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Air Dispersion Modelling of Fugitive Particulate -Waroona Mine 

1 Introduction 

1.1 Background 
 
Iluka Resources Limited (Iluka) are proposing to operate a mineral sands mine just to the north of 
Waroona (see Figure 1.1).  The mine will utilise dry mining techniques to extract mineral sands and 
process this to a heavy metal concentrate (HMC). As the mine location is close to residences, Iluka 
have requested a screening Health Risk Assessment (HRA) for dust and metals.  To this end, this report 
presents the predictions of the Total Suspended Particulate (TSP) and particulate matter below 10 µm 
(PM10) that may result from the mine operations that can be used as input for the HRA.   
 

 
Figure 1.1  Proposed Waroona Mine Location and General Layout 
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2 Meteorology at Waroona 
 
The dispersion of particulate matter from the proposed mine is dependent on the meteorology of the 
area.  This section presents a brief description, primarily of the winds and how they may impact on the 
generation and dispersion of dust from the mine. 

2.1 Meteorology 
 
The meteorology of the foothill region near the Darling scarp has been described previously in reports 
for Alcoa at both the Pinjarra and Wagerup refinery.  These are described in SKM (2003), CSIRO 
(2004a) and Air Assessments (2005). 

Waroona is located on the Swan coastal plain 25 km from the Indian Ocean and to the immediate west 
of the Darling escarpment, approximately 100 km due south of Perth.  The climate of the area is 
Mediterranean with hot dry summers and cool wet winters.   

The winds at Waroona at the base of the scarp are controlled by the synoptic weather patterns and local 
features such as the topography and sea and land breezes.  In the summer the passage of high pressure 
systems to the south generate synoptic easterlies over the region, whilst in the winter months the 
passage of cold fronts and low pressure systems result in more frequent westerly synoptic flows 
between periods of lighter winds.  At the base of the Darling escarpment, topographical features are 
critically important in modifying these larger scale winds.  These topographic features tend to: 

 Generate local very strong winds during summer known as “gully winds” or “foothill winds”; 

 Create rotors or wind reversals near the foothills under easterly winds; 

 Channel or deflect westerly winds near the base of the escarpment along the escarpment; and 

 Create light drainage (katabatic flows) down the escarpment. 

2.1.1 Foothill Winds 
The most pronounced effect of the Darling Escarpment is the generation of very strong easterly winds 
that can occur from early evening to mid early morning, which are most frequent in the summer 
months.  These winds, when they develop, extend from the top of the escarpment to a distance up to 
several to around ten kilometres from its face with the winds being up to a factor of two or more higher 
than occurs elsewhere on the coastal plain.  Hourly averaged wind speeds of 15 m/s (30 knots) are 
commonly recorded in the foothills during the summer months.    
 
As requiring the presence of an inversion in the temperature profile and existing easterly synoptic wind, 
these foothill winds typically occur in summer from early evening to several hours after sunrise.  These 
winds as produced by the escarpment which extends in the north/south direction produce an essentially 
two dimensional wind field.  That is, the winds are primarily determined from the distance from the 
scarp with the N/S variation relatively minor.   
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2.1.2 Development of Rotors  
Rotors are often associated with the “foothill winds”.  A rotor is a region of rotating wind, where the 
wind direction reverses, becoming a westerly in the case of easterly winds.  The presence of rotors in 
the immediate lee of the escarpment under moderate to strong easterly winds has been documented by 
Dames & Moore (1977) at Pinjarra and Pitts and Lyons (1988) at Perth Airport and Pearce.  In the four 
month study by Dames and Moore (1997) at the Pinjarra Refinery, eleven occurrences of rotors were 
identified. 
 
A conceptual diagram of the development of the rotors in the lee of the escarpment is presented in 
Figure 2.1, illustrating the: 

 Region where the wind is in the opposite direction to the general wind flow.  For the easterly winds 
that flow across the escarpment, this typically results in a light to moderate westerly wind at the 
base of the escarpment; and 

 The small area where the winds are light but have an appreciable vertical motion.  If a pollutant 
such as dust or smoke is emitted or entrained in this region it may be carried aloft.  

 

Figure 2.1  Possible processes leading to the development of rotors to the west of the Darling 
Scarp (from SKM, 2003) 
 

2.1.3 Katabatic Drainage Winds 
For conditions with lighter winds at night and clear skies, cooling of the air near the ground surface 
results in the denser, cooler air draining to areas of lower relief.  For areas on the coastal plain, the 
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winds will generally drain down the escarpment with greatest flows occurring out of the valleys.  These 
winds will be light due to the relatively small size of the escarpment. 

2.2 Wind Roses 
Annual and seasonal wind roses for the North Waroona site for 2000/2001 are presented in Figure 2.2 
and Figure 2.3. These clearly indicate that: 
• The strongest winds occur from the east to south east, due to the development of the foothill winds 

in summer and to a lesser extent autumn and spring; 
• The most frequent winds are from the east to south east (occurring primarily in summer, autumn 

and spring) and from the south west (occurring in summer and spring associated with the afternoon 
sea breeze); and 

• There is a relatively low frequency of winds from the west through to the north west. 
  

Nth Waroona 1/7/00 to 30/6/01

N

S

W E

No observations were missing.
Wind flow is FROM the directions shown.
Rings drawn at  5% intervals.
Calms included at center.

8.84

  3.95
  4.30

  3.48

  6.93

  7.88

 11.92

  7.71
  6.07

  6.62

  5.44

 10.08

  5.06

  3.05

  2.76

  2.81

  3.08

Wind Speed  ( Meters Per Second)
0.5 2 4 6 8 10

 

 

Figure 2.2  Annual Wind Rose at Waroona (Data from July 2000 to June 2001) 
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Summer

N

S

W E

No observations were missing.
Rings drawn at  5% intervals.

5.79

  0.42
  0.51

  1.25

  2.18

  6.67

 19.31
 10.65  7.78

 11.30

  8.24

 16.91

  5.47

  1.44

  0.56

  0.74

  0.79

Wind Speed  ( Meters Per Second)
0.5 2 4 6 8 10

Autumn

N

S

W E

No observations were missing.
Rings drawn at  5% intervals.

9.59

  2.71
  3.56

  4.02

  8.47

 12.73

 13.29
  6.83

  6.32
  6.32

  5.24
  7.07

  3.37

  2.53

  2.62

  2.62

  2.71

Wind Speed  ( Meters Per Second)
0.5 2 4 6 8 10

Winter

N

S

W E

No observations were missing.
Rings drawn at  5% intervals.

9.74

  9.65  10.19

  6.25  12.50

  5.48

  4.30

  4.66

  3.58
  3.76

  3.31

  4.94

  4.12

  2.90

  4.03

  4.76

  5.84

Wind Speed  ( Meters Per Second)
0.5 2 4 6 8 10

Spring

N

S

W E

No observations were missing.
Rings drawn at  5% intervals.

10.21

  2.88
  2.84

  2.34

  4.49

  6.78

 10.99

  8.75
  6.64

  5.17
  5.04

 11.49

  7.28

  5.31

  3.80

  3.07

  2.93

Wind Speed  ( Meters Per Second)
0.5 2 4 6 8 10

Figure 2.3  Seasonal Wind Roses at Waroona (Data from July 2000 to June 2001) 
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2.3 Implications for Dust Impacts from the Waroona Mine 
 
The above wind patterns and seasonal nature of rainfall at Waroona has the following implications: 

• Dust impacts will be greatest during the drier summer months from October through to April or 
May.  This is clearly seen in the measured concentrations around the Wagerup Refinery (see 
Air Assessments, 2005); 

• For wind erosion the strong east south easterly winds in summer will potentially generate the 
greatest number of dust events with higher dust levels expected towards the west north west; of 
the mine; and 

• Dust impacts should extend least towards the south due to the lower frequency of northerly 
winds and the coincidence of these with the wetter, less dusty winter months. 
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3 Particulate Criteria and Background Levels 
 

3.1 Criteria 
3.1.1 Dust Deposition 
No formal criterion for dust deposition exists within WA and as such, the New South Wales (NSW) 
criteria for the assessment of dust impacts are often used as part of air quality assessments.  The NSW 
dust deposition criteria are designed to assess incremental impacts of deposited dust, and include 
consideration of existing background levels.  The assessment criteria are based on data obtained from 
extensive surveys in coal mining areas which indicate that the level of concern increases markedly at an 
annual average insoluble deposition rate of around 4 g/m2/mth (NSWSPC, 1988, page S3).  Based on 
this, the current draft NSW assessment criteria (NSW, 2004) set a maximum annual dust deposition rate 
of 4 g/m2/month and a maximum allowable increase in the deposition rate of 2 g/m2/mth, whilst still 
remaining below the limit.  Here dust is assessed as insoluble solids as defined by AS 3580.10.1-1991 
(AM-19). 
 

