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1. INTRODUCTION 

This report contains details on the use of the CALPUFF dispersion model as set up and used to predict 
dust impacts for Pilbara Iron’s proposed increase in throughput to 145 Mtpa of its Dampier Port 
operations. 

Other reports which contain relevant information to this proposal are: 

Report title Author Purpose

Environmental Protection Statement SKM Describes the proposal in a form 
suitable for public comments 
and review by the EPA 

Dust Dispersion Modelling for Pilbara Iron 
Dampier Port Expansion to 145 Mtpa (Phase 
B) 

Environmental 
Alliances 

Overview report describing the 
changes in dust impacts 

predicted to occur following the 
Port expansion to 145 Mtpa 

Dust Dispersion Modelling for Pilbara Iron 
Dampier Port Expansion to 145 Mtpa (Phase 
B) – Development of Dust Emissions 
Estimates 

Environmental 
Alliances 

Provides details of the 
development of dust emissions 
estimates for the Pilbara Iron 

operational sources at Dampier 

THIS REPORT 

Dust Dispersion Modelling for Pilbara Iron 
Dampier Port Expansion to 145 Mtpa (Phase 
B) – Dispersion Model Set-Up and 
Performance 

 

Environmental 
Alliances 

 

Provides details of the set-up of 
the CALMET (meteorological 
pre-processor) and CALPUFF 
dispersion models used for the 

dust dispersion modelling 

 

2. SELECTION OF DISPERSION MODEL 

The CALPUFF air dispersion modelling system (CALMET Version 5.542 Level 031126 and 
CALPUFF Version 5.714 Level 0310291) was selected for prediction of dust impacts from the 
proposed increase in throughput to 145 Mtpa at Dampier. 

This model has been adopted by the U.S. Environmental Protection Agency (USEPA) in its 
“Guideline of Air Quality Models” (the Guideline) as the preferred model for assessing long range 
transport of pollutants and their impacts on Federal Class I areas and on a case-by-case basis for 
certain near-field applications involving complex meteorological conditions.  

More specifically to this study, the Guideline (amongst other reasons) provides for the use of 
CALPUFF on a case-by-case basis for air quality estimates involving complex meteorological flow 
conditions, where steady-state straight-line transport assumptions are inappropriate. 

                                                      
1
  CALPUFF V6 was released in April 2006 which was after most of the work had been done for this study.  This version 

required a number of changes to the format of input files (including for time-varying source emissions) which prevented its 
use for this study. 
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The trajectories of dust emissions from PI’s Dampier Ports follow highly varying combinations of 
over-water and over-land paths.  For example, dust dispersion from East Intercourse Island (EII) to 
Dampier and Parker Point (PP) to King Bay are almost completely over-water.  Dispersion from PP to 
Dampier is completely over-land.  Dispersion from EII and PP to other areas of the Burrup Peninsula 
may be partly over-water and partly over-land.  The Ausplume gaussian dispersion model used 
previously can only handle a uniform domain and cannot account for the variations in dispersion that 
result from different trajectory characteristics. 

The CALPUFF modelling system consists of three main components; CALMET - a diagnostic 3-
dimensional meteorological model, CALPUFF - an air quality dispersion model, and Calpost - a post-
processing package.  The relationship between these is illustrated in Figure 1. 

Overview of Calpuff System for Dampier 2005

Define statistical conc outputs at receptors CALPOST

Graphical/tabular results

CALSUM

Predicted conc files for each substance

Upper air profile meteorological dataTAPM

Define extent of modelling domain

Combine predicted con concentrations from each source and substance

1-hourly predicted conc files for each source

Sources emission parameters CALPUFF

3D meteorological/turbulence data files

Cloud cover/height

Land uses

Terrain heights

Surface meteorological data

CALMET

Receptors for predicted concs

Figure 1 Overview of CALPUFF modelling system 
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3. GEOPHYSICAL PARAMETERS REQUIRED FOR CALMET/CALPUFF 

The geophysical parameters include descriptions of land use type, elevations and surface 
characteristics (such as roughness, leaf surface area, albedo, Bowen ration and soil heat flux).  These 
are specified for each grid cell comprising the modelling domain.  

