with SO2 there is much greater susceptibility to 

bronchoconstrictive responses in individuals with asthma. 

 

Carbon monoxide 

 

Natural ambient concentrations of CO range between 0.01 and 0.23mg/m3.  In urban environments, 

mean concentrations over eight hours are usually less than 20mg/m3, and one-hour peak levels are 

usually less than 60mg/m3.  Highest concentrations are usually measured near major roads, as 

vehicles are the major source of CO. 

 

CO exerts its toxic effects after binding with haemoglobin in the capillaries of the lungs. 

 

Ozone 

 

Background one-hour average concentrations of O3 in remote and relatively unpolluted parts of the 

world are often in the range of 40 to 70µg/m3.  In cities maximum mean hourly concentrations can be 

as high as 300 to 400µg/m3.  High O3 concentrations can persist for 8 to 12 hours per day for several 

days, when atmospheric conditions favour O3 formation and poor dispersion conditions exists. 
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O3 is a relatively water-insoluble gas.  It reacts and produces toxic effects on the small airway 

surfaces.  The dose-delivery is greatest in terminal and respiratory bronchioles.  Unlike NO2 and SO2, 

there is very little difference in lung function responsiveness between asthmatics and healthy 

subjects.  These is, however great variability in individual responsiveness that is not yet fully 

understood. 

 

Lead 

 

Levels of lead found in air, food, water and soil/dust vary widely throughout the world and depend on 

the degree of industrial development, urbanization and other lifestyle factors.  In cities of developing 

countries traffic-related lead levels range between 0.3 and 1µg/m3 with extreme annual mean values 

between 1.5-2µg/m3. 

 

Lead is inhaled as fine particles and deposited in the lungs.  Since lead uptake by blood is dependent 

on deposition pattern and solubility, total lead content is only a surrogate for the biologically effective 

dose. 

 

Particulate Matter 

 

In Western Europe and North America efforts to control emissions of particulate matter have 

generally resulted in positive trends.  In many cities the annual ambient average concentrations of 

PM10 are in the range of 20 to 50µg/m3. 

 

However, annual average concentrations in some cities in Eastern Europe and in most developing 

countries can be well above 100µg/m3.  Concentrations of PM2.5 are usually about 45 to 65% of the 

concentrations of PM10. 

 

Particle size is a critical factor in internal dose distribution.  The location of initial deposition in the 

airways depends on particle size, with coarse particles being deposited in the upper respiratory tract 

and fine particles being transported to the lower respiratory tract.  The smaller particles contain the 

secondarily formed aerosols (gas to particle conversion), combustion particles and condensed organic 

vapours and metal fumes. 
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Irritant effects from inhaled particles may result in increased airway constriction, altered mucociliary 

transport, and changes in alveolar macrophage activity.  These effects apply across a wide range of 

inhaled particles, acting alone or together with common gaseous air pollutants, such as SO2, NOx or 

Ozone.  Other toxic effects are more chemical specific and, depending on the nature of the chemical, 

may include organs outside the respiratory tract. 

 

Bronchi constriction, arising from chemical and/or mechanical stimulation of irritant neural receptors 

in the bronchi, has been reported as a response to exposure to inert dusts, as well as acid and alkaline 

aerosols.  Individuals with asthma or emphysema and other respiratory diseases may have increased 

particle deposition due to altered breathing patterns or airway structural changes, which may then 

contribute in a cascading effect to even more bronchi constriction and particle deposition. 

 

4.2. DISPERSION SIMULATION 

 

Dilution of air contaminants in the atmosphere is an important process in preventing undesirable 

levels of pollutants in the ambient air.  Atmospheric dispersion of air contaminants is the result of 

ventilation, atmospheric turbulence and molecular diffusion.  However, gaseous and particulate air 

contaminants are primarily dispersed into the ambient air through wind action and atmospheric 

turbulence, much of it on the micro scale level.  Depending on the relevant environmental and 

adiabatic lapse rates, various plume formation can be predicted.  These include, looping, neutral, 

coning, fanning, lofting, fumigating and trapping. 

 

Moisture content and form in the atmosphere can have a profound effect upon the air quality.  The 

presence and amount of water vapour in the atmosphere affects the amount of solar radiation received 

and reflected by the earth. 

 

Several dispersion models have been developed and are the mathematical description of the 

meteorological transport and dispersion of air contaminants.  In order to describe the position of the 

place where the concentration of contaminants will be estimated, relative to both the source and the 

ground, a standard Cartesian (x, y, z) co-ordinate system is used in which: 

 

- the physical source is located at the origin, 
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- the x-axis lies along the mean wind direction, 

- x is the distance from the source, 

- y is the lateral distance from the mean wind direction, 

- z is the height above ground level, 

- h is the physical height of the source, 

- ∆h is the additional height by which the plume rises due to its buoyancy and/or momentum, 

- H = h + ∆h is the effective (plume) height of the release, and 

- u is the mean wind speed at plume height. 

 

Most models in use today assume Gaussian distribution of emission pollutants, horizontally and 

vertically downwind of the source.  With the assumption that the distributions in the y and z 

directions are normal with a standard deviation of σi, the concentration of a gas or aerosol (<20μm 

diameter particles) can be calculated at ground level for a distance downwind of the source: 
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where Cx,y = pollutant concentration in g/m3 with a maximum ground level concentration 

   where σz = 0.707H, 

 Q = pollutant emission rate in g/s 

 π = constant pi = 3.14159 

 u = mean wind speed in m/s 

 σy = standard deviation of horizontal plume concentration at distance x in m, 

 σz = standard deviation of vertical plume concentration at distance x in m, 

 exp = base of natural logarithm = 2.71828183 

 H = effective stack height in m, 

 x = downwind distance along plume mean centreline from point source in m, and 

 y = crosswind distance from centreline of plume in m 
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The Gaussian equation contains explicit references to y and z, and also implicit references to x (since 

σy and σz are themselves functions of x).  empirical studies resulted in graphs where values for these 

constants could be obtained for different Pasquill stability categories.  However, these graphs were 

inaccurate by nature and equations for the variation of σy and σz with stability class have been 

developed and are shown in the table below. 

 

Table 14: 

Equations for the variation of σy and σz 

 

Pasquill stability class σy σz 
 

A 0.22x(1+0.0001x)-0.5 0.20x 

B 0.16x(1+0.0001x)-0.5 0.12x 

C 0.11x(1+0.0001x)-0.5 0.08x(1+0.0002x)-0.5 

D 0.08x(1+0.0001x)-0.5 0.06x(1+0.0015x)-0.5 

E 0.06x(1+0.0001x)-0.5 0.03x(1+0.0003x)-1 

F 0.04x(1+0.0001x)-0.5 0.016x(1+0.0001x)-1 
 

 

 

Asphalt plant stacks have exit velocity and buoyancy due to the temperature and density difference 

with the surrounding air that carries them up into the air.  This would result in the effective plume 

height being greater than the physical stack height as presented below. 

 

H = h + ∆h 

 

where H = effective stack height in m, 

 h = height of the stack in m, and 

 ∆h = plume rise in m. 

 

One of the popular equations for the distance the flue gas rises before levelling out is Holland’s 

empirical equation. 
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∆h = 
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where ∆h = rise of plume above the stack in m, 

 vs = stack gas velocity in m/s, 

 d = inside stack diameter in m, 

 u = mean wind speed in m/s, 

 p = atmospheric pressure in millibars 

 ∆T = stack gas temperature minus air temperature in K, and 

 Ts = stack gas temperature 

 

The above equation is suitable for neutral conditions.  For unstable conditions, ∆h should be 

increased by a factor of 1.1 to 1.2 and decreased by a factor of 0.8 to 0.9 for stable conditions.  

Holland’s equation frequently underestimates the effective stack height, giving a conservative figure 

for design purposes.  Although more complex models are available to determine the upward driving 

force in terms of a buoyancy flux, Holland’s equation will suffice when insufficient information with 

regards the properties of the source is known. 

 

The simplest Gaussian solution assumes that the plume is free to expand in all directions without 

constraint.  In the usual situation of an elevated source at some height above the ground, downwind 

dispersion is always limited by the presence of the ground, while upward dispersion may be limited 

by an elevated inversion.  Assuming that no pollutant is absorbed by the ground, any pollutant that 

reaches the ground is available for upward dispersion and the following equation takes into account 

reflection at the ground: 
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Results 

 

This section contains the results of the predicted maximum and average ground level concentrations 

generated through the ISC-AERMOD VIEW model. 

 

Concentration and deposition isopleths illustrated in Figure 12 to 15 reflect interpolated values for 

each receptor grid point for various averaging periods.  It has generally been found that the accuracy 

of dispersion models improve with increased averaging periods.  The prediction of instantaneous 

peaks are the most difficult and are normally performed with more complicated dispersion models 

specifically fine-tuned and validated for the process and location.  For this reason concentrations 

resulting from routine releases are given for at least two averaging periods, viz. highest daily and 

annual averages.  No significant upset (intermittent release) sources are expected for the process. 

 

The results presented in Figure 12 to 15 reflect the spectrum from maximum ground level 

concentrations, occurring during very unstable conditions with low wind speeds, to low wind speeds 

during very stable conditions resulting in maximum impact area. 

 

Dispersion results are presented under the following subsections: 

 

- Daily average dust deposition rates during construction and during normal operations. 

- PM-10 highest daily and annual averages. 

 

The dispersion of emissions from the Brandspruit Mine – Impumelelo Shaft Project was modelled 

using the following inputs: 

 

- Source emission rates contained in Table 12. 

- A Uniform Cartesian grid with a resolution of 250m by 250m. 

- Meteorological data for the period 1 January to 31 December 2008. 
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4.3. DISCUSSION 

 

Prior to an analysis of the simulation results it is recommendable to briefly review areas of 

uncertainty which needs to be taken into account in the interpretation of the results.  The range of 

uncertainty of the Gaussian plume model is given by the US-EPA as being in the range of -50% to 

+200% when used under the recommended conditions.  Uncertainties are, however, not only 

associated with the mathematical model itself, but also with the generation of the meteorological and 

source data used as input data.  It is well known that wind data errors are the major cause of poor 

agreement, especially for short-term predictions and long down-wind distances.  The selection of a 

suitable meteorological data set for use in the simulation analysis is fundamental to the accuracy of 

the results.  Errors in source strengths translate directly into errors of similar magnitudes in the model 

prediction. 

 

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 really 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 impact evaluation consists of a comparison of modelled results to ambient air quality guidelines 

and a significance rating of the predicted impacts.  Simulations were undertaken to determine PM10, 

TSP as well as dust deposition.  Averaging periods were selected to facilitate comparisons between 

predicted concentrations and ambient air quality guidelines. 

 

4.3.1. Dry Deposition 

 

Dust deposition rates will probably exceed the residential action level of 600mg/m2/day downwind of 

the site during construction and rehabilitation activities.  The impact is predicted for the first 600m in 

all directions from operations. 
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The impact will be specifically evident during major earthmoving activities coinciding with dry and 

windy ambient conditions.  Dust liberated during construction work is expected to be a temporal 

nuisance only and will not significantly impact the health of the surrounding communities. 

 

Nuisance dust during normal shaft operations is expected to exceed the target level of 300mg/m2/day 

as well as the residential action level for a limited area beyond the process boundary.  The potential 

impact area will be the greatest around the ROM bunker where it could extend as far as 400m in all 

directions.  Vehicle entrained emissions and emissions from material handling areas and temporary 

stockpile yards are expected to remain important sources of fugitive dust during the life of the 

project. 

 

4.3.2. PM10 

 

PM10 impact was modelled for two reference periods; highest 24-hour concentrations expected during 

normal operations (Figure 14), as well as the annual average (Figure 15). 

 

Ground level concentrations in excess of the 24-hour national standard of 75μg/m3 are possible over a 

widespread area stretching up to 3km in a northerly direction, 2km in a southerly direction and 1.5km 

in an easterly and westerly direction.  These maximum concentrations are typical of hot, dry and 

windy conditions and poor ambient dispersion potential.  During these short intensive spells, ambient 

concentrations as high as 1 603.92μg/m3 could occur.  These worst case situations will be directly 

influenced by the effectiveness of pollution control. 

 

During these worst-case conditions, people residing at the nearby residences on the farm Platkop 

543IR (approximately 1.3km due south east), Holgatsfontein 535IR (approximately 2.2km due east 

south-east) and Raskop 677IR (approximately 1km due west) could be excessively exposed to PM10.  

The numbers of these exceedences are not expected to be more than the prescribed annual number of 

four. 

 

Annual average PM10 concentrations during normal operations are not predicted to exceed the 

respective standard at the nearest formal residences.  The findings from the modelling conducted 

indicate a buffer zone of approximately 600m in all directions from the mining operation. 
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The major sources of PM10 from the mining process are expected to result from vehicle movement 

and open fugitive sources. 

 

Health impact potential due to suspended fine particulate concentrations 

 

Linear relationships between fine particulate concentrations and human health risks are published by 

organisations such as the WHO.  Relatively low PM10 concentrations have been associated with 

various health effects including; increased respiratory hospital admissions, respiratory system 

exacerbation, cough and in some cases mortality. 

 

Predicted PM10 concentrations at the closest residential receivers are above the lowest level at which 

statistically significant health effects have been noted to occur (i.e. 20 to 25μg/m3).  However, 

ambient PM10 limits are not based on any safe level but rather constitute an acceptance of risk (i.e. 

acceptance of additional hospital admissions for respiratory ailment per million persons exposed). 

 

4.3.3. Health Impact Assessment 

 

The assessment of impact was based on the professional judgment, fieldwork and desktop analysis, as 

appropriate.  Impacts were assessed according to the criteria and rating scales as set out in Table 15. 
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Table 15: 

Air Quality Impact Assessment Criteria and Rating Scales 

 

Criteria Rating Scales 
  

Extent – the predicted scale of 
the impact 

• Site-specific 
• Local (study area) 
• Regional 
• Global 

  
Duration – the predicted 
lifetime of the impact 

• Short-term – 0 to 5 years 
• Medium term – 6 to 15 years 
• Long term – 15+ years, where the impact will cease after the 

operational life of the activity either because of natural 
processes or by human intervention 

• Permanent – 30+ years, where mitigation either by natural 
process or by human intervention will not occur in such a 
way or in such a time span that the impact can be considered 
transient 

  
Intensity – the expected 
magnitude of the impact 

• Negligible 
• Low – where the impact affects environment in such a way 

that natural, cultural and social functions and processes are 
minimally affected 

• Medium – where the affected environment is altered but 
natural, cultural and social functions and processes continue 
albeit in a modified way; and valued, important, sensitive or 
vulnerable systems or communities are negatively affected 

• High – where the natural, cultural and social functions and 
processes are altered to the extent that it will temporarily or 
permanently cease; and valued, important, sensitive or 
vulnerable systems or communities are substantially affected 

  
Probability – the likelihood of 
the impact occurring 

• Improbable – where the possibility of the impact 
materialising is very low 

• Probable – where there is a good possibility (>50% chance) 
that the impact will occur 

• Highly probable – where it is most likely (50-90% chance) 
that the impact will occur 

• Definite – where the impact will occur regardless of any 
prevention measures (>90% chance) 

  
Status – the prominence of the 
impact 

• Positive – benefit 
• Negative – cost 
• Neutral 

  
Confidence – assurance of the 
specialist in the predictions or 
the information on which it is 
based 

• Low 
• Medium 
• High 
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Impacts were quantified on acceptability to human health basis.  The significance of the impact takes 

into account the nature of the impact, extent, duration, intensity, probability of occurrence and 

confidence in the predicted modeling results.  Table 16 below contains a summary of the air quality 

impact the proposed new project. 

 

Table 16: 

Brandspruit Mine, Impumelelo Shaft Project – Air Quality Impact Assessment Summary 

 

Pollutant Extent Duration Intensity Probability Status Confidence Significance 
        
TSP – Const. Local Short term Low Probable Negative High Low 
        
TSP Local Long term Low Probable Negative High Low 
        
PM10 – Daily Local Short term High Probable Negative High Moderate 
        
PM10 – Annual Local Long term Low Probable Negative High Low 
        

        

 

 

4.4. RECOMMENDATIONS 

 

Ambient air quality assessment 

 

According to SANS 1929:2005 the concentrations of specific pollutants within an area shall be 

evaluated against the following thresholds to determine applicable assessment methods: 

 

a) upper assessment threshold, i.e. the 99th percentile pollutant levels represent a pollutant value 

exceeding 70% of a limit value (taking into account limit values for all periods which have 

been used to derive averages). 

b) lower assessment threshold, i.e. the 99th percentile pollutant levels represent a pollutant value 

below 50% of all limit values (taking into account limit values for all periods which have been 

used to derive averages). 
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Provision should be made for three air pollutant concentration assessment methods, based on the 

classification pollutant concentrations relative to the upper and lower assessment thresholds.  These 

methods are: 

 

a) mandatory monitoring, which may be supplemented by modelling techniques to provide an 

adequate level of information on ambient air quality.  This method should be implemented 

where the upper assessment threshold for a specific pollutant is exceeded; 

b) a combination of measurement and modelling techniques should be implemented in areas and 

for pollutants for which concentrations are between the upper and lower assessment thresholds; 

and 

c) the sole use of modelling or objective estimation techniques is permissible for pollutant 

concentrations below the lower assessment threshold. 

 

The classification to determine applicable assessment methods should be based on air pollutant 

concentrations recorded during the previous five years where data is available.  Results from 

measurement campaigns of short duration during the period of a year and at locations likely to be 

typical of the highest pollution levels may be combined with information from emission inventories 

and modelling to provide the concentration data required.  Classification should be reviewed earlier 

than every five years in the event of significant changes in activities relevant to ambient air pollutant 

concentrations. 

 

In view of the predicted ambient pollutant concentrations resulting from emissions from the 

Brandspruit Mine, Impumelelo Shaft Project the following is recommended: 

 

a) A priority must be given to continuous monitoring of ambient dust deposition rates for the full 

duration of the project.  Source monitoring stations should be positioned near the shaft and 

bunker areas.  Receptor monitoring stations at all residences within a radius of two kilometres 

should be maintained.  Dust deposition monitoring is essential to asses spatial and temporal 

trends, and to track progress made by control measures implemented. 

b) A PM10 monitoring station should be commissioned, on the south eastern farm boundary, not 

closer than 250m from the secondary road.  The monitor should be maintained for at least one 

year after which the need for further monitoring will be assessed. 
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c) An emissions inventory and annual modelling regime must be maintained throughout the life of 

the project. 

 

The ultimate purpose of monitoring is not merely to collect data, but to provide information necessary 

to make informed decisions on managing and improving the environment.  Monitoring fulfils a 

central role in this process, providing the necessary sound scientific basis for policy and strategy 

development, objective setting, compliance measurement against targets and enforcement action. 

 

However, the limitations of monitoring should be recognised.  In many circumstances, measurements 

alone may be insufficient, or impractical for the purpose of fully defining population exposure.  No 

monitoring programme, however well funded and designed, can hope to comprehensively quantify 

patterns of air pollution in both space and time.  At best monitoring provides an incomplete, but 

useful, picture of current environmental air quality.  Monitoring often needs to be used in conjunction 

with other objective assessment techniques, including modelling, emission measurement and 

inventories, interpolation and mapping. 

 

Air quality management objectives 

 

The relationship between data collected and the information to be derived from it is essential in 

compiling an effective air quality management programme.  The air quality management programme 

for Sasol Mining: Secunda Complex should ideally focus on the following key objectives: 

 

- Determining population exposure and health impact assessment. 

- Informing the public about air quality and raising awareness. 

- Identifying threats to natural ecosystems. 

- Determining compliance with national and international standards. 

- Providing objective inputs to management. 

- Source apportionment and identification. 

- Policy development and prioritisation of management actions. 

- Development/validation of management tools such as models and inventories. 

- Assessing point or area source impacts. 

- Trend qualification, to identify future problems or progress against management  actions. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


0109-P005-CLE U Neveling 12 July 2009 0 of 0 1 of 2 60 of 65 

 

The setting of clear objectives enables the definition of objectives for data quality.  These 

requirements must be met to ensure that the overall objectives are achieved.  This may include the 

following: 

 

- Measurement accuracy and precision. 

- Traceability to metrology standards. 

- Temporal completeness (data capturing). 

- Spatial representation and coverage. 

- Consistency from site to site and over time. 

- International comparability/harmonisation. 

 

Monitoring, modelling and emission measurements should be regarded as complementary 

components in any integrated approach to air quality management. 

 

Dust control measures – Processes and Plant 

 

Careful consideration must be given to the relationship of activities on-site to sensitive areas beyond 

the property boundary.  Some of the factors that should be taken into account in the process layout to 

reduce dust impacts are: 

 

- placing dust generating activities where maximum protection can be obtained from natural 

features; 

- locating dust generating activities where prevailing winds will blow dust away from the 

receiving community; and 

- minimising the need to transport and handle materials by placing adequate storage facilities 

close to processing areas.  

 

The location of dust generating activities will change during the different phases of the project and 

therefore, the relationship with receivers around the site.  It is important that the minimisation of dust 

through site design is addressed at each phase of the operation. 
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Dust control at processes and plant could be affected through installation of mechanical ventilation 

systems, wet suppression systems and vacuum sweeping to name but a few. 

 

Control measures essential to ensure the health of employees will have a dual effect in that it will also 

mitigate the environmental impact. 

 

Dust control measures – Vehicle entrained emissions and fugitive sources 

 

Control techniques for fugitive dust sources, including stockpiles, generally involve watering, 

chemical stabilisation and the reduction of surface wind speed through the use of windbreaks and 

vegetation.  Watering represents a commonly used, relative inexpensive option, but provides only 

temporary control.   

 

Although the chemical treatment of exposed surfaces is more expensive, it provides for longer 

suppression.  The use of chemicals may, however have adverse effects on the receiving biophysical 

environment if not carefully selected. 

 

Control efficiencies of greater than 60% could be achieved by the effective implementation of 

watering, chemical stabilisation and vegetation.  Maximum control efficiencies due to wet 

suppression are generally in the order of ∼70% whereas the addition of chemical suppressants could 

result in control efficiencies of ∼90%. 

 

The construction of windbreaks is seldom practical due to the size of most fugitive dust sources. 

 

Unpaved roads were identified as significant sources of dust emissions.  Three types of measures may 

be taken to reduce emissions from unpaved roads; measured aimed at reducing the extend of unpaved 

roads such as 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.  These 

and other more specific control measures are summarised in Table 17.  However, the most common 

method of mitigation on unpaved road surfaces remains watering. 
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Permanent improvements in road surfaces, such as paving, results in continuous control efficiencies.  

The control efficiencies obtained by wet suppression and chemical stabilization are cyclic as 

efficiency decays over time, requiring periodic re-application to maintain. 

 

On paved surfaces preventative measures aimed at the reduction of the source extend, or process 

modifications and adjusted work practices, may also reduce fugitive emissions.  Measures aimed at 

reducing the extent of the source of fugitive dust include; the reduction in the amount of material 

being handled and the elimination of track-on.  Measures to which entail periodic removal of 

deposited material, i.e. broom and vacuum sweeping, may also be adopted to reduce dust generation. 

 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


0109-P005-CLE U Neveling 12 July 2009 0 of 0 1 of 2 63 of 65 

 

Table 17: 

Brandspruit Mine, Impumelelo Shaft Project fugitive dust control measures 

 

Activity Control measure 
 

Vehicle entrained dust Where possible, pave all major haul routes.  Paving is effective, but expensive and 
unsuitable for surfaces used by very heavy vehicles or subject to spillage of material in 
transport.  In addition, dust control measures will usually still be required on the paved 
surfaces.  The use of gravel or slag can be moderately effective, but repeated additions 
are normally required. 

 Set speed limits of 35km/hr or less for site traffic on paved roads and 10km/hr on 
unpaved surfaces.  Speed control has a linear effect on dust emissions.  Thus by 
reducing speed from 30 to 15km/hr, emissions can be reduced by 50%. 

 Wet suppression of unpaved areas should be applied during dry windy periods, using a 
water car and/or sprinklers. 

 Chemical suppression can also be used in conjunction with wet suppression.  This 
involves the use of chemical additives in the water, which aids the formation of a 
binding crust.  Repeated treatment is normally required. 

 Inspect road integrity and repair frequently. 

 Provide firm marshalling areas. 

 Reduce track-on through the use of a wheel wash-bay. 

 Reduce unnecessary traffic. 

 Cover loads with tarpaulins. 

 Limit load size. 

 Minimise travelling distance through good layout and process design. 

Mining Limit the area of operation what is absolutely necessary. 

 Rehabilitation should be performed on an ongoing basis. 

Stockpiles Limit the height and slope of stockpiles to reduce wind entrainment.  The ideal stockpile 
is not higher than 3m, has a gentle slope (>45°) and has an irregular apex. 

 Ideally stockpiles should be fully enclosed. 

 Minimise drop heights onto stockpiles. 

 Wind barriers can be effectively used to control pollution from stockpiles. 
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