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Limitation Statement 
The sole purpose of this report and the associated services performed by Sinclair Knight Merz 
(“SKM”) is to assess the dust impact of the proposed Weld Range operations in accordance with 
the scope of services set out in the contract between SKM and the Client. That scope of services, as 
described in this report, was developed with the Client.    

In preparing this report, SKM has relied upon, and presumed accurate, any information (or 
confirmation of the absence thereof) provided by the Client and/or from other sources.  Except as 
otherwise stated in the report, SKM has not attempted to verify the accuracy or completeness of 
any such information. If the information is subsequently determined to be false, inaccurate or 
incomplete then it is possible that our observations and conclusions as expressed in this report may 
change. 

SKM derived the data in this report from information sourced from the Client (if any) and/or 
available in the public domain at the time or times outlined in this report.  The passage of time, 
manifestation of latent conditions or impacts of future events may require further examination of 
the project and subsequent data analysis, and re-evaluation of the data, findings, observations and 
conclusions expressed in this report. SKM has prepared this report in accordance with the usual 
care and thoroughness of the consulting profession, for the sole purpose described above and by 
reference to applicable standards, guidelines, procedures and practices at the date of issue of this 
report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed 
or implied, is made as to the data, observations and findings expressed in this report, to the extent 
permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings.  
No responsibility is accepted by SKM for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, SKM’s Client, and is 
subject to, and issued in accordance with, the provisions of the agreement between SKM and its 
Client. SKM accepts no liability or responsibility whatsoever for, or in respect of, any use of, or 
reliance upon, this report by any third party. 
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Executive Summary 
This study comprises an assessment of the air quality impacts predicted from the proposed 
operation of mining, materials processing, handling and transport of 15.0 Mtpa of Direct Shipped 
Ore (DSO) iron ore at Weld Range. This report details the air quality assessment undertaken, with 
focus on potential emissions in the form of particulates (dust). 

The air quality assessment was carried out with reference to the WA Air Quality and Air Pollution 
Modelling Guidance Notes (DOE 2006). 

Assessment Criteria and Sensitive Receptors 

For this assessment particulate concentrations and deposition rates were modelled at seven discrete 
receptors within the region. The locations of the sensitive receptors relevant in this assessment are 
presented in Table ES-1. 

 
 Table ES-1 Sensitive receptor locations 

Receptor Label 
MGA94 Co-ordinates (Receptor Centre) 

Easting (m) Northing (m) 

Aboriginal Heritage Reserve 1 1 Reserve 1 567700 7023100 
Aboriginal Heritage Reserve 2 1 Reserve 2 570250 7020200 
Aboriginal Heritage Reserve 3 1 Reserve 3 569750 7018700 
Airport Airport 1 574073 7037586 
Worker Accommodation Village 
(Option 1) Village 4 570637 7033342 

Worker Accommodation Village 
(Base Case) 

Village 5 573803 7033249 

Worker Accommodation Village 
(Option 2) Village 1 577558 7035050 

1) Aboriginal Heritage Reserve receptors are area locations, not point locations. 

 

The three Aboriginal Heritage Reserves (‘the Reserves’) are part of the Wilgie Mia Indigenous 
Reserve and are square regions located between the Beebyn and Madoonga ore deposits. The first 
two Reserves are 2 km by 2 km in area. The third Reserve is a 1 km by 1 km region. All Reserve 
receptors are centred about the co-ordinates in Table ES-1.  

The Reserves do not experience any permanent human habitation. The NEPM criteria for PM10 and 
Kwinana EPP for TSP are designed for the protection of human health and reducing nuisance dust. 



 

SINCLAIR KNIGHT MERZ       

I:\WVES\Projects\WV03845\Deliverables\Reports\R2_smb_WeldRange_Dust_20091116.doc PAGE iii 

As such, only dust deposition will be considered when investigating the impact of operations on 
these areas. 

The Madoonga Homestead is located approximately 1 km north of the Madoonga Pit Operations. 
This has not been included as a sensitive receptor as the land will be purchased by SMC as part of 
the development project. The three Villages represent alternate locations for the Worker 
Accommodation Village depending on the option modelled. Village 5 is the village location for the 
base case, Village 4 for option 1 and Village 1 for option 2. The impact of operations on the 
Village sites will be assessed against the PM10, TSP and dust deposition criteria nominated in 
Section 3.3. 

The Airport is not considered in this assessment and is included only as a point of reference. 

The impact of dust at the identified receptors was compared against relevant criteria presented in 
Table ES-2. 

 Table ES-2 Assessment criteria used 

Pollutant Criteria Type Averaging Period Assessment 
Criteria  Source  

Particulate Matter (as PM10) 
Ground-level 
Concentration 24 hours 50 µg/m3 NEPM 

Total Suspended Particulate 
Matter (TSP) 

Ground-level 
Concentration 24 hours 90  µg/m3 Kwinana 

EPP 
Total Suspended Particulate 
Matter (TSP) Deposition Rate Monthly 2 g/m2/month NSW EPA 

 

Model Setup 

The dispersion model TAPM has been used to generate the time series meteorological data required 
for modelling. TAPM is a prognostic, three-dimensional model designed by CSIRO that can be 
used to predict meteorological and air pollution parameters on an hourly basis (Physick & 
Blockley 2001). TAPM incorporates synoptic analysis data, provided by CSIRO to generate local 
meteorological data for dispersion modelling (CSRIO 1999). TAPM calculates the interaction 
between the synoptic winds in the provided data and the local environmental conditions defined in 
the model to generate representative meteorological events over the defined time period. 

The 2002 to 2006 meteorological period for the region was simulated and validated against Bureau 
of Meteorology (BoM) data at their Meekatharra station. To select the year to use for modelling a 
screening assessment was undertaken. The purpose of this was to determine which year would 
produce the most high dust events at identified receptors, making for a conservative modelling 
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approach. The 2003 year produced the greatest number of high dust events and was thus used in all 
modelling for this assessment. 

Emission rates were estimated using the National Pollutant Inventory (NPI) Emissions Estimation 
Technique Manuals (EETM) (NPI 2001).  

Emission sources considered to be significant for inclusion in the model and in this assessment are: 

 Blasting events; 

 Ore/waste excavation; 

 Ore/waste dumping onto stockpiles; 

 Bulldozing of ore/waste; 

 Ore crushing and screening; 

 Conveyor operations including reclaimers; 

 Wheel generated dust from Haulpack and Road Train movements; 

 Road Train loading and unloading; 

 Wind Erosion from ore/waste stockpiles. 

 

Activity information on these sources has either been provided by Ecologia Environment 
(Ecologia) or otherwise estimated in order to derive the emissions from the mining operations. 

Data describing the existing background concentration of PM10 was supplied by Ecologia as 
measured by a Tapered Element Oscillating Microbalance (TEOM) at 5 minute intervals. There 
was insufficient data to provide a variable background concentration for the modelling period. 
Instead a constant background concentration of 20 µg/m3 was derived from the 75th percentile of 
the provided data on a 24 hour averaging period, and applied to all non-rainy days. A relevant 
conversion rate derived from the NPI EETM for Mining (NPI 2001) was used to obtain a constant 
TSP background of 40 µg/m3. 

Air quality impacts from the proposed operations have been assessed using the Victorian EPA’s 
AUSPLUME (Version 6.0) computer dispersion model, which is one of the primary air dispersion 
models used for assessing air quality impacts from industrial sites within Australia. The model is 
designed to predict ground-level concentrations or dry deposition of pollutants emitted from one or 
more sources. These sources may be stacks, area sources, volume sources, or any combination of 
these. AUSPLUME is essentially a statistical Gaussian plume model that requires a time series of 
both meteorological and source emission data. The primary reason for utilising this model is that 
AUSPLUME is well suited to dispersion modelling in neutral or stable conditions and in this case, 
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the pollution dispersion is not governed by complex meteorological events like mesoscale 
circulation from coastal sea breezes. 

The modelling has been conducted over three options. In each option, both Beebyn and Madoonga 
pits extract ore which is conveyed by haul truck to local primary crushing. Once crushed, the ore is 
transported by road train to a Central Processing Facility before being loaded to train. The Central 
Processing Facility (and associated vehicle emission sources) has been modelled in three different 
configurations, shown in Appendix D. 

Model Results 

The PM10 assessment criterion is exceeded twice at Village 5 (base case) and twice at Village 1 
(option 2). Village 4 (option 1) will not experience any exceedence of criteria. The TSP assessment 
criterion is not exceeded in any of the modelled options. 

The impact of dust deposition is below the criterion target for all options at all receptors. There is 
some impact along the boundary of Reserve 1 in the base case and option 2, though the extent of 
this is considered negligible. The majority of deposition is predicted to occur around the mining 
pits and away from the Reserves and Village sites. 

The model results indicate the configuration defined in option 1 with Village 4 being the site 
selected for the Workers Accommodation Village would result in lowest possible dust impact.  

Conclusions and Recommendations 

In all modelled options the base case produced the greatest overall dust impact. Option 1 produced 
the lowest overall dust impact. This is due to the location of the Central Processing Facility relative 
to the receptors, and the prevailing wind direction. By locating the Central Processing Facility 
further from the receptors dust impact is reduced. 

Modelling demonstrates that option 1, with the Workers Accommodation Village located at the 
Village 4 site, produces the optimal outcome for dust impact. Modelling of option 1 shows that 
concentrations at the Village 4 site come close to the PM10 50 µg/m3 limit, but assessment criteria 
are not exceeded with application of appropriate dust reduction controls. 

The contour plots also show the haul roads as a source of dust impact on receptors. By relocating 
the route of the haul roads a distance further away from highly impacted receptors, dust impacts 
can be reduced further. 

It is recommended that dust controls be applied including: 
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 Stockpile watering as required on all active waste piles (roads and dumping areas) and ore 
stockpiles to reduce wind erosion emissions; 

 Blasting not conducted at the Beebyn pit when winds are between north north-easterly and 
southerly; 

 Blasting not conducted at the Madoonga pit when winds are between north north-westerly 
and south south-westerly; 

 Crushing and screening machinery fitted with dust hooding, including fabric filters;  

 Water sprays on all ore conveying operations, including reclaimers when operational; and 

 Water trucks operating on pit roads, haul roads and road train routes. 

 

Haul road emissions can be managed using a variety of controls. While road watering is the most 
common and considered standard practice for road dust management, the use of surfactants to bind 
the road surface and variable speed limits can also aid in reducing road dust. This can be effected 
on sections of road close to sensitive receptors, and the efficiency determined with field 
measurements before and after application of controls. 

It is recommended that a campaign of dust monitoring be undertaken in the vicinity of the Village 
and mining areas, subject to availability of electrical power and site access, to monitor actual 
impacts of operations on Village residents. This could be accomplished with a High Volume 
Sampler (HiVol) to measure 24-hour averaged PM10 concentrations. Further study to ascertain the 
most appropriate set-up for operations would be required before any installation of monitoring 
equipment. 

A meteorological monitoring station should be established at a location representative of the mine 
site to provide wind data to for the dust management program. 
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Abbreviations Glossary 
BoM Bureau of Meteorology 

CSIRO Commonwealth Scientific and Industry Research Organisation 

DEC Department of Environment and Conservation 

DOE Department of Environment (now DEC) 

DSO Direct Shipped Ore 

EETM Emission Estimation Technique Manual 

EPA Environmental Protection Agency (of Western Australia, unless otherwise stated) 

EPP Environmental Protection Policy 

HiVol High Volume Sampler 

Mtpa Million Tonnes per Annum 

NEPC National Environmental Protection Council 

NEPM National Environmental Protection Measure 

NERDDC National Energy Research, Development and Demonstration Council 

NPI National Pollutant Inventory 

PM2.5 Particulate matter 2.5 microns and smaller 

PM10 Particulate matter 10 microns and smaller 

ROM Run of Mine 

SKM Sinclair Knight Merz 

SMC Sinosteel Midwest Corporation 

TAPM The Air Pollution Model 

TEOM Tapered Element Oscillating Microbalance 

TSP Total Suspended Particulate 

USEPA United States Environmental Protection Agency 

VKT Vehicle Kilometres Travelled 
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1. Introduction 
1.1. Overview 

Sinosteel Midwest Corporation Pty Ltd (SMC) has proposed the development of the Weld Range 
iron ore deposits. Ecologia, who is providing SMC’s environmental consultancy, has engaged 
Sinclair Knight Merz (SKM) to provide consultancy services to complete an air quality assessment 
for the proposed Weld Range operations.  

This study comprises an assessment of the air quality impacts predicted from the proposed 
operation of mining, materials processing, handling and transport of 15.0 Mtpa of DSO iron ore at 
Weld Range. Recommendations of methods to reduce the impacts of dust emissions are also 
investigated. 

This report details the air quality assessment undertaken, with focus on potential emissions in the 
form of particulates (dust). The report is presented as a technical appendix to environmental 
approval documentation. Only those specifications relevant to the air quality assessment are 
detailed in this report. For full project details reference should be made to the environmental 
documentation.  

The air quality assessment was carried out with reference to the WA Air Quality and Air Pollution 
Modelling Guidance Notes (DOE 2006).  

1.2. Project Description 

The SMC Weld Range Project is proposed to be located approximately 65 km west south-west of 
Meekatharra (approximately 600 km north north-east of Perth) and 350 km from the coast. It is 
proposed to be an open-cut iron ore mine comprised of two major pits located at the Beebyn and 
Madoonga ore deposits. The second year of production has the highest total throughput of ore and 
waste and was chosen as representative of production tonnages for this assessment to produce the 
most conservative particulate matter emission estimates. This is presented in Table 1-1. 
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 Table 1-1 Modelled yearly product-to-waste ratios for Weld Range 

 Production 

Beebyn Product (Dry Mt) 4.9 

Beebyn Waste (Dry Mt) 61.7 

Madoonga Product (Dry Mt) 10.1 

Madoonga Waste (Dry Mt) 56.5 

Total Product (Dry Mt) 15.0 

Total Waste (Dry Mt) 118.2 

Stripping Ratio 7.9 

 

1.3. Air Quality Assessment Scope and Objectives 

The main objective of the air quality assessment is to determine the potential ground level impact 
of particles (dust) from the proposed SMC Weld Range Project. The development will consist of 
the construction and operation of: open-cut mine pits at Beebyn and Madoonga, ore and waste 
material stockpiles for each pit, ore crushing/screening/handling equipment, a primary ore haul 
road linking the major pits and a rail load out facility at the Central Processing Facility. 

To achieve this objective the following tasks have been undertaken and are reported:  

 Review, analysis and description of local meteorology covering long term trends of 
temperature, wind speed, wind direction, humidity and rainfall (Section 4). 

 Analysis and description of existing ambient air quality in the region (Section 5.4). 

 Estimation of emissions of particulates from existing activities and operations found in the 
region, and the proposed SMC activities and operations proposed (Section 5.4). 

 Development and description of a project specific atmospheric dispersion model, including 
model set-up, model limitations and accuracy (Section 6.3). 

 

Determination of potential air quality impacts through atmospheric dispersion modelling of 
particulates, and comparison to assessment criteria at key sensitive receptor locations (Section 8). 
These sensitive receptors are detailed in Section 6.6. 
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2. Air Pollutants and Effects 
This section describes the key pollutants of interest for this assessment (particulates) and the 
potential health or amenity implications on sensitive receptors in the surrounding area.  

2.1. Airborne particulate matter 
Airborne or suspended particulate matter can be defined by its size, chemical composition or 
source. Particles can also be defined by whether they are primary particles, such as produced by 
suspension of the fine fraction of soil by wind erosion, sea salt from evaporating sea spray, pollens, 
soot particles from incomplete combustion or secondary particles such as are formed from gas to 
particle conversion of sulphate and nitrate particles from sulphur dioxide and oxides of nitrogen. 

Typically, particulate matter has been characterised by its size as measured by collection devices 
specified by regulatory agencies. The particulate size ranges specified in ambient air quality criteria 
are total suspended particulate (TSP), particulate matter below 10 μm in aerodynamic diameter 
(PM10) and particulate matter below 2.5 μm in aerodynamic diameter (PM2.5). 

2.1.1. Human health impacts  
The health effect of particulates in the PM10 and below range is mainly the exacerbation of 
respiratory problems, decreased lung function, irregular heartbeat and premature death in people 
with heart or lung disease (USEPA 2006). The population that is most susceptible include the 
elderly, people with existing respiratory and/or cardiovascular problems and children. Larger 
particles, approximately greater than 10 µm in diameter, generally adhere to the mucus in the nose, 
mouth, pharynx and larger bronchi and can be removed by swallowing or clearing of the mouth or 
lungs.  

2.1.2. Environmental impacts  
Particulate matter can also enhance some chemical reactions in the atmosphere and reduce 
visibility. The deposition of larger particles can have the following consequences: staining and 
soiling of surfaces; aesthetic or chemical contamination of water bodies or vegetation; this can lead 
to forest and farm crop damage and the reduction in diversity of ecosystems and effects on personal 
comfort, amenity and health (USEPA 2006). 

2.2. Key pollutants of interest 
The key pollutants of interest that have been investigated in this assessment are PM10 and TSP. 
This is due to particles larger than PM2.5 being the primary constituent of the dust generated from 
the mining activities performed in this project. 
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3. Air Quality Objectives 
This section discusses air quality objectives relevant to this assessment. It also identifies the criteria 
against which the dispersion modeling results will be assessed to determine whether the specified 
pollutants may be considered harmful to human health and the environment.  

3.1. Overview 
The Western Australian Environmental Protection Authority (EPA) requires that ‘all reasonable 
and practicable means should be used to prevent and minimise the discharge of waste’ (EPA 2000). 
For new proposals the EPA requires an assessment of the best available technologies for 
minimising the discharge of waste for the processes and justification for the adopted technology.  

The Department of Environment and Conservation (DEC) and EPA routinely apply NEPM criteria 
to proposals. In the absence of a NEPM value, the applicable criterion for comparison is made on a 
case by case basis. For air quality pollutants not referenced by the NEPM, other sources for criteria 
may be used. For this assessment, only particulates 10 microns or smaller (PM10) has a relevant 
NEPM criterion. Total suspended particulate (TSP) and dust deposition impacts will be compared 
against the Kwinana Environmental Protection Policy and New South Wales EPA criteria 
respectively. 

3.2. Particulates 10 micron in aerodynamic diameter (PM10) 
In Western Australia, the EPA requires that air pollutants meet the national environment protection 
standards of the National Environmental Protection (Ambient Air Quality) Measure (Ambient Air 
Quality NEPM) (NEPC 2003).  

The NEPM standards and goals are enabled under the NEPC Act (WA). The EPA proposes that the 
standards be incorporated into policy to apply across all areas of WA, excluding industrial areas 
and residence free buffer zones, and may be supported by a State Environment Policy (NEPC 
2007). The NEPM provides a set of ambient air standards for six pollutants, including PM10.  The 
NEPM standards are designed to protect human health and as such apply primarily to sensitive 
receptors such as residences, hospitals, schools and other places where people may congregate 
including sporting and recreational venues.   

The NEPM standard for PM10 is 50 µg/m3 over a 24 hour averaged period. 

3.2.1. Total Suspended Particulates (TSP) 

The Kwinana Environmental Protection Policy (EPP) (EPA 1999) specifies air quality Standards 
and Limits for Total Suspended Particulate Matter (TSP), expressed as a 24 hour average, within 
the Kwinana Industrial Area (Area A), an intermediate buffer zone area (Area B) and surrounding 
residential areas (Area C). The EPP defines a Standard as a concentration that is desirable not to be 
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exceeded, and a Limit as the concentration that is not to be exceeded. The EPP Standards and 
Limits are listed in Table 3-1. 

In addition to 24-hour Standards, the Kwinana EPP outlines a short-term (15-minute average) Limit 
of 1,000 μg/m3 for very short term dust events. This Limit was originally established to control 
nuisance-causing dust from stock holding paddocks.  

 Table 3-1 Total suspended particulate standards and limits for the Kwinana policy area 

Species Area 2 Averaging Period Standard 1 (µg/m3) Limit 1 (µg/m3) 

Total Suspended 
Particulate Matter 

(TSP) 

A, B, C 15 minutes - 1,000 
A 24 hours 150 260 
B 24 hours 90 260 
C 24 hours 90 150 

Notes: 
1) All values expressed at 0oC and 101.3 kPa. 

2) Area A: the area of land on which heavy industry is located 
Area B: the area surrounding industry designated as buffer zone, plus other outlying land zoned for industrial use 
Area C: land beyond areas A and B used predominantly for rural and residential purposes. 

 

3.2.2. Dust Deposition  

Currently there are no criteria for dust deposition prescribed for use within Western Australia. 
However impact assessment criteria do exist in New South Wales (NSW EPA 2005). This criteria 
states that the maximum allowable increase in deposited dust is 2 g/m2/month with a total 
allowable maximum of 4 g/m2/month. In the absence of Western Australian specific criteria, the 
NSW criteria for allowable increase will be used in this assessment. 

3.3. Assessment Criteria 

The assessment criteria adopted for this assessment are presented in Table 3-2. These criteria will 
be used for comparison to the modelled concentrations of dust. 

 Table 3-2 Assessment criteria used 

Pollutant Criteria Type Averaging Period Assessment 
Criteria  

Particulate Matter (as PM10) 
Ground-level 
Concentration 24 hours 50 µg/m3 

Total Suspended Particulate 
Matter (TSP) 

Ground-level 
Concentration 24 hours 90  µg/m3 

Total Suspended Particulate 
Matter (TSP) Deposition Rate Monthly 2 g/m2/month 
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4. Climate and Meteorology 
This section provides a description of environmental characteristics of the project area relevant to 
an air quality assessment, including the prevailing meteorological conditions and the 
meteorological data used for the air dispersion modeling. Meteorological data representative of the 
region has been obtained from measurements by the Bureau of Meteorology at the Meekatharra 
meteorological station (BoM 2008a). 

4.1. Climate 
The Weld Range is located in the Mid-West region of Western Australia, approximately 80 km 
west south-west of Meekatharra. The region experiences hot, dry summers and mild winters. A 
high pressure band or subtropical ridge dominates the weather pattern throughout the year. During 
the warmer months, a low pressure trough is located to the south, resulting in southerly and south-
easterly winds prevailing. Occasional cold fronts bring little rain to the region whereas tropical 
cloud bands bring the most regular rains during the winter months.  

The Meekatharra meteorological data was used as a comparison to the generated meteorological 
data (detailed in Section 7) as it is most representative of the climatic behaviour for the region. 

4.2. Temperature 
The long term mean maximum and mean minimum temperature profiles for Meekatharra are 
presented in Figure 4-1. This data spans the period in which temperature data was recorded at 
Meekatharra (1950 – 2008). Mean maximum temperatures range from 38.2°C in January to 19°C 
in July. Mean minimum temperatures range from 24.3°C in January to 7.4°C in July. Very hot 
summers and mild winters are representative of the region. 
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 Figure 4-1 Meekatharra monthly mean max and min temperature profiles (1950 – 2008) 

4.3. Rainfall 

The long term mean monthly rainfall for Meekatharra is presented in Figure 4-2. This data spans 
the period in which rainfall data was recorded at Meekatharra (1944 – 2008). This figure shows 
that the late summer and early winter months (February and June) provide the most rainfall over 
the year. The total annual rainfall in this region is very low (less than 250 mm per annum). 
September is the driest month of the year, receiving on average less than 5 mm of rainfall over the 
entire month. This dry environment has the potential to result in higher particulate emissions from 
mining activities. 
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 Figure 4-2 Mean monthly rainfall for Meekatharra (1944 – 2008) 

 

4.4. Relative Humidity 

The long term mean relative humidity of each month is presented in Figure 4-3. These data span 
the period in which humidity data was recorded at Meekatharra (1950 – 2008). The morning (9am) 
mean relative humidity is consistently higher than the afternoon (3pm) mean. On average, humidity 
increases to between 41% and 63% in the winter months and decreases to between 16% and 28% in 
the summer months. This low humidity can increase the potential for higher particulate emissions 
from mining activities. 
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 Figure 4-3 Monthly mean 9am and 3pm relative humidity profiles for Meekatharra 
(1950 – 2008) 

 
4.5. Winds 

The seasonal and annual wind roses for Meekatharra are presented in Figure 4-4 and Figure 4-5 
respectively. 

Wind roses presented in Figure 4-4 shows that: 

 for January to March, eastern and south-eastern winds are predominant; 

 for April to June, the main winds are from the east; 

 for July to September, the winds are primarily from the east or south; and 

 for October to December, the wind pattern is similar to July to September, but the wind speed 
is generally higher. 
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January – March Wind Rose April – June Wind Rose 

July – September Wind Rose October – December Wind Rose 

 

 Figure 4-4 Seasonal wind roses for Meekatharra (2002 – 2006) 

 

Wind roses presented in Figure 4-5 show there is some variation of the wind speed distribution 
between the years of 2002 to 2006, but the general wind pattern remains consistent, ranging from 
the east to the south. 
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2002 Annual wind rose 

 
2003 Annual wind rose 

 
2004 Annual wind rose 

 
2005 Annual wind rose 

 
2006 Annual wind rose 

 
2002 – 2006 Annual wind rose 

 

 Figure 4-5 Annual wind roses for Meekatharra (2002 – 2006) 
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The overall wind speed distribution for Meekatharra is presented in Figure 4-6. It can be seen in 
this figure that 60% of the wind in 2002 – 2006 ranges in speed between 2 m/s and 5 m/s. The 
frequency of wind speeds between 5 m/s and 10 m/s reduces gradually to the point that very few 
hours have an hourly average wind speed greater than 10 m/s. 

 

 Figure 4-6 Wind speed distribution for Meekatharra (2002 – 2006) 
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5. Emission Estimation 
This section details the emission identification and estimation techniques applied in this 
assessment. It also describes the background concentration of particulate matter in the region.  

5.1. Emission Sources 
The emission sources for this assessment are separated into five groups to facilitate modelling. 
These groups are designated:  

 Beebyn Pit Operations; 

 Madoonga Pit Operations; 

 Central Processing Facility; 

 Beebyn and Madoonga Vehicles; and 

 Madoonga/Beebyn Haul Road emissions.  

 

Emission sources considered to be significant for inclusion in the model and in this assessment are: 

 Blasting events; 

 Ore/waste excavation; 

 Ore/waste dumping onto stockpiles; 

 Bulldozing of ore/waste; 

 Wheel generated dust from Haulpack and Road Train movements; 

 Road Train loading and unloading; 

 Wind Erosion from ore/waste stockpiles; 

 Ore crushing and screening; and 

 Conveyor operations including reclaimers. 

 

Emission rates were estimated using the National Pollutant Inventory (NPI) Emissions Estimation 
Technique Manuals (EETM) (NPI 2001). 

The following information has either been provided by Ecologia or otherwise estimated in order to 
derive the emissions from the mining operations. 

For the Beebyn Pit operations: 

 Three blasting locations; 

 Three waste material dump points, one for each waste stockpile; 
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 One Run of Mine (ROM) dump point; 

 Bulldozers, for each ore/waste stockpile; 

 Ore crushing and front end loader filling road trains; 

 Excavators operating around the blasting points; and 

 Material moisture content of 3%. 

 

For the Madoonga Pit operations: 

 Two blasting locations; 

 Two waste material dump points, one for each waste stockpile; 

 One ROM dump point; 

 Bulldozers, for each ore/waste stockpile; 

 Ore crushing and front end loader filling road trains; 

 Excavators operating around the blasting points; and 

 Material moisture content of 3%. 

 

For the Central Processing Facility: 

 Road train unloading; 

 Crushing and screening; 

 Stockpiling;  

 Train load out facilities; 

 Material moisture content of 3%. 

 

For the vehicle-related operations: 

 Haulpack vehicles are Caterpillar 785Cs with a haul load of 136 tonnes; 

 Road Trains are 25 tonnes and can haul a capacity of 300 tonnes; and 

 Road Trains operate 7,035 hours per year. 

 

Emissions of particulate matter in this assessment are time-varying to simulate changes in 
operations for each activity. For example, track bulldozers at waste stockpiles emit particulate 
matter only when there is waste matter being dumped onto the appropriate stockpile. 

For all operations and vehicle movements, a schedule has been created incorporating: 
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 the total tonnage of ore and waste material mined and/or moved per hour, adjusted to ensure 
that the annual total tonnage for each material is met (specified in Table 1-1); 

 scheduled shift hours (2 x 10 hour shifts, each shift with an hour break); 

 10 rain days when all operations are shut down; and 

 15% down time due to technical/machinery breakdown. 

 

Any operation that required selection of options (such as Haulpack road path or blasting location) 
or a probability of an event occurring (such as down time due to machinery breakdown) were 
chosen with a random number generator to provide an even distribution of these events occurring 
through the year.  

5.2. Emissions Calculations 

This section details the calculation method used for estimating the emissions from each mining 
activity. 

5.2.1. Blasting 

Ecologia has indicated that blasting of ore will occur on a daily basis. Dust emissions from blasting 
are difficult to model due to the short time interval and variability of the physical factors that define 
a blast event. Blasting activities are episodic in nature and the impacts are generally short-term, 
resulting from a distinct event at a specific location, in contrast with a number of diffuse sources 
spread across various locations within an open cut operation. The uncertainties associated with 
calculating dust impacts from blasting are therefore generally greater than those associated with 
other longer term activities of the mining operations as a whole. 

Dust emissions from blasting have been estimated using the NPI blasting emissions equation for 
the NPI EETM for Mining v2.3 (NPI 2001).  This is presented as Equation 5-1. 

 Equation 5-1 

( )8.19.18.0344 DMAkE ×××= , kg/blast 

Where: k = a constant (0.52 for PM10); 
A = the blast area (m2); 
M = moisture content (%); and 
D = depth of blast holes (m).  

Details of the blasting area (described on a monthly basis) have been provided by Ecologia. The 
combined total area between the two pits per month is 415,000 m2. This area was proportionally 
split between the pits and the individual blast area determined. Blasting was conducted during 
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break times to ensure personnel are not in the vicinity and when weather conditions allowed. 
Details regarding weather restrictions for blasting are presented in Section 5.3. 

5.2.2. Ore/Waste Material Excavation 

Extraction of ore and waste material from the pits has been modelled as a bucket and wheel 
excavator in each pit, emitting from the blasting locations. The use of a bucket and wheel excavator 
has no direct emission factor, as stated in the NPI EETM for Mining v2.3 (NPI 2001). It suggests 
that the equation for miscellaneous transfer and conveying be used in the absence of specific 
emissions information. This is presented as Equation 5-2. 

 Equation 5-2 
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Where: k = a constant (0.35 for PM10); 
U = mean wind speed (m/s); and 
M = moisture content (%). 

The mean wind speed was calculated to be 3.93 m/s from the generated meteorological data 
(detailed in Section 7) and the moisture content was assumed to be 3%. This resulted in an 
emission factor of 0.0007 kg/t. 

5.2.3. Ore/Waste Material Dumping onto Stockpiles 

The emissions from loading and unloading of overburden from Haulpacks were calculated by a 
simple emission factor, taken from the NPI EETM for Mining v2.3 (NPI 2001). The NERDDC 
default emission factor of 0.0043 kg/t for PM10 was utilised. 

5.2.4. Bulldozing of Ore/Waste Material 

The particulate matter emissions from bulldozers operating on overburden were calculated by the 
equation for PM10 provided in the NPI EETM for Mining v2.3 (NPI 2001), presented as Equation 
5-3. 

 Equation 5-3 

4.1

5.1

34.0
M
sE ×= , kg/h 

Where: s = silt content (%); and 
M = moisture content (%). 
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The default values in the manual were used to provide an emission rate of 4 kg/h. A bulldozing 
emissions schedule was generated to correspond with dumping at the appropriate stockpile. 

5.2.5. Ore Crushing and Screening 

The emission estimation technique for crushing and screening of ore, as described by the NPI 
EETM for Mining v2.3 (NPI 2001) is a simple default emission factor. This emission factor 
depends on of the moisture content of the material. There are two categories, one is ‘low moisture’ 
for materials with a moisture content less than or equal to 4%, the other is ‘high moisture’ for 
materials with a moisture content higher than 4% (NPI 2001). As the model used a moisture 
content of 3% the ore was classified as ‘low moisture’. 

For primary crushing of low moisture content ores, the PM10 default emission factor is given as 
0.02 kg/t. For screening of low moisture content ores, the PM10 default emission factor is given as 
0.06 kg/t. Crushing and screening only occurs during the times when ore is excavated. Ore from the 
Weld Range operations is considered to be of low moisture content. 

5.2.6. Conveyor Operations including Reclaimers 

Similar to the emission estimation technique for crushing or screening, the emission technique for 
conveyor operations (including a bucket and wheel reclaimer) is a default emission factor (NPI 
2001). The default PM10 emission factor for low moisture content ores is 0.03 kg/t. Like the 
crushing and screening operations, conveying/reclaiming only occurs during the times when ore is 
excavated. 

5.2.7. Vehicles and Wheel Generated Dust  

The particulate matter emissions from vehicles travelling along all haul roads at, and between, the 
Beebyn and Madoonga pits have been estimated using the equation developed by the USEPA and 
provided in the NPI EETM for Mining v2.3 (NPI 2001). This is presented as Equation 5-4. 

 Equation 5-4 
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Where: ki = 0.733 constant for PM10; 
s = surface silt content (%); 
W = vehicle gross mass (t); 
M = surface moisture content (%); 
A = empirical constant (0.8 for PM10); 
B = empirical constant (0.4 for PM10); and 
C = empirical constant (0.3 for PM10). 
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Total Vehicle Kilometres Travelled (VKTs) for Haulpacks and road trains were based on each 
truck driving over a randomly selected haul road or the primary access haul road respectively. 
Haulpacks and road trains operated for all hours of the day except for scheduled break times and 
shift changes. 

5.2.8. Road Train Loading and Unloading 

The calculation of emissions from the loading and unloading of road trains employs the same 
equation as the miscellaneous transfer and conveying of ore (Equation 5-2). The emission factor 
was calculated to be 0.0007 kg/t. 

5.2.9. Wind Erosion 

Wind erosion emissions were determined using the formula developed by Shao et al (Shao 1996), 
presented in Equation 5-5. 

 Equation 5-5 
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Where: WS = wind speed (m/s); 
WS0 = threshold for dust lift off (m/s); and 
k = a constant. 

To provide a reference point for Equation 5-5, it was compared with the default emission factor 
calculated from the NPI EETM for Mining v2.3 (NPI 2001) and the constant k was adjusted to 
produce realistic emission rates. The constant k was determined to be 8.0x10-7 for a wind speed 
threshold of 5 m/s. This resulted in an emission rate of 0.26 kg/ha/hr. This result is greater than the 
default NPI emission factor of 0.2 kg/ha/hr. This higher rate was used in consideration of the high 
evaporation rate in the region (the Meekatharra BoM data cites an annual average rate of 9.7 
mm/day) which increases the wind erosion potential. 

5.3. Emission Reduction Measures 

The following emission reduction measures were assumed and applied in this assessment for all 
modelled options. 

For the Beebyn Pit operations: 
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 Stockpile watering (up to 2 litres/m2/hr) when required on all active waste and ore stockpiles to 
reduce wind erosion emissions; 

 Blasting was restricted to break times when other operations were halted; 

 Blasting was not conducted during times when the wind direction arc was between 22.5°N 
(north north-easterly) and 180°N (southerly); 

 Crushing and screening machinery were fitted with dust hooding, including fabric filters; and 

 Water sprays were operational for ore conveying operations. 

 

For the Madoonga Pit operations: 

 Stockpile watering (up to 2 litres/m2/hr) when required on all active waste and ore stockpiles to 
reduce wind erosion emissions; 

 Blasting was restricted to break times when other operations were halted; 

 Blasting was not conducted during times when the wind direction was between 202.5°N (south 
south-westerly) and 337.5°N (north north-westerly); and 

 Crushing and screening machinery were fitted with dust hooding, including fabric filters; and 

 Water sprays were operational for ore conveying operations. 

 

For the vehicle-related operations: 

 Road watering (up to 2 litres/m2/h) when required on all roads. 

 

The wind direction restrictions to blasting activities reduced the overall availability of blasting 
opportunities. For the Beebyn Pit the weather conditions resulted in on average approximately one 
blast every two days. For the Madoonga Pit the weather conditions allowed a larger number of 
blasts, approximately five blasts every six days. 

5.4. Existing Ambient Air Quality 

Data describing the existing background concentration of PM10 was supplied by Ecologia (Ecologia 
2008b). The data included ambient PM10 ground-level concentrations, as measured by a Tapered 
Element Oscillating Microbalance (TEOM), at 5 minute intervals. The sampling period was from 
20 December 2007 to 20 July 2008. As the data set was not for a complete year, there is 
insufficient data to provide a variable background concentration for the modelling period. 
A constant background concentration of 20 µg/m3 was derived from the 75th percentile of the 
provided data on a 24 hour averaging period, and applied to all non-rainy days (as defined in 
Section 5.1).  
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The observed 24 hour averaged PM10 concentrations are presented in Figure 5-1. 

 

 Figure 5-1 Observed 24-hour averaged ground-level PM10 concentrations 
(20/12/2007 - 20/07/2008) 

 

It can be seen in Figure 5-1 that the NEPM criteria limit of 50 µg/m3 is exceeded by natural 
background concentrations seven times in the space of seven months. 

The 24 hour PM10 concentration distribution is presented in Figure 5-2. 
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 Figure 5-2 24-hour averaged PM10 ground-level concentration distribution 

 

The Weld Range Project is in a remote region and there are no heavy industrial works in the 
vicinity that contribute to background particulate concentrations. All background particulate 
concentrations are due to natural sources such as wind erosion. 

Due to the absence of TSP monitoring data, the NPI conversion value between PM10 and TSP was 
used to obtain a background TSP concentration for this assessment (NPI 2001). Therefore the 
background TSP ground-level concentration of 40 µg/m3 was used. 
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6. Model Methodology 
The section describes the air dispersion model employed for this project and the modelling 
methodology adopted to complete the assessment. 

6.1. Overview 

Atmospheric dispersion models are widely used to study the complex relationship between 
emissions and air quality as a function of source and meteorological conditions. Models used for 
estimating dispersion range from simple empirical expressions to very elaborate numerical 
solutions of the conservation equations governing pollutant concentration. Due to the complexity of 
atmospheric transport processes, practical or operational dispersion models rely heavily on 
empirical methods. 

6.2. Modelling Methodology 

Air quality impacts from the proposed Weld Range mining and processing operations have been 
assessed using the Victorian EPA’s AUSPLUME (Version 6.0) computer dispersion model, which 
is one of the primary air dispersion models used for assessing air quality impacts from industrial 
sites within Australia. The model is designed to predict ground-level concentrations or dry 
deposition of pollutants emitted from one or more sources. These sources may be stacks, area 
sources, volume sources, or any combination of these. AUSPLUME is essentially a statistical 
Gaussian plume model that requires a time series of both meteorological and source emission data. 
The primary reason for utilising this model is that AUSPLUME is well suited to dispersion 
modelling in neutral or stable conditions and in this case, the pollution dispersion is not governed 
by complex meteorological events like mesoscale circulation from coastal sea breezes. 

The dispersion model TAPM has been used to generate the time series meteorological data 
(detailed in Section 7) required by AUSPLUME. TAPM is a prognostic, three-dimensional model 
designed by CSIRO that can be used to predict meteorological and air pollution parameters on an 
hourly basis (Physick & Blockley 2001). TAPM incorporates synoptic analysis data, provided by 
CSIRO to generate local meteorological data for dispersion modelling (CSRIO 1999). TAPM 
calculates the interaction between the synoptic winds in the provided data and the local 
environmental conditions defined in the model to generate representative meteorological events 
over the defined time period.  

6.2.1. Modelled Options 

The modelling has been conducted over three options. In each option, both Beebyn and Madoonga 
pits extract ore which is conveyed by haul truck to local primary crushing. Once crushed, the ore is 
transported by road train to a Central Processing Facility before being loaded to train. The Central 
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Processing Facility (and associated vehicle emission sources) has been modelled in three different 
configurations, shown in Appendix D. 

6.3. AUSPLUME Modelling 

AUSPLUME can be run for a number of different model options and meteorological data formats.  
In this report the main model options and assumptions used are: 

 The computational grid system; 

 The dispersion curves; 

 The dry depletion method used to calculate particle settling; 

 The model terrain; 

 The surface roughness length; and 

 The time-series meteorological data. 

An example output file of the AUSPLUME model configuration used in this modelling assessment 
is presented in Appendix A. 

6.4. Grid System 

AUSPLUME has been set to calculate concentrations on a grid using Cartesian Map Grid Australia 
94 (MGA94) coordinates. The model was configured to predict the ground-level concentrations on 
a large area to obtain a measurement for the ambient air quality standards. The modelling region is 
presented in Figure 6-1.  
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 Figure 6-1 AUSPLUME modelling region 

 

6.4.1. Dispersion Curves 

The horizontal dispersion of the plumes was determined within AUSPLUME using the Pasquill- 
Gifford curve. The Pasquill-Gifford curve was chosen due to the emission sources being below 100 
metres in height.  

6.4.2. Dry Depletion Method 

Particles settling under gravity are subject to dry deposition. For AUSPLUME to calculate the 
resulting particle settling, the particle size distribution and the particle density of each particle size 
fraction are required. This allows AUSPLUME to calculate the settling and deposition velocities 
for each particle size category. Effectively, the settling velocity causes an elevated particle plume 
to angle toward the ground surface as it travels downwind. The deposition velocity is used to 
calculate the flux of particulate matter deposited on the surface. Therefore, plume depletion allows 
material to be removed from the plume over time as it is deposited on the ground. 
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This deposition of particulate matter reduces the overall concentration of particles in the plume and 
therefore alters the vertical distribution of the remaining particles. The larger particles will also 
progressively move toward the surface at their gravitational settling velocity. These factors result in 
the vertical distribution of the plume no longer being Gaussian in nature. 

To calculate this plume behaviour, AUSPLUME employs the deposition algorithm from the US 
EPA model ISC3, which incorporates an improved method for estimating the particle deposition at 
ground-level (dry deposition). 

The particle size distribution used in this assessment is presented in Table 6-1. This distribution 
has been used in previous dust assessments and was obtained from testing undertaken by CSIRO. 

 Table 6-1 Particle size distribution (% by weight) used in assessment 

Mid-Range Particle Size (µm) 
Mass Fraction 

PM10 TSP 

1 0.31 0.11 
4 0.26 0.09 
7 0.23 0.08 
9 0.20 0.07 

12 - 0.13 
19 - 0.13 
26 - 0.13 
35 - 0.13 
45 - 0.13 

 

6.4.3. Model Terrain 

The model was run without incorporating terrain effects, due to the fact that the terrain within the 
surrounding area does not contain any significant features. In addition, any terrain effects would 
not be significant, compared to the uncertainties in source emission estimates. 

6.4.4. Roughness Length 

The roughness length of the local environment has a significant influence on the turbulence of the 
air near the ground surface. An increase in roughness length will increase the level of turbulence at 
ground-level. This in turn will reduce the length of the plume at low altitudes. A roughness length 
of 0.4 m was chosen to simulate the terrain and vegetation in the region. 
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6.4.5. Time Series Meteorological Data 

A time series air quality meteorological data file was compiled for the AUSPLUME modelling, 
containing hourly averaged values of:  

 Wind speed and direction;  

 Ambient air temperature;  

 Pasquill- Gifford stability class; 

 Atmospheric mixing height; and 

 Sigma theta. 

 

As there is no local meteorological data available in the immediate region of the project, the wind 
speed and direction and temperature data used in AUSPLUME were generated using The Air 
Pollution Model (TAPM), developed by CSIRO. TAPM is able to solve approximations to 
fundamental fluid dynamics and scalar transport equations. It can predict meteorology and 
pollutant concentration for a range of pollutants. The model predicts flows that are of importance to 
local-scale air pollution such as sea breezes and terrain induced flows (Hurley 2005).  

TAPM solves momentum equations for horizontal wind components, the incompressible continuity 
equation for vertical velocity, and scalar equations for potential virtual temperature and specific 
humidity of water vapour. The turbulence terms in the equations are determined solving equations 
of turbulent kinetic energy and eddy dissipation rate. The vegetative canopy, soil scheme and urban 
schemes are also included at the surface and radiative fluxes at surface and upper levels 
(Hurley 2005). The statistics for the generated meteorological data is presented in Appendix B. 

The data obtained via TAPM was compared with the Meekatharra data provided by the Bureau of 
Meteorology (BoM), detailed in Section 4 (BoM 2008a). The comparison of the data is detailed in 
Section 7. 

6.5. TAPM 

This section details the definition of the TAPM model used to generate the site-specific 
meteorological data for this assessment. 

6.5.1. Model Setup 

The TAPM land/sea database was derived from the 9” Digital Elevation Model (DEM) data 
(Geoscience Australia 2002). This data provides an accurate representation of: the topographical 
elevation above sea level, the land use category and the vegetation and soil types of the region. 

The model set-up is as follows: 
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 All grids were centred about 117°41’E and 26°50.5’S, which corresponds to 568000 mE and 
7030500 mN in Map Grid Australia 94 (MGA94) coordinates. 

 Four grid domains (30 km, 10 km, 3 km and 1 km) with 31 by 31 cells per domain. These grid 
domains are detailed in Section 6.5.2. 

 Standard 25 vertical levels from 10 metres to 8,000 metres in height. 

 All output from model runs allowed two “wind up” days for the model to initialise. 

 
An example of the TAPM output *.lis file is presented in Appendix C. 

6.5.2. Grid System 

TAPM incorporates a nested gridding system, centred about a specified point. Each grid 
progressively decreases in area, but increases in resolution for the topographical elevation above 
sea level, vegetation and soil types and land usage. The grids used in this assessment have the grid 
domain resolution of 30 km, 10 km, 3 km and 1 km respectively. Therefore the regions covered in 
each grid are 930 km by 930 km, 310 km by 310 km, 93 km by 93 km and 31 km by 31 km 
respectively. 

6.6. Sensitive Receptors 

For the purpose of this assessment, particulate concentrations and deposition rates were modelled at 
seven discrete receptors within the region. The locations of the sensitive receptors relevant in this 
assessment are presented in Table 6-2 and displayed graphically in Figure 6-1. 

 
 Table 6-2 Sensitive receptor locations 

Receptor Label 
MGA94 Co-ordinates (Receptor Centre) 

Easting (m) Northing (m) 

Aboriginal Heritage Reserve 1 1 Reserve 1 567700 7023100 
Aboriginal Heritage Reserve 2 1 Reserve 2 570250 7020200 
Aboriginal Heritage Reserve 3 1 Reserve 3 569750 7018700 
Airport Airport 1 574073 7037586 
Worker Accommodation Village 
(Option 1) Village 4 570637 7033342 

Worker Accommodation Village 
(Base Case) 

Village 5 573803 7033249 

Worker Accommodation Village 
(Option 2) Village 1 577558 7035050 

1) Aboriginal Heritage Reserve receptors are area locations, not point locations. 
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The three Aboriginal Heritage Reserves (‘the Reserves’) are part of the Wilgie Mia Indigenous 
Reserve and are square regions located between the Beebyn and Madoonga ore deposits. The first 
two Reserves are 2 km by 2 km in area. The third Reserve is a 1 km by 1 km region. All Reserve 
receptors are centred about the co-ordinates in Table 6-2.  

The Reserves do not experience any permanent human habitation. The NEPM criteria for PM10 and 
Kwinana EPP for TSP are designed for the protection of human health and reducing nuisance dust. 
As such, only dust deposition will be considered when investigating the impact of operations on 
these areas. 

The Madoonga Homestead is located approximately 1 km north of the Madoonga Pit Operations. 
This has not been included as a sensitive receptor as the land will be purchased by SMC as part of 
the development project. The three Villages represent alternate locations for the Worker 
Accommodation Village depending on the option modelled. Village 5 is the village location for the 
base case, Village 4 for option 1 and Village 1 for option 2. The impact of operations on the 
Village sites will be assessed against the PM10, TSP and dust deposition criteria nominated in 
Section 3.3. 

The Airport is not considered in this assessment and is included only as a point of reference. 
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7. TAPM Generated Meteorological Data 
This section compares the TAPM generated meteorological data with the data measured at the 
Meekatharra meteorological station and identifies any significant differences. The generated data 
spans the 5 year period of 2002 to 2006 inclusive. 

7.1. Temperature 

The monthly temperature profile for the TAPM generated data compared to the Meekatharra data is 
presented in Figure 7-1. This figure shows that the monthly mean maximum temperature for the 
TAPM generated data set is between 1.9°C and 4.5°C cooler than the Meekatharra data set and that 
the monthly mean minimum temperature is between 0.6°C and 6.9°C cooler. The variation between 
the data sets is at its minimum during the winter months (June to August) and at its maximum 
during the summer months (October to January). 

 

 Figure 7-1 Monthly mean maximum and minimum temperature profiles for the TAPM 
generated data (2002 – 2006) compared to the Meekatharra data (1950 – 2008) 

 

For the Meekatharra data set, the variation between the mean maximum temperature and the mean 
minimum temperature ranges up to 14.5°C in the summer months and ranges down to 10.9°C in the 
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winter months. The generated data set has a larger variation in the summer months (up to 17.1°C), 
but a slightly smaller variation in the winter months (down to 10.1°C). This indicates that the 
generated data set for the Weld Range region has overall a larger variation of cooler temperatures. 

7.2. Winds 

The seasonal and annual wind roses for the TAPM generated meteorological data are presented in 
Figure 7-2 and Figure 7-3 respectively. The wind roses in Figure 7-2 show that: 

 For January to March, eastern and south-eastern winds are predominant; 

 For April to June, the main winds are from the east with a northerly component; 

 For July to September, there is a reasonably even wind direction distribution, however the 
largest component is from the east; and 

 For October to December, winds ranging from easterly to south-westerly are predominant. 

 

The wind roses in Figure 7-3 highlight the variation of the wind speed distribution between the 
modelled years of 2002 to 2006. The overall wind trends remain consistent between years, with 
easterly winds being the most common. 
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January – March Wind Rose 

 
April – June Wind Rose 

 
July – September Wind Rose 

 
October – December Wind Rose 

 

 Figure 7-2 Seasonal wind roses for TAPM generated data (2002 – 2006) 
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2002 Annual wind rose 

 
2003 Annual wind rose 

 
2004 Annual wind rose 

 
2005 Annual wind rose 

 
2006 Annual wind rose 

 
2002 – 2006 Annual wind rose 

 

 Figure 7-3 Annual wind roses for TAPM generated data (2002 – 2006) 
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The overall wind speed distribution for the TAPM generated wind data is presented in Figure 7-4 
together with observations from Meekatharra. 

 

 Figure 7-4 Wind speed distribution for TAPM and Meekatharra data (2002 – 2006) 

 

Figure 7-4 shows that 60% of the wind in the TAPM generated data ranges between 3 m/s and 5 
m/s. The range of wind speeds is smaller than the Meekatharra data. The difference in terrain 
between the two sites can account for the different distribution. The terrain may produce a more 
consistent wind speed and increase the percentage of a specific wind speed range. 

7.3. Summary of results 

In comparison to the Meekatharra data presented in Section 4.5, the following observations can be 
made: 

 Seasonal wind variations are reasonably consistent between measured and generated data sets 
and can be accounted for by the difference in location/topography of sites; 

 Annual wind patterns largely remain consistent across all modelled years; 

 The 2006 annual wind rose has a larger easterly component than the equivalent Meekatharra 
data set; 
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 Variations in annual wind patterns can also be accounted for due to differences in topography 
and location; 

 TAPM generated data has a higher proportion of wind speeds between 3 m/s and 5 m/s than 
the Meekatharra data; and 

 TAPM generated wind speed distribution is less evenly and smoothly distributed. Topography 
variation can also account for this variation. 

 

Overall, the wind profile for the TAPM generated data is all within feasible variation of the 
measured Meekatharra data due to influences from local topographical features.  

To select the year to use for modelling a screening assessment was undertaken. The purpose of this 
was to determine which year would produce the most high dust events at identified receptors, 
making for a conservative modelling approach. The 2003 year produced the greatest number of 
high dust events and was thus used in all modelling for this assessment. 
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8. AUSPLUME Modelling Results 
This section presents the results of the atmospheric dispersion modelling for the Weld Range 
operations. The modelling results are presented for the six sensitive receptor locations, and are 
compared to the relevant assessment criteria as specified in Section 3.3. With the location of the 
central processing area and vehicle sources varying across modelled options, the Reserves have the 
concentration at the centre point reported (as opposed to at the boundary); the contour plots for 
each option will further determine if criteria are exceeded within the Reserve areas. For each 
defined receptor, the maximum predicted concentration is compared to the assessment criteria, 
along with the 99th percentile. 

The maximum ground level concentrations represent the worst possible case scenario over the 
modelling period at every point across the computational grid. The maximum ground level 
concentrations occur during specific meteorological conditions that lead to reduced dispersion of 
dust emissions.  

These conditions are: 

 Winds speeds of 0.5 m/s or less; 

 A wind direction towards sensitive receptors; 

 A Pasquill-Gifford stability class of “D” or higher (very stable); and 

 Very low mixing heights. 

 

The 99th percentile ground level concentrations represent a smoothed representation of the 
maximum dust impact. In the case of 24-hour averaged results over a year this removes the five 
most extreme concentrations. This contour plot is useful as it displays a potentially more 
representative image of the maximum dust impact by removing extreme levels that could be 
unrepresentative or unlikely to occur. 

8.1. PM10 

Dispersion modelling results for PM10 are summarised in Table 8-1. The maximum ground level 
concentration at each receptor location is presented graphically in Figure 8-1 by option. 

The PM10 assessment criterion is exceeded twice at Village 5 (base case) and twice at Village 1 
(option 2). Village 4 (option 1) will not experience any exceedence of criteria. 

The modelling results reflect the location of sources and the prevailing local wind pattern. Village 1 
is west of the Central Processing Facility for option 2 and Village 1 is north of the Central 
Processing Facility for the base case. These directions align with the prevailing wind direction for 
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the region (see Section 4.5), elevating the chance of exposure to dust emitted from product 
handling. Village 4 is to the northeast of the Central Processing Facility for option 1 and is not in 
the direction of prevailing winds, reducing exposure of this location to dust generated by 
operations. 

 Table 8-1 PM10 AUSPLUME modelling results 

Receptor Option 
Assessment 

Criterion 
(µg/m3) 

Maximum 99th Percentile 
Exceedences Value 

(µg/m3) 
% 

Criteria 
Value 

(µg/m3) 
% 

Criteria 

Airport 1 
Base Case 50 44 88 34 68 0 
Option 1 50 46 91 32 64 0 
Option 2 50 43 86 32 65 0 

Village 4 
Base Case 50 49 99 37 74 0 
*Option 1 50 47 93 37 74 0 
Option 2 50 43 87 36 72 0 

Village 5 
*Base Case 50 58 115 40 81 2 

Option 1 50 51 102 40 79 1 
Option 2 50 52 103 39 79 1 

Village 1 

Base Case 50 63 127 43 86 2 

Option 1 50 55 111 43 87 2 

*Option 2 50 55 111 44 87 2 
* indicates the option to which the Village is associated to 
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 Figure 8-1 Maximum PM10 ground level concentrations at receptor locations 

 

The ranking of PM10 24 hour concentrations are presented for all three modelled options in Figure 
8-2 to Figure 8-4. These figures show for most of the year PM10 concentrations are close to or 
below 30 µg/m3 in all modelled options. 
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 Figure 8-2 Base case PM10 24-hour ground level concentrations by rank 

 

 

 Figure 8-3 Option 1 PM10 24-hour ground level concentrations by rank 
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 Figure 8-4 Option 2 PM10 24-hour ground level concentrations by rank 

 

The maximum and 99th percentile PM10 ground level concentration contour plots for each option 
are presented in Figure 8-5 to Figure 8-8 with the assessment criteria contour line highlighted in 
red. The maximum plot shows the highest possible impact at all points in the modelling grid. The 
area enclosed by the 50 µg/m3 contour noticeably shrinks in the 99th percentile plots, highlighting 
the extremes of the predicted maximums. The 99th percentile plots clearly show the influence of the 
Beebyn and Madoonga mines areas, the Central Processing Facility, and haul roads. 

Base case model results are shown in Figure 8-5 and Figure 8-6, Option 1 model results are shown 
in Figure 8-7 and Figure 8-8, and Option 2 model results are shown in Figure 8-9 and Figure 
8-10. In all options, the Village 1 and 5 sites experience maximum ground level concentrations 
above the 50 µg/m3 limit. The 99th percentile shows the 50 µg/m3 contour line does not reach the 
Village sites. 
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 Figure 8-5 Base case PM10 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-6 Base case PM10 24-hour 99th percentile ground level concentrations (µg/m3) 
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 Figure 8-7 Option 1 PM10 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-8 Option 1 PM10 24-hour 99th percentile ground level concentrations (µg/m3) 
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 Figure 8-9 Option 2 PM10 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-10 Option 2 PM10 24-hour 99th percentile ground level concentrations (µg/m3) 
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8.2. TSP 

Dispersion modelling results for TSP are summarised in Table 8-2. The maximum ground level 
concentrations at each receptor location are presented graphically in Figure 8-11 by option. 

The assessment criterion is not exceeded for any of the modelled options. The results reflect the 
PM10 model results, with the distance of the Central Processing Facility from receptors influencing 
predicted concentrations at these locations. 

 Table 8-2 TSP AUSPLUME modelling results 

Receptor Option 
Assessment 

Criterion 
(µg/m3) 

Maximum 99th Percentile 
Exceedences Value 

(µg/m3) 
% 

Criteria 
Value 

(µg/m3) 
% 

Criteria 

Airport 1 
Base Case 90 68 76 58 65 0 
Option 1 90 70 78 55 61 0 
Option 2 90 67 74 56 62 0 

Village 4 
Base Case 90 78 87 62 69 0 
*Option 1 90 72 81 62 69 0 
Option 2 90 68 76 60 67 0 

Village 5 
*Base Case 90 88 98 67 74 0 

Option 1 90 79 88 65 72 0 
Option 2 90 80 89 65 72 0 

Village 1 

Base Case 90 93 103 70 78 1 

Option 1 90 82 92 70 78 0 

*Option 2 90 83 92 73 81 0 
* indicates the option to which the Village is associated to 
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 Figure 8-11 Maximum TSP ground level concentrations at receptor locations 

 

The ranking of TSP 24-hour concentrations are presented for all three modelling options in Figure 
8-12 to Figure 8-14. These figures show for most of the year TSP concentrations are close to or 
below 60 µg/m3. 
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 Figure 8-12 Base case TSP 24-hour ground level concentrations by rank 

 

 

 Figure 8-13 Option 1 TSP 24-hour ground level concentrations by rank 

 



 

       
 
I:\WVES\Projects\WV03845\Deliverables\Reports\R2_smb_WeldRange_Dust_20091116.doc PAGE 46 

 

 Figure 8-14 Option 2 TSP 24-hour ground level concentrations by rank 

 

The maximum and 99th percentile TSP ground level concentration contour plots for each option are 
presented in Figure 8-15 to Figure 8-18 with the assessment criteria contour line highlighted in 
red. The maximum plot shows the highest possible impact at all points in the modelling grid. The 
area enclosed by the 90 µg/m3 contour noticeably shrinks in the 99th percentile plots, highlighting 
the extremes of the predicted maximums. The 99th percentile plots clearly show the influence of the 
Beebyn and Madoonga pit areas, the Central Processing Facility, and haul roads. 

Base case model results are shown in Figure 8-15 and Figure 8-16. The Village 1 site experiences 
maximum ground level concentrations above the 90 µg/m3 limit. The Village 5 site is shown to 
experience concentrations close the limit. The 99th percentile shows the 90 µg/m3 contour line 
resides a safe distance from the Village sites. Option 1 model results are shown in Figure 8-17 and 
Figure 8-18 and Option 2 model results are shown in Figure 8-19 and Figure 8-20. Both the 
maximum and 99th percentile plots show the 90 µg/m3 contour line does not reach any of the 
Village sites. 



 

       
 
I:\WVES\Projects\WV03845\Deliverables\Reports\R2_smb_WeldRange_Dust_20091116.doc PAGE 47 

 

 Figure 8-15 Base case TSP 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-16 Base case TSP 24-hour 99th percentile ground level concentrations (µg/m3) 
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 Figure 8-17 Option 1 TSP 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-18 Option 1 TSP 24-hour 99th percentile ground level concentrations (µg/m3) 
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 Figure 8-19 Option 2 TSP 24-hour maximum ground level concentrations (µg/m3) 

 

 

 Figure 8-20 Option 2 TSP 24-hour 99th percentile ground level concentrations (µg/m3) 
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8.3. Deposition 

The results of the maximum deposition rate per month modelling are presented in Table 8-3. The 
maximum deposition rate for the Aboriginal Heritage Reserves and Village sites are all well below 
the assessment criteria of 2 g/m2/month. Deposition modelling did not incorporate the settling of 
background particulate matter due to the absence of existing particle deposition rate data. 

 
 Table 8-3 Deposition AUSPLUME modelling results 

* indicates the option to which the Village is associated to 

A contour plot of the maximum deposition per month over the computational grid for each option 
is presented from Figure 8-21 to Figure 8-23. The assessment criteria contour line is highlighted in 
red. In all modelled options there is a small exceedence of the criterion on the northwest boundary 
of Reserve 1 associated with haul road activities. None of the Village sites are predicted to 
experience exceedence of the 2 g/m2/month limit. 

Receptor Option 
Assessment 

Criterion 
(g/m2/month) 

Maximum 
Exceedences 

Value (g/m2/month) % Criteria 

Reserve 1  
Base Case 2 0.33 16% 0 
Option 1 2 0.33 17% 0 
Option 2 2 0.33 16% 0 

Reserve 2  
Base Case 2 0.16 8% 0 
Option 1 2 0.17 8% 0 
Option 2 2 0.17 8% 0 

Reserve 3  
Base Case 2 0.16 8% 0 
Option 1 2 0.16 8% 0 
Option 2 2 0.16 8% 0 

Airport 1 
Base Case 2 0.11 6% 0 
Option 1 2 0.11 5% 0 
Option 2 2 0.12 6% 0 

Village 4 
Base Case 2 0.23 12% 0 
*Option 1 2 0.23 11% 0 
Option 2 2 0.22 11% 0 

Village 5 
*Base Case 2 0.24 12% 0 

Option 1 2 0.23 12% 0 
Option 2 2 0.24 12% 0 

Village 1 
Base Case 2 0.20 10% 0 
Option 1 2 0.19 9% 0 
*Option 2 2 0.23 11% 0 
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 Figure 8-21 Base case maximum monthly deposition (g/m2) 

 

 

 Figure 8-22 Option 1 maximum monthly deposition (g/m2) 
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 Figure 8-23 Option 2 maximum monthly deposition (g/m2) 
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8.4. Discussion of Results 

The PM10 results predict that the Village 1 and 5 receptor locations will experience exceedences 
across all modelled options. The extent of exceedences vary across each option, with the base case 
experiencing two exceedences of the 50 µg/m3 target at Village 5 locations, and option 2 
experiencing two exceedences at the Village 1 location. Option 1 is not expected to produce an 
exceedence of criterion at the Village 4 location. TSP results show that the 90 µg/m3 target is not 
exceeded in any modelled option. As discussed in Section 6.6, PM10 and TSP concentrations across 
the Reserves are not considered as these sites do not have any permanent human habitation. Dust 
deposition is the only criteria considered in these areas.  

The impact of dust deposition is below the criterion target for all options at all receptors. There is 
some impact along the boundary of Reserve 1 in all modelled options due to haul road activities, 
though the extent of this is not considered to place the reserves at risk of exceeding criteria limits. 
The majority of deposition is predicted to occur around the mining pits and away from the Reserves 
and Village sites. 

In all modelled options the base case produced the greatest overall dust impact. Option 1 produced 
the lowest overall dust impact. The reason for this is due to the location of the Central Processing 
Facility relative to the receptors, and the prevailing wind direction. By locating the Central 
Processing Facility further from the receptors dust impact is reduced. 

The model results indicate the configuration defined in option 1 with Village 4 being the site 
selected for the Workers Accommodation Village would result in lowest possible dust impact. The 
proximity of the 50 µg/m3 PM10 contour line to the Village 4 site in option 1 (presented in Figure 
8-7) is of some concern but with the dust reduction controls described in Section 5.3 applied in full 
the Village 4 site should not experience any exceedence of the NEPM PM10 criteria. 
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9. Conclusion and Recommendations 
A dust impact assessment has been conducted by SKM on behalf of Ecologia for the SMC Weld 
Range Project with a focus on ambient particulate matter concentrations and deposition at local 
sensitive receptors. Using emission estimation techniques from the NPI EETM for Mining v2.3 
(NPI 2001) and Shao et al (1996) it was determined the largest emission sources across operations 
were from blasting events, wind erosion from waste material stockpiles and from wheel generated 
dust from vehicle movements. 

Control measures were applied to particulate emissions, including dust suppression watering of all 
haul roads and waste/ore stockpiles, restricting blasting times based on wind direction, hooding 
with fabric filtering over all processing operations (ore crushing, and screening) and water sprays 
on ore conveying operations. 

Modelling demonstrates that option 1, with the Workers Accommodation Village located at the 
Village 4 site, produces the optimal outcome for dust impact. Modelling of option 1 shows that 
concentrations at the Village 4 site come close to the PM10 50 µg/m3 limit, but assessment criteria 
are not exceeded with application of appropriate dust reduction controls. 

The contour plots also show the haul roads as a source of dust impact on receptors. By relocating 
the route of the haul roads a distance further away from highly impacted receptors, dust impacts 
can be reduced further. 

It is recommended that dust controls be applied including: 

 Stockpile watering as required on all active waste piles (roads and dumping areas) and ore 
stockpiles to reduce wind erosion emissions; 

 Blasting not conducted at the Beebyn pit when winds are between north north-easterly and 
southerly; 

 Blasting not conducted at the Madoonga pit when winds are between north north-westerly 
and south south-westerly; 

 Crushing and screening machinery fitted with dust hooding, including fabric filters; 

 Water sprays on all ore conveying operations, including reclaimers when operational; and 

 Water trucks operating on pit roads, haul roads and road train routes. 

 

There is no specified moisture content level for the application of water sprays. Ideally the amount 
of spraying should be optimised between reducing visible dust output from roads and plant, and 
maintaining product quality and road surface integrity. Excessive application of moisture can also 
cause dust to crust on handling surfaces and be re-emitted when it dries out. 
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Haul road emissions can be managed using a variety of controls. While road watering is the most 
common and considered standard practice for road dust management, the use of surfactants to bind 
the road surface and variable speed limits can also aid in reducing road dust. This can be effected 
on sections of road close to sensitive receptors, and the efficiency determined with field 
measurements before and after application of controls. 

It is recommended that a campaign of dust monitoring be undertaken in the vicinity of the Village 
and mining areas, subject to availability of electrical power and site access, to monitor actual 
impacts of operations on Village residents. This could be accomplished with a High Volume 
Sampler (HiVol) to measure 24-hour averaged PM10 concentrations. Further study to ascertain the 
most appropriate set-up for operations would be required before any installation of monitoring 
equipment. 

A meteorological monitoring station should be established at a location representative of the mine 
site to provide wind data to for the dust management program. 
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Appendix A Example AUSPLUME Output File 
WV03845, Beebyn Mine, PM10 Roughness (19/08/2009) smb    
 Concentration or deposition                          Concentration 
 Emission rate units                                  grams/second     
 Concentration units                                  microgram/m3              
 Units conversion factor                              1.00E+06 
 Constant background concentration                             0.00E+00 
 Terrain effects                                      None              
 Plume depletion due to dry removal mechanisms included. 
 Smooth stability class changes?                      No  
 Other stability class adjustments ("urban modes")    None 
 Ignore building wake effects?                        Yes 
 Decay coefficient (unless overridden by met. file)   0.000 
 Anemometer height                                    10 m 
 Roughness height at the wind vane site               0.400 m 
 Use the convective PDF algorithm?                    No  
 
                    DISPERSION CURVES 
 Horizontal dispersion curves for sources <100m high  Pasquill-Gifford 
 Vertical  dispersion  curves for sources <100m high  Pasquill-Gifford 
 Horizontal dispersion curves for sources >100m high  Briggs Rural     
 Vertical  dispersion  curves for sources >100m high  Briggs Rural     
 Enhance horizontal plume spreads for buoyancy?       Yes 
 Enhance  vertical  plume spreads for buoyancy?       Yes 
 Adjust horizontal P-G formulae for roughness height? Yes 
 Adjust  vertical  P-G formulae for roughness height? Yes 
 Roughness height                                     0.400m 
 Adjustment for wind directional shear                None 
 
                     PLUME RISE OPTIONS 
 Gradual plume rise?                                  Yes 
 Stack-tip downwash included?                         Yes 
 Building downwash algorithm:                        PRIME method.               
 Entrainment coeff. for neutral & stable lapse rates 0.60,0.60 
 Partial penetration of elevated inversions?          No  
 Disregard temp. gradients in the hourly met. file?   No  
 
 and in the absence of boundary-layer potential temperature gradients 
 given by the hourly met. file, a value from the following table 
 (in K/m) is used: 
 
    Wind Speed                Stability Class 
     Category       A      B      C      D      E      F 
   ________________________________________________________ 
        1         0.000  0.000  0.000  0.000  0.020  0.035 
        2         0.000  0.000  0.000  0.000  0.020  0.035 
        3         0.000  0.000  0.000  0.000  0.020  0.035 
        4         0.000  0.000  0.000  0.000  0.020  0.035 
        5         0.000  0.000  0.000  0.000  0.020  0.035 
        6         0.000  0.000  0.000  0.000  0.020  0.035 
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 WIND SPEED CATEGORIES 
 Boundaries between categories (in m/s) are:  1.54,  3.09,  5.14,  8.23, 10.80 
 
 WIND PROFILE EXPONENTS: "Irwin Urban" values (unless overridden by met. file)  
 
 AVERAGING TIMES 
 24 hours 
 
WV03845, Beebyn Mine, PM10 Roughness (19/08/2009) smb    
                                                                       
                             SOURCE CHARACTERISTICS                    
 
                    VOLUME SOURCE: B-BLA1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  583450  7027550             0m             5m         19m           20m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-BLA2 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  581220  7026550             0m             5m         19m           20m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-BLA3 
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    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  577735  7025340             0m             5m         19m           20m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-EXC1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  582080  7026910             0m             5m         25m            4m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-DOZ1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  582570  7026410             0m            30m         25m            2m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
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                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-DOZ2 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  578060  7024510             0m            30m         25m            2m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-DOZ3 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  580260  7026830             0m            30m         25m            2m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WDP1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  582450  7026650             0m            30m         40m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
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         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WDP2 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  578020  7024900             0m            30m         40m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WDP3 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  580300  7026575             0m            30m         40m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
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                    VOLUME SOURCE: B-ODP1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  583400  7028340             0m            10m         20m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-CRU1 
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  581950  7027450             0m             5m          4m            3m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WE1  
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  582560  7026400             0m            30m         25m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
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                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WE2  
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  578050  7024500             0m            30m         25m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
 
 
                    VOLUME SOURCE: B-WE3  
 
    X(m)     Y(m)     Ground Elevation    Height   Hor. spread   Vert. spread 
  580250  7026820             0m            30m         25m            1m 
 
               (Constant) emission rate = 1.00E+00 grams/second 
 
         Hourly multiplicative factors will be used with  
         this emission factor. 
 
                    Particle  Particle  Particle 
                      Mass      Size    Density  
                    fraction  (micron)  (g/cm3)  
                   _____________________________ 
                      0.3100      1.0      1.00 
                      0.2600      4.0      1.00 
                      0.2300      7.0      1.00 
                      0.2000      9.0      1.00 
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              WV03845, Beebyn Mine, PM10 Roughness (19/08/2009) smb    
                                                                       
                               RECEPTOR LOCATIONS                      
                                                                       
 
 
 DISCRETE RECEPTOR LOCATIONS (in metres) 
 
 No.     X       Y    ELEVN  HEIGHT       No.     X       Y    ELEVN  HEIGHT 
  1  567700 7023100     0.0    2.0         4  574073 7037586     0.0    2.0 
  2  570250 7020200     0.0    2.0         5  570637 7033342     0.0    2.0 
  3  569750 7018700     0.0    2.0         6  573803 7033249     0.0    2.0 
 
 
              METEOROLOGICAL DATA : AUSPLUME METFILE (ADJUSTED) 
 
              HOURLY VARIABLE EMISSION FACTOR INFORMATION 
 
 The input emission rates specfied above will be multiplied by hourly varying 
 factors entered via the input file: 
 D:\Ausplume\WV03845\Modelling\PM10\Beebyn_Emissions_Rev4_Blasting.src          
 For each stack source, hourly values within this file will be added to each 
 declared exit velocity (m/sec) and temperature (K). 
 
 Title of input hourly emission factor file is: 
 Beebyn Mine Site Emissions 2003 Blasting Corrected 22/05/2008                  
 
              HOURLY EMISSION FACTOR SOURCE TYPE ALLOCATION 
 
 Prefix B-BLA1 allocated: B-BLA1 
 Prefix B-BLA2 allocated: B-BLA2 
 Prefix B-BLA3 allocated: B-BLA3 
 Prefix B-EXC1 allocated: B-EXC1 
 Prefix B-DOZ1 allocated: B-DOZ1 
 Prefix B-DOZ2 allocated: B-DOZ2 
 Prefix B-DOZ3 allocated: B-DOZ3 
 Prefix B-WDP1 allocated: B-WDP1 
 Prefix B-WDP2 allocated: B-WDP2 
 Prefix B-WDP3 allocated: B-WDP3 
 Prefix B-ODP1 allocated: B-ODP1 
 Prefix B-CRU1 allocated: B-CRU1 
 Prefix B-WE1  allocated: B-WE1  
 Prefix B-WE2  allocated: B-WE2  
 Prefix B-WE3  allocated: B-WE3  
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Appendix B Generated Meteorology Statistics 
 

Stability Classes  
 A B C D E F Total 
Number 737 3901 8151 13239 12574 5222 48324 
Percent 1.68 8.90 18.60 30.21 28.69 11.92  
Stability Class by Wind direction 
 A B C D E F 
N 2.3 12.8 27.6 32.4 13.9 11.1 
NE 1.1 8.2 24.5 33.3 21.1 11.8 
E 1.4 6.6 17.9 34.3 31.7 8.1 
SE 1.2 7.9 17.4 32.4 31.4 9.7 
S 1.5 7.9 12.0 22.7 40.3 15.6 
SW 3.8 10.9 14.2 20.8 31.5 18.8 
W 1.8 14.3 24.1 30.7 14.7 14.3 
NW 1.5 13.1 25.5 33.3 14.6 12.0 
Stability Class by Hour of Day 
Hour A B C D E F 
1 0 0 0 236 1194 396 
2 0 0 0 247 1171 408 
3 0 0 0 260 1129 437 
4 0 0 0 277 1090 459 
5 0 0 0 291 1067 468 
6 0 0 0 1009 567 250 
7 0 0 5 1821 0 0 
8 0 1 366 1459 0 0 
9 0 69 904 853 0 0 
10 0 268 1112 446 0 0 
11 12 591 965 258 0 0 
12 117 641 857 211 0 0 
13 195 610 829 192 0 0 
14 202 629 800 195 0 0 
15 173 557 856 240 0 0 
16 38 462 822 504 0 0 
17 0 73 629 1124 0 0 
18 0 0 6 1809 9 2 
19 0 0 0 836 506 484 
20 0 0 0 129 1121 576 
21 0 0 0 175 1149 502 
22 0 0 0 208 1186 432 
23 0 0 0 220 1194 412 
24 0 0 0 239 1191 396 
 
Mixing Heights by Hour of Day 
Height 1 2 3 4 5 6 7
 8 9 10 11 12 
>2000m 0 0 0 0 0 0 0
 0 0 0 1 0 
1800m - 2000m 0 0 0 0 0 0 0
 1 0 0 0 0 
1600m - 1800m 0 0 0 0 0 0 1
 0 0 0 0 1 
1400m - 1600m 1 1 0 1 0 0 2
 0 1 1 0 2 
1200m - 1400m 0 1 2 0 0 0 1
 0 0 1 3 12 
1000m - 1200m 0 0 1 3 1 1 1
 1 2 2 7 33 
800m - 1000m 2 1 3 4 5 5 6
 6 5 5 18 103 
600m - 800m 4 4 5 8 6 10 12
 7 5 24 125 432 
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400m - 600m 24 24 32 35 40 43 52
 31 35 153 426 701 
200m - 400m 329 397 463 469 492 532 495
 200 247 636 907 480 
0m - 200m 1466 1398 1320 1306 1282 1235 1256
 1580 1531 1004 339 62 
 
Height 13 14 15 16 17 18 19
 20 21 22 23 24 
>2000m 6 48 115 141 133 16 3
 1 0 0 0 0 
1800m - 2000m 6 35 65 86 67 8 1
 0 0 0 0 0 
1600m - 1800m 9 66 113 119 73 9 1
 0 0 0 0 0 
1400m - 1600m 41 102 138 182 155 18 2
 0 0 0 0 0 
1200m - 1400m 66 142 140 112 113 44 7
 0 1 0 0 0 
1000m - 1200m 151 250 308 323 254 79 13
 0 0 0 2 2 
800m - 1000m 307 402 365 322 213 127 12
 4 0 3 2 2 
600m - 800m 613 411 318 303 228 191 33
 3 4 6 5 2 
400m - 600m 387 263 163 129 194 264 63
 20 30 25 20 24 
200m - 400m 199 72 70 76 263 318 129
 66 73 103 172 249 
0m - 200m 41 35 31 33 133 752 1562
 1732 1718 1689 1625 1547 
 
  
 Wind Occurrence Matrix  
Speed (m/s) N NE E SE S SW W
 NW Total 
<0.5       
  0.46 
0.5 - 1.9 0.52 0.71 0.97 0.8 0.89 1.21 0.71
 0.54 6.35 
2.0 - 3.9 2.09 5.08 8.18 5.48 7.13 5.77 3.74
 2.25 39.72 
4.0 - 5.9 1.68 5.52 16.71 8.24 6.96 3.68 2.77
 1.87 47.43 
6.0 - 7.9 0.17 0.46 2.44 1.22 0.25 0.23 0.47
 0.39 5.64 
8.0 - 9.9 0 0.01 0.27 0.09 0 0 0
 0.03 0.41 
10.0 - 11.9 0 0 0 0 0 0 0
 0 0 
12.0 - 13.9 0 0 0 0 0 0 0
 0 0 
14.0 - 15.9 0 0 0 0 0 0 0
 0 0 
16.0 - 17.9 0 0 0 0 0 0 0
 0 0 
>18.0 0 0 0 0 0 0 0
 0 0 
Total 4.46 11.78 28.58 15.83 15.23 10.88 7.69
 5.08 100 
 
Speed (m/s) N NNE NE ENE E ESE SE
 SSE S SSW SW WSW W WNW
 NW NNW Total 
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<0.5       
       
   0.5 
0.5 - 1.9 0.3 0.3 0.3 0.4 0.5 0.4 0.4
 0.4 0.4 0.6 0.6 0.5 0.4 0.3
 0.3 0.3 6.4 
2.0 - 3.9 1 1.4 2.7 3.6 4.7 2.9 2.7
 3 3.7 3.6 2.8 2.4 1.9 1.4
 1.1 1 39.7 
4.0 - 5.9 0.8 1.4 2.6 5.1 10.2 6.1 4
 3.2 3.6 3.1 1.7 1.3 1.5 1.2
 0.9 0.6 47.4 
6.0 - 7.9 0.1 0.1 0.2 0.4 1.5 1.2 0.6
 0.2 0.1 0.1 0.1 0.2 0.3 0.2
 0.2 0.1 5.6 
8.0 - 9.9 0 0 0 0 0.2 0.1 0
 0 0 0 0 0 0 0
 0 0 0.4 
10.0 - 11.9 0 0 0 0 0 0 0
 0 0 0 0 0 0 0
 0 0 0 
12.0 - 13.9 0 0 0 0 0 0 0
 0 0 0 0 0 0 0
 0 0 0 
14.0 - 15.9 0 0 0 0 0 0 0
 0 0 0 0 0 0 0
 0 0 0 
16.0 - 17.9 0 0 0 0 0 0 0
 0 0 0 0 0 0 0
 0 0 0 
>18.0 0 0 0 0 0 0 0
 0 0 0 0 0 0 0
 0 0 0 
Total 2.1 3.3 5.8 9.5 17 10.7 7.9
 6.7 7.9 7.3 5.3 4.4 4 3.1
 2.6 2 100 
 
  
 Ave wind speed =   3.99 m/s 
Wind Speed Range (m/s) Count Percentage (%) 
   
0 - 0.99 565 1.29 
1 - 1.99 2421 5.52 
2 - 2.99 5593 12.76 
3 - 3.99 11813 26.96 
4 - 4.99 14549 33.2 
5 - 5.99 6235 14.23 
6 - 6.99 1961 4.47 
7 - 7.99 509 1.16 
8 - 8.99 138 0.31 
9 - 9.99 40 0.09 
10 - 10.99 0 0 
11 - 11.99 0 0 
12 - 12.99 0 0 
13 - 13.99 0 0 
14 - 14.99 0 0 
15 - 15.99 0 0 
16 - 16.99 0 0 
17 - 17.99 0 0 
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18 - 18.99 0 0 
19 - 19.99 0 0 
20 - 20.99 0 0 
21 - 21.99 0 0 
22 - 22.99 0 0 
23 - 23.99 0 0 
24 - 24.99 0 0 
25 - 25.99 0 0 
26 - 26.99 0 0 
27 - 27.99 0 0 
28 - 28.99 0 0 
29 - 29.99 0 0 
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Appendix C Example TAPM Output *.lis File 
 

THE AIR POLLUTION MODEL (TAPM V3.0.7).  
 Copyright (C) CSIRO Australia. 
 All Rights Reserved. 
 RUN INFORMATION: 
 NUMBER OF GRIDS=            4 
 GRID CENTRE (longitude, latitude) = (   117.6833     , -26.84167     ) 
 GRID CENTRE (cx, cy) = (      568000,     7030500) (m) 
 GRID DIMENSIONS (nx, ny, nz) = (          31,          31,          25) 
 NUMBER OF VERTICAL LEVELS OUTPUT =          20 
 DATES (START, END) = (    20011230,    20021231) 
 DATE FROM WHICH OUTPUT BEGINS =    20020101 
 LOCAL HOUR IS GMT+   7.800000     
 SYNOPTIC WIND SPEED MAXIMUM =          30 (m/s) 
 SYNOPTIC PRESSURE-GRADIENT SCALING FACTOR =   1.000000     
 SYNOPTIC PRESSURE-GRADIENT FILTERING FACTOR =   1.000000     
 VARY SYNOPTIC WITH 3-D SPACE AND TIME 
 INCLUDE VEGETATION 
 EXCLUDE NON-HYDROSTATIC EFFECTS 
 INCLUDE PROGNOSTIC RAIN EQUATION 
 EXCLUDE PROGNOSTIC SNOW EQUATION 
 INCLUDE PROGNOSTIC EDDY DISSIPATION RATE EQUATION 
 POLLUTION: NONE 
 START GRID           1 D:\TAPM_Run\WeldRange\MetA\PMetA300a 
 METEOROLOGY IS BEING OUTPUT TO *.M3D FILES 
 GRID SPACING (delx, dely) = (       30000,       30000) (m) 
 NO MET. DATA ASSIMILATION FILE AVAILABLE 
 INITIALISE 
 LARGE TIMESTEP =   300.0000     
 METEOROLOGICAL ADVECTION TIMESTEP =   300.0000     (s) 
  Deep Soil Moisture Content (kg/kg) = 0.1500000     
  Deep Soil & Sea Temperatures (K) =   295.2000       295.2000     
 IN_SYNOPTIC 
  Deep Soil Moisture Content (kg/kg) = 0.1500000     
  Deep Soil & Sea Temperatures (K) =   295.2000       295.2000     
 DATE=20011230, HOUR = 1 
 DATE=20011230, HOUR = 2 
 DATE=20011230, HOUR = 3 
 DATE=20011230, HOUR = 4 
 DATE=20011230, HOUR = 5 
 DATE=20011230, HOUR = 6 
 IN_SYNOPTIC 
  Deep Soil Moisture Content (kg/kg) = 0.1500000     
  Deep Soil & Sea Temperatures (K) =   295.2000       295.2000     
 DATE=20011230, HOUR = 7 
 DATE=20011230, HOUR = 8 
 DATE=20011230, HOUR = 9 
 DATE=20011230, HOUR =10 
 DATE=20011230, HOUR =11 
 DATE=20011230, HOUR =12 
 IN_SYNOPTIC 
  Deep Soil Moisture Content (kg/kg) = 0.1500000     
  Deep Soil & Sea Temperatures (K) =   295.2000       295.2000     
 DATE=20011230, HOUR =13 
 DATE=20011230, HOUR =14 
 DATE=20011230, HOUR =15 
 DATE=20011230, HOUR =16 
 DATE=20011230, HOUR =17 
 DATE=20011230, HOUR =18 
 IN_SYNOPTIC 
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Appendix D Option Infrastructure Layout 
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 Figure 10-1 Weld Range base case configuration 
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 Figure 10-2 Weld Range option 1 configuration 
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 Figure 10-3 Weld Range option 2 configuration 