3.1 GRID INTERVALS 

The modelling grid was 16.8 km east-west by 16.8 km north-south at 400 m intervals and centred at 
the DPS site.  The grid parameters were selected on the basis of: 

• maintaining sufficient resolution of the land use variation to enable differences in ground level 
concentrations to be resolved; 

• covering the region of influence likely to be of interest (including a number of Rock Art sites); and 

• keeping modelling run times and computer file sizes practical for the work. 

A summary of the grid is shown in Table 1. 

Table 1 Grid details for CALMET/CALPUFF modelling 

Grid scale LL East 
(GDA94 km) 

LL North 
(GDA94 km) 

Interval 
(km) 

East-west 
extent (km) 

North-south 
extent (km) 

Vertical levels  

“Regional” 461.148 7706.801 0.4  16.8 (41 
cells)  

16.8 (41 
cells) 

6 levels -  
20, 80, 200, 380, 
680 and 1200 m 

 

3.2 LAND USE CHARACTERISTICS 

Land use categories were manually defined using aerial photos.  The dispersion-related parameters for 
each land use type used by CALMET are shown in Table 2. 

Table 2 Land use categories and associated geophysical parameters 

Land type Land Use 
Category 

Zo (m) Albedo Bowen 
Ratio 

Soil Heat Flux 
Parameter 

Leaf Area 
Ratio 

Urban (Dampier township) 10 0.4(a) 0.18 1.5 0.25 1.0(a)

Barren (Operational areas) 70 1.0 0.3 3(b) 0.15 0.05 

Rangeland (Undisturbed land) 30 0.2 0.25 3(b) 0.15 0.5 

Large Water Body (Ocean) 55 0.001 0.10 0.0 1.0 0.0 

Bays and Estuaries (Tidal Zones) 54 0.05(c) 0.10 0.0 1.0 0.0 
(a) Modified from CALMET default which is based on cities. 
(b) Modified from CALMET defaults to take into account dryness of terrain (except after rainfall which is 
infrequent). 
(c) Mangrove areas which are likely to have a higher localised roughness are not specifically accounted for. 
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3.3 TERRAIN HEIGHTS 

Terrain heights were extracted from nine-second (250 m) DEM data in GDA94 format supplied by 
Geoscience Australia.  The terrain heights overlayed on an aerial photo are shown in Figure 2.  This 
Figure only covers the extent of the available aerial photo which is less than the modelling grid used. 
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Figure 2 Terrain heights used in modelling 
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4. METEOROLOGICAL DATA 

CALMET requires surface observational data and upper air profile data.  The former is readily 
available from PI’s monitoring network, however profile measurements are not available for the 
Dampier region.  Radiosonde data from Port Hedland Airport (approximately 200 km ENE of 
Dampier) could be used to develop the necessary profiles.  For this study however, the CSIRO’s 
TAPM model was used to derive local profile data because: 

• TAPM has been verified for air dispersion modelling along the Pilbara coast (DEP 2004) 
(amongst many other studies) and hence should produce reasonable profiles for this region;  

• TAPM produces continuous vertical profiles over a year compared to once or twice daily 
radiosonde profiles; and 

• For dust dispersion modelling from low levels sources, the accuracy of upper air meteorological 
parameters is not of critical importance in any case. 

4.1 TAPM-GENERATED METEOROLOGICAL DATA 

TAPM V3.07 was run for the period 1/1/2005 to 31/12/2005 using default settings except that deep 
soil moisture was set at 0.1 kg/kg (rather than the default of 0.15 kg/kg).  Grid dimensions were 41 x 
41 cells in the horizontal with nests at 10,000 m, 3,000 m and 1,000 m.  

4.2 UPPER PROFILE DATA 

An upper air profile was generated from the TAPM-generated meteorological data at Site DPS.  The 
TAPM profiles are in hourly time steps.  In order to allow CALMET to introduce more variability as 
may be appropriate from heat flux and turbulence parameters, the frequency of profile data was 
modified by extracting parameters 6 hourly at 2200 GMT (0600 WST), 0400 GMT (1200 WST), 1000 
GMT (1800 WST) and 1600 GMT (2400 WST) hours.  

4.3 CALMET SURFACE DATA FILE 

CALMET can make use of meteorological data from numerous monitoring sites, as may be available.  
Data for the surface data file from three observational sites was obtained from sites as shown in Table 
3. 
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Table 3 Sources of data used for CALMET surface data file 

Site Parameter Comments 

Wind speed and direction 
10m 

Measured data from PI. 

Rainfall Measured data from PI. 

Relative humidity Measured data from PI. 

Barometric pressure From TAPM – for consistency with TAPM-generated upper 
air profile applied at the site. 

Dampier 
Primary School 
(DPS) 

Temperature From TAPM – for consistency with TAPM-generated upper 
air profile applied at the site. 

Wind speed and direction 
10m 

Measured data from BoM. 

Rainfall Measured data from BoM. 

Karratha Airport 

Temperature Measured data from BoM. 

Wind speed and direction 
8m(a)

Measured data from PI (supplied via Tremarfon). King Bay 10E 
Buoy 

Ambient temperature Set the same as the monthly sea surface temperature from 
satellite photos (http://www.bom.gov.au/nmoc/archives/SST/) 
– this is to force a neutral vertical temperature profile and 
hence stability to be created above the sea surface.  While 
not strictly accurate, this is a better approximation for 
estimating over-water stability than extrapolating the over-
land meteorological data

2
. 

(a) This is the average height based on Mean Sea Level – the actual height will vary with the tides. 
 
 

The most influential meteorological data used was from the DPS site.  An annual wind rose and wind 
speed and direction frequency occurrence matrix is shown in Figure 3.  This indicates the dominant 
wind direction being from the South-West through to West.  The average wind speed of 3.7 m/s is 
relatively high compared to many other Western Australian sites. 

 

                                                      
2
 There is an argument for using TAPM sea surface temperatures to ensure consistency with the temperature profiles over the 

sea.  The TAPM sea surface temperatures were reviewed and found to be 1-2 degrees C lower than those from the satellite 
maps.  This could be because the (warmer) near-shore temperatures were used from the maps whereas TAPM may use 
temperatures from further off-shore.  The near-shore temperatures are considered more relevant for this work.  In forcing 
over-water stabilities to neutral, there remains the potential for more stable stabilities for on-shore winds (relevant for 
modelling dust from the operational sites) to be missed, however this was not considered to be a serious uncertainty and is a 
far better assumption than assuming land-based stabilities as would be required for gaussian modelling.  
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*** WIND SPEED - WIND DIRECTION PERCENTAGE OCCURRENCE MATRIX *** *** WIND SPEED - WIND DIRECTION PERCENTAGE OCCURRENCE MATRIX *** 

 WIND SPEED                      WIND DIRECTION SECTOR  WIND SPEED                      WIND DIRECTION SECTOR 
 RANGE (M/S)  N    NNE  NE   ENE  E    ESE  SE   SSE    S  SSW   SW  WSW    W  WNW   NW  NNW  TOTALS  RANGE (M/S)  N    NNE  NE   ENE  E    ESE  SE   SSE    S  SSW   SW  WSW    W  WNW   NW  NNW  TOTALS 
   OVER 13.5                                                                                  |  0.0    OVER 13.5                                                                                  |  0.0 
 12.0 - 13.5                                                                                  |  0.0  12.0 - 13.5                                                                                  |  0.0 
 10.5 - 12.0                                                          0.1  0.2                |  0.2  10.5 - 12.0                                                          0.1  0.2                |  0.2 
  9.0 - 10.5                                                          0.3  0.5                |  0.8   9.0 - 10.5                                                          0.3  0.5                |  0.8 
  7.5 -  9.0                       0.1                           0.3  0.9  1.5                |  2.8   7.5 -  9.0                       0.1                           0.3  0.9  1.5                |  2.8 
  6.0 -  7.5   0.1  0.1  0.1  0.5  0.4  0.1                 0.1  1.2  2.4  3.1                |  8.2   6.0 -  7.5   0.1  0.1  0.1  0.5  0.4  0.1                 0.1  1.2  2.4  3.1                |  8.2 
  4.5 -  6.0   0.4  0.3  0.6  1.3  1.3  0.5  0.1            0.4  2.9  3.7  4.7  0.7  0.4  0.2 | 17.5   4.5 -  6.0   0.4  0.3  0.6  1.3  1.3  0.5  0.1            0.4  2.9  3.7  4.7  0.7  0.4  0.2 | 17.5 
  3.0 -  4.5   1.7  0.8  1.0  1.7  1.7  1.5  0.5  0.1  0.2  0.9  3.4  3.5  4.8  2.1  1.2  1.5 | 26.5   3.0 -  4.5   1.7  0.8  1.0  1.7  1.7  1.5  0.5  0.1  0.2  0.9  3.4  3.5  4.8  2.1  1.2  1.5 | 26.5 
  1.5 -  3.0   1.6  0.9  1.0  1.6  2.1  3.0  3.2  1.7  1.1  1.7  2.8  2.2  2.6  1.5  1.2  2.8 | 31.2   1.5 -  3.0   1.6  0.9  1.0  1.6  2.1  3.0  3.2  1.7  1.1  1.7  2.8  2.2  2.6  1.5  1.2  2.8 | 31.2 
  0.5 -  1.5   0.4  0.5  0.4  0.4  0.7  0.7  1.0  1.9  1.9  1.4  0.9  0.6  0.5  0.4  0.4  0.5 | 12.6   0.5 -  1.5   0.4  0.5  0.4  0.4  0.7  0.7  1.0  1.9  1.9  1.4  0.9  0.6  0.5  0.4  0.4  0.5 | 12.6 
             ---------------------------------------------------------------------------------------              --------------------------------------------------------------------------------------- 
 TOTALS        4.4  2.6  3.0  5.6  6.3  5.7  4.8  3.8  3.2  4.5 11.5 13.6 17.9  4.8  3.2  5.0  TOTALS        4.4  2.6  3.0  5.6  6.3  5.7  4.8  3.8  3.2  4.5 11.5 13.6 17.9  4.8  3.2  5.0 
 CALMS ( LESS THAN 0.5 M/S ):  0.2%  CALMS ( LESS THAN 0.5 M/S ):  0.2% 
 DATA RECOVERY:  99.2%  DATA RECOVERY:  99.2% 
 AVERAGING TIME: 10 MINUTES  AVERAGING TIME: 10 MINUTES 
                                     *** SUMMARY STATISTICS ***                                      *** SUMMARY STATISTICS *** 
                                            MEAN (M/S)  STD. DEV. (M/S)  MAX. (M/S)                                             MEAN (M/S)  STD. DEV. (M/S)  MAX. (M/S) 
                 SCALAR WIND SPEED              3.7           1.9           12.4                  SCALAR WIND SPEED              3.7           1.9           12.4 
                 NORTHERLY COMPONENT           -0.3           2.0            7.7                  NORTHERLY COMPONENT           -0.3           2.0            7.7 
                 EASTERLY COMPONENT            -1.4           3.4          -12.3                  EASTERLY COMPONENT            -1.4           3.4          -12.3 

Figure 3 Wind speed and direction frequency occurrence rose and matrix for DPS 
1/1/2005 to 31/12/2005 

Figure 3 Wind speed and direction frequency occurrence rose and matrix for DPS 
1/1/2005 to 31/12/2005 
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4.4 CLOUD DATA AND PROCESSING 

Cloud observations were obtained from Port Hedland.  Hourly cloud cover for the surface 
meteorological data file observational sites was estimated as follows: 

• It was assumed that cloud was 8 oktas during measured rainfall at the DPS.   

• The resulting data were then smoothed assuming a maximum cloud increase/decrease of 2 
oktas/hour. 

4.5 CALMET CONTROL PARAMETERS 

A summary of CALMET input parameters is shown in Table 8, Table 9 and Table 10 (Appendix 1). 

4.6 ANALYSIS OF CALMET RESULTS 

An illustration of a CALMET predicted wind-field for 1/2/2005 1200 hours is shown in Figure 4.  This 
time was selected because consistently high dust concentrations were measured at DPS around this 
period. 
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Figure 4 Derived wind vectors for 1/2/2005 1200 hours 

The stability class distribution is also shown for 1/2/2005 1200 hours.  This illustrates that neutral 
stabilities have been estimated over the ocean (compared with slightly unstable stability over the land 
for this hour). 
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The annual CALMET predicted stability distribution at DPS for 2005 is shown in Table 4.  This 
exhibits a slightly higher percentage of stable (E + F class) conditions compared to most of the other 
distributions for Dampier and Port Hedland, but does not appear to be unreasonable. 
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Figure 5 Derived PGT stabilities for 1/2/2005 1200 hours 
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Table 4 Estimated stability distribution at DPS for 2005 compared to other distributions 

Frequency occurrence (%) 
Comparison distributions 

PGT 
stability 

class 

Data for Port 
Hedland 2000(b)

Data for Port 
Hedland 1/7/2002-

30/6/2003(c)

Data for Karratha 
1999(a)

Data for Dampier 
1999(a)

Distribution using 
2003-4 data based 
on Solar Radiation 

(daytime) and Turner 
method (night-time)

From TAPM V3 for 
2005 

CALMET stability 
distribution for 2005 
data (based Turner 
matrix as directly 

produced by 
CALMET/Prtmet) – 
used for this study 

A 0.9 0.9 2.1 4.0 2.4 4.8 1.0 

B 6.4 6.1 6.0 11.2 12.0 15.4 12.3 

C 15.4 17.3 28.7 27.6 17.6 18.2 19.7 

D 35.1 39.9 23.9 15.8 34.2 26.1 27.5 

E 19.5 24.7 11.9  14.2 19.4 23.3 14.2 

F 22.7 11.1 27.3 27.2 14.1 12.2 25.2 
(a) DoE, pers com. 
(b) BHB Billiton Iron Ore (2002). 
(c) Environ (2004). 
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5. PARTICLE PROPERTIES 

The generation of airborne dust and its subsequent transport are dependent on the physical properties 
of the particles comprising the dust sources (eg size, shape, density). 

Dust emissions functions from various sources (eg stockpiles, stackers, reclaimers etc) are often 
expressed in PM10 as their initial derivation is from the back-calculation of downwind measurements 
using PM10 monitors.  PM10 monitors are typically used because: 

• They are more readily available in a portable form than TSP monitors and therefore more practical 
to use for this purpose; 

• The measurement of PM10 is likely to produce more reliable emission estimates because a large 
proportion of the +10 μm particles deposit within the first few hundreds of metres from the source; 
and 

• The PM10 fraction of Total Suspended Particulates is the main focus of health impact assessment. 

It is, however, necessary to model dust emissions as TSP by describing the distribution of particles 
sizes across the range of particle sizes emitted.  The prediction of ambient levels of TSP, PM10 and 
PM2.5 requires a defined particle size distribution. 

A particle size distribution for modelling dust dispersion was therefore estimated using composite data 
from USEPA (1995) for dust emissions from “aggregate handling and storage piles”, “industrial wind 
erosion” and “unpaved roads”.  These categories should be the most appropriate for PI sources.  The 
resulting distributions are shown in Table 5. 

Table 5 Airborne particle size distributions 

Aerodynamic particle 
diameter range (μm) 

Assumed particle 
diameter (μm) 

Fraction of TSP Fraction of PM10 

30-50 40 0.24 - 
15-30 22 0.26 - 
10-15 12 0.15 - 
5-10 7.5 0.15 0.44 
2.5-5 3.8 0.10 0.28 
<2.5 1.8 0.10 0.28 

(Ref:  Derived From US EPA (1995)). 
 

A dust monitoring program in May 2004 confirmed that the particle size distribution below 10 μm in 
the above Table (Column 4) appears fairly realistic (EA 2004). 

The above distribution indicates that the fraction of PM10 in TSP is 0.35.  This implies that 
concentration of TSP in source emissions is 2.8 times the concentration of PM10.  Therefore, for 
modelling, the PM10 emission rate functions were multiplied by 2.8 in order to estimate TSP emission 
rates. 

A particle density of 2.8 g/cm3 has previously been assumed for iron ore dust.  This is not entered into 
the model as the aerodynamic particle size takes the true density into account (ie. 1.0 g/cm3 is used for 
modelling). 

The model requires particle molecular weight (MW) to be entered.  It unclear that this is actually used 
for the dispersion of particles assuming no chemical reactions, nevertheless a relative MW of 152 was 
used.  The derivation of this value is shown in Table 5. 
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Table 6 Calculation of iron ore dust MW 

Mineral Assumed nominal 
composition(%) 

MW Fractional contribution to 
total MW 

Final MW  

Fe2O3 92 159.7 146.924 

Al2O3 3 102.0 3.06 

SiO2 3 60.1 1.803 

H2O 2 18.0 0.36 

152 

Nominally, 64% Fe content. 
 
 

6. CALPUFF SET-UP 

The CALPUFF model requires the same setting for the modelling domain as defined for CALMET (eg 
grid size, cell spacing etc).  The sources were defined in the same way as used for previous modelling 
(EA 2004) using Ausplume (ie point, area, volume). 

Dispersion options used included: 

• Dispersion coefficients calculated internally from micrometeorological variables; 

• Calms defined as wind speeds less than 0.5 m/s; 

• Calpuff terrain adjustment by adjusting the vertical dimensions of the plume puff; and 

• Dry and wet deposition included. 

Particle dispersion for CALPUFF modelling included dry deposition (as for Ausplume), however the 
prediction of PM10 was parameterised differently to previous Ausplume modelling.  Also, predictions 
of PM2.5 were included in CALPUFF. 

For previous Ausplume modelling, particle emissions were modelled for TSP.  The predicted ambient 
PM10 concentrations were estimated from the predicted TSP concentrations by applying a factor of 
0.8.  This value was based on the PM10:TSP ratio from ambient monitoring data at the DPS site.   

The weakness of this approach is that the PM10:TSP adjustment of 0.8 is only really relevant for 
distances similar to that of EII to the DPS site.  With the emerging requirements to provide predicted 
dust concentrations at other regional locations (eg King Bay, Rock Art sites), a more explicit treatment 
of the dispersion of the different particle sizes is desirable. 

This was incorporated into the CALPUFF modelling, by again modelling the particle emissions each 
particle size interval comprising TSP then aggregated the constituent sizes as required for TSP, PM10 
and PM2.5 (see Table 7). 

It should be noted that PM10 was defined to include the 12 μm particles.  This is because PM10 inlets 
typically have a 100% cut-point at around 17 μm, hence do allow some portion of particles greater 
than the 10 μm through. 

For similar reasons, PM2.5 was defined to include the 3.8 μm particles.  The USEPA actually requires 
that PM2.5 inlets have a 50% cut-point of 2.5 ± 0.2 µm.  This is much tighter tolerance than for PM10, 
hence the inclusion of the 3.8 μm particles is conservative.  As discussed later, this is a probable 
contributing factor to the apparent over-prediction of PM2.5.  In future work, it would be desirable to 
specify the particle size distribution used for modelling closer to a 2.5 µm delineation to facilitate 
more accurate predictions of PM2.5. 
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A brief discussion of the issues around size-selective particle sampling is contained in Appendix 1. 

Table 7 Particle sizes included in CALPUFF definitions of TSP, PM10 and PM2.5 

Aerodynamic 
particle diameter 

range (μm) 

Assumed particle 
diameter (μm) 

Included in 
modelling 

predictions of TSP 

Included in 
modelling 

predictions of 
PM10 

Included in 
modelling 

predictions of 
PM2.5 

30-50 40    
15-30 22    
10-15 12    
5-10 7.5    
2.5-5 3.8    

<2.5 1.8    

 

7. ASSESSMENT OF CALPUFF TREATMENT OF DEPOSITION 

Prior to deciding to use CALPUFF for the proposed increase in throughput proposal, a brief 
assessment was undertaken to check that CALPUFF’s deposition algorithms produced results that 
appeared reasonable.  A simple model run was set up as follows: 

• Rectangular area source oriented 48º to wind direction (this approximates the orientation of the EII 
Live Stockpiles to the Dampier township). 

• Uniform emissions rates (1 x 10-6 g/m2/s for each particulate fraction as shown in Table 5). 

• 3 m/s wind speed. 

• D class stability. 

• Roughness length = 0.05m. 

The predicted concentrations of each particle size fraction is shown in Figure 6 and depositions in 
Figure 7. 
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Downwind concentration for each particle size for rectanglar area source 48 deg to wind direction 
(u=3m/s, D, z0=0.05m)
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Figure 6 Downwind concentration for each particle size 

 

Downwind deposition rate for each particle size for rectanglar area source 48 deg to wind direction 
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Figure 7 Downwind deposition rate for each particle size 
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The concentrations are very similar for PM1.8 and PM3.8, however the concentrations decrease for 
the successively larger particle sizes. 

The deposition rates show a similar corresponding trend with deposition being very similar for PM1.8 
and PM3.8 but increase for successively larger particles. 

These trends are generally as expected, and the relativities between concentration and deposition rates 
for each particle size fraction generally appear “internally consistent”.  Notwithstanding, the 
deposition rate for PM40 appears to decrease relative to PM22 towards the furthermost downwind 
distance.  The reasons for this are not obvious, however it could be related to depletion within the 
plume of this particle size fraction due to it having the largest (upwind) deposition rate. 

8. CALPUFF PREDICTIONS VERSUS AUSPLUME PREDICTIONS FOR 
2003-4 METEOROLOGICAL DATA 

A comparison was made between CALPUFF’s predictions and those from Ausplume for a Port 
capacity of 95 Mtpa using 2003-4 meteorological data.  The Ausplume configuration was that used in 
EA (2005b).  As described in that report, this actually involved multiple Ausplume configurations with 
roughness lengths tailored for the trajectory of each source to either Dampier or King Bay.  This 
would assist Ausplume making better predictions in the first instance compared to running Ausplume 
in a conventional manner assuming a uniform roughness everywhere. 

A comparison of the CALPUFF and Ausplume ranked distributions for the DPS, BJ and AB sites are 
shown in Figure 8, Figure 9 and Figure 10 respectively.   

The CALPUFF ranked distributions at all sites are very similar to Ausplume’s.  This indicates the 
dispersion and deposition algorithms are essentially similar.   

The CALPUFF predictions are higher than Ausplume’s at the DPS and BJ sites and lower at the AB 
site.  CALPUFF’s lower, and more accurate, predictions at the AB site were anticipated because the 
Ausplume configurations did not properly handle the variation in roughness lengths between the EII 
sources and this location (trajectory is across water then land). 
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Ausplume/Calpuff predicted versus measured [PM10] from HI sources at DPS site for 1/6/2003 to 31/5/2004
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Figure 8 Ausplume/CALPUFF predicted versus measured [PM10] from PI sources at 
DPS site for 1/6/2003 to 31/5/2004 

 

Ausplume/Calpuff predicted versus measured [PM10] from HI sources at BJ site for 1/6/2003 to 31/5/2004
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Ausplume/Calpuff predicted versus measured [PM10] from HI sources at AB site for 1/6/2003 to 31/5/2004
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9. ASSESSMENT OF MODEL PERFORMANCE FOR PROPOSED PORT 
INCREASE IN THROUGHPUT 

9.1 APPROACH 

The assessment of dust impacts for the proposed increase in throughput to 145 Mtpa is based on using 
the CALPUFF model to predict ambient dust concentrations over a year using emissions estimated for 
145 Mtpa throughput. 

Atmospheric dispersion models represent a simplification of the many complex processes involved in 
determining ground level concentrations of pollutants.  One of the crucial issues in obtaining good 
quality results is the data quality used for modelling and the correct application of an appropriate 
model for the site conditions. 

Model uncertainty is composed of model chemistry/physics uncertainties, data uncertainties, and 
stochastic uncertainties.  Key factors that may affect a model’s accuracy in a practical application 
include: 

• Oversimplification of physics in model code - Varies with type of model; 

• Errors in emissions data - Ground level concentrations are proportional to emission rate; 

• Errors in wind data - Wind direction affects direction of plume travel.  Wind speed affects plume 
rise and dilution of plume, resulting in potential errors in distance of plume impact from source, 
and magnitude of impact;  

• Errors in stability estimates - Gaussian plume models use estimates of stability class, and 3-D 
models use explicit vertical profiles of temperature and wind (which are used directly or indirectly 
to estimate stability class for Gaussian models).  In either case, errors in these parameters can 
cause either under prediction or over prediction of ground level concentrations; and 

• Stochastic uncertainties in the behaviour of the atmosphere - These are greatest for shorter time 
scales due to the effects of random turbulence. 

In summary, the US EPA finds that – “Models are more reliable for estimating longer time-averaged 
concentrations than for estimating short-term concentrations at specific locations; and… the models 
are reasonably reliable in estimating the magnitude of highest concentrations occurring sometime, 
somewhere within an area.  For example, errors in highest estimated concentrations of ±10 to 40 
percent are found to be typical i.e., certainly well within the often quoted factor-of-two accuracy that 
has long been recognized for these models. However, estimates of concentrations that occur at a 
specific time and site, are poorly correlated with actually observed concentrations and are much less 
reliable” (U.S. Federal Register, 2001).  Modelling uncertainty is however commonly accepted 
because the cost of the alternative – that is comprehensive ambient monitoring, is prohibitively 
expensive.  

An indication of CALPUFF’s predictive performance for predicting ambient dust concentrations for 
145 Mtpa throughput can be gained by modelling the dispersion of dust over a previous period of time 
during which ambient concentrations were measured.  A close match between the predicted dust 
concentrations at the ambient monitoring sites compared to the measured concentrations indicates 
good model predictive performance; a poor match correspondingly indicates poor model performance. 

An assessment of model performance has therefore been undertaken for 2005 – nominally at a 
throughput of 95 Mtpa. 

Quantile-quantile (Q-Q) plots are often used to assess model performance, where observed/measured 
and modelled/predicted data are each ordered from highest to lowest and the corresponding values are 
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then plotted.  The Q-Q plots provide a means for assessing differences between the observed and 
predicted concentrations, but do not provide a means for assessing whether the predicted maxima are 
for similar meteorological conditions as when observed.  Nevertheless, for assessment against impact 
criterion, it is not necessary to accurately predict exactly when high concentrations occur but to predict 
the magnitude and frequency of such concentrations over time periods of one year or more

3
.  A x = y 

reference line indicating perfect (ie 1:1) correspondence is also plotted.  If the two sets come from a 
population with the same distribution, the points should fall approximately along this reference line. 
Any systematic deviation from the reference line implies a bias in the model’s predictions.  The 
“factor of 2” confidence limits are indicated by the dashed lines.   

9.2 PROCEDURE FOR ESTIMATING PI’S CONTRIBUTION TO MEASURED 24-HOUR 
AVERAGE PARTICLE LEVELS 

The procedure for estimating PI’s contribution to measured 24-hour average particle levels for model 
validation purposes is described in the main report.  The procedure is essentially based on wind 
directions associated with measured concentrations and incorporates an allowance for background 
levels. 

9.3 DATA COMPLETENESS SPECIFICATION FOR MONITORING DATA 

Data completeness for reporting purposes in USEPA (1998) include or suggest the following4: 

• a valid month comprises of at least 75% valid days; and 

• a valid year comprises of at least 75% valid months. 

Unless otherwise stated, these criteria have been used for the reporting of 24-hour measured 
concentration data derived from raw 10-minute average data, used for model validation purposes.  In 
other words, where there was less than 75% data recovery from the monitor for a 24-hour day, a 
comparisons between modelled and measured concentrations was not made for that day. 

9.4 DPS SITE 

The Q-Q plot of 24-hour average PM10 concentration at the DPS monitor is shown in Figure 11.   

                                                      
3
  For dust management purposes, it is however, desirable to accurately predict high concentrations in time so that actions to 

reduce the emissions of contributing source/s can be implemented. 

4
  It is suggested that these could be used as the basis for setting PI internal data recovery targets for the ambient monitoring 

network – noting that maintaining continuous ambient monitoring instