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• For TSP: 

o For Scenario 1 (operations without dust abatement measures)  

▪ No excursions of the TSP criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the TSP criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• For PM10: 

o For Scenario 1 (operations without dust abatement measures): 

▪ No excursions of the PM10 criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the PM10 criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• For PM2.5: 

o For Scenario 1 (operations without dust abatement measures)  

▪ No excursions of the PM2.5 criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the PM2.5 criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• Deposition: 

o For Scenario 1 (operations without dust abatement measures): 

▪ No excursions of the deposition criteria at either of the communities. 

▪ Some receptors within close proximity to the planned operations are forecast to have 

a monthly deposition rate greater than 2 g/m2/month. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the deposition criteria at either of the communities. 

▪ Some receptors within close proximity to the planned operations are forecast to have 

a monthly deposition rate greater than 2 g/m2/month, though to a lower extent than 

for Scenario 1. 
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1 Introduction 

1.1 Background 

HanRoy, a Hancock Prospecting company, is proposing to develop the Mulga Downs Iron Ore Project (the 

Project) located within the Mulga Downs pastoral station in the Pilbara region of Western Australia, 

approximately 260 kilometres from Port Hedland and 250 kilometres from Newman (Figure 1-1). The Project 

involves open cut mining operations, on-site ore processing, waste storage facilities, workshops, access and 

service roads, and an airport. 

This assessment is designed to incorporate potential impacts on the following receptor types: 

• Impacts on communities within the region. 

• Social Surroundings, where the primary concerns include Cultural values and heritage sites. 

• Flora and vegetation, where the primary concern is for degradation of vegetation through dust 

deposition and altered bushfire regimes (noting the latter is not considered in the modelling). 

 

1.2 Scope of work 

The purpose of this air quality assessment is to evaluate the potential dust levels from the proposed operations 

on nearby sensitive receptors with a focus on community receptors. The model methodology and approach is 

to be consistent with the EPA/ Department of Water and Environment Regulation (DWER) Air Quality and Air 

Pollution Modelling Guidance Notes and includes:  

• Identification of key pollutants, assessment criteria, and sensitive receptor locations.  

• Estimation of background or baseline air quality for the Project Area (including natural background and 

anthropogenic activities), particularly at sensitive receiver locations.  

• Operational emission scenario modelled.  

• Dispersion Modelling for a single operational phase – with and without dust controls.  

• Assess impact and compliance with ambient air quality assessment criteria. 

• Assess the modelled impacts on sensitive receptors. 

For mining operations, emissions were determined for: 

• Mining, 

• Haulage, 

• Processing, and 

• Wind erosion. 

The ambient air quality and potential impacts are assessed in terms of the following particulate sizes: 

• Total Suspended Particulates (TSP) (including deposition). 

• PM10 (particulate matter with an aerodynamic diameter of 10 microns (μm) or less). 

• PM2.5 (particulate matter with an aerodynamic diameter of 2.5 μm or less). 

In preparing this assessment reference has been made to the following key regulatory policy and guidance: 

• Air Quality Modelling Guidance Notes (DoE 2006) 

• Guideline - Air Emissions, draft for external consultation (DWER 2019) 
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• Guideline - Dust Emissions, draft for external consultation (DWER 2021) 

• Environmental Factor Guideline – Air Quality (EPA 2020) 

• Environmental Factor Guideline – Social Surroundings (EPA 2023a) 

• Technical Guidance: Environmental Impact Assessment of Social Surroundings – Aboriginal Cultural 

Heritage (EPA 2023b). 

1.3 Structure of report 

This report describes the methods and findings of a dispersion modelling assessment of the potential impacts to 

the air environment arising from the Project operations. The assessment includes: 

• The study approach and methodology, including the regional climate, pollutants of interest and 

sensitive receptors in the immediate region, in Section 2. 

• Impact assessment criteria for human health and amenity, ecological/biological, and heritage (Section 

3). 

• Atmospheric dispersion modelling of the emissions using CALPUFF (Section 4). 

• Project emission estimation and inventory in Section 5. 

• An evaluation of the potential impact from the Project, for particulates (Section 6). 

• Conclusions of the assessment are presented in Section 7. 

The appendices contain supporting information, specifically: 

• The analysis to determine the representative meteorological year for modelling. 

• The detailed configuration for WRF and CALMET. 

• Emission parameters and emission rates for each source modelled. 
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Figure 1-1:  Project location and setting. 
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2 Assessment Methodology 

This section outlines the air quality study and assessment approach. It includes the methodology applied to 

define the meteorological characteristics of the Project area relevant to the assessment, the emission 

estimation, the dispersion, and the ambient assessment criteria selected for the purposes of determining the 

significance of the dispersion model results, and therefore the potential impact. 

The study structure is shown in Figure 2-1 and detailed in the following subsections. 

 

Figure 2-1: Air quality assessment – study approach. 

 

2.1 Climate and meteorology 

This section outlines the key climate and meteorological characteristics of the region important for the 

dispersion, transformation, and removal (or deposition) of pollutants from the atmosphere, and therefore 

ambient air quality. 

The Project area is located approximately 250 km northwest of Newman, in the inland Pilbara region of Western 

Australia. This region has a desert climate (arid), characterised by hot dry days and cold clear nights, with 

unreliable rainfall occurring during the year.  The climate is classified according to the Köppen-Geiger climate 

classification system as BWh (Arid, Desert, Hot) (Kottek et al. 2006). Two seasons are used to distinguish the 

general conditions: 

• A hot wet season period extending from November to April, with an unreliable monsoonal wet season 

from January to March, and 

• A mild dry season from May to October. 

The nearest meteorological station is the Bureau of Meteorology (BoM) automatic weather station (AWS) at 

Karijini North, located approximately 20 km south of the Project area. However, as this station has only been 

operational since late 2018, it provides insufficient information for determining long-term averages.  
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As such, meteorological data from the BoM Newman Airport AWS station will be used for this assessment. Given 

the regional nature of meteorological patterns of the Pilbara, the climatic conditions captured by this station are 

representative of the Project area.  A summary of the long-term meteorological conditions as measured at the 

BoM Newman Aero AWS from 1 January 2010 to 31 December 2024 is presented in the following sections.  

2.1.1 Temperature 

As presented in Figure 2-2 it is evident that the temperature in the inland Pilbara region is characterised by high 

maxima, and the diurnal difference can be extreme. At the Newman Airport AWS the measured mean monthly 

maximum temperatures range from a high of 37.8 degrees Celsius (°C) in January to 22.8°C in July. The mean 

monthly minimum temperatures range from 25.6°C in January down to 7.2°C in July.  

 

Figure 2-2: Mean Temperature 2010 to 2024 (BoM Newman Airport). 

 

2.1.2 Humidity 

The mean monthly relative humidity, recorded at 9am and 3pm, at the Newman Aero AWS is presented in Figure 

2-3. The higher mean humidity levels are associated with the summer months, however the monthly averages 

tend to be relatively low all year round, reflecting the arid climate. 
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Figure 2-3: Mean Relative Humidity 2010 to 2024 (BoM Newman Aero). 

 

2.1.3 Rainfall 

The long-term rainfall data measured at the BoM Newman Airport AWS is presented in Figure 2-4. This data 

highlights the hot desert climate of the region – relatively dry summers with wet winters. The rainfall patterns 

in the region are influenced by a range of factors, including ocean currents, atmospheric pressure systems, and 

local topography.  The region experiences distinct seasons with the rainfall varying as follows: 

• Dry Season (May to October): The dry season is characterised by cooler, dry temperatures. The average 

monthly rainfall is 11.4 millimetres (mm). Some sporadic rainfall occurs from September onwards.  

• Wet Season (November to April): The region receives increased rainfall during this season due to an 

unreliable monsoonal pattern, with occasional thunderstorms and tropical lows. The average monthly 

rainfall during the wet season is 45.0 millimetres (mm). 

 

It is important to note that these descriptions provide a general overview of the seasonal rainfall patterns in 

Newman. Weather patterns can vary from year to year, and some seasons may experience more or less rainfall 

than average.  
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Figure 2-4: Rainfall 2010 to 2024 (BoM Newman Airport). 

 

2.1.4 Wind speed/direction 

The wind characteristics for the Newman Airport AWS are presented as annual and seasonal wind roses in Figure 

2-5. The annual wind direction highlights that the prevailing wind direction is from the south-east. 

On a seasonal basis the wind roses indicate that: 

• Dry season observes a relatively uniform distribution of winds. Prevailing winds are predominantly from 

the south-west and east-southeast.  Wind speeds are generally lower to moderate, with a mean wind 

speed of 3.7 m/s. with a higher percentage of stronger wind speeds than the wet season.  

• During the wet season, there is a similarly even distribution of winds, with a concentration of winds 

from the east southeast.  Wind speeds are generally lower in the wet season, with mean wind speed 

being 3.2 m/s. 
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These concentrations are utilised in this assessment to represent background concentrations, maintaining 

consistency in assumptions.  For deposition there is no available background deposition rates for the Pilbara 

region. 

2.4 Sensitive receptors and environmental values 

This modelling assessment considers the potential air quality impacts on relevant environmental values and 

sensitive receptors, consistent with EPA (EPA 2020) and DWER (DWER 2019), noting that the current DWER 

guidelines excludes the consideration of on-site project related receptors as sensitive receptors. A sensitive 

receptor, as outlined in the EPA’s assessment framework (EPA 2005), is defined as a receptor that is ‘potentially 

sensitive to emissions from industry and infrastructure including residential developments, hospitals…caravan 

parks, schools, nursing homes…playgrounds and some public buildings.’. 

The definition of environment in the EP Act includes social surroundings, where “environment, subject to 

subsection (2) means living things, their physical, biological and social surroundings, and interactions between 

all of these (Subsection 3(1)).” (EPA 1986). Social surroundings, as outlined in the EPA guidelines (EPA 2023a, 

2023b) includes Aboriginal heritage and culture, natural and historical heritage, amenity values. 

It is important to note that each environmental value is therefore inherently aligned to specific particle sizes for 

the evaluation of potential air quality impacts on sensitive receptors, environmental values and social 

surroundings. 

This modelling assessment considers the potential air quality impacts on a range of receptor types where the 

environmental values are present: 

• Homesteads in the model domain, and non-HanRoy related accommodation villages for potential 

human health and amenity impact. 

• Youngaleena and Wirrilimarra Communities 

• Ecological / biological values being represented by –  

o Impacts to protected fauna for potential ecological (habitat) impact. 

o Permanent pools. 

• Protected flora (i.e. vegetation of importance). 

• Aboriginal Cultural Heritage 

• HanRoy receptors which are primarily accommodation villages – for potential human health and 

amenity impact. 

It is noted that the current DWER guidelines excludes the consideration of on-site Project related receptors as 

sensitive receptors, however the HanRoy accommodation village have been included for information purposes.  

The location of the identified sensitive receptors in the region are presented in Figure 2-7 and are defined in full 

in Appendix B.  
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Figure 2-7: Discrete sensitive receptor locations. 
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3 Impact Assessment Methodology 

Ground-level concentrations of particulates (as TSP, PM10 and PM2.5) and dust deposition, predicted at 

nominated receptors and the surrounding environment were compared with the relevant air quality assessment 

criteria. This assessment has considered the potential impact attributable to the operations, as well as the 

cumulative (background) impact (i.e. in conjunction with the existing emission sources in the area).  

Modelling results, at nominated receptors, are compared to the numerical value of the criteria, and assessed as 

being either above or below the numerical value (nominated criteria). It is important to note that not all potential 

impacts has a known assessment criteria, and in these circumstances a “proxy” criteria is used as an indicator. 

It is important to note that, as a risk based assessment approach is normally applied to the assessment of air 

quality, a modelled result above the numerical value is not an indicator of unacceptable impact, but is an 

indication that the potential risk for impact requires further consideration. 

3.1 Human health impact assessment and amenity criteria 

Modelled ground level concentrations for particulates have been compared to ambient air quality assessment 

criteria to determine the potential changes in impact resulting from the Project.  

The assessment criteria adopted for this study (for particulates) are primarily based on the DWER (2019, 2021) 

guidelines, which also reference the numerical values from the national ambient air quality standards specified 

in the Ambient Air Quality National Environment Protection Measure (NEPM) (NEPC 2021).  

In their current draft form, the DWER (2019) guidelines for TSP/PM10/PM2.5 (defined as criteria pollutants in the 

guideline) require the criteria to generally be ‘…met at all existing and future offsite sensitive receptors in the 

modelling domain’. DWER (2021) draft guidelines address the settling or deposition of dust, noting that at the 

time of this assessment both guidelines are draft and subject to post-public consultation finalisation.  

3.2 Ecological / Biological impact assessment criteria 

With respect to important or protected fauna within the region there is limited published research available as 

to the ecological impact of dust on bats (including Ghost and Leaf-Nosed Bats), and the dust (particulate) 

concentrations at which the bats may experience a noticeable or negative impact.  The Conservation Advice 

(May 2016) of the Threatened Species Scientific Committee for the Ghost Bat references the impact of mining 

on the Ghost Bat but does not reference any specific impact associated with bat exposure to dust (TSSC 2016).  

A further report (Wildcare Australia Inc 2014) states that microbats exposed to smoke and / or dust inhalation 

will exhibit shallow or difficulty in breathing and will have wings outstretched. Again, the guidance does not 

extend to advise on the concentrations or exposure levels that may be of concern.  

The Project intersects with a known priority ecological community (PEC), the Freshwater Claypans of the 

Fortescue Valley (P1 PEC). These freshwater claypans are ephemeral and typically inundated only for short 

durations following significant rainfall and runoff events (Pinder et al. 2017). There is no established criteria to 

represent the ecological impact of dust on the claypans, and the dust (particulate) concentrations at which the 

claypans may experience a noticeable or negative impact. In the absence of any documented criteria for 

assessing air quality impact on the claypans, the ambient air quality assessment criteria intended to protect 

human amenity and nuisance values, are assumed to be conservatively protective of this environmental value, 

and are used in this assessment as a “proxy” value. A modelling result that is higher than the assessment criteria 

should not be interpreted as a predicted impact or loss of environmental value but is an indication that results 

may need further consideration for the sensitive receptor location, such as monitoring for determining baseline 

conditions and environmental change.  
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4 Model Assessment 

For this assessment, air dispersion modelling has been conducted using WRF and CALMET in conjunction with 

CALPUFF. The model has been used to predict ground level concentrations across the model domain and at 

identified sensitive receptor locations. The potential air quality impacts associated with the Project have been 

considered in isolation of other emission sources, as well as cumulatively with existing air quality of the region. 

The model was configured to predict the ground-level concentrations on a rectangular grid. The model domain 

was defined with the Southwest corner of the grid cell at 644.500 km Easting and 7532.000 km Northing (UTM 

Zone 50 S). Specifics for the modelling configuration are described further in this section. 

4.1 Meteorological model 

The meteorology component of a dispersion model is a key element for the effectiveness or representativeness 

of the dispersion model outputs. Both upper air and surface information are needed for modelling. 

4.1.1 WRF model 

In the absence of adequate onsite meteorological data, the Weather Research and Forecast (WRF V3.7) model 

(http://wrf-model.org/index.php) was used to generate hourly 3-dimensional data for the region. WRF is the 

next-generation mesoscale numerical weather prediction system. The model was primarily designed to serve 

both operational forecasting and atmospheric research. WRF features multiple dynamical cores, a 3-dimensional 

variational data assimilation system and a software architecture allowing for computational parallelism and 

system extensibility. Further details on WRF are provided in Appendix A. 

4.1.2 CALMET 

The 3-Dimensional meteorological data generated by WRF was input to CALMET for further processing to the 

finer resolution used in the dispersion modelling. This procedure will be referred to as the ‘WRF-CALMET 

methodology’. The output from the CALMET meteorological model is then used to drive the pollution dispersion 

in the CALPUFF model.  

CALMET is a three-dimensional meteorological pre-processor that includes a wind field generator containing 

objective analysis and parameterised treatments of slope flows, terrain effects and terrain blocking effects. The 

pre-processor produces fields of wind components, air temperature, relative humidity, mixing height and other 

micro-meteorological variables to produce the three-dimensional, spatially and temporally varying 

meteorological fields that are utilised in the CALPUFF dispersion model.  

CALMET requires several datasets to resolve the surface and upper air meteorology occurring for each hour of 

the year:  

• surface observations and upper air observations or gridded prognostic meteorological model data. 

• land use and topographical data.  

CALMET was run for a 162 x 122 grid domain at a spatial resolution of 250 m. Vertically, the model consisted of 

11 levels extending to 3,000 m. The southwest corner coordinates of the domain were 644.500 km Easting and 

7532.000 km Northing (UTM Zone 50 S). 

Shuttle Radar Topography Mission (SRTM) data with 90 m resolution was input into the CALMET model to 

indicate terrain heights within the model domain (Figure 4-1). CALMET also requires geophysical data including 

gridded fields of land use categories. The default US Geological Survey (USGS) land use classification system 



 Mulga Downs Iron Ore Mine - Air Quality Assessment 
HanRoy 

 

1552 HanRoy Mulga Downs Ver1 Page 24 

(14 category system) was substituted with a more up to date, finer resolution data (300 m) obtained from the 

European Space Agency Climate Change Initiative Land cover (ESACCI-LC) dataset. 

The CALMET results are provided in Appendix A. 

 

Figure 4-1: Image of SRTM terrain elevation used in CALMET (vertical height is exaggerated). 

 

4.2 CALPUFF 

CALPUFF is the dispersion module of the CALMET/CALPUFF suite of models. It is a multi-layer, multi species, 

non-steady-state puff dispersion model that can simulate the effects of time-varying and space-varying 

meteorological conditions on pollutant transport, transformation and removal. The model contains algorithms 

for near-source effects such as building downwash, partial plume penetration, sub-grid scale interactions as well 

as longer range effects such as pollutant removal, chemical transformation, vertical wind shear and coastal 

interaction effects. The model employs dispersion equations based on a Gaussian distribution of pollutants 

across released puffs and considers the complex arrangement of emissions from point, area, volume and line 

sources (Scire et al. 2000). 

The CALPUFF model was set to calculate concentrations both on a set grid (gridded receptors) and at 21 specified 

locations (discrete receptors). The model domain was defined as 40 km in the east–west direction and 30 km in 

the north-south direction at a spacing of 250 m. 

4.2.1 Emission sources – Mulga Downs 

Each emission source for the Proposal was characterised as either area sources or volume sources in the 

dispersion model. Area sources were assigned to open areas while volume sources were assigned to mining 

activities in the pits and haul roads following the USEPA recommendations (USEPA, 2012) The locations of 

sources are presented in Appendix B as coordinates (GDA2020, zone 50). 

4.2.2 Particle size distribution 

CALPUFF was set up to model depletion of the dust plume concentration through deposition. Since dust is 

subject to gravitation settling as well as deposition, information on particle size is critical. A particle size 

distribution for TSP, PM10 and PM2.5 was estimated using a composite from the USEPA AP-42 manuals for 
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5 Emissions to Air Estimation 

When determining the potential impact of a facility, either existing or proposed, one of the critical inputs to the 

dispersion model is the source emission file, based on the project emission inventory. The following sections 

outline the process whereby potential sources are identified and quantified based on the forecast throughput 

tonnage of the facility to form the basis of the project emission inventory. 

5.1 Emission source inventory | scenarios 

For this assessment, the following model scenarios were considered: 

• Mining operations baseline (2031 – year of highest tonnage (Appendix C)): 

o Scenario 1: Model with baseline mine activities information for all operations in the Mulga 

Downs project area, specifically across Anticline Hill (AH), Murrays Hill (MH) and Fridge Hill 

(FH) pits, with no dust abatement measures applied. 

o Scenario 2: Model with baseline mine activities information for all operations in the Mulga 

Downs project area, specifically across Anticline Hill (AH), Murrays Hill (MH) and Fridge Hill 

(FH) pits, with dust abatement measures applied. 

The key emission sources are associated with:  

• drilling and blasting 

• material handling from loading and unloading activities involving: 

o loading trucks 

o unloading trucks 

o loading trains 

o bulldozing 

• material transport and processing: 

o transportation by conveyors  

o transfer stations 

o crushing 

o stacking 

• wheel generated dust from roads and haul roads 

• wind erosion from stockpiles and open areas. 

 

Emissions sources for these model scenarios are presented in Appendix D. 
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Figure 5-1: Emissions sources for Operations. 
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5.2 Emission estimates 

This section outlines the emission estimation process for the Project. Emission estimates are sourced from the 

project emission inventory for inclusion in the dispersion model. It includes the emissions from mine operations, 

facilities and associated infrastructure including the road network. Emissions from all key sources have been 

identified according to accepted methods. The emphasis of the emission estimation and modelling is on the 

potential impact from the operating phase of the various operations within the Project. 

5.2.1 Drilling 

Emissions for drilling have been calculated using the default emissions contained within the Emissions Estimation 

Technique Manual (EETM) for Mining (Environment Australia 2012).  The default values are: 

• TSP: 0.59 kg/hole 

• PM10: 0.31 kg/hole 

• PM2.5: 28% of PM10 emissions 

The statistics of the annual emissions from drilling for PM10 are contained in 0. 

5.2.2 Blasting 

Emissions for drilling have been calculated using Equation 19 outlined in Appendix A of the EETM for Mining 

(Environment Australia 2012).  This is represented by Equation 1: 

Equation 1: 𝑬𝑭𝑻𝑺𝑷 (𝒌𝒈/𝒃𝒍𝒂𝒔𝒕)  = 𝟎. 𝟎𝟎𝟎𝟐𝟐 × 𝑨𝟏.𝟓 

Where A = blast area (m2)  

The emission factor for PM10 is taken as 52% of the TSP emission and the PM2.5 emissions are taken as 15% of 

the PM10 emissions.  The statistics of the annual emissions for blasting for PM10 are contained in 0. 

5.2.3 Loading ore/waste 

Emissions for loading ore and waste have been calculated using the default value for excavators and front end 

loaders on overburden of:  

• TSP: 0.025 kg/t 

• PM10: 0.012 kg/t 

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions.  The statistics of the annual 

emissions for loading for PM10 are contained in 0. 

5.2.4 Unloading ore/waste 

Emissions for unloading ore and waste have been calculated using the default values of: 

• TSP: 0.012 kg/t 

• PM10: 0.0043 kg/t 

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions.  The statistics of the annual 

emissions for loading for PM10 are contained in 0. 
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5.2.5 Bulldozing 

Emissions for the operation of bulldozers on both ore and waste have been determined using Equation 16 and 

17 outlined in Appendix A of the EETM for Mining (Environment Australia 2012).  The silt and moisture contents 

used were the defaults listed in the manual (10% moisture, 2% silt).   

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions.  The statistics of the annual PM10 

emissions for bulldozing are contained in 0. 

5.2.6 Front end loaders 

Emissions for the operation of front end loaders, at the Run of Mine (ROM) pad, used the default emission factor 

listed in Appendix A of the EETM for Mining (Environment Australia 2012) for overburden.  These factors are:  

• TSP: 0.025 kg/t 

• PM10: 0.012 kg/t 

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions.  The statistics of the annual 

emissions for loading for PM10 are contained in 0. 

5.2.7 Crushing (primary/secondary/tertiary) 

The emissions for crushing (primary, secondary and tertiary) were determined using the default emission factors 

for high moisture content ores from Table 3 of the EETM for Mining (Environment Australia 2012).  

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions. The statistics of the annual 

emissions for crushing for PM10 are contained in 0. 

5.2.8 Material handling (transfer stations, stackers, reclaimers, rail load out) 

The emissions for the handling and transferring, including stacking and reclaiming, were determined using the 

default emission factors for high moisture content ores from Table 3 of the EETM for Mining (Environment 

Australia 2012).  

The emission factor for PM2.5 emissions is taken as 15% of the PM10 emissions. The statistics of the annual 

emissions for crushing for PM10 are contained in 0. 

5.2.9 Haul Roads 

To determine emissions from wheel generated dust along the haul roads the default equation for ‘unpaved 

roads from wheels’ was utilised (Equation 2).  The weight of the haul trucks was taken as 272 tonnes – being the 

average of an empty and fully laden CAT793E haul truck and the default silt content of 10% was utilised. 

Equation 2: 𝑬𝑭(𝒌𝒈 𝑽𝑲𝑻⁄ )  =  
𝟎.𝟒𝟓𝟑𝟔

𝟏.𝟔𝟎𝟗𝟑
 × 𝒌 × (

𝒔(%)

𝟏𝟐
)

𝒂

 ×  (
𝑾(𝒕)

𝟑
)

𝒃

 

Where: k = constant (TSP = 4.9, PM10 = 1.5) 

s(%) = silt content (%) 

W(t) = vehicle mass (t) 

a = constant (TSP = 0.7, PM10 = 0.9) 

b = constant (0.45) 
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• Wind erosion from open areas and within the mining pits, and 

• Loading of ore/waste into haul trucks in the mining pits and ROM. 
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6 Predicted Air Quality Impact 

Comparison of the modelled results to the assessment criteria is intended to provide an objective evaluation of 

the potential impact of the operations at the nearest sensitive receptors. 

For this assessment there two model scenarios: 

• Scenario 1: Mulga Downs Project Mining operations baseline (2031 – year of highest tonnage) with 

no dust abatement measures applied, 

• Scenario 2: Mulga Downs Project Mining operations baseline (2031 – year of highest tonnage) with 

dust abatement measures applied, 

The results of the modelling are presented in two formats: 

• Project only: modelled results for the project scenarios described above, representing the “project 

only” potential impact. 

• Background (cumulative sources): the project emissions inclusive of the background concentrations as 

referenced in Section 2.3. 

6.1 Scenario 1 – No dust abatement 

6.1.1 TSP 

As outlined in Section 3 the criteria for TSP is primarily designed for the protection of human amenity, and as a 

proxy for the protection of ecological values generally (e.g. habitat for protected fauna species, pools (i.e. surface 

water).   

The isopleths for the maximum predicted 24-hour TSP concentrations for the no abatement scenario, with 

background concentrations (Section 2.3), are presented in Figure 6-1. The red contour line represents the 

assessment criteria concentration. The concentration contours show that for this scenario: 

 The maximum 24-hour TSP concentrations are predicted be elevated around, and outwards, from the 

forecast mining areas. 

The statistics of the predicted 24-hour TSP concentrations, for sensitive receptors, are presented in Table 6-1.  

The results for all receptors are contained in Appendix F.  

The results indicate that at the nominated sensitive receptors for human amenity:  

 There is the potential for elevated concentrations at the Mulga Downs Airport (R3) up to 323 µg/m3.  

o The frequency of the elevated concentrations is equivalent to 45 days in the modelled year. 

 There is the potential for elevated concentrations at the accommodation camp (R5) up to 629 µg/m3. 

o The frequency of the elevated concentrations is equivalent to 196 days in the modelled year. 

The results indicate that at the nominated sensitive receptors for protecting ecological values, where the proxy 

TSP criteria is applied:  

 Elevated concentrations are predicted to occur at the majority of the receptors identified. Maximums 

above 250 µg/m3 are common. 

 Generally the closer the receptor is to the operations the higher the potential ground level 

concentration of TSP.  
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Figure 6-1: Scenario 1: TSP – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.1.2 PM10 

As outlined in Section 3 the 24-hour (50 µg/m3) and annual criteria (25 µg/m3) for PM10 are based on the 

protection of human health and the criterion used in this assessment it is applicable to community receptors. 

The isopleths for the annual average predicted PM10 concentrations are presented in Figure 6-2 while the 

isopleths for the maximum predicted 24-hour PM10 concentrations are presented in Figure 6-3. The red contour 

indicates the assessment criteria. The concentration contours show that: 

 The maximum predicted 24-hour PM10 concentrations are predicted to occur in close proximity to the 

forecast mining areas. 

The statistics of the predicted 24-hour PM10 concentrations, for the applicable sensitive receptors, are presented 

in Table 6-2 (with background concentrations (Section 2.3)).  The results indicate that at the sensitive receptors 

where the primary impact of concern is the impact on human health (i.e. where community is present): 

 For the HanRoy related community receptors the model is predicting – 

o There is the potential for excursions of the applicable criteria at the Mulga Downs Airport (R3). 

o The frequency of the elevated concentrations is equivalent to 9 days in the modelled year. 

o There is the potential for elevated concentrations at the accommodation camp (R5) up to 

227 µg/m3. 

o The frequency of the elevated concentrations is equivalent to 108 days in the modelled year. 
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Figure 6-2: Scenario 1 PM10 – annual average concentrations with background concentrations (µg/m3). 
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Figure 6-3: Scenario 1 PM10 – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.1.3 PM2.5 

As outlined in Section 3 the 24-hour (25 µg/m3) and annual criteria (8 µg/m3) for PM2.5 are based on the 

protection of human health and the criterion used in this assessment is applicable to community receptors. 

The isopleths for the annual average predicted PM2.5 concentrations are presented in Figure 6-4 while the 

isopleths for the maximum predicted 24-hour PM2.5 concentrations are presented in Figure 6-5. The 

concentration contours show that: 

 Elevated 24-hour PM2.5 concentrations are only predicted to occur in relatively close proximity to the 

mining areas. 

The statistics of the predicted 24-hour PM2.5 concentrations, for sensitive receptors, is presented in Table 6-3 

(with background concentrations (Section 2.3)). The results indicate that at the sensitive receptors where the 

primary impact of concern is the impact on human health (i.e. where community is present): 

 For the HanRoy related community receptors the model is predicting that: 

o There are potential excursions of the applicable criteria at the accommodation camp (R5). 

o The frequency of the elevated concentrations is equivalent to 3 days in the modelled year. 
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Figure 6-4: Scenario 1 PM2.5 – annual average concentrations with background concentrations (µg/m3). 
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Figure 6-5: Scenario 1 PM2.5 – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.1.4 Deposition 

As outlined in Section 3 the dust deposition criteria of 2 g/m2/month is used in this assessment for amenity and 

Heritage receptors and ecological / biological values (fauna and surface water (i.e. pools)), while for the 

protection of ecological / biological values (flora (i.e. vegetation)) a proxy value of 7 g/m2/month is utilised. 

The isopleths for the predicted maximum monthly dust deposition are presented in Figure 6-6.  In this figure the 

red contour line represents the predicted 2 g/m2/month deposition rate.  The deposition contours show that: 

 Regions above the criteria (2 g/m2/month) are only predicted to occur in relatively close proximity to 

the mining areas. 

 There are receptors in close proximity to the planned mining areas and which are forecast to have a 

monthly deposition rate greater than 2 g/m2/month. 

The statistics of the predicted maximum monthly deposition, for sensitive receptors, are presented in Table 6-4. 

Receptors with a predicted monthly deposition rate potentially higher than the criteria have been highlighted.  

The results indicate that at the sensitive receptors where the primary impact of concern is deposition: 

 For the Youngaleena community (R1) and Wirrilimarra community (R2), the model is not predicting 

excursions of the deposition criteria. 
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Figure 6-6: Scenario 1 Maximum monthly deposition no dust abatement – Project (g/m2/month). .
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6.2 Scenario 2 – with dust abatement 

Scenario 2, as outlined in the Section 5.1, represents the predicted impacts for the highest mining tonnage year 

(2031) within the immediate region.  The model results for this scenario are presented in the following sections 

as TSP, PM10 and PM2.5 along with dust deposition. 

6.2.1 TSP 

As outlined in Section 3 the criteria for TSP is primarily designed for the protection of human amenity, and as a 

proxy for the protection of ecological values generally (e.g. habitat for protected fauna species, pools (i.e. surface 

water).   

The isopleths for the maximum predicted 24-hour TSP concentrations, with background concentrations (Section 

2.3), are presented in Figure 6-7Figure 6-1. The red contour line represents the assessment criteria 

concentration. The concentration contours show that for this scenario: 

 The maximum 24-hour TSP concentrations are predicted be elevated around, and outwards, from the 

forecast mining areas. 

The statistics of the predicted 24-hour TSP concentrations, for sensitive receptors, are presented in Table 6-5 

for Scenario 2.  The results for all receptors are contained in Appendix G. 

The results indicate that at the nominated sensitive receptors for human amenity:  

 There is the potential for elevated concentrations at the Mulga Downs Airport (R3) up to 212 µg/m3 

o The frequency of the elevated concentrations is equivalent to 8 days in the modelled year. 

 There is the potential for elevated concentrations at the accommodation camp (R5) up to 427 µg/m3. 

o The frequency of the elevated concentrations is equivalent to 108 days in the modelled year. 

The results indicate that at the nominated sensitive receptors for protecting ecological values, where the proxy 

TSP criteria is applied:  

 Elevated concentrations are predicted to occur at the majority of the receptors identified. Maximums 

above 250 µg/m3 are common, with some location being above 1,000 µg/m3. 

 Generally the closer the receptor is to the operations the higher the potential ground level 

concentrations of TSP. 

  



 Mulga Downs Iron Ore Mine - Air Quality Assessment 
HanRoy 

 

1552 HanRoy Mulga Downs Ver1 Page 48 

 

Figure 6-7: Scenario 2 TSP – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.2.2 PM10 

As outlined in Section 3 the 24-hour (50 µg/m3) and annual criteria (25 µg/m3) for PM10 are based on the 

protection of human health and the criterion used in this assessment it is applicable to community receptors. 

The isopleths for the annual average predicted PM10 concentrations are presented in Figure 6-8Figure 6-9, while 

the isopleths for the maximum predicted 24-hour PM10 concentrations are presented in Figure 6-9. The red 

contour indicates the assessment criteria. The concentration contours show that: 

 The maximum predicted 24-hour PM10 concentrations are predicted to occur in close proximity to the 

forecast mining areas. 

The statistics of the predicted 24-hour PM10 concentrations, for the applicable sensitive receptors, are presented 

in Table 6-6 (with background concentrations (Section 2.3)).  The results indicate that at the sensitive receptors 

where the primary impact of concern is the impact on human health (i.e. where community is present): 

 For the HanRoy related community receptors the model is predicting – 

o There is the potential for excursions of the applicable criteria at the Mulga Downs Airport (R3). 

The frequency of the elevated concentrations is equivalent to 2 days in the modelled year. 

o There is the potential for elevated concentrations at the accommodation camp (R5) up to 

176 µg/m3. The frequency of the elevated concentrations is equivalent to 64 days in the 

modelled year. 
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Figure 6-8: Scenario 2 PM10 – annual average concentrations with background concentrations (µg/m3). 
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Figure 6-9: Scenario 2 PM10 – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.2.3 PM2.5 

As outlined in Section 3 the 24-hour (25 µg/m3) and annual criteria (8 µg/m3) for PM2.5 are based on the 

protection of human health and the criterion used in this assessment is applicable to community receptors. 

The isopleths for the annual average predicted PM2.5 concentrations are presented in Figure 6-10Figure 6-4 while 

the isopleths for the maximum predicted 24-hour PM2.5 concentrations are presented in Figure 6-11. The 

concentration contours show that: 

 Elevated 24-hour PM2.5 concentrations are only predicted to occur in relatively close proximity to the 

mining areas. 

The statistics of the predicted 24-hour PM2.5 concentrations, for sensitive receptors, is presented in Table 6-7 

(with background concentrations (Section 2.3)). The results indicate that at the sensitive receptors where the 

primary impact of concern is the impact on human health (i.e. where community is present): 

 For the HanRoy related community receptors the model is predicting that: 

o There are excursions of the applicable criteria at the accommodation camp (R5). 

o The frequency of the elevated concentrations is equivalent to 3 days in the modelled year. 
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Figure 6-10: Scenario 2 PM2.5 – annual average concentrations with background concentrations (µg/m3). 
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Figure 6-11: Scenario 2 PM2.5 – maximum predicted 24-hour concentrations with background concentrations (µg/m3). 
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6.2.4 Deposition 

As outlined in Section 3 the dust deposition criteria of 2 g/m2/month is used in this assessment for amenity and 

Heritage receptors and ecological / biological values (fauna and surface water (i.e. pools)), while for the 

protection of ecological / biological values (flora (i.e. vegetation)) a proxy value of 7 g/m2/month is utilised. 

The isopleths for the predicted maximum monthly dust deposition are presented in Figure 6-6.  In this figure the 

red contour line represents the predicted 2 g/m2/month deposition rate.  The deposition contours show that: 

 Regions above the criteria (2 g/m2/month) are only predicted to occur in relatively close proximity to 

the mining areas. 

 There are receptors in close proximity to the planned mining area and which are forecast to have a 

monthly deposition rate greater than 2 g/m2/month. 

The statistics of the predicted maximum monthly deposition, for sensitive receptors, are presented in Table 6-8. 

Receptors with a predicted monthly deposition rate potentially higher than the criteria have been highlighted.  

The results indicate that at the sensitive receptors where the primary impact of concern is deposition: 

 For the Youngaleena community (R1) and Wirrilimarra community (R2), the model is not predicting 

excursions of the deposition criteria. 
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Figure 6-12: Scenario 2 maximum monthly deposition – Project (g/m2/month).
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7 Conclusions 

HanRoy is proposing to develop the Mulga Downs Iron Ore Project located approximately 260 kilometres south 

of Port Hedland in the Pilbara region of Western Australia.  The purpose of the air quality assessment is to assist 

in determining the potential impacts of the proposed operations on communities within the region. 

For this assessment two scenarios were investigated: 

• Mining operations baseline for the Proposal (2031 – year of highest tonnage): 

o Model with baseline mine activities information for HanRoy operations in the Mulga Downs 

project area, without dust abatement measures applied. 

o Model with baseline mine activities information for HanRoy operations in the Mulga Downs 

project area, with dust abatement measures applied. 

Modelled ground level concentrations for the key pollutants (particles as TSP, PM10, PM2.5 and dust deposition) 

have been compared to relevant ambient air quality assessment criteria to determine the potential impact on 

key sensitive receptors. The sensitive receptors considered in the assessment include human, heritage and 

ecological receptor locations. 

Modelling impacts for both scenarios was undertaken using the CALMET/CAPUFF modelling suite. In the absence 

of onsite meteorological measurements, the Weather Research and Forecast (WRF) model was used to simulate 

the meteorology over the region for a representative year (2020) and was then input to the CALMET model to 

generate fine-resolution three-dimensional meteorological fields. Fine resolution terrain elevation (SRTM) data 

with 90 m resolution was used in conjunction with ESACCI-LU land-use data to characterise the geophysical 

environment. 

The emission estimation was calculated utilising emission factors from the EETM for Mining (Environment 

Australia 2012) and input into the CALPUFF dispersion model as volume sources to simulate mining, haulage and 

processing, and area sources to simulate wind-blown dust. Background concentrations were also included for 

TSP, PM10 and PM2.5 to provide an indication of the potential cumulative impact from the existing operations. 

The key findings of the modelling assessment, in relation to the potential environmental impact, assessed by 

comparison to assessment criteria are: 

• For TSP: 

o For Scenario 1 (operations without dust abatement measures)  

▪ No excursions of the TSP criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the TSP criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• For PM10: 

o For Scenario 1 (operations without dust abatement measures): 

▪ No excursions of the PM10 criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 
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▪ No excursions of the PM10 criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• For PM2.5: 

o For Scenario 1 (operations without dust abatement measures)  

▪ No excursions of the PM2.5 criteria at either of the communities. 

▪ Elevated concentrations are predicted to occur at HanRoy receptors in close 

proximity to the operations. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the PM2.5 criteria at either of the communities. 

▪ The introduction of ‘standard’ dust abatement does result in a reduction in predicted 

ground level concentrations though elevated concentrations are still predicted to 

occur at HanRoy receptors in close proximity to the operations. 

• Deposition: 

o For Scenario 1 (operations without dust abatement measures): 

▪ No excursions of the deposition criteria at either of the communities. 

▪ Some receptors within close proximity to the planned operations are forecast to have 

a monthly deposition rate greater than 2 g/m2/month. 

o For Scenario 2 (operations with dust abatement measures): 

▪ No excursions of the deposition criteria at either of the communities. 

▪ Some receptors within close proximity to the planned operations are forecast to have 

a monthly deposition rate greater than 2 g/m2/month, though to a lower extent than 

for Scenario 1. 
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 – Meteorology 

A.1:  WRF 

WRF was developed (and continues to be developed) in the United States by a collaborative partnership 

including the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric 

Administration (the National Center for Environmental Prediction (NCEP), the Forecast Systems Laboratory (FSL), 

the Air Force Weather Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, the Federal 

Aviation Administration (FAA) and others (WRF, 2012). 

WRF is a fully compressible, Eulerian, non-hydrostatic meso-scale numerical model developed by the National 

Center for Atmospheric Research (NCAR) and the National Oceanic and Atmospheric Administration (NOAA) in 

the United States. WRF is suitable for a broad spectrum of applications across scales ranging from metres to 

thousands of kilometres. The model utilises global reanalysis FFF

1 data to produce fine-scale 3-dimensional 

meteorological fields that considers local terrain and land-use effects. 

WRF was run with a two-nest structure (80 km and 6 km horizontal grid space resolution) centred on 23.055°S 

and 119.25°E. This is shown in Appendix Figure 1. The model vertical resolution consists of 34 eta levels FFF

2. 

 

1 Global modelling using observed climate data for temperature, wind speed, and pressure. The observations 
are analysed; interpolated onto a system of grids and the model initialised with this data. 

2 Eta levels are terrain-following vertical coordinates. 
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Six-hourly global final analysis synoptic data (from http://nomads.ncdc.noaa.gov/data/gfsanl/ ) was used to 

initialise the model and provide boundary conditions.  

Land-use and terrain data was sourced from the United State Geological Services (USGS) database. Inspection 

of the land-use indicates an acceptable resolution and category for the model area with shrub land being the 

dominant vegetation type. A review of the Vegparm.tblFFF

3 reveals that these are based on North American 

parameterisations, with marked seasonal differences to allow for winter snow cover. These are clearly 

inappropriate for the Pilbara region. A non-seasonally varying roughness length value of 0.4 m was assigned to 

the shrub land category based on a study by Peel et al. (2005) for Spinifex vegetation in the Pilbara. Albedo was 

also set to 0.2 based on values cited in Peel et al. (2005). Other parameters such as Bowen ratio were adjusted 

to allow for the drier climate of the Pilbara. 

The selection of an appropriate Land Surface Model (LSM) is critically important to provide the boundary 

conditions at the land-atmosphere interface because:  

• The Planetary Boundary Layer (PBL) schemes are sensitive to surface fluxes. 

• The cloud/cumulus schemes are sensitive to the PBL structures. 

• There is a need to capture mesoscale circulations forced by surface variability in albedo, soil 

moisture/temperature and land use. 

The Noah Land-Surface Model was selected in this case to account for the sub-grid-scale fluxes. This 

sophisticated scheme provides 4 quantities to the parent atmospheric model (WRF), namely: 

• surface sensible heat flux 

• surface latent heat flux 

• upward longwave radiation 

• upward (reflected) shortwave radiation. 

  

 

3 A table consisting of land-use specific surface roughness, albedo and Bowen ratio. 
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A.2:  CALMET 

CALMET Results 

Wind 

Selected meteorological variables were extracted from the gridded CALMET output for a point corresponding to 

Mulga Downs. The diurnal characteristics of the 10 m winds are illustrated in the annual and seasonal wind rose 

diagrams for the 12-month period from January 2020 – December 2020. These are shown in Appendix Figure 2. 

The wind roses show the frequency of occurrence of winds by direction and strength.  

The major features of the wind roses are as follows: 

• Wind direction is predominantly from the east for the summer, autumn and winter months.  

• Spring is a transitional month with winds from the west to southwest. 

 

Appendix Figure 2:  Annual Wind roses for a CALMET extract at Mulga Downs. 
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Mixing Height 

Mixing height is the depth of the atmospheric surface layer beneath an elevated temperature inversion. It is an 

important parameter within air pollution meteorology. Vertical diffusion or mixing of a plume is limited by the 

mixing height, as the air above this layer tends to be stable, with restricted vertical motion.  

A series of internal algorithms within CALMET is used to calculate mixing heights for the subject site where it is 

assumed that mixing height is formed through mechanical means (wind speed) at night and through a mixture 

of mechanical and convective means (wind speed and solar radiation) during the day (Scire et al. 2008). During 

the night and early morning when the convective mixed layer is absent or small, the full depth of the planetary 

boundary layer (PBL) may be controlled by mechanical turbulence. During the day, the height of the PBL during 

convective conditions is then taken as the maximum of the estimated (or measured if available) convective 

boundary layer height and the estimated (or measured if available) mechanical mixing height. It is calculated 

from the early morning potential temperature sounding (prior to sunrise), and the time varying surface heat flux 

to calculate the time evolution of the convective boundary layer.  

The hourly variation of mixing height at Mulga Downs are summarised in Appendix Figure 3. At night, mixing 

height is normally low and after sunrise it typically increases to between 1,000 m and 3,000 m in response to 

convective mixing generated by solar heating of the Earth’s surface. A rapid reduction in mixing height 

commences around sunset, when convective mixing ceases and a mechanical mixing regime is re-established. 

The diurnal mixing height profile is clearly defined owing to the inland, sheltered location of the mine. 

 

Appendix Figure 3:  Simulated annual statisticsFFF

4 of hourly mixing heights at Mulga Downs. 

 

4 The bars in the figure depicts 10th and 90th percentile values while the tringles show the average conditions. The whiskers indicate 
minimum and maximum values. 
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Stability 

An important aspect of pollutant dispersion is the level of turbulence in the lowest 1 km or so of the atmosphere, 

known as the planetary boundary layer (PBL). Turbulence controls how effectively a plume is diffused into the 

surrounding air and hence diluted. It acts by increasing the cross-sectional area of the plume due to random 

motions. With stronger turbulence, the rate of plume diffusion increases. Weak turbulence limits diffusion and 

contributes to high plume concentrations downwind of a source.  

Turbulence is generated by both thermal and mechanical effects to varying degrees. Thermally driven turbulence 

occurs when the surface is being heated, in turn transferring heat to the air above by convection. Mechanical 

turbulence is caused by the frictional effects of wind moving over the earth’s surface and depends on the 

roughness of the surface as well as the flow characteristics. 

Turbulence in the boundary layer is influenced by the vertical temperature gradient, which is one of several 

indicators of stability. Plume models use indicators of atmospheric stability in conjunction with other 

meteorological data to estimate the dispersion conditions in the atmosphere.  

Stability can be described across a spectrum ranging from highly unstable through neutral to highly stable. A 

highly unstable boundary layer is characterised by strong surface heating and relatively light winds, leading to 

intense convective turbulence and enhanced plume diffusion. At the other extreme, very stable conditions are 

often associated with strong temperature inversions and light winds, which commonly occur under clear skies 

at night and in the early morning. Under these conditions, plumes can remain relatively undiluted for 

considerable distances downwind. Neutral conditions are linked to windy and/or cloudy weather, and short 

periods around sunset and sunrise, when surface rates of heating or cooling are very low.  

The stability of the atmosphere plays a significant role in determining the dispersion of a plume and it is 

important to have it correctly represented in the dispersion model. CALPUFF uses the Monin-Obukhov Similarity 

Theory (MOST) to characterise turbulence and other processes in the PBL. One of the measures of the PBL is the 

Monin-Obukhov length (L), which approximates the height at which turbulence is generated equally by thermal 

and mechanical effects (Seinfeld and Pandis 2006). It is a measure of the relative importance of mechanical and 

thermal forcing on atmospheric turbulence.  

Because values of L diverge to + and - infinity as stability approaches neutral from the stable and unstable sides, 

respectively, it is often more convenient to use the inverse of L (i.e. 1/L) when describing stability. 

The hourly averaged 1/L for Mulga Downs computed from all data in the CALMET surface file is presented in 

Appendix Figure 4. This plot indicates that the PBL is stable overnight and reaches maximum instability midday 

unstable as radiation from the sun heats the surface layer of the atmosphere and drives convection. 
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Appendix Figure 4: Simulated annual statistics of hourly stability at Mulga Downs. 
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 – Forecast Tonnage 

The summary of forecast tonnages for the Proposal, used in identifying the model year, are summarised in 

Appendix Table 3. 
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 – Operational Emission Sources and 

Parameters 

This appendix contains the following: 

• Appendix Table 4: Wind erosion sources. 

• Appendix Table 5: Haul road sources. 

• Appendix Table 6: Mining sources. 

• Appendix Table 7: Processing sources. 
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– Scenario 1 model results 

This appendix contains the following: 

• Appendix Table 9: TSP with background model results - No dust abatement. 

• Appendix Table 10: Maximum predicted monthly deposition rates (g/m2/month) - No dust abatement 
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 – Scenario 2 model results 

This appendix contains the following: 

• Appendix Table 11: TSP with background model results - With dust abatement. 

• Appendix Table 12: Maximum predicted monthly deposition rates (g/m2/month) – with dust 

abatement. 

 

 


