3.1.2 TSP - Kwinana Environmental Protection Policy - 
The only legislated dust criteria for Western Australia (WA) are those promulgated for the Kwinana 
Environmental Protection Policy (EPP) area, as listed in Table 3.1.  These specify standards and limits 
for Total Suspended Particulate matter (TSP) concentrations within residential areas, an intermediate 
buffer zone area and industrial areas.  In the past the Department of Environment (DoE) has used the 
residential TSP standards and limits as objectives for new industrial developments.  
 
Table 3.1 Total Suspended Particulate Standards and Limits for the Kwinana Policy Area 
(after EPA, 1999) 

Species Area 2 Averaging Period Standard1 (μg/m3) Limit1 (μg/m3) 

Particles A,B,C 15-minute - 1000 
 A 24-hour 150 260 
 B 24-hour 90 260 
 C 24-hour 90 150 

Notes: 
1) All values expressed at 0oC and 101.3 kPa. 
2) Area A: the area of land on which heavy industry is located 

Area B: the area surrounding industry designated as buffer zone, plus other outlying land zoned for industrial use 
Area C: land beyond areas A and B used predominantly for rural and residential purposes. 

 
The 260 and 150 μg/m3 levels applied by the DoE in the Kwinana EPP are derived from the USEPA 
primary and secondary standards.  The primary standard is designed to protect human health, whilst the 
secondary standard is to protect human welfare.  Therefore the 150 μg/m3 residential limit is not based 
on health, but welfare considerations.  In addition, the DoE uses a value of 1000 μg/m3 for a 15-minute 
average limit not to be exceeded for very short term dust events.  This was originally established to 
control nuisance-causing dust from stock holding paddocks.   
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3.1.3 NEPM – PM10 
In 1998 the National Environmental Protection Council introduced a national PM10 standard of 
50 μg/m3 (NEPC, 1998).  This standard allows up to five exceedances per year to accommodate natural 
phenomenon such as dust from forest fires and dust storms.  PM10 refers to particles with aerodynamic 
diameter of less than 10 µm.  The proposed standard is designed to protect human health, as particles 
smaller than PM10 can penetrate the respiratory tract and inflame respiratory disorders.   

This standard is being incorporated in a Statewide EPP within all areas of WA, excluding industrial 
areas and residence free buffer zones.  Once legislated, areas not in compliance will have ten years to 
introduce management programs which enable compliance. 

3.1.4 NEPM - PM2.5 
An ambient air quality goal for PM2.5 of 24 µg/m3 for a 24-hour averaging period and 8µg/m3 for an 
annual average, was introduced into the NEPM during May 2003.  This is an advisory reporting 
standard with a goal to gather sufficient data nationally to facilitate a review of the advisory reporting 
standard as part of the review of this measure scheduled to commence in 2005 (NEPC, 2003). 

3.2 Background Measurements 

3.2.1 Dust Deposition 
 
As part of baseline monitoring for the project, five dust deposition gauges conforming to Australian 
Standard AS3580.10.1 were installed around the site and at nearest neighbours.  This monitoring 
commenced in September 2004 with five months of data available.  Monthly total insoluble dust levels 
have ranged from 0.2 to 2.3 g/m2/mth with an average of 0.81 g/m2/mth.  These dust levels are therefore 
below the annual average insoluble deposition rate of around 4 g/m2/mth level at which concern 
increases markedly (NSWSPCC, 1988). Monthly total solid deposition have ranged from 0.9 to 4.6 
g/m2/mth with an average of 1.91 g/m2/mth. 
 

3.2.2 Particulate Concentration 
Particulate concentrations at the proposed mine locations are not available.  However, background TSP 
and PM10 levels are available for nearby Wagerup as collected by Alcoa.  These are presented in Table 
3.2 from Air Assessments (2005) and are considered to be representative of the area.  These background 
levels were estimated by taking the lowest of the monitored values for each day at nine monitoring sites 
around the Alcoa residue area.  On some days this will result in overestimation of the background 
concentrations as all monitors may be impacted by the refinery operations to some degree.  On the other 
hand as there are small uncertainties/errors in sampling, taking the lowest of a number of samples may 
tend to underestimate the true background.  For example, if all monitors sampled air with a 
concentration of 10 μg/m3, and if there is a variation of the sampler results between 8 to 12 μg/m3 due to 
measurement error, the background will be reported as 8 μg/m3, 2 μg/m3 lower than actual. This error 
will have a minimal impact on peak background levels but will be more significant for determining 
annual average concentrations. 
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The results in Table 3.2 indicate that background TSP at Wagerup are low, below the Kwinana EPP 
standard and limit.  For PM10 there was one day with PM10 values just above the NEPM standard in the 
12 month period, but this is well below the goal of no more than five exceedances per year.   This event 
was considered due to smoke from a bush fire.  As a comparison to the Wagerup PM10 concentrations, 
the PM10 concentrations from the Bluewaters site (5 km NE of Collie) are also presented from SKM 
(2005a).  This shows similar, though slightly higher concentrations than at Wagerup. 
 
Table 3.2  Background Particulate Concentrations at Wagerup 

Statistic  Wagerup 
Background TSP 

Wagerup 
Background PM10

Collie (Bluewaters) 
PM10

Years 4 years 
(2000/2001 - 2003/2004) 

1 year 
(2004) 

3 years 
(2001-2003) 

Maximum 59 - 86 (64) 50.6 73 
# of Exceedances of NEPM 
standard 

NA 1 0.66 (ave for 3 years) 

90th Percentile 23-31 (26.5) 21.8 23.6 

70th Percentile 16-19 (17.8) 15.4 16.0 

Average 13.8 - 17.4 (15.3) 12.1 14.1 
Notes: 

1) Wagerup background TSP concentrations are provided as the range of concentrations and the average (in brackets) 
of the 4 years of data.  The Collie (Bluewaters) maximum is the maximum of the 3 years of data, whilst the other 
statistics are averages. 
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4 Modelling Methodology 
 

4.1 General Overview 
 
To provide predictions from fugitive (uncontrolled) sources due to wind erosion and operations the 
dispersion modelling system Calmet/Calpuff was used.  Calpuff (the Californian Puff model) is the US 
regulatory model for long range dispersion and for areas with complex terrain.  Calpuff is considered 
the best model for modelling dispersion from the fugitive sources as the following issues are considered 
important and can be handled within this modelling system: 
 
1) Releases from large areas or point sources.  Area sources can be modelled as area or volume 

sources within Gaussian plume and Gaussian puff models.  Generally in the past within Australia, 
the Gaussian plume model Ausplume has been used, though Calpuff is now being used more 
frequently as it can better predict dispersion under light wind conditions. 

2) Model dispersion under light wind conditions where the winds may stagnate and meander.  Under 
these conditions Gaussian puff models can better represent the dispersion of the plumes than 
Gaussian plume models, which assume that the plume extends in a straight line to the end of the 
model domain for each hour. 

3) Incorporate variable winds and land uses across the region.  Variable land uses will result in 
different dispersion rates of the plumes as the plumes are blown across them.  For example there 
can be large differences between the dispersion over a forest compared to a grassland or lake; and 

4) Incorporate the effects of terrain.  This can be important in the turning of the low level winds such 
as the blocking of stable airflow by elevated terrain. 

 
Other general modelling issues that need to be addressed are: 
1) Representativeness of the meteorological data period being modelled.   A brief analysis of the 

representativeness of the year is provided in Section 4.5.  
2) Derivation of realistic emission rates for dust and metal as a function of the meteorology and other 

important parameters.  In this study it is considered that this will provide the greatest source of 
uncertainty in the model predictions considered (see Section 6.2) ; and 

3) Determine appropriate size distribution and metals speciation of the dust.  This is described in 
Sections 5.7. 

 

4.2 Development of Meteorological Files 
 

4.2.1 Surface Wind Data 
Meteorological data available for use in modelling include: 
• Observations at North Waroona from Iluka;  
• Observations further south in the Wagerup area by Alcoa including their Bancell road, RDA3 and 

RDA7 sites; and 
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• Predictions by the model TAPM. 
 
The Iluka site, north of Waroona consists of wind speed and direction sensors at 10 m along with air 
temperature, relative humidity, solar radiation and rainfall.  This has been maintained since 1992 to 
assist in determining the meteorology and air dispersion for the area.  The site is situated in a large 
clearing (greater than 100 m to any trees) at the foot of the escarpment, and is the closest of any of 
weather monitoring sites to the scarp.  Data quality is considered good, though with a slight tendency of 
the wind speed sensor to stall in the later years at low wind speeds.  This site has been used in the 
modelling as it is located at the mine and is representative of the local winds in the region.  Other 
meteorological data collected by Alcoa at Wagerup include that from the Bancell road site and the 
residue area (RDA3 and RDA7) meteorological monitoring sites.  This data is generally of good 
quality.  However, because of its distance from the site and as the winds near the escarpment can vary 
significantly on occasions over a matter of kilometres (see Air Assessments, 2005), this data has not 
been used.  TAPM predicted winds though generally showing reasonable agreement can at times also 
be significantly different from local winds and was also discounted. 
 

4.2.2   Upper winds and Temperature 
For the upper wind and temperature profile required in Calmet; data from Perth Airport 100 km to the 
north was used.  This was used to supply the temperature profiles for the prediction of the mixing 
heights and to a lesser degree to supply the winds above several hundred metres above the surface.  For 
the temperature profile data, Air Assessments (2005) found that the use of the Perth Airport data 
provided the better prediction of NOX from the Wagerup tall stacks compared to that using TAPM 
generated profile data, presumably as it provided a better resolution of the surface inversions.    

4.2.3   Cloud Observations 
Cloud observations required by Calmet for the estimation of heat fluxes were obtained from Perth 
Airport observations as this is the nearest site with good quality cloud observations.  Apart from this 
site cloud amounts can be predicted using TAPM or obtained from the twice daily observations taken at 
Harvey (25 km south).  Both these are considered to be of lower quality than from the Perth Airport 
observations.  The use of TAPM predicted clouds would also require TAPM to be run for the 
2000/2001 period which was not considered justified just to obtain predicted cloud amounts. 
 

4.3 Calmet Set Up 
The pre-processor model Calmet (v 5.542) was set up using the following: 
 
• A 36 by 31 grid with SW grid cell centre at 396,900m, 6,364,900m, with 0.2 km horizontal grid 

spacing and with 8 vertical levels.  The 8 vertical levels are specified in Table 4.1; 
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Table 4.1  CALMET Vertical Cell and Wind Weighting Factors  

Cell Number 
Cell Face Height 

(m) 
Cell Centre 

(m) 
Weighting Factor  

(Only for Met file derived from Observations) 
1 20 10 -1.0 

2 50 35 -1.0 

3 100 75 -0.9 

4 150 125 -0.7 

5 250 200 -0.4 

6 400 375 0.0 

7 700 550 0.6 

8 1500 1100 1.0 
 
• Topographical data in GDA94 coordinates from 5 m contour interval data;   
• Weighting factor biases presented in Table 4.1 to weight the observational surface and upper 

winds.  These biases were chosen to rely heavily on the surface observations for the lower 
atmosphere and minimise the effect of the winds from the profile measurements. This was done as 
the winds from either TAPM or from Perth Airport, 100km distant, will at times be quite different 
to the local surface wind observations; 

• Land use types as presented in Table 4.2 and Figure 4.1, derived from satellite photography and 
site visits; 

 
Table 4.2  Landuse, Bowen Ratio and Roughness Lengths used  

Land Use 
Number 

Category Roughness 
length 

(m) 

Bowen Ratio 
Winter 

Bowen Ratio 
Summer 

Bowen Ratio 
Autumn/Spring 

10 Urban or built up 0.5 1.0 1.5 1.5 

-20 Agricultural land   irrigated 0.15 1.0 1.2 1.5 

20 Agricultural land  un-irrigated 0.25 1.0 1.5 3.0 

40 Forrest Land 0.6 1.0 1.2 1.5 

50 Water 0.01 0.0 0.0 0.0 

70 Barren Land - Mine 0.05 1.0 1.5 2.0 
 
• Bowen ratios for use in predicting sensible heat fluxes that varied by time of the year as presented 

in Table 4.2.  In summer a value of 3 and 1.5 was used for agricultural/cleared area and forests 
respectively with a value of 1.0 used for both in winter.  These values were derived to 
approximately match the heat flux measurements over forest and agricultural land in the south west 
as reported in Ray et al (2003); 
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Figure 4.1 Land Use Modelled for the Waroona Area.  The Land use Classification is 
Presented in Table 4.2

 
Figure 4.2 Roughness Length Used for the Waroona Area 
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• Albedo set to a constant of 0.18 for all surfaces for the year; 
• Roughness lengths as detailed in Table 4.2 based on observations of the land uses and the land use 

roughness categories as presented in Ausplume; 
• Use of 0.7 and 1000 for CONSTB and CONSTN respectively, the neutral mechanical and stable 

mixing height constants and a minimum potential temperature lapse rate in the capping inversion of 
0.01 deg K/m; and 

• Radius of influence of surface layer and upper layer observations are as detailed in Table 4.3 for 
the meteorological file developed from surface winds.  The maximum radius of influence was 
specified as small such that the Perth airport winds would have no influence on the derived step 1 
winds. 

 
Table 4.3  CALMET settings for wind field determination 

Parameter Value 
Maximum radius of influence over land in the surface layer (RMAX1) 5 km 

Maximum radius of influence over land aloft (RMAX2)  0.01 km 

Maximum radius of influence over water (RMAX3)  500 km 

Relative weighting of the first guess field and observations in the surface layer (R1)  3 km 

Relative weighting of the first guess field and observations in the layers aloft (R2) 3 km 

Radius of influence of terrain features (TERRAD) 9 km 

 

4.3.1  Resultant Meteorological File and Dispersion Meteorology 
The resultant meteorological file from Calmet consisted of 365 days over the period 1/7/2000 to 
30/06/2001.  Wind roses are presented in Figure 2.2 and Figure 2.3.  The resultant stability class 
distribution using the Turner method of wind speed and cloud cover as used within Calmet is presented 
in Table 4.4. 
 
Table 4.4  CALMET settings for wind field determination 

Stability Class Percentage Pasquill Gifford Stability Class 
A 1.88 

B 11.73 

C 16.17 

D 31.48 

E 8.98 

F 29.50 
 
 
A summary of the meteorological data for is also presented in Appendix A showing the distribution of 
wind speed and direction, stability class and mixing heights.  
 

4.4 Calpuff Model Setup 
 
For this study, Calpuff (v5.714) has been used as follows: 
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• Concentrations were predicted on a 200m grid, of 36 by 31 grid points (7 by 6km), with the SW 
grid cell centre at 397,000 m E (GDA94), 6,365,000 m N and NW centre at 404,000 m E, 
6,371,000 m N; 

• Meteorological file using the 3 dimensional wind and turbulence fields generated by Calmet; 
• Calm wind speeds defined as less than 0.5 m/s; 
• Dispersion estimates using the Pasquill Gifford dispersion curves with roughness length 

adjustment.   This was used as Pasquill Gifford curves are accepted by most regulators for surface 
dispersion and have more acceptance than the alternative micro-meteorological dispersion 
algorithms even though these are recommended by Scire (2003) as being theoretically sounder; 

• Modelling of fugitive area sources using the variable area source within Calmet.  This requires 
coordinates of the vertices of the area, an initial vertical dispersion, source height and allows for 
plume rise from a source of finite diameter and initial temperature and exit velocity.  For these the 
temperature was set to the ambient temperature, with exit velocity and diameter set to 0.000001 m/s 
and 0.000001 m respectively such that the plume rise would be negligible and not influence 
dispersion. The value for initial vertical standard deviation of the plume from an area source was 
equal to the dispersion that would occur for the plume travelling half the distance across the area 
based on the Pasquill Gifford dispersion curves and the stability at the time.  Initial plume heights 
for the wind erosion sources were set 1m above the surface, excepting the  heavy metal concentrate 
stockpiles at 3 m above the surface; 

• For operational sources, the initial plume heights were set between 2.5 and 4 m above the surface 
depending on the source, with horizontal dimensions of the source set to the area where that piece 
of equipment was operating; and 

• Calpuff terrain adjustment scheme.  This is considered to be the most appropriate scheme for plume 
impacts on elevated terrain, though for the near surface releases modelled here it will have 
negligible effect on the predicted concentrations. 

 

4.5 Representativeness of Modelled Year (2000/2001) 
 
To determine the representativeness of the 12 month period modelled (2000/2001), four years of 
weather data available from the Waroona site from 1999/2000 to 2002/2003 have been plotted in 
Figure 4.3 along with the average of the four years.  This shows that 2000/2001 was reasonably 
representative in terms of the wind directions.  Other years, such as 1999/2000 had a higher frequency 
of easterly winds and lower frequency of south westerlies than the average, whilst 2002/2003 had a 
lower frequency of easterlies and higher frequency of northerlies than the average.   
 
Figure 4.4 presents the frequency of strong winds which shows the predominance of strong easterlies at 
the base of the scarp.  Figure 4.4 indicates that the 12 month period 2000/2001 is representative for the 
strong easterlies, but has a higher than average frequency of south easterlies. 
 
In terms of implications for predicted dust concentrations, the 12 month selected should therefore be 
reasonably representative, and perhaps slightly over-predict the concentrations from wind erosion to the 
north west of the site. 
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Figure 4.3  Probability distribution of 10-m wind directions from Waroona for the years 
1999/2000 to 2002/2003 
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Figure 4.4  Probability distribution of 10-m wind directions from Waroona for the years 
1999/2000 to 2002/2003 for wind speeds greater than 8 m/s   
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5 Fugitive Dust Emissions  
 

5.1 Overview of Operations and Choice of Modelling Period 
 
The Waroona site is planned to be mined from mid 2006 through to early 2010.  Mine preparation 
work, stripping of top soil and overburden and the creation of bunds is planned to start in May 2006 
before mining of the ore.  The final revegetation of the remaining disturbed areas is expected to be 
complete by mid 2011.  During the operation of the mine only a small area will be mined at any one 
time.  Topsoil and overburden will be removed by scrapers in the preceding months to mining, with 
mining of the ore undertaken by excavators loading haul trucks for delivery to the stockpiles near the 
screens hopper.  The area once mined is then backfilled with overburden that is being stripped by the 
scrapers and from the coarse tailings from the heavy metals concentrator.  The coarse tailings will be 
piped to the mine void in a slurry form.  Fine tailings (clays) from the heavy metal concentrators will be 
piped to the solar drying areas where the water is evaporated forming a crusted surface.     
 
The sequence of the tonnages moved and operations at the mine are presented in Figure 5.1. 
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Figure 5.1  Schedule of Mine Operation 

 
Figure 5.1 indicates that in 2006 there will be an initial relatively large movement of the top soil and 
overburden with construction of bunds etc, with gradual ramp up to full production of heavy mineral 
concentrate (HMC) by 2007.  For this modelling assessment, one 12 month period (July 2007 to June 
2008) has been modelled to determine indicative particulate concentrations from the operations.  This 
period has been selected as: 
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• It is reasonably representative in terms of activities, i.e. tonnages mined; and 
• It is the period when the mining activities are focussed towards the south end of the mine 

nearest Waroona.  Mining in the initial year is primarily in the east pit and in late 2009 onwards 
is in the north east pit (see Figure 1.1). 

 

5.2 Sources of Particulate Matter 
 
Sources of fugitive particulate matter from the dry mineral sand mining operations occur from: 
 

• Dust released from operational activities such as from machinery including haul trucks and 
scrapers to move the ore and overburden, front end loaders, excavators, bull dozers and graders;  

• Wind erosion under high wind speeds; and 

• Particulate matter from vehicle exhausts.  Particulate matter from vehicle exhausts has been 
neglected in this study as it is potentially a much smaller source than from fugitive dust and 
secondly as the aim of this project is to determine particulate metal concentrations. 

5.3 Dust from Operational Activities  
 
The operations at the mine that will emit dust include the following: 
 

• Movement of top soil and overburden using scrapers.  These will operate at various times of the 
year with movement of overburden occurring for most of the year, whilst topsoil removal will 
occur only in the winter months.  Dust generation from these activities is minimised by 
scheduling where possible operations to the wetter winter months, minimising the run distance 
by using the overburden to back fill areas just mined and use of use of well maintained haul 
roads; 

• Movement of the ore.  This will be involve one excavator that will load a fleet of three haul 
trucks that will move the ore via haul roads to a stockpile near the feed hopper.  This ore will 
then be loaded into the hopper by a front end loader (FEL) which will operate 24-hours a day 
seven days a week; 

• Use of a bulldozer for activities in building drying beds etc; 
• Use of a grader to maintain the roads;  
• Trucking of heavy metal concentrate from stockpiles.  This involves periodic use of a front end 

loader to load road trains; and 
• Light vehicle movement. 
 

Details of the hours of operation and vehicle weights if required in particulate matter calculations are 
presented in Table 5.1. 
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Table 5.1 Operational Data for the Mine 

Source # 
Hours 

per 
week 

Days 
per 

week 

Months 
per year 

Total Hours 
for all 

Vehicles/Year 

Vehicle 
Weight 
Empty 
(tonne) 

Max 
Payload 
(tonne) 

Average 
Weight 
(tonne) 

Bull Dozer 1 29 6 12 1512 NA NA NA 

Scraper 
Topsoil  

2 54 6 2 (June, 
July) 

939 45 30 57 

Scraper 
Overburden 

4 54 6 8 excluding 
Jul, Nov, 

Dec & Jan) 

7509 70 46 88.4 

Excavator 
(truck 
loading) 

1 52 6 12 2711 NA NA NA 

FEL 
(loading 
hopper) 

1 154 7 12 8030 NA NA NA 

Grader 
Operation 

1 43 90 12 645 NA NA NA 

Dump 
Truck 

3 52 6 12 8134 64 91 100.4 

Notes: 
1) Average weight has been assumed based on the average of the vehicle loaded and unloaded with a 80% 

payload capacity. 

 

Estimated vehicle kilometres travelled by the scrapers and the haul trucks and the implied average 
vehicle speeds are presented in Table 5.2.  This estimate has been based on the maximum tonnages to 
be shifted per week, assuming the scrapers and trucks are only loaded to 80% of their capacity and on a 
typical maximum trip length from the site plans.  The resultant average vehicle speeds are noted to be 
low and implies that the vehicle speeds when moving are low (see Table 5.2) and/or that there are 
significant periods where the haul trucks are stopped to be loaded or dumping or that the scrapers are 
travelling slowly picking up and putting down the ore.  
 
Table 5.2  Estimated Vehicle Kilometres Travelled per year for the Scrapers and Haul Trucks 

Source 

Max 
Tonnage 
Shifted 

per Week 
(tonnes) 

Hours 
per week 

Tonnage/
hr 

(tph) 

Number 
of trips 

required 
per hour 

Distance 
of trip 

one way 
(m) 

Distance 
Travelled 
(VKT/hr) 

 

VKT/yr 
(km) 

Ave 
Speed 

per 
Vehicle  
(km/hr) 

Scraper 
Topsoil  10,726 52 206.3 8.6 450 7.73 3,486 3.87 

Scraper 
Overburden 19,306 52 371.3 10.1 450 9.08 16,369 2.27 

Dump Truck 59,613 52 1,146.4 15.7 800 25.20 68,129 8.40 
Notes: 

1) Max tonnages derived from max monthly tonnages for a 31 day month with 4.43 weeks in the month. 

2) Distance taken from estimated typical maximum trip lengths. 

3) Average speed based on assuming 75% of equipment are operational in that hour 

 

 

Waroona_dust_June14.doc  Page 22  Air Assessments 



Air Dispersion Modelling of Fugitive Particulate -Waroona Mine  
 

5.3.1 Scraper and Haul Truck Emissions 
Emissions from scrapers in the National Pollutant Inventory (NPI) Mining Manual (Environment 
Australia, 2001) are provided for a scraper in travel mode and are based solely on the gross weight of 
the vehicle and the silt content of the road according to: 
 

E10 = 1.32 x 10 -6 s 1.4 W 2.5   (kg/VKT)    (Eq 5.1) 

Where: 

s = silt content (%); 

W = vehicle gross mass in tonne; and 

VKT = Vehicle Kilometres travelled. 

 

The NPI equation is from the USEPA AP-42 and is based on scraper studies at coal mines.  At 
Waroona, scrapers will primarily be travelling on haul roads from the pick up to put down area, with the 
haul roads controlled by water trucks with the roads possibly improved by adding clay fines or other 
dust suppressants to the water to aid dust control (Iluka, 2005a).  Therefore, for the haul roads the 
scraper emissions will be better characterised by emissions for haul roads as per the current NPI vehicle 
equation or the new USEPA haul road equation.  The new USEPA has been recommended to replace 
the current NPI equation (SKM, 2005b).  The current NPI equation is listed below: 

E10 = k (s/12) 0.8  (W/2.7) 0.4  (M/0.2) -0.3  (kg/VKT)   Eq 5.2 

 

Where: 

k = is a coefficient dependent on the particle size; and 

M = moisture content (%). 

 

The new USEPA equation (USEPA, 2003) for vehicles travelling on unpaved surfaces at industrial sites 
is:   

E10   =  0.423 (s/12) 0.9 (W/2.7) 0.45  (kg/VKT)    Eq 5.3 

 

It is seen (see Table 5.3) that the new equation is slightly more conservative than the old USEPA 
(current NPI) equation and that the general vehicle equations predict higher emissions from the smaller 
scrapers and lower emissions from the larger scraper than the specific scraper equation.  As the scrapers 
will travel primarily on the haul road with lower distances on the area being removed, the scraper 
emissions have been estimated assuming 25% of the VKTs are from uncontrolled roads using the 
scraper equation, with 75% of the VKTs when travelling on the controlled haul roads using the new 
USEPA equation.  As the haul roads are well maintained with water cart and additives to suppress dust, 
a control factor of 75% for these have been assumed, based on the higher control factor of the two NPI 
control factors.  The resultant emissions (Table 5.3), therefore indicate that the overall scraper emission 
factor will be slightly higher than that from the haul trucks. 
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Table 5.3 Emissions of PM10 per VKT for scrapers and haul trucks 

Source 
Moisture 
Content 

(%) 

Silt 
Content 

(%) 

Average 
Weight 
(tonne) 

NPI Scraper 
Equation 
(Uncon.) 
(kg/VKT) 

New USEPA 
Vehicle 

Equation 
 (Uncon.) 
(kg/VKT) 

New USEPA 
Vehicle 

Equation 
(Uncon.) 
(kg/VKT) 

NPI Vehicle 
Equation 

(Controlled) 
(kg/VKT) 

Topsoil scraper       
On Topsoil 1 17.2 57 1.74 2.04 2.31 NA 
On Haul road 1 6.2 57 0.42 0.90 0.92 0.23 

       
Weighted 

0.53 
Overburden scraper       

On overburden 1 12.55 88.4 3.35 1.89 2.12 NA 
On Haul road 1 6.2 88.4 1.25 1.08 1.12 0.28 

       
Weighted 

0.89 
Haul Truck on 
Haul Road 1 6.2 100.4 NA 1.13 1.19 0.30 
Notes: 

1) Weighted scraper emissions are based on 20% of the VKTs occurring on topsoil or over-burden with the 
emissions estimated using the NPI scraper equation, with the remaining 80% of VKTs occurring on haul 
roads with the emissions estimated using the new USEPA vehicle equation and 75% dust control due to 
frequent road watering. 

2) Uncon. Is uncontrolled. i.e. no dust suppression on the roads. 

 

5.3.2 Bulldozers, FELs and Truck Dumping 
Emissions from bulldozers were estimated using the following NPI equation and the estimate of the silt 
and moisture contents of the materials as provided by Iluka (2005b): 

 

E10 = 0.34 s 1.5 M -1.4      (kg/hr)   (Eq 5.4) 

Emissions from the front end loaders and excavator are based on the NPI batch drop equation of: 

E10   = 0.35 (0.0016) (U/2.2)1.3  (M/2)-1.4  (kg/tonne)  (Eq 5.5) 

Where  

U = mean wind speed (m/s) 

M = material moisture content (%) 

This equation has been noted in studies to under-predict emissions in Australian conditions (SKM, 
2005b) and has been recommended for review and replacement.  For a mean wind of 3.4 m/s (average 
wind speed at Waroona) and a moisture content of 5%, the above equation gives PM10 emissions of 
0.00029 kg/tonne.  This is noted is much lower than the NPI defaults for excavators or front end loaders 
working on coal overburden of 0.012 kg/tonne and for trucks dumping overburden of 0.0043 kg/tonne.  
To provide somewhat more realistic emissions than the NPI equation, a relatively low moisture content 
of 2% was used which gives emissions of 0.0011 kg/tonnne. 
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5.3.3 Resultant Operational Emissions 
The resultant PM10 emissions from the various sources are summarised in Table 5.4.  It is noted that 
this excludes light vehicle movement and the onsite component of cartage of the heavy metal 
concentrations from the site.  These are both considered to be smaller in comparisons to the above 
sources as they will have much lower VKTs than the scrapers and haul trucks.  

Table 5.4 PM10 Emissions from Mine Operations 

Emission Factors 

Source 
Moisture 
Content 

(%) 

Silt 
Content 

(%) 
PM10  

(kg/hr) 
PM10   

(kg/VKT) 
PM10   

(kg/tonne) 

PM10

Emissions 
 (g/s) 

PM10

Emissions 
 (kg/year) 

Bulldozers 5 13.8 1.83 NA NA 0.51 2,760 

Scraper Topsoil NA 17.2 NA 0.53 NA 1.14 1,854 

Scraper Overburden NA 12.55 NA 0.89 NA 2.26 14,634 

Excavator 2 NA NA NA 0.0011 0.34 3,281 

Haul Trucks 10 6.2 NA 0.30 NA 2.08 20,238 

Haul truck dumping 2 NA NA NA 0.0011 0.34 3,281 

FEL to hopper 2 NA NA NA 0.0011 0.34 9,717 

Grader NA 6.2 NA 0.34 NA 0.94 7,602 

Total      7.94 63,367 

Notes: 
1) Moisture and silt contents from Iluka (2005b) except for the moisture contents for the excavator, haul truck 

dumping and FEL to hopper where a low value of 2% has been conservatively adopted to provide more 
realistic emission estimates. 

5.4 Wind Erosion  
 

Annual dust emissions from wind erosion have been estimated according to the recommended National 
Pollutant Inventory (NPI) equation.  This equation parameterises emissions of total suspended 
particulate (TSP) as follows: 

ETSP = 1.9 (s/15)365(365-p)/(235) (f/15)   (kg/ha/hr)  (Eq 5.6) 

Where   s = silt content (%); 

p = number of days when rainfall is greater than (0.25 mm); and 

f = percentage of time that wind speed is greater than 5.4 m/s at the mean height of the 
stockpile. 

 

PM10 emissions are estimated as 50% of the TSP emissions.   

 

This empirical equation was developed from limited measurements around coal stockpiles in the US 
and is considered approximate.  As a default for Australian conditions, the NPI provides a PM10 value 
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of 0.2 kg/ha/hr as derived using the equation for uncontrolled, bare surface, the meteorology of the 
Hunter valley and a typical Hunter valley coal silt content (SKM, 2005b).   

5.4.1 Modification of NPI Annual Emissions to an Hourly Basis 
For modelling particulate concentrations, instead of annual average emissions, emissions that vary on 
an hourly basis due to the controlling factors of the wind speed and rainfall are required.  To 
realistically apportion the emissions by wind speed, the general formulae for wind generated dust after 
Shao et al (1996) has been used where: 

 
PM10 = k [WS 3 x (1 – (WST

2)/WS 2)],    WS> WST  (g/m2/s)  (Eq. 5.7) 

 PM10 (g/m2/s) = 0,    WS < WST

Where k is a constant. 

This equation therefore has a lower threshold, below which there is no wind erosion, with the wind 
erosion increasing rapidly above this threshold value. 

For rainfall, instead of the NPI annual reduction factor, an hourly factor was developed that varies from 
zero reduction of the dust emissions in dry conditions, to nearly 100% reduction if rainfall occurs in that 
hour.  For the modelling performed in this report, a scheme that approximates that used in RWEQ 
(Fryrear et al, 1998) was used that defines a soil wetness factor that can vary between 0.075 and 1. 
 

SW = maximum (0.075, R - 1.5 x Evap)    (Eq 5.8) 
Where 
SW =  the soil wetness which was limited a lower value of 0.075 to allow some dust generation for 

hours with light rain and very strong winds; 
R  = the rainfall for that hour and the residual rainfall that has not evaporated; and  
Evap = the evaporation rate for that hour determined from the monthly daily average evaporation rate 

divided by 24.  A value of 1.5 of the evaporation amount was used to allow for infiltration as 
well as evaporation. 

 
This scheme therefore limits the dust potential for periods when there is rainfall until a time when this 
water has been evaporated from the surface.  It is noted that the method is an approximation, but it is 
considered acceptable given the complexity of other factors not considered including crust formation.  
If a crust is formed (which depend on the soil properties and the amount of rain), it will remain non-
erodible until it is disturbed.  Therefore, the actual erosion potential is dependent on quite a few 
parameters such as the rainfall, crusting ability of the material and the disturbance frequency of the 
area.   
 

In this study a threshold of 6 m/s was selected for equation 5.7 based on experience from other sites 
with sandy and clayey material, with the value of K selected to provide an annual estimate in agreement 
with that estimated using the NPI equation.  That is, the K value was fitted to provide the same annual 
estimate from the hourly data and the equation of Shao and the annual NPI equation.  
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For estimates of the hourly soil wetness factor, hourly rainfall data from the Waroona meteorological 
station were used along with monthly evaporation data from Wokalup (just South of Harvey).  This 
resulted in an annual average soil wetness factor of 0.66.  This is comparable to the annual average 
reduction of 0.71 determined using the rainfall factor in equation 5.6 based on 104 annual rainfall days 
greater than 0.25 mm for Waroona.  

5.4.2 Estimated PM10 Emissions from Wind Erosion 
Table 5.5 presents the uncontrolled emissions for the various dry surfaces using the NPI equation 
(equation 5.7), with frequency of winds greater than the NPI equation threshold limit of 5.4 m/s of 19% 
based on the Waroona weather station observations.  The resultant predicted emissions range from 
0.016 kg/ha/hr from the heavy metal concentrate (HMC) stockpiles, which have a very low silt content, 
to 1.142 kg/ha/hr for the ore which has a silt content of 22.03%. 
 

Table 5.5  PM10 Emissions from Wind Erosion  

Source 
Silt 

Content 

(%) 

Exposed 
Area 

(ha) 

Uncontrolled 
Emission 

Factor 
(kg/ha/hr) 

Dust Control 
method 

Dust Control 
Effectiveness 

(%) 

Controlled 
Emission 

Factor 
(kg/ha/hr) 

Annual 
Emission 
(kg/yr) 

HMC 
stockpiles 0.3 0.765 0.016 Sprinklers 50 0.005 34 

Ore 22.03 4.7 1.142 Ore is generally 
damp 75 0.377 7,758 

Overburden / 
Interburden 
(Sand/Clay) 

12.55 12.8921 0.651 Generally damp 75 0.215 12,122 

Topsoil 17.2 0.3 0.892 

Hydromulch/Veget
ation/Sprayed with 

water cart as 
needed 

95 0.029 77 

Drying Pond 
North 20 50 1.037 95 0.034 14,984 

Drying Pond 
East 20 14.225 1.037 

Generally covered 
by water or 

forming a hard 
crust 95 0.034 4,263 

Tails Area 3.4 4.0 0.176 
Sprayed with clay 

when truck is 
available. 

25 0.087 3,057 

Plant area 10.03 13.8919 0.520 Water cart 75 0.086 10,439 

Roads 10.03 15.1655 0.520 Water cart 75 0.086 11,396 

Total  115.9     64,131 

Notes: 
1) Controlled emission factor is the product of dust control effectiveness and the natural control due to rainfall. 

2) Silt contents from Iluka (2005b) 

3) Areas estimated from site plans for the 2007/2008 financial year 

 

Table 5.5 also presents the emissions from controlled surfaces, which are the uncontrolled emissions 
multiplied by the control factors listed and the average rainfall control factor of 0.66. The control 
factors were based on: 
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• Factors determined by Iluka and as used in their NPI reporting, though most have been revised 
downwards (less control); 

• Control factors of 75% for the ore and overburden.  This, in part, reflects that around half this area 
may be exposed at any time with an actual control of 50% given for a generally moist ore; and 

• Roads and plant areas based at 75% to take into account the frequency of road watering. 

5.5 Predicted Emission 
 
Table 5.6 presents a summary of the estimated emissions from the Waroona mine.  This indicates that 
maximum emissions are predicted from the wind erosion sources.  On an annual basis, wind erosion is 
still the largest source although there is an increased contribution from the operational activities.  The 
wind erosion estimates in Table 5.6 are around 30% higher than estimated on an annual basis in Table 
5.5 as the soil wetness value was evaluated on an hourly basis and multiplied by the uncontrolled 
emission on an hourly basis.  This gives a different value than multiplying the annual average 
uncontrolled emission by the annual average soil wetness factor. 
 
It is noted that Table 5.6 presents the emissions which do not necessarily correspond to impacts, as 
particulate from wind erosion is emitted under generally good dispersive conditions whilst emissions 
from operations can be emitted under poor dispersive conditions and therefore have a much greater 
impact on ambient concentrations. 
 
Table 5.6 Estimated PM10 Emissions from the Waroona Mine 

Source Units Scrapers Ore Movement 
Excavator, Haul 
trucks and FEL 

Dozer and 
Grader 

Wind Erosion Total 

Maximum g/s 3.40 3.10 1.45 106.22 113.03 

99 Percentile g/s 3.40 3.10 1.45 49.28 51.16 

95 Percentile g/s 2.26 3.10 1.45 21.14 23.41 

90 Percentile g/s 2.26 3.10 1.45 4.85 7.95 

70 percentile g/s 0.00 3.10 0.94 0.00 6.30 

Average g/s 0.54 1.20 0.33 2.66 4.73 

Minimum g/s 0.0 0.0 0.0 0.0 0.0 

Annual tpa 17 38 10 84 149 
 
For comparison to the above emissions, predicted emissions from the Wagerup refinery fugitive 
emissions were estimated at 436 tpa (Air Assesments, 2005) which is 2.9 times greater 

5.6 Other Particulate Sources 
 
Other sources of particulate in the area are:  

• Smoke from bush fires and burning off and wood smoke from solid fuel burning within 
Waroona.  Smoke from bush fires is considered to lead to the highest concentrations within the 
region with the highest level measured at Waroona ascribed to such events (see Section 3.2); 

• Agricultural activities, notably tillage and wind erosion from open areas.  These can be a 
significant local sources on occasions; 
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• Other mining activities such as from the Alcoa Wagerup operations.  These have investigated in 
Air Assessments (2005) with predicted contribution to concentrations in Waroona of 1.5 to 2.6 
µg/m3 for the second highest 24-hour PM10 level and 0.13 µg/m3 for the annual average 
concentration; and 

• Dust from traffic on unsealed roads in the farmlands around as well as in the general area and 
particulate matter from combustion sources such as vehicles. 

 
These are neglected in the assessment, but in part will be resolved in background particulate levels as 
presented in Section Table 3.2. 

5.7 Particulate Size Distributions 

To model PM10 and TSP concentrations, particle size distributions are needed such that the percentage 
of the particles in various sizes and the resultant fallout can be estimated within the model.  For this 
assessment, to simplify the estimates, one particle size distribution for the various sources has been 
used based on the wind erosion and material drop particle size distributions.  This composite size 
distribution and the particle size distributions it is based on are presented in Table 5.7.     

Table 5.7  Particle Size Distributions 

Source <2.5 
µm 

2.5-5.0 
µm 

5.0-10.0 
µm 

10-15 
µm 

15-30 
µm 

30-50 
µm 

50-90 
µm 

90-150 
µm 

Expressed as <30µm        

USEPA Wind erosion 20 30 10 40    

         

Expressed as Full TSP         
USEPA wind  converted 
to<50µm 14.8 11.1 11.1 7.4 29.6 26 

USEPA Batch/Continuous Drop 11 9 15 13 26 24 
SPCC Operations Iso-kinetic 
Sampler 4 9 17 11 22 17 13 7 

SKM (1997) Pinjarra - Wind 
erosion 15 8 11 9 22 15 13 8 

SKM (1997) Pinjarra - Vehicle  18 9 12 12 27 13 7 2 

         

Adopted This Assessment 15 9 12 11 24 14 10 5 
Notes  

1) USEPA TSP percentages were estimated from the PM30 based on 74% of wind erosion material and 76% of 
batch drop dust is below PM30. 

2) Percentage may not tally to 100% due to rounding 
 

 
In the modelling, the emissions for the various size categories were obtained by multiplying the PM10 
emission as obtained in Section 5.3 and 5.4 by the proportion of particulate in a given size fraction to 
that below 10 µm.  For example the PM2.5 emissions were estimated by multiplying the PM10 emissions 
by 15/36 (0.42).  Particulate greater than 50µm, which comprised 15% of the total particulate, was 
grouped as one fraction with a mean particle size of 67 µm.  
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6 Predicted Concentrations 
 
The predicted ambient dust concentrations using the annual meteorological file are depicted graphically 
as follows: 
• Figure 6.1 Maximum 24-hour PM10 concentrations; 

• Figure 6.2  Fifth highest 24-hour PM10 concentrations; 

• Figure 6.3  Maximum 24-hour TSP concentrations; 

• Figure 6.4  Fifth highest 24-hour TSP concentrations; and 

• Figure 6.5 Annual Average 24-hour TSP concentrations. 

The predicted concentrations for the 12 month period including background values are also tabulated at 
the 14 nearest residential receptors in the various directions from the mine in Table 6.1. 

Table 6.1  Predicted Concentrations (µg/m3) at Nearby Residences from the Waroona Mine 

Receptor No. Source Criteria 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Max 

Mine Contribution alone             

PM10                 

Max 24-hour NA 14 24 18 12 18 26 30 42 55 70 34 7 4 4 72 

5th 24-hour NA 10 12 9 9 12 19 20 30 47 48 19 5 3 3 48 

TSP                 

Max 24-hour NA 35 58 40 27 40 50 52 90 110 110 49 10 7 6 110 

5th 24-hour NA 20 30 20 19 29 33 34 51 90 93 28 8 5 4 93 

Annual NA 4.5 4.9 3.2 2.5 4.9 6.5 6.5 8.5 14 16 4.2 0.9 0.9 0.7 16 

With Inclusion of Background Concentrations             

PM10                 
Max 24-hour 50 36 46 40 34 40 48 52 64 77 92 56 29 26 26 92 
5th 24-hour 50 32 34 31 31 34 41 42 52 69 70 41 27 25 25 70 

TSP                 
Max 24-hour 90 62 85 67 54 67 77 79 117 137 137 76 37 34 33 137 
5th 24-hour 90 47 57 47 46 56 60 61 78 117 120 55 35 32 31 120 
Annual NA 20 20 19 18 20 22 22 24 29 31 20 16 16 16 31 
Note:  Values exceeding the standards are bolded and shaded. 
 
Concentrations including background values have also been summarised in Table 6.1.  Background 24-
hour values of PM10 and TSP have been incorporated by using the 90th percentile background 
concentrations of 21.8 and 26.5 µg/m3 as determined at Wagerup (see Table 3.2 ). This approach is 
adopted as a conservative measure. The Victorian EPA (Victoria Government Gazette, 2001) 
recommend the use of a 70th percentile background value whilst the draft NSW approved methods for 
modelling (NSW, 2004) recommends the use of the maximum levels for a screening level assessment 
and for more rigorous assessments, adding monitored daily values to the predicted value for that day.  
This more rigorous and accurate method could be attempted using the Wagerup data, but would require 
additional work to obtain and process the background data for the correct period.  As such, the approach 
of using the 90th percentiles has been adopted.  This approach has been adopted elsewhere as in the 
modelling for the Roe highway stage 7 extension (CSIRO, 2004b).   
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Figure 6.1  Predicted Maximum 24-hour PM10 Concentrations (µg/m3) from the Proposed 
Mine 

 
Figure 6.2  Predicted fifth highest 24-hour PM10 Concentrations (µg/m3) from the Proposed 
Mine 
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Figure 6.3  Predicted Maximum 24-hour TSP Concentrations (µg/m3) from the Proposed Mine 

 
Figure 6.4  Predicted fifth highest 24-hour TSP Concentrations (µg/m3) from the Proposed 
Mine 
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Figure 6.5  Predicted Annual Average 24-hour TSP Concentrations (µg/m3) from the Proposed 
Mine 

The predicted annual average concentrations in Table 6.1 include average background PM10 and TSP 
concentrations of 12.1 and 15.3 µg/m3 respectively. 
 
The results (Table 6.1) including background concentrations indicate that residences 7 to 11 to the 
south of the mine may have cumulative concentrations above the PM10 standard and residences 8 to 10 
above the Kwinana EPP residential TSP standard.   
 
It is stressed that the predicted concentrations are indicative only.  It is more appropriate, in view of the 
limitations and assumptions underlying the emissions estimates, to review the areas where high 
concentrations may arise and highlight the need for a comprehensive dust management plan including 
feedback mechanisms including monitoring to ensure dust impacts are minimised.  It is not considered 
that the limitations in the emission estimates mitigate against being able to refine the model predictions 
to provide more accuracy. 

6.1 Conditions Leading to Maximum Offsite Concentrations 
 
Analysis of the conditions that lead to the highest concentrations offsite indicate that these 
concentrations to the west north west are due to high wind events and wind erosion.  The higher 
concentrations to the south are due to operational activities associated with the moving of ore.  
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6.2 Uncertainty in the Predictions 
 
As indicated previously, the predicted concentrations in this report have a degree of uncertainty.  The 
main areas of uncertainty in this study arise from the: 

1. Representivity of the meteorological data across the modelling domain; 
2. Representativeness of the meteorological period for modelling; 
3. Accuracy of the emission estimates; 
4. Accuracy of the modelling system; and 
5. Accuracy in modelling particle dispersion and deposition. 
 

Of these, it is considered the major uncertainty arises in estimating the emission estimates (point 3). 
This is considered due to the approximate nature of emission estimate equations and the number of 
parameters than can reflect actual emissions.  As such in the assessment a conservative approach has 
been taken in terms of the areas assumed bare and in the control factors.  In the majority of the 
estimates the control factors have been assumed less than Iluka uses in the standard NPI reporting.  
 
For point 1 it is considered that the meteorological station will be representative of the winds that the 
local region experiences.  This is due to the station being sited at the mine and that the modelling is 
only for a small area with most interest being within 1 km of the mine.  It is noted that over a few 
kilometres near the scarp, the winds can at times change markedly in direction and wind speed, as 
discussed for the Wagerup refinery assessment in Air Assessments (2005). 
 
Point 2 has been covered in Section 4.5 where it is considered that 2000/2001 will have had reasonably 
representative winds and may even tend to slightly over-predict the concentrations to the north west of 
the site. 
  
Point 4.  The modelling system is based on a standard model used throughout the world, which has been 
verified on numerous occasions and used previously at Wagerup to predict the NOX concentrations 
from the refinery  (SKM, 2002a) and for the fugitive dust assessment (Air Assessments, 2005).  
 
Point 5.    Deposition of dust and its depletion with distance were considered using the standard 
methodology within Calpuff.  Wet deposition due to rain events was neglected as this will be a small 
effect, with dust events occurring primarily in dry weather as accounted for in the emissions.  As such, 
these effects are considered to have been appropriately modelled, incorporating conservative 
assumptions in areas of minor uncertainty. 
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7 Conclusions 
 
This report presents an assessment of likely ground level concentrations of PM10 and TSP from Iluka’s 
proposed mine to the north of Waroona.   Concentration estimates have been derived using; 

• 12 months of on-site meteorological data for the period 1 July 2000 to 30 June 2001; 
• Emission estimates of particulate from the mine operations and wind erosion which have been 

based on mine plans, expected tonnages to be mined and emission factors from the NPI Mining 
Manual;  

• Utilised what is considered to be the worst case period of mining when the mining is at the 
southern area nearest the Waroona residences (the financial year 2007/2008); and 

• The dispersion model Calpuff. 
 
The results from the modelling indicate that the highest 24-hour concentrations at nearest residences 
will occur to the south of the mine and are due to the dust generated from activities involving moving 
the overburden and ore.  The concentrations at the nearest residences were predicted to be above the 
PM10 and TSP standards adopted for the project.  High concentrations also extend to the west-north-
west from the mine, which are generated due to the strong easterly winds in summer.  Predicted impacts 
in this direction however, will be less due to the much greater distance to residences in this direction.  
 
It is noted that the modelling has a degree of uncertainty, due primarily to the difficulty in estimating 
fugitive emissions.  As such, more reliance should be made on the distribution of modelled 
concentration contours rather than the absolute values predicted.  Therefore, it is considered that the 
report highlights the areas where highest concentrations may occur and highlights the need for a 
comprehensive dust management plan and monitoring to ensure that acceptable dust levels are 
maintained.  
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Appendix A  Waroona Meteorological File Statistics 
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Stability Classes  
  
             A      B     C     D     E     F  Total 
 Number     165  1030  1420  2765   789  2591  8760 
 Percent   1.88 11.76 16.21 31.56  9.01 29.58 
  
  
  Stability Class by Wind direction 
       A     B     C     D     E     F 
 N    0.21  1.19  1.82  1.84  0.90  3.03 
 NE   0.16  0.82  1.27  1.95  0.89  3.57 
 E    0.17  1.24  2.73 12.23  1.91  4.32 
 SE   0.29  2.09  2.73  5.54  2.43  7.05 
 S    0.22  1.58  1.78  1.60  1.22  7.03 
 SW   0.39  2.32  3.15  5.08  1.19  2.83 
 W    0.26  1.24  1.38  1.77  0.22  0.81 
 NW   0.19  1.28  1.36  1.56  0.25  0.94 
  
Stability Class by Hour of Day 
Hour    A    B    C    D    E    F 
 1      0    0    0  103   61  201 
 2      0    0    0  118   57  190 
 3      0    0    0  122   59  184 
 4      0    0    0  120   53  192 
 5      0    0    0  129   59  177 
 6      0    0   28  141   45  151 
 7      0   13   76  159   24   93 
 8      0   57  132  176    0    0 
 9      3  103  113  146    0    0 
10      6  123  108  128    0    0 
11     28  140  102   95    0    0 
12     45  123  119   78    0    0 
13     44  129  110   82    0    0 
14     33  136  116   80    0    0 
15      4  113  140  108    0    0 
16      2   81  161  121    0    0 
17      0    9  151  205    0    0 
18      0    3   63  227   18   54 
19      0    0    1  164   53  147 
20      0    0    0   34   85  246 
21      0    0    0   35   68  262 
22      0    0    0   47   62  256 
23      0    0    0   62   73  230 
24      0    0    0   85   72  208 
  
 Mixing heights            Time (hr) 
                  1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24 
  
 > 2000 m         2   2   2   1   1   1   0   0   0   0   0   0   0   0   0   3   4   3   0   0   0   0   1   1 
1800 to 2000 m    1   1   2   2   3   1   2   0   0   0   0   0   0  10  28  36  37  30  14   0   0   1   1   2 
1600 to 1800 m    3   2   2   7   7   8   1   0   0   0   0   0  22  41  44  48  53  53  14   0   1   1   0   2 
1400 to 1600 m    4   8  20  15  18  18   5   0   0   0   4  37  54  66  73  74  66  61  29   0   0   0   3   5 
1200 to 1400 m   13  20  14  14  12  15   7   5   1   7  54  67  69  65  60  53  50  32  15   0   1   0   4   8 
1000 to 1200 m   15  16  13  20  18  17  25  16  14  51  59  60  74  77  87  85  67  12   4   3   4   3   7  11 
 800 to 1000 m   18  14  15  16  16  13  25  30  57  72  68  89  97  91  63  57  71   8   4   2   1   9   6  10 
 600 to  800 m   17  12  15   8  17  11  16  51  77  70  94  89  43  13  10   9  10   3   4   4   4   4   9  16 
 400 to  600 m   17  24  22  24  17  22  38  83  78 106  77  19   5   2   0   0   1   5  13  10   5  12  11  18 
 200 to  400 m   43  41  35  39  35  36  78  72  91  53   9   4   1   0   0   0   3  21  60  62  39  36  54  49 
   0 to  200 m  232 225 225 219 221 223 168 108  47   6   0   0   0   0   0   0   3 137 208 284 310 299 269 243 
  
  Wind Occurence Matrix  
  
   Speed           N      NE     E      SE     S      SW      W     NW   Total 
    (m/s)  
  
<0.5 (calm)                                                              7.48 
 0.5 -  1.9      3.18   2.81   3.32   5.41   5.06   2.44   1.42   1.38  25.02 
 2.0 -  3.9      3.56   3.42   4.05   6.59   5.98   5.57   2.00   2.21  33.39 
 4.0 -  5.9      1.22   1.31   3.64   3.57   1.03   4.81   1.50   1.27  18.34 
 6.0 -  7.9      0.19   0.19   2.77   1.53   0.02   1.07   0.31   0.26   6.36 
 8.0 -  9.9      0.01   0.02   3.36   0.95   0.00   0.18   0.01   0.00   4.53 
10.0 - 11.9      0.00   0.00   2.98   0.48   0.00   0.00   0.01   0.00   3.47 
12.0 - 13.9      0.00   0.00   0.99   0.17   0.00   0.00   0.00   0.00   1.16 
14.0 - 15.9      0.00   0.00   0.22   0.02   0.00   0.00   0.00   0.00   0.24 
16.0 - 17.9      0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00 
>18.0            0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00 
Total            8.17   7.76  21.34  18.72  12.09  14.08   5.24   5.13 100.00 
  
    
  Ave wind speed =   3.59 
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   Wind Speed   Count  Percentage 
   range (m/s)             (%) 
  0.00 -  0.99  1134    12.95 
  1.00 -  1.99  1713    19.55 
  2.00 -  2.99  1604    18.31 
  3.00 -  3.99  1321    15.08 
  4.00 -  4.99   970    11.07 
  5.00 -  5.99   637     7.27 
  6.00 -  6.99   343     3.92 
  7.00 -  7.99   214     2.44 
  8.00 -  8.99   188     2.15 
  9.00 -  9.99   209     2.39 
 10.00 - 10.99   161     1.84 
 11.00 - 11.99   143     1.63 
 12.00 - 12.99    78     0.89 
 13.00 - 13.99    24     0.27 
 14.00 - 14.99    17     0.19 
 15.00 - 15.99     4     0.05 
 16.00 - 16.99     0     0.00 
 17.00 - 17.99     0     0.00 
 18.00 - 18.99     0     0.00 
 19.00 - 19.99     0     0.00 
 20.00 - 20.99     0     0.00 
 21.00 - 21.99     0     0.00 
 22.00 - 22.99     0     0.00 
 23.00 - 23.99     0     0.00 
 24.00 - 24.99     0     0.00 
 25.00 - 25.99     0     0.00 
 26.00 - 26.99     0     0.00 
 27.00 - 27.99     0     0.00 
 28.00 - 28.99     0     0.00 
 29.00 - 29.99     0     0.00 
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