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1 Introduction 

1.1 Overview 
Aquaterra, acting for Reed Resources Ltd, has engaged Sinclair Knight Merz (SKM) to provide 
consultancy services to complete an air quality assessment for the proposed Barrambie Vanadium 
Project.  

This study comprises an assessment of the air quality impacts predicted from the construction and 
operation of the vanadium processing plant and operations approximately 80km north of Sandstone 
in Western Australia. The air quality impacts of the mine itself are not included in this assessment. 
This report details the air quality assessment undertaken, and is presented as a technical appendix 
to the Public Environmental Review (PER). Only those specifications relevant to an air quality 
assessment are detailed in this report. For full project details reference should be made to the PER.  

The air quality assessment was carried out in accordance with the Air Quality and Air Pollution 
Modelling Guidance Notes (DOE, 2006).  

1.2 Project Description 
Reed Resources Ltd propose to develop the Barrambie Vanadium Project approximately 600 km 
north-north-east of Perth. The operations will be located between the townships of Meekatharra and 
Sandstone along the Meekatharra-Sandstone Road. The operations will include an open cut mine, 
processing facility and associated infrastructure. The mine is expected to deliver approximately 
25 million tonnes of ore annually from open cut pits, to be processed into approximately 9,000 
tonnes of vanadium pentoxide.  

The air quality assessment considers the potential impacts arising from the processing facility only, 
where ore will be subject to a conventional salt roast – leach of a magnetic concentrate. The ore 
will be crushed and ground before being subjected to magnetic separation to produce a concentrate 
that is subject to various stages of further separation and refinement to produce vanadium 
pentoxide. A detailed description of the process is proved in Section 2. 

1.3 Scope of Assessment and Objectives 
The main objective of this air quality assessment is to determine the ground level impact of 
pollutants from the vanadium processing plant.   

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

 Identification of key air emissions and relevant assessment criteria (Section 3 and 4). 
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 Review, analysis and description of local meteorology, using data from the Bureau of 
Meteorology weather station at Meekatharra, covering long term trends of temperature, 
wind speed, wind direction, humidity and rainfall (Section 5). 

 Development and description of a project specific atmospheric dispersion model, including 
model set-up, model limitations and accuracy (Section 6). 

 Estimation of emissions of key air emissions from the proposal (Section 6). 

 Determination of potential air quality impacts during the operating phase though 
atmospheric dispersion modelling comparison to assessment criteria (Section 7). 
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2 Project Description 
This section briefly describes the key elements of the proposal, and places the project in context 
with its location and environmental setting. The air pollutants expected to arise from the 
construction and operation of the vanadium processing facility are also identified. 

2.1 Overview 
The area of the proposed Barrambie Vanadium Project Development is approximately 600 km 
north-north-east of Perth, in the Murchison Region, between Meekatharra and Sandstone. The site 
is located on the Western Australian plateau and the topography of the region is very even, open 
and flat. 

2.2 Project Setting 
The proposed processing plant will be located approximately 80 km north of Sandstone and 
100 km south of Meekatharra.  

The accommodation village associated with the project will be located approximately four 
kilometres south of the mine. There are two homesteads within the immediate vicinity of the 
project area. The Cogla Downs Station is approximately 18 km west of the proposed operations and 
the Barrambie Station is approximately 12 km south-east (Figure 2-1).  

Positions of these receptors are shown in MGA94 coordinates in Table 2-1. The accommodation 
village is identified as the critical sensitive receptor for this assessment, with the Colga Downs and 
Barrambie Stations assumed to be vacant during the life of the project.  

 Table 2-1 Sensitive receptor coordinates 

Location 
Coordinates (MGA94) 

Easting Northing 

Mine Site 708384mE 6965374mN 
Cogla Downs Station 690800mE 6964030mN 
Barrambie Station 715920mE 6953940mN 
Barrambie Project Accommodation Village 708144mE 6961238mN 
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 Figure 2-1 Proposed Barrambie Vanadium Project location 

 

2.2.1 Construction Phase 
The key emission of concern during the construction phase of the proposed development is dust. 
Dust emissions are associated with all construction activities for the facility, including clearing of 
vegetation, soil and fill, excavation activities including blasting for site levelling and trenching, 
loading and dumping of material, wheel-generated dust from all vehicles active on site and wind 
erosion from exposed surfaces and stockpiles. 

However, the volume and duration of the emissions from the construction activities is considered to 
be intermittent and will not be significant in comparison to emission levels during the operation of 
the facility. Furthermore, they will not be concentrated in a single location for any extended period 
of time.  
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Air dispersion modelling has not been undertaken for the construction phase. The focus of the 
modelling is on the longer term operational phase impacts.  

2.2.2 Operations Phase 
The proposed vanadium processing facilities consist of various stages of ore crushing, screening, 
and magnetic separation prior to roasting to release the vanadium from the ore.  Further stages of 
processing and refinement include water leaching, de-silication, precipitation of the vanadium out 
from the solution, de-ammoniation via further roasting and final calcining in a fusion furnace to 
liberate the final product (vanadium pentoxide) prior to flaking and packaging for export. A 
conceptual layout of the proposed facility is presented in Figure 2-2. Power generation for the 
facility will be derived from a local power generation plant comprising 10 or 11 Cummins 2 MW  
reciprocating gas fired generators with two similar diesel fired back-up generators to be located to 
the south-east of the plant.  

 
 Figure 2-2 Proposed Barrambie Vanadium Project conceptual layout 
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As highlighted in Figure 2-1, the vanadium ore undergoes several processing stages to produce the 
final vanadium pentoxide (V2O5) product. These stages are: 

 Crushing – The ore is first put through a primary jaw crusher and then wet scrubbed to 
remove the majority of fine material. The significant emission from this process is 
particulate matter (PM10) emitted from the circuit upstream of the wet scrubber. 

 Screening & Crushing – The primary crushed ore is fed through a physical wet screening 
and secondary and tertiary crushing plant to reduce and classify the ore lump size. There 
are no significant emissions from this process.  

 Milling – Larger particle sizes are fed back through a ball mill to further reduce particle 
size to a nominal 150 micron. There are no significant emissions from this process. 

 Beneficiation – The magnetite ore is beneficiated by magnetic separation. 

 Roasting – The beneficiated concentrate is roasted in the presence of a sodium salt to 
release the vanadium from the ore. Significant emissions from this process are sulfur 
dioxide (SO2), oxides of nitrogen (NOX), PM10 and V2O5. These emissions are directed 
through an electrostatic precipitator to the kiln stack. 

 Leach – The calcined product from the kiln is subjected to a water leach to solubilise the 
sodium vanadate produced. 

 De-silication – Aluminium sulphate and sulfuric acid is then added to the solubilised 
vanadium to remove the silicate. 

 Precipitation – The vanadium is then precipitated out of the solution by the use of 
ammonium sulphate to produce insoluble ammonium metavanadate (AMV). 

 De-ammoniation – The AMV is then roasted in a de-ammoniation kiln to remove and 
decompose the ammonia from the precipitation stage. Significant emissions from this 
process are ammonia (NH3), NOX, PM10 and V2O5. These emissions are directed through 
the de-ammoniation kiln stack. 

 Calcining – The product is then calcined in a fusion furnace. Significant emissions from 
this process are NOX from the combustion of natural gas. These emissions are directed via 
a baghouse to the de-ammoniation kiln stack. 

 Flaking/Packing – The final V2O5 product is then flaked and packed into containers for 
shipment. 

The key sources of air emissions during the Operations phase will include:  

 Power generation; 

 Ore dumping and stockpiling; 

 Roasting, De-ammoniation, and calcining stages of the process. 
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The key air emissions of concern from the proposed vanadium processing facility will be from the 
rotary kiln stack and the de-ammoniation kiln stack. The key pollutants from the operations are 
ammonia (NH3), oxides of nitrogen (NOX), particulates (as PM10) and vanadium pentoxide (V2O5) 
or a water soluble form of vanadium as a constituent of the particulate fraction. 
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3 Air Pollutants and Potential Impacts 
This section outlines the potential impact of airborne particulate matter, oxides of nitrogen, sulfur 
dioxide and ammonia. These pollutants are considered the most relevant, based on the nature of the 
works to be undertaken during the overall development and operation of the proposal.  

3.1 Oxides of Nitrogen 
Oxides of nitrogen (NOx) is the collective term for nitric oxide (NO), nitrogen dioxide (NO2) and 
nitrous oxide (N2O). Lightning and the oxidation of ammonia can form oxides of nitrogen 
naturally. However, the main source of NOX is from the combustion of fossil fuels, primarily from 
automobiles and electricity production, and for this project, from the combustion of fuel gas. 
Nitrogen oxide is colourless and odourless but can oxidise in the atmosphere to form NO2 and NO3.  

Human health impacts  
NO2 is a pungent, brown, acidic, highly corrosive gas and has significant effects on human health. 
Nitrogen dioxide can have detrimental effects on human respiratory tracts, leading to increased 
susceptibility to asthma and respiratory infections. 

Environmental impacts  
Vegetation is adversely affected by exposure to NOX, in the form of retarded growth rates and crop 
yields. N2O is considered to be a greenhouse gas, trapping long wave radiation emitted by the earth 
and warming the atmosphere. Oxides of nitrogen are also some of the main contributors to ozone 
production and can also contribute to acid rain by the formation of nitrous and/or nitric acid in 
airborne water droplets. 

3.2 Sulfur Dioxide 
Sulfur dioxide (SO2) is a colourless gas with an irritating odour that can contribute to or exacerbate 
respiratory illnesses (such as asthma or bronchitis), especially in elderly or young people.  

Human health impacts  
Sulfur dioxide has also been linked with the aggravation of existing heart and lung diseases 
(USEPA, 2007). SO2 can attach itself to small ambient particulates, which can then be inhaled deep 
into the lungs; this can intensify the health effects of sulfur dioxide.  

Environmental impacts  
SO2 can also have detrimental effects on the environment. Sulfur dioxide can contribute to the 
formation of acid rain, damaging crops, ecosystems, monuments and historic buildings. 
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3.3 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 a 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 sulfur 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 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). 

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, 2006b). The population that is most susceptible include the 
elderly, people with existing respiratory and/or cardiovascular problems and children 
(NEPC 2002). 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.  

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 (USEPA, 2006b) and 
effects on personal comfort, amenity and health (DEP 2000). 

3.4 Ammonia  
Ammonia (NH3) is a naturally occurring gas, and is released to the atmosphere from the decay of 
organic matter, animal excreta and volcanic eruptions.  

It is also a part of the global nitrogen cycle, where atmospheric nitrogen (N2) is converted to NH3.  

Human health impacts  
NH3 is only hazardous at high concentrations. Levels above 30 ppm can cause immediate irritation 
of the nose and throat. Symptoms of health effects of ammonia include: Irritation of eyes, nose, 
throat; dyspnoea (breathing difficulty), wheezing, chest pain; pulmonary oedema; pink frothy 
sputum; skin burns, and vesiculation (NIOHS, 2005). 
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Environmental impacts  
The ecological impact of NH3 occurs through toxicity to fish and invertebrate populations due to a 
result of reduced reproductive capacity and reduced growth of young. Conifer trees are also very 
sensitive to NH3, particularly in winter. In very cold temperatures, they are unable to cope due to an 
impaired ability to retain water. Conifers may experience a form of eutrophication, and the 
sphagnum cannot compete with grasses under increased ammonia conditions. The fungi that grow 
on plant roots are also sensitive to NH3 (EC, 2006). 

3.5 Vanadium pentoxide 
Vanadium pentoxide (V2O5) is a toxic orange coloured solid which, due to is high oxidation state, 
is both amphoteric and an oxidising agent. 

Human health impacts  
The symptoms of the health effects of vanadium compounds such as V2O5 include eye irritation, 
green tongue, metallic taste, throat irritation, coughing, fine rales, wheezing, bronchitis, dyspnoea 
(shortness of breath) and eczema.  

Environmental impacts  
Marine plants and invertebrates have a higher level of vanadium than terrestrial plants and animals. 
In the terrestrial environment, bioconcentration is observed in the lower plant phyla. The actual 
level of vanadium in terrestrial plants is dependent on the amount of water soluble vanadium 
available in the soil, pH and growing conditions. The uptake of vanadium in the above ground parts 
of the plants is low with the root concentration found to be correlated with the soil concentration 
levels. Vanadium is believed to replace molybdenum catalyst in nitrogen fixation; this implies that 
the root nodules can contain vanadium levels three times greater than that of surrounding soils. 
Vanadium is present in all terrestrial animals with high levels of vanadium in the liver and skeletal 
tissues (ATSDR, 1992).  
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4 Air Quality Objectives 
This section outlines air quality objectives (ambient, occupational and environmental (deposition)) 
relevant to this assessment. It also identifies the criteria against which the modelling results will be 
assessed to determine whether the specified pollutants may be considered harmful to human health 
and/or the environment. 

4.1 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, 2003).  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. 

4.2 Ambient Air Quality Criteria 

4.2.1 Human Health  
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 Ambient Air Quality NEPM standards and goals are enabled 
under the NEPC Act (WA) and specify maximum concentrations and goals to be achieved within 
10 years. 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. 

The air pollutants relevant to the proposed Barrambie Vanadium Project are oxides of nitrogen 
(NOx), sulfur dioxide (SO2), particles as PM10, ammonia (NH3) and vanadium pentoxide (V2O5). 
Relevant NEPM standards are listed below in Table 4-1. Where NEPM standards have not been 
defined human health criteria from the Victorian EPA (EPAV) have been used, as presented in 
Table 4-2. The EPAV human health criteria are for substances that are toxic in high concentrations 
over short term averaging periods. For this assessment, the averaging period is 3 minutes. 



Barrambie Vanadium Project 
Air Quality Assessment 
 

      SINCLAIR KNIGHT MERZ 

PAGE 14 \\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc 

 Table 4-1  National Environment Protection Measure Standards and Goals 

Pollutant Averaging Period Maximum Concentration Compliance Goal for 
exceedances 

Nitrogen Dioxide 
1 hour 
1 year 

120 ppb   (246 μg/m3) 

  30 ppb     (62 μg/m3) 

1 day per year 
None 

Photochemical oxidants 
(as ozone) 

1 hour 
4 hours 

100 ppb   (214 μg/m3) 

  80 ppb   (171 μg/m3) 

1 day per year 
1 day per year 

Sulfur dioxide 
1 hour 
1 day 
1 year 

200 ppb   (571 μg/m3) 

  80 ppb   (229 μg/m3) 

  20 ppb     (57 μg/m3) 

1 day per year 
1 day per year 

None 

Particles as PM10 1 day                    50 μg/m3 5 days per year 
 

 Table 4-2  Other Ambient Standards  

Pollutant Averaging Period Maximum Concentration 
(μg/m3) Reference 

Ammonia 3 minutes 600 Environment Protection 
Authority Victoria (EPAV). 

 

4.3 Occupational Health 
Occupational air quality criteria are listed in Table 4-2 as taken from Worksafe Australia’s 
exposure standards (NOHSC, 1995), and are based on potential health effects for most workers. A 
standard measure is a time weighted average (TWA) concentration, measured over an eight-hour 
working day and five-day working week.  A short term exposure standard (STEL) is a 15-minute 
average that is not to be exceeded.  Inspirable dust is the size fraction below a nominal cut-off of 
50 μm or similar to that as measured for total suspended particulate.  

 Table 4-2 Occupational air quality criteria 

Pollutant Criteria Type Averaging Period 
Maximum Concentration 

ppm μg/m3 

Ammonia (NH3) 
TWA1 8 hours 25 17,000 

STEL2 15 min 35 24,000 

Nitrogen Dioxide (NO2) 
TWA1 8 hours 3 5,600 

STEL2 15 min 5 9,400 

Vanadium Pentoxide (V2O5) TWA1 8 hours - 50 
Note: 1) Time Weighted Average (TWA) – applied for 8 hour work day, 5 day work week and should not be exceeded 
any time during the day. 
Note: 2) Short Term Exposure Limit (STEL) – 15 minute averaging time. There should be at least 60 minutes between 
successive exposures at STEL and should not be repeated more than four times per day. 
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4.4 Environmental Criteria (Deposition on Vegetation)  
Acid deposition (‘acid rain’) occurs when SO2 and NOX react with water, oxygen and other 
oxidants in the atmosphere to form acidic compounds. These acid compounds precipitate in rain, 
snow and fog, or in dry form as gases and particles. The SO2 and NOX gases and their particulate 
matter derivatives, sulfate and nitrate aerosols, may contribute to air quality impacts, for example, 
by the acidification of lakes and streams, damage to forest ecosystems and acceleration of the 
decay of building materials (USEPA, 2007). 

4.4.1 Vegetation impacts 
Acid deposition on vegetation occurs when SO2 and NOX react with water, oxygen and other 
oxidants in the atmosphere to form acidic compounds. These acid compounds precipitate in rain, 
snow and fog as atmospheric depositions or in dry form as gases and particles. 

Atmospheric Deposition 

The SO2 and NOX gases and their particulate matter derivatives, sulfate and nitrate aerosols, may 
contribute to air quality impacts, for example, by the acidification of lakes and streams, damage to 
forest ecosystems and acceleration of the decay of building materials (USEPA, 2007).  In terms of 
atmospheric deposition, deposition of nitrogen and changes in soil acidity are difficult to model.  
However, in this assessment, due to the dry climate of the region, the atmospheric deposition 
effects are considered minor, so only dry deposition on vegetation will be considered, measured 
against WHO criteria.  

Dry deposition 

WHO (2000) provides critical loads for dry depositions for the assessment of nitrogen and acid 
equivalent¹ impacts on vegetation (Table 4-3). Critical load is an estimate of exposure in the form 
of deposition, below which significant harmful effects on specified sensitive elements of the 
environment do not occur to the best present knowledge (WHO 2000). 

Table 4-3 WHO air quality guidelines for the protection of vegetation  

Pollutant Averaging Period Guideline (μg/m3) 

Oxides of nitrogen (NOX) 
24 hours 75 

1 year 30 

Sulfur dioxide (SO2) 1 year 30 

Ammonia (NH3) 
24 hours 270 

1 year 8 
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4.5 Summary of assessment criteria 
The assessment criteria adopted for this assessment are summarised in Table 4-4. 

 Table 4-4 Assessment criteria summary 

Pollutant Criteria Type Source Averaging 
Period 

Criteria Value 

ppm µg/m3 

Ammonia (NH3) 

Ambient 
Human Health EPAV 3 minutes 0.79 600 

Occupational 
Health 

NOHSC 8 hours 25 17,000 
NOHSC 15 min 35 24,000 

Ambient 
Vegetation WHO 

24 hours - 270 
1 year - 8 

Nitrogen dioxide (NO2) 

Ambient 
Human Health NEPC 

1 hour 0.12 246 
1 year 0.03 62 

Occupational 
Health 

NOHSC 8 hours 3 5,600 
NOHSC 15 min 5 9,400 

Oxides of nitrogen (NOX) Ambient 
Vegetation WHO 

24 hours - 75 
1 year - 30 

Particulate matter (PM10) 
Ambient 

Human Health NEPC 24 hours - 50 

Sulfur dioxide (SO2) 

Ambient 
Human Health NEPC 

1 hour 0.20 570 
24 hours 0.08 228 
1 year 0.02 57 

Ambient 
Vegetation WHO 1 year 0.01 30 

Vanadium pentoxide (V2O5) 
Occupational 

Health NOHSC 8 hours - 50 
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5 Existing Environment 
This section describes the environmental characteristics of the project area that are relevant to the 
air quality assessment. It includes the existing emissions, climate, topography, meteorological 
conditions influencing the air dispersion modeling.  

5.1 Climate and Meteorology 
The Barrambie Vanadium Project is proposed to be located approximately 100 km south-east of 
Meekatharra in the central Mid-West region of Western Australia. This is an arid environment that 
is dominated by hot dry days and cold clear nights. The Bureau of Meteorology (BoM) operates a 
meteorological station at Meekatharra. Data obtained from this station has been used in the 
following description of meteorological factors.   

5.1.1 Temperature 
The long term mean monthly maximum and minimum temperatures recorded at the BoM 
Automatic Weather Station (AWS) at Meekatharra (1950 – 2008) are presented in Figure 5-1. 
From this figure it is apparent that Meekatharra experiences mean daily temperatures during 
summer ranging from 24°C to 38°C. During winter the mean daily temperatures range between 7°C 
and 19°C.  

 
 Figure 5-1 Meekatharra mean daily temperatures, 1950-2008 (Bureau of Meteorology) 
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5.1.2 Relative Humidity 
The 9am and 3pm mean relative humidity recorded at the BoM Automatic Weather Station (AWS) 
at Meekatharra (1950 – 2008) are presented in Figure 5-2. From this figure it is evident that 
Meekatharra experiences low relative humidity consistently throughout the year. The maximum 
humidity occurs during the winter months between May and August and only reaches a maximum 
of 63%. This low humidity can potentially reduce the potential for moisture suppression of airborne 
pollutant emissions. 

 

 
 Figure 5-2 Meekatharra average humidity, 1950-2008 (Bureau of Meteorology) 

 

5.1.3 Rainfall 
The long term mean monthly rainfall recorded at the BoM Automatic Weather Station (AWS) at 
Meekatharra is presented in Figure 5-3. 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 (237.4 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 low rainfall further reduces the 
potential for moisture to suppress airborne pollutant emissions. 



Barrambie Vanadium Project 
Air Quality Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

\\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc PAGE 19 

 

 
 Figure 5-3 Meekatharra mean monthly rainfall, 1950-2008 (Bureau of Meteorology) 

 

5.1.4 Wind Direction and Wind Speed 
The annual average wind roses for Meekatharra are presented in Figure 5-4. This figure represents 
the hourly wind speed and direction from 2002 to 2006.  From these wind roses it is evident that 
the dominant wind directions for this locality are easterly and southerly.  

The seasonal wind roses are represented in Figure 5-5.  From these wind roses it can be seen that 
the dominant easterly winds occur primarily during the first half of the year and the dominant 
southerly winds occur primarily during the second half of the year..  

The wind speed distribution for Meekatharra for the period of 2002 to 2006 is presented in Figure 
5-6. This figure shows that 60% of all wind speeds at Meekatharra are between 2 m/s and 5 m/s 
with 28% of wind speeds greater than 5 m/s. 
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2002 Annual Wind Rose 

 
2003 Annual Wind Rose 

 
2004 Annual Wind Rose 

 
2005 Annual Wind Rose 

 
2006 Annual Wind Rose 

 
Total Annual Wind Rose for 2002 – 2006 

 Figure 5-4 Bureau of Meteorology Meekatharra annual wind roses 
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January – March Wind Rose 

 
May – June Wind Rose 

 
July – September Wind Rose 

 
October – December Wind Rose 

 Figure 5-5 BoM Meekatharra Seasonal Wind Roses (2002 – 2006) 
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 Figure 5-6 Meekatharra wind speed distribution, 2002 – 2006 (Bureau of Meteorology) 

 

5.2 Existing Air Quality 
The Barrambie Vanadium Project is in a remote region of Western Australia. The closest 
significant development within the region is the Windimurra Vanadium Mine (MBS, 2008), 
approximately 100 km south-west of Barrambie. The distance between these developments is large 
enough that it is not considered a significant contribution to emissions to the local airshed. 

Similarly there have been no significant emissions monitoring in the region to determine 
background concentrations of pollutants. The emissions from the Barrambie project have therefore 
been considered in isolation, and do not include background concentrations of pollutants. 
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6 Assessment Methodology 
This section describes the meteorological and air dispersion models used for this study and the 
methodology adopted to complete the assessment. 

6.1 Overview 
Ground-level concentrations resulting from air emissions from the Barrambie Vanadium Project 
have been modelled using two atmospheric dispersion models - Ausplume and TAPM.  

The Ausplume Gaussian plume model is appropriate (and adequate) for emissions from shorter 
stacks under stable to moderately unstable mixing conditions, incorporating building wake effects.  

Importantly, the atmospheric dispersion of emissions from tall stacks may cause short term, high 
concentrations due to fumigation as the mixing layer reaches the plume height and quickly mixes 
the undiluted plume to ground level. The TAPM model has been used to address the potential 
impacts of sulfur dioxide emission from the tall (90m) kiln stack.  

6.2 Model Selection 
For pollutants released in inland locations characterised by flat, open terrain, important dispersion 
processes include: 

 Morning fumigation; 

 Limited mixing; 

 Plume looping in strong convection. 

“Morning fumigation” is the sudden mixing of pollutants in a plume down to ground level as the 
growing thermal internal boundary layer (TIBL) reaches plume height. The TIBL is produced as 
the atmosphere is heated by the ground surface. Radiation from the sun heats the ground and that in 
turn heats the lower layer of air. This heated layer increases in thickness as time passes until it 
reaches the plume height. The heated air has a lower stability and a higher level of turbulence 
which results in large amounts of atmospheric mixing. The elevated plume is carried down to 
ground-level, causing very high ground-level concentrations.  This may be a very short-term event 
if the TIBL continues to grow so that the plume is subsequently mixed through a large volume of 
air, lowering ground-level concentrations again.  

 “Limited mixing” occurs when the growth of the convective boundary layer is limited by a strong 
elevated capping inversion or weak insolation, so that concentrations remain high in spite of being 
uniformly mixed through the whole boundary layer.  
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Strongly convective conditions can also lead to very high, localised concentrations in the near 
vicinity of tall stacks as the undiluted plume is brought quickly to ground-level by large scale 
vertical convective eddies.  

To account for this complex dispersion behaviour, two different models have been utilised for the 
assessment.  

For surface emissions and smaller stacks, the Gaussian plume dispersion model “AUSPLUME 
v6.0”, developed by the Victorian EPA, was utilized for general investigation of ground-level 
concentrations (GLCs). Ausplume is one of the primary air dispersion models used for assessing air 
quality impacts from industrial sites around 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. This model is ideal for modelling dispersion in neutral and stable conditions.  

To model emissions from the taller kiln stack under more complex conditions such as morning 
fumigation and strong convection, the CSIRO developed dispersion model TAPM was utilized to 
investigate these events in more detail and to highlight the effects of any ‘shutdown’ strategies that 
might be employed to reduce emissions.  

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.  

In the absence of a suitable meteorological monitoring station at the Barrambie project site, TAPM 
was used to generate meteorological data for the Ausplume model.  

6.3 Model definition 

6.3.1 Ausplume configuration 
The AUSPLUME model setup utilized for this assessment is as follows: 

 No terrain as the surrounding area is reasonably flat; 
 Building wake effects incorporated for buildings near to the primary emission sources; 
 Briggs rural dispersion curves;  
 Roughness length of 0.31 m to approximate the average roughness length used in the 

TAPM model; and 
 Gradual plume rise. 



Barrambie Vanadium Project 
Air Quality Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

\\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc PAGE 25 

The AUSPLUME computational domain ranges between 703250 mE and 713250 mE and 
6960500 mN and 6970500 mN in Map Grid Australia 94 (MGA94) coordinates with a 100 m grid 
mesh. Figure 6-1 presents the AUSPLUME computational grid. 

 

 
 Figure 6-1 AUSPLUME computational domain 
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6.3.2 TAPM configuration 
The TAPM model set-up is as follows: 

 All grids were centred about 119°6.5’E and 27°25’S, which corresponds to 
708250 mE and 6965500 mN in Map Grid Australia 94 (MGA94) coordinates; 

 Four meteorology grid domains with grid mesh 30 km, 10 km, 3 km and 1 km 
respectively; 

 31 by 31 cells per grid; 

 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; 

 Pollutant dispersion modelled on the inner-most grid only; and 

 61 x 61 pollution grid with a 500 m grid mesh. 

The grid domains are presented in Figure 6-2. 

The TAPM land/sea database was derived from 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. 
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30 km Grid for TAPM 

 
10 km Grid for TAPM 

 
3 km Grid for TAPM 

 
1 km Grid for TAPM 

 Figure 6-2 TAPM computation grids 
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6.4 Emission characterisation 
This section outline the emission parameters used in this modelling assessment.  

6.4.1 Point Source Emission Parameters 
There are no significant industrial activities within the vicinity of the project area considered to 
emit significant quantities of air pollutants to be included in the air pollutant dispersion modelling. 
The emissions associated with the Barrambie project are therefore considered in isolation. 

The emissions and stack data applied to AUSPLUME are provided in Table 6-1 and Table 6-2. 
Emissions are separated into Stack sources and Volume sources. The columns of data are: 

 Locations as easting and northing in Map Grid Australia 94 (MGA94) co-ordinates; 

 Heights and radius of stacks in metres; 

 Plume exit velocities (m/s), temperatures (degrees Kelvin); and 

 Air pollutant emission rates; 

– NH3 (g/s) (ammonia), 

– NOX (g/s) (oxides of nitrogen),  

– PM10 (g/s) (particulate matter with diameters less than 10 μm),  

– SO2 (g/s) (sulfur dioxide), and 

– V2O5 (g/s) (vanadium pentoxide). 

 

6.5 Modelled scenarios 
When assessing the impact of air emissions, it is standard practice to address both ‘normal’ 
operating conditions and also ‘upset’ or unusual operating conditions that may lead to higher 
ground-level concentrations.  However, for the Barrambie plant the most significant air quality 
impacts are due to the high SO2 emissions from the tall kiln stack.  Other air emissions are by 
comparison relatively small and constant.  Consequently this assessment has focussed on the most 
significant air emissions from the kiln stack and not addressed upset conditions. 
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 Table 6-1 Stack emission source characteristics 

Source 
Location 

Height 
(m) 

Radius 
(m) 

Exit 
Velocity 

(m/s) 
Temperature 

(K) 

Emission Rate 

Easting Northing NH3 
(g/s) 

NOX  
(g/s) 

PM10 
(g/s) 

SO2 
(g/s) 

V2O5 
(g/s) 

Rotary Kiln 
Stack 708384 6965374 90 1.5 15 493.15 0 2.71 0.22 1,100 0.1034 

De-Ammoniation 
Kiln Stack 

708338 6965338 35 0.17 15.3 348.15 1.07 0.17 0.01 0 0.0045 

Quench Stack 708256 6965462 20 0.1 15 393.15 0 0 1.02 0 0.1938 

Power Gen 01 708551 6965397 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 02 708554 6965393 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 03 708555 6965400 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 04 708558 6965396 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 05 708560 6965403 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 06 708563 6965399 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 07 708564 6965406 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 08 708567 6965402 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 09 708569 6965409 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 10 708572 6965405 8 0.2 50.5 781.15 0 0.49 0 0 0 

Power Gen 11 1 708574 6965412 8 0.2 50.5 781.15 0 0 0 0 0 

Power Gen 12 1 708577 6965408 8 0.2 50.5 781.15 0 0 0 0 0 

Power Gen 13 1 708578 6965416 8 0.2 50.5 781.15 0 0  0 0 0 
Note: 1) Reciprocating Gas engines 11 – 13 on standby. No emissions produced from these sources. 

 
 Table 6-2 Volume emission source characteristics 

Source 
Location 

Height 
(m) 

Horizontal 
Spread 

(m) 

Vertical 
Spread 

(m) 

Emission Rate 

Easting Northing NH3 
(g/s) 

NOX  
(g/s) PM10 (g/s) SO2 

(g/s) 
V2O5 
(g/s) 

Screening 708264 6965413 9.5 5.2 4.75 0 0 0 0 0 

Primary Crusher 708562 6965679 9.5 2.2 4.75 0 0 1.01 0 0 

Secondary & 
Tertiary 

Crushers 
708368 6965611 9.5 4.7 4.75 0 0 0.59 0 0 
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7 Air Quality Modelling Results 
The following sections present a comparison of the resulting ground-level concentrations of the 
pollutants of significance with their relevant assessment criteria across the modelled scenarios. A 
particular focus on the relevant sensitive receptors for each assessment criteria has been adopted. 

7.1 AUSPLUME modelling results 

7.1.1 Potential impact on human health (sensitive receptors) 
This section presents the resulting ground-level concentrations (GLCs) in comparison to the 
ambient human health assessment criteria for nitrogen dioxide (NO2), ammonia (NH3) and 
particulate matter (PM10). 

7.1.1.1 Nitrogen dioxide (NO2) 
The maximum 1-hour averaged and the annual average nitrogen dioxide GLC contour plots are 
presented in Figure 7-1 and Figure 7-2. The maximum on the computational grid for both 
averaging periods occur within the mine site boundary. A comparison between the concentrations 
at the sensitive receptors and the ambient human health assessment criteria is presented in Table 
7-1. 

 Table 7-1 GLCs for 1-hour averaged and annual average NO2 (µg/m3) 

Emission Averaging 
Period 

Assessment 
Criteria (µg/m3) 

Receptor Concentration 
(µg/m3) % Criteria 

NO2 

1-hour 246 
Accommodation Village  23 9% 

Maximum on grid 48 19% 

Annual 62 
Accommodation Village  0.2 0.4% 

Maximum on grid 5.8 9% 
 

Table 7-1 shows that the 1-hour averaged NO2 ground-level concentrations at the accommodation 
village and the maximum on the computational grid are less than 10% and 20% of the assessment 
criteria respectively. Thus short-term concentration impacts on ambient human health are expected 
to be minimal. The annual average NO2 GLCs at the accommodation village and the maximum on 
the computational grid are less than 1% and 10% of their respective assessment criteria indicating 
the long-term concentration impacts on human health are also expected to be minimal. 
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 Figure 7-1 Maximum 1-hour average NO2 ground-level concentration contours (µg/m3) 
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 Figure 7-2 Annual average NO2 ground-level concentration contours (µg/m3) 
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7.1.1.2 Ammonia (NH3) 
The maximum 3-minute averaged ammonia GLC contour plot is presented in Figure 7-3. The 
maximum on the computational grid occurs within the mine site boundary. A comparison between 
the concentrations at the sensitive receptors and the ambient human health assessment criteria is 
presented in Table 7-2. 

 Table 7-2 Ground-level concentrations for 3-minute averaged NH3 (µg/m3) 

Emission Averaging 
Period 

Assessment 
Criteria (µg/m3) 

Receptor Concentration 
(µg/m3) % Criteria 

NH3 3-minutes 600 
Accommodation Village 16 3% 

Maximum on Grid 157 26% 
 

Table 7-2 shows that the GLC at the accommodation village is 16 µg/m3, 3% of the assessment 
criteria. It also shows that the maximum on the computational grid is 157 µg/m3, less than 30% of 
the assessment criteria. This suggests that the potential for short term health impacts from ammonia 
at the accommodation village is small. 
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 Figure 7-3 Maximum 3-minute average NH3 ground-level concentration contours (µg/m3) 
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7.1.1.3 Particulate matter (PM10) 
The maximum 24-hour averaged PM10 GLC contour plot is presented in Figure 7-4. Contours 
highlighted in red are equal to or greater than the assessment criteria. The maximum on the 
computational grid occurs within the mine site boundary. A comparison between the concentrations 
at the sensitive receptors and the human health assessment criteria is presented in Table 7-3. 

 Table 7-3 Ground-level concentrations for 24-hour averaged PM10 (µg/m3) 

Emission Averaging 
Period 

Assessment 
Criteria 
(µg/m3) 

Receptor Concentration 
(µg/m3) % Criteria 

PM10 24-hour 50 
Accommodation Village  6.3 12.6% 

Maximum on grid 583 1,166% 

 

Table 7-3 shows that the 24-hour averaged PM10 ground-level concentration at the maximum on 
the computational grid is significantly higher than the assessment criteria. This point occurs within 
the facility footprint and within close proximity to the emission sources. The facility footprint is 
considered to be an industrial zone where the ambient assessment criteria do not apply. The 
ground-level concentration at the accommodation village is 6.3 µg/m3 and 12.6% of the assessment 
criteria. This indicates that potential impacts on human health from PM10 emissions should be 
minimal. 

Ambient background PM10 concentrations have not been incorporated into the model due to 
insufficient data in the region.  
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 Figure 7-4 Maximum 24-hour average PM10 ground-level concentration contours (µg/m3) 
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7.1.2 Potential occupational health impacts 
This section presents the resulting ground-level concentrations (GLCs) in comparison to the 
occupational health assessment criteria for nitrogen dioxide (NO2), ammonia (NH3) and vanadium 
pentoxide (V2O5).  

7.1.2.1 Nitrogen dioxide (NO2) 
The maximum 15-minute averaged and 8-hour averaged nitrogen dioxide GLC contour plots are 
presented in Figure 7-5 and Figure 7-6. As can be seen in both figures, the maxima on the 
computational grid are located within the boundary of the mine site. A comparison between the 
maximum at the mine site and the occupational health assessment criteria is presented in Table 7-4. 

 Table 7-4 Ground-level concentrations for NO2 occupational health impacts (µg/m3) 

Emission Averaging Period Assessment 
Criteria (µg/m3) 

Maximum at Mine 
Site (µg/m3) % Criteria 

NO2 
15-minute 9,400 57 0.60% 

8-hour 5,600 38 0.67% 
 

The 15-minute averaged maximum GLC for NO2 on the computational grid occurs at the mine site, 
but is less than 1% of the assessment criteria at 57 µg/m3. This indicates that the potential for 
occupational health impacts from short-term exposure to NO2 concentrations is expected to be 
minimal. 

Similar to the 15-minute averaging period, the maximum on the computational grid for the 8-hour 
averaging period occurs within the boundary of the mine site. The maximum ground-level 
concentration is less than 1% of the assessment criteria at 38 µg/m3. This indicates that the effects 
of NO2 for mid-term occupational events are minimal. 
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 Figure 7-5 Maximum 15-minute average NO2 ground-level concentration 
contours (µg/m3) 
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 Figure 7-6 Maximum 8-hour average NO2 ground-level concentration contours (µg/m3) 
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7.1.2.2 Ammonia (NH3) 
The maximum 15-minute average and 8-hour average ammonia GLC contour plots are presented in 
Figure 7-7 and Figure 7-8. For both averaging periods, the maximum on the computational grid 
occurs within the mine site boundary. A comparison between the maximum at the mine site and the 
occupational health assessment criteria is presented in Table 7-5. 

 Table 7-5 Ground-level concentrations for NH3 occupational health impacts (µg/m3) 

Emission Averaging Period Assessment 
Criteria (µg/m3) 

Maximum at Mine 
Site (µg/m3) % Criteria 

NH3 
15-minute 24,000 143 0.6% 

8-hour 17,000 41 0.2% 
 

For the 15-minute averaging period, the maximum GLC on the computational grid is 143 µg/m3, 
less than 1% of the assessment criteria. This suggests that the short term occupational impact of 
ammonia at the mine site would be minimal. 

Similar to the results for the 15-minute averaging period, the 8-hour averaging period maximum on 
the computational grid occurs within the mine site boundary and is less than 1% of the assessment 
criteria at 41 µg/m3. This indicates that the mid-term occupational impacts of ammonia are 
minimal. 

Considering both occupational health impacts are less than 1% of the relevant assessment criteria, 
it is anticipated that the overall occupational health impacts of ammonia is not significant. 
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 Figure 7-7 Maximum 15-minute average NH3 ground-level concentration 
contours (µg/m3) 
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 Figure 7-8 Maximum 8-hour average NH3 ground-level concentration contours (µg/m3) 
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7.1.2.3 Vanadium pentoxide (V2O5) 
The maximum 8-hour averaged vanadium pentoxide GLC contour plot is presented in Figure 7-9. 
The maximum on the computational grid occurs within the mine site boundary. A comparison 
between the maximum at the mine site and the occupational health assessment criteria is presented 
in Table 7-6. 

 Table 7-6 Ground-level concentrations for 8-hour averaged V2O5 (µg/m3) 

Emission Averaging Period Assessment 
Criteria (µg/m3) 

Maximum at Mine 
Site (µg/m3) % Criteria 

V2O5 8-hour 50 37 74% 
 

Table 7-6 shows that the maximum at the mine site and over the computational grid is 37 µg/m3, or 
74% of the assessment criteria. This is situated in close proximity to the emission sources and is in 
a highly localised area. The V2O5 proportion of particulate emissions ranges from 19% at the 
quench stack to 47% at the rotary kiln stack.  These estimates are considered to be highly 
conservative, and actual ground-level concentrations of vanadium pentoxide particulate is likely to 
be less than the modelled scenario. The mid-term occupational impact of vanadium pentoxide is 
therefore not expected to be significant.  
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 Figure 7-9 Maximum 8-hour average V2O5 ground-level concentration contours (µg/m3) 
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7.1.3 Potential impact on vegetation 
This section presents the resulting ground-level concentrations (GLCs) in comparison to the 
ambient vegetation impact assessment criteria for ammonia (NH3) and oxides of nitrogen (NOX). 

7.1.3.1 Ammonia (NH3) 
The maximum 24-hour average and annual average ammonia GLC contour plots are presented in 
Figure 7-10 and Figure 7-11. For both averaging periods, the maximum on the computational grid 
occurs within the mine site boundary and is not applicable to vegetation impacts. Therefore, a 
comparison between the maximum on the grid outside the mine site boundary and the ambient 
vegetation assessment criteria is presented in Table 7-7. 

 Table 7-7 Ground-level concentrations for NH3 vegetation impacts (µg/m3) 

Emission Averaging 
Period 

Assessment Criteria 
(µg/m3) 

Maximum on grid 
outside Mine Site 

(µg/m3) 
% Criteria 

NH3 
24-hours 270 12.9 5% 
Annual 8 2 25% 

 

Table 7-7 shows that the GLC at the maximum on the computational grid outside the mine site 
boundary is 12.9 µg/m3, less than 6% of the assessment criteria. This suggests that the mid-term 
ambient vegetation impacts of ammonia across the computational grid are small. The maximum 
GLC outside of the mine site for the annual average is 2 µg/m3, 25% of the assessment criteria. 
This indicates that the long term ambient vegetation impacts of ammonia across the computational 
grid will not be significant. 

Considering the ground-level concentrations of ammonia for both averaging periods are less than 
30% and 10% of the assessment criteria for vegetation impacts, it is anticipated that ammonia will 
not impact on the surrounding vegetation in the area significantly. 
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 Figure 7-10 Maximum 24-hour average NH3 ground-level concentration contours (µg/m3) 
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 Figure 7-11 Annual average NH3 ground-level concentration contours (µg/m3) 
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7.1.3.2 Oxides of nitrogen (NOX) 
The maximum 24-hour and annual average NOX GLC contour plots are presented in Figure 7-12 
and Figure 7-13. Contours highlighted in red are equal to or greater than the relevant assessment 
criteria. For both averaging periods, the maximum on the computational grid occurs within the 
mine site boundary and is not applicable to vegetation impacts. Therefore, a comparison between 
the maximum on the grid outside the mine site boundary and the ambient vegetation assessment 
criteria is presented in Table 7-8. 

 Table 7-8 Ground-level concentrations for NOX vegetation impacts (µg/m3) 

Emission Averaging 
Period 

Assessment Criteria 
(µg/m3) 

Maximum on grid 
outside Mine Site 

(µg/m3) 
% Criteria 

NOX 
24-hours 75 44.3 59% 
Annual 30 5.2 17% 

 

Table 7-8 shows that the maximum 24 hour averaged GLC outside the facility footprint is 
44.3 µg/m3 and 59% of the assessment criteria. The GLC contour plot shows that the assessment 
criteria is not exceeded (Figure 7-12) within the computational grid.  

The maximum annual average GLC outside the facility footprint is 5.2 µg/m3, less than 20% of the 
assessment criteria. It is therefore anticipated that the long term ambient vegetation impacts of 
oxides of nitrogen across the computational grid will not be significant. 
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 Figure 7-12 Maximum 24-hour average NOX ground-level concentration contours (µg/m3) 
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 Figure 7-13 Annual average NOX ground-level concentration contours (µg/m3) 

 



Barrambie Vanadium Project 
Air Quality Assessment 
 

      SINCLAIR KNIGHT MERZ 

PAGE 52 \\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc 

7.2 Results of TAPM modelling 
This section presents the resulting ground-level concentrations (GLCs) arising from the kiln stack 
emissions. The results are compared to both the ambient human health assessment criteria for 
sensitive receptors and occupational criteria. 

As highlighted in the previous section, uncontrolled SO2 emissions lead to unacceptably high 
impacts at accommodation village, requiring further investigation. These are summarised in Table 
7-9.  

The occupation health criteria are for averaging times that are not easily extracted from model 
output: TWA is for an eight hour working day, and STEL is the maximum fifteen minute average.  
These criteria have been addressed with reference to maximum one hour average concentrations. 

 Table 7-9 Ground-level concentrations for kiln stack SO2 emissions 

Pollutant Criteria 
Category 

Averaging 
Period 

Assessment 
Criteria (µg/m3) Receptor 

Maximum 
Concentration 

(µg/m3) 
% Criteria 

SO2 

Human Health 
Sensitive 
Receptors 

1-hour 571 
Accommodation Village 1058 185% 

Max on Grid 2,988  

24-hour 228  180 79% 

Annual 57  8 14% 

Human Health 
Occupational 

TWA 5,200   <57% 

STEL 1,300   >230% 

Vegetation Annual 30 Max on Grid 8 27% 
 

A contour plot of maximum 1-hour SO2 concentrations are shown in Figure 3-1. Maximum 
concentrations at the accommodation village are up to 185% of the assessment criteria, and would 
be considered unacceptable.  The maximum concentrations of SO2 across the model grid also 
exceed occupational health short term exposure limits.  Annual average ssessment criteria adopted 
for protection of vegetation are not approached anywhere on the model grid. 
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 Figure 7-14  Maximum 1-hour SO2 concentrations 
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7.3 Discussion of Results 
A summary of modelling results is presented in Table 7-10.  Results are compared to the relevant 
assessment criteria, and concentrations above 70% of the relevant assessment criteria are shaded.  

 
 Table 7-10 Comparison of modelled results to assessment criteria 

Pollutant Criteria 
Category 

Averaging 
Period 

Assessment 
Criteria (µg/m3) Receptor 

Maximum 
Concentration 

(µg/m3) 
% Criteria 

SO2 

Human Health 
Sensitive 
Receptors 

1-hour 571 
Accommodation Village 1058 185% 

Max on Grid 2,988  

24-hour 228  180 79% 

Annual 57  8 14% 

Human Health 
Occupational 

TWA 5,200   <57% 

STEL 1,300   >230% 

Vegetation Annual 30 Max on Grid 8 27% 

NO2 

Human Health 
Sensitive 
Receptors 

1-hour 246 
Accommodation Village 23 9% 

Max on Grid 48 19% 

Annual 62 
Accommodation Village 0.2 0.4% 

Max on Grid 5.8 9% 

Human Health 
Occupational 

15-minute 9,400 Max at Mine Site 57 0.60% 

8-hour 5,600 Max at Mine Site 38 0.67% 

NH3 

Human Health 
Sensitive 
Receptors 

3-minute 600 
Accommodation Village 16 3% 

Max on Grid 157 26% 

Human Health 
Occupational 

15-minute 24,000 Max at Mine Site 143 0.6% 

8-hour 17,000 Max at Mine Site 41 0.2% 

Vegetation 
24-hour 270 Max on grid outside Mine Site 12.9 5% 
Annual 8 Max on grid outside Mine Site 2 25% 

PM10 
Human Health 

Sensitive 
Receptors 

24-hour 50 
Accommodation Village 6.3 12.6% 

Max on grid 583 1,166% 

V2O5 Human Health 
Occupational 8-hour 50 Max at Mine Site 37 74% 

NOX Vegetation 
24-hour 75 Max on grid outside Mine Site 44.3 59% 
Annual 30 Max on grid outside Mine Site 5.2 17% 

 

Ground-level concentrations of nitrogen dioxide (NO2) at sensitive receptors are below 20% of the 
relevant assessment criteria over all averaging periods. Therefore it is anticipated that NO2 impacts 
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on human health at the accommodation village and in the general vicinity will be minimal. At the 
mine site, NO2 concentrations are less than 1% of the occupational assessment criteria. It is also 
anticipated that human health impacts of NO2 at the mine site will be minimal. 

Similar to the NO2 impacts, the ground-level concentrations of ammonia (NH3) at sensitive 
receptors and across the computational grid are below 30% of the relevant assessment criteria for 
all averaging periods. At the mine site, the ground-level concentrations are below 1% of the 
occupational assessment criteria. It is therefore anticipated that human health impacts from 
ammonia at sensitive receptors and at the mine site will not be significant.  Beyond the minesite, 
maximum ammonia concentrations are 25% of the adopted assessment criteria.  It is anticipated 
that the vegetation impacts from ammonia will not be significant in the region. 

Ground-level concentrations for PM10 at the accommodation village are less than 13% of the 
assessment criteria. Therefore it is anticipated that the human health impact from PM10 at the 
accommodation village and in the general vicinity will be minimal. Ground-level concentrations 
above the assessment criteria are anticipated within the facility footprint due to the proximity to the 
emission sources; however the human health assessment criteria are not applicable within this 
region.  

Vanadium pentoxide (V2O5) emissions result in ground-level concentrations at the mine site being 
74% of the relevant occupational assessment criteria. Estimations of V2O5 emissions are highly 
conservative and this suggests that the potential human health impacts may not be as significant as 
was modelled. However, it is suggested that an ambient particulate monitoring network is installed 
in the region. 

Ground-level concentrations of oxides of nitrogen (NOX) relevant to vegetation impacts are less 
than 60% of the assessment criteria for the 24-hour averaging period and less than 20% of the 
assessment criteria for the long-term annual assessment criteria. The concentration maxima occur 
within the min site boundary, therefore the maximum concentrations outside the boundary were 
considered. It is anticipated that the vegetation impacts from NOX will not be significant in the 
region. 

The only significant sensitive receptor in the project area is the Barrambie Vanadium Project 
accommodation village located approximately four kilometres south of the plant. It has been 
assumed that any other habitable premises within the project area is (and remains) vacant. 

Emissions of sulfur dioxide (SO2) from the tall kiln stack, as modelled by TAPM, cause maximum 
concentrations at the accommodation village that are up to 185% of the assessment criteria, and 
would be considered unacceptable.  Annual SO2 concentrations are, however, well below the 
assessment criteria for vegetation. 
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With the exception of SO2 concentrations, modelled results demonstrate there to be no significant 
impacts of concern at the village. SO2 emissions are discussed further in Sections 7.4 and 7.5.  

7.4 Case study of high SO2 concentrations – 4 March 2002 
Over the five modelled years (2002-2006), the highest modelled concentrations of SO2 occurred on 
4 March 2002.  This day is discussed in detail here as an example of a very high concentration 
event. This is presented in order to demonstrate (and better understand) a high concentration 
fumigation event. It should be noted that this event has also arisen due to the vertically limited 
mixing in a shallow mixed layer. 

Figure 7-15 shows the1-hour average SO2 concentration at the accommodation village, and also 
the mixing depth (the height of the well-mixed layer of the atmosphere). 

Concentrations increase sharply around 0900 hours as the mixed layer grows to the plume height.  
High concentration emissions are mixed down to ground level, causing ground level concentrations 
to increase sharply. 

 
 Figure 7-15 1 hour average SO2 concentrations and mixing height 
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This event is illustrated in the time series plots in Figure 7-16. These plots are contours in a north-
south vertical plane. The kiln stack is marked to the right hand side, and the location of 
accommodation village is marked as the hatched box to the left hand side. 

At 0800 the kiln stack plume travels south in a stable, unheated, nocturnal atmosphere. 

At 0900 the mixed layer grows to plume height and SO2 is mixed to ground level. 

Through out the remainder of the morning and early afternoon, the mixing layer grows only slowly. 
SO2 emissions are restricted to the lower 400m of the atmosphere, and are fairly uniformly mixed 
in the vertical. 

In a non-technical sense there is “too much SO2 in too shallow a pond.” 
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 Figure 7-16 SO2 plume mixing and dispersion 
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7.5 Analysis of a simple emissions management scheme 
Figure 7-17 presents a scatter plot of mixing height with predicted 1-hour SO2 concentration at the 
village, over the modelled years 2002-2006. 

Concentrations higher than 600 µg/m3 (close to the assessment criteria) are associated with mixing 
depths of 500 metres or less. This suggests that a predictive emission management strategy based 
on forecast or observed mixing depth may offer a potential solution to manage impacts at the 
village. 

 

 

 Figure 7-17 SO2 concentration and mixing height 

 

Figure 7-18 shows the statistical distribution of the modelled SO2 concentrations at the 
accommodation village site.  

Predicted concentrations at the accommodation village over five modelled years have been ranked 
in decreasing order of concentration and plotted.  The figure shows how many times a given 
concentration has been exceeded.  There are approximately 100 hours greater than the NEPM 
standard over the five modelled years (2002-2006). 
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The figure also shows the results of reducing the SO2 emissions rate between 0600 and 1200 hours 
(intended to approximate a management scheme aimed at avoiding morning fumigation events).   

Under normal operating conditions, the SO2 emission rate is 1100 g/sec.  A series of reductions to 
the emission rate have been investigated. Reductions to the SO2 emission rate by 18%, 60% and 
100% (i.e. zero SO2 emissions for the 0600 – 1200) period are shown. 

If SO2 emissions are completely removed between 0600 and 1200, modelling over five years shows 
that the NEPM standard would then be exceeded for six hours. 

 

 
 Figure 7-18 Impact of emissions management on maximum 1 hour average SO2 

concentrations. 
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7.6 Management Options 
The predicted maximum ground-level concentrations of sulfur dioxide emissions outlined above 
are significantly higher than the assessment criteria, and are unlikely to be acceptable to the 
EPA/DEC if presented without an effective management strategy in place. 

An emissions management strategy drawing upon the findings of the modelling results may be able 
to deliver an acceptable environmental air quality outcome for this project.  

Alternatives requiring further consideration and investigation are presented below. 

The sulfur dioxide emissions from the kiln stack are proportional to the ratio of sulphate to 
carbonate consumption in the rotary kiln. Sulphate is used to recycle the soda reagent in the kiln. 
Carbonate is capable of performing the same task as sulphate and is considered to be an adequate 
replacement reagent. It is therefore possible for an emissions management strategy that 
incorporates the reduction of sulphate consumption to be devised. 

With the use of a predictive meteorological model, adverse weather conditions can be anticipated 
and the carbonate/sulphate reagent mix can be adjusted to pre-empt future fumigation events. This 
will dramatically reduce the impact of SO2 at the accommodation village. 

An estimate of the time for which emissions management would be required can be determined 
through analysis of meteorological conditions (wind speed and wind direction). 

Figure 7-19 below is a wind rose representing the wind speed and direction profile for the 
generated meteorology. This figure shows that winds are blowing from the arc 345 degrees to 35 
degrees (toward the accommodation village) for approximately 9% of the time.   

To allow for variability in winds, emissions reduction measures may be required up to 15% of the 
time. To provide a realistic estimate for the requirement of emissions management, a combination 
of local meteorological data and predictive forecasts from dispersion modelling is suggested.  

If SO2 emissions cannot be greatly reduced, it is recommended that the project adopt a predictive 
management scheme.  Such a scheme can developed using a mix of local meteorology and 
forecasts of daily dispersion conditions. 
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 Figure 7-19 Wind speed and wind direction for all hours (2002-2006) 
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8 Conclusions 
AUSPLUME modelling for the proposed Barrambie Vanadium project highlight the potential 
pollutants of significance for impacts on human health at sensitive receptors and in an occupational 
context. The impacts on vegetation were also investigated. 

The human health and vegetation impacts of emissions of NO2 and NH3, and vegetation impacts of 
SO2 from the Barrambie Vanadium project are not expected to be significant. 

Emissions of PM10 and V2O5 are potentially significant factors to the impacts on human health 
within the facility footprint. Elevated PM10 concentrations around the mine site may be caused by 
emissions such as those from the ROM hopper, primary crusher stockpiles and waste facilities.  
Fogging and irrigations sprays, water trucks along with enclosures are included to mitigate dust 
emissions from these sources. 

Uncontrolled SO2 emissions from the kiln stack are expected to lead to unacceptable air quality 
impacts at the accommodation village. Consequently, active management and reduction of SO2 
emissions will be required. Modelling demonstrates the potential for an emissions management 
strategy to be applicable, based on a combination of local meteorology and forecasts of daily 
dispersion conditions. This approach should be investigated further. 

Unacceptably high SO2 concentrations are due to morning fumigation and limited mixing events 
with a mixing depth of 500 m or less. Modelling demonstrates that emission reduction strategies 
based on the reduction of sulphate consumption in the process may be applicable, and require 
further investigation. 



Barrambie Vanadium Project 
Air Quality Assessment 
 

      SINCLAIR KNIGHT MERZ 

PAGE 64 \\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc 

(This page left blank intentionally) 

 



Barrambie Vanadium Project 
Air Quality Impact Assessment 
 

SINCLAIR KNIGHT MERZ       

\\Au-per-fs01\dswn$\Projects\DS02400\Technical\20 - Process\Air Quality Barrambie Vanadium\Deliverables\R06gch_Barrambie_AQA.doc PAGE 65 

9 Recommendations 
Based on the assessment and modelling presented in this report, the following recommendations 
are made: 

 An emissions management strategy should be developed for this project. Its principle objective 
should be to ensure that air quality criteria will not be exceeded during the operation of the 
plant.  The critical parameter to address in the strategy is the SO2 emissions from the kiln 
stack, and the impacts at the accommodation village (assuming all other habitable locations are 
vacant).  Options for a predictive emissions management scheme include: 

 Development of management contingency tables based on local meteorological 
monitoring; 

 Computer based forecasting of local mixing conditions; and 

 Contracting forecasting services externally from Bureau of Meteorology. 

 An ambient monitoring program should be implemented to confirm satisfactory performance 
of the emissions management strategy, and to provide feedback to the management scheme. 
Monitoring, as a minimum, should include SO2 levels at the plant site and at the 
accommodation village.  

 A meteorological monitoring station should be established in the vicinity of the plant, to 
provide data for the emissions management plan.  This station should be established as soon as 
practicable, so as to facilitate identification of those conditions and times likely to contribute to 
poor dispersion, and in turn assisting decision making on the operating parameters for the 
process. 

 It is also recommended that the installation of an ambient particulate monitoring network in 
the vicinity of the Barrambie Vanadium project will allow further observation and warning for 
potential adverse human health impacts from these pollutant species. Particular points of 
significance are the accommodation village and the mine site locality. 
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Appendix A Meteorological data verification 

A.1 Overview 
This section is to provide a comparison between actual meteorological data, provided by the 
Bureau of Meteorology (BoM), and generated data from TAPM to validate the model. 

A.2 Bureau o Meteorology Meekatharra data 
The monthly temperature profile, quarterly and annual wind roses are presented in Figure A-1, 
Figure A-2 and Figure A-3 respectively. 

2002 Day 2002 Night
2003 Day 2003 Night

2004 Day 2004 Night

2005 Day 2005 Night

2006 Day 2006 Night

Day Average Night Average

 

 Figure A-1 Bureau of Meteorology Meekatharra monthly temperature profile 
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Jan – Mar (2002 – 2006) Wind Rose 

 
Apr – Jun (2002 – 2006) Wind Rose 

 
Jul – Sept (2002 – 2006) Wind Rose 

 
Oct – Dec (2002 – 2006) Wind Rose 

 Figure A-2 Average quarterly wind roses for 2002 to 2006 for Bureau of Meteorology 
Meekatharra data 
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2002 Annual Wind Rose 

 
2003 Annual Wind Rose 

 
2004 Annual Wind Rose 

 
2005 Annual Wind Rose 

 
2006 Annual Wind Rose 

 
Total Annual Wind Rose for 2002 - 2006 

 Figure A-3 Annual wind roses for Bureau of Meteorology Meekatharra data 
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A.3 TAPM generated Meekatharra data 
The TAPM air dispersion model used for this assessment incorporates a prognostic, three-
dimensional meteorological module. Model verification studies have shown that TAPM is able to 
adequately reproduce the local meteorology for regions in Western Australia (Physick and 
Blockley, 2001). Details of the configuration of the model are described in Section 6.3. 

Figure A-4 presents the average temperature of each month across the generated data. 

2002 Day 2002 Night

2003 Day 2003 Night

2004 Day 2004 Night
2005 Day 2005 Night

2006 Day 2006 Night

Day Average Night Average

 

 Figure A-4 Model generated monthly temperature 

Figure A-4 shows that: 
 Monthly average day-time temperatures range between 29°C and 14°C; 

 Monthly average night-time temperatures range between 23°C and 9°C; and 

 The difference in monthly average temperatures between day and night is 
5°C - 7°C. 

The average temperature for each hour of the day for January and July is presented in Figure A-5. 
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 Figure A-5 Hourly average temperature vs. time of day for generated data 

 

Figure A-5 highlights the rapid temperature increase that occurs between 6am and 11am, soon 
after sunrise. This rapid increase, although smaller in magnitude, is apparent throughout the year, 
as indicated by the similar pattern for the July average. This rapid increase in temperature is the 
primary reason for the morning fumigation conditions occurring.  

Quarterly and annual wind roses as generated by TAPM for the Barrambie region are presented in 
Figure A-6 and Figure A-7 respectively. These wind roses are representative of the local wind 
climate.  
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Figure A-6 shows that for: 
 January – March, predominant winds are easterly to south-easterly; 

 April – June, mostly easterly to north-easterly winds; 

 July – September, even distribution of winds from all directions; and 

 October – December, winds range from south-westerly to easterly. 

 

Figure A-7 shows that for all generated data, the annual distribution of wind direction and wind 
speed between the modelled years remain consistent. The majority of the winds are between 
3.6 m/s and 5.7 m/s and range in direction between north-east and south-east. The 2006 modelled 
year is slightly different to the other years with a larger proportion of easterly winds with a speed 
higher than 5.7 m/s. 
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Jan - Mar (2002 - 2006) Wind Rose 

 
Apr - Jun (2002 - 2006) Wind Rose 

 
Jul - Sept (2002 - 2006) Wind Rose 

 
Oct - Dec (2002 - 2006) Wind Rose 

 Figure A-6 Average quarterly wind roses for 2002 to 2006 for generated data 
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2002 Annual Wind Rose 

 
2003 Annual Wind Rose 

 
2004 Annual Wind Rose 

 
2005 Annual Wind Rose 

 
2006 Annual Wind Rose 

 
Total Annual Wind Rose for 2002 - 2006 

 Figure A-7 Annual wind roses for generated data 

 


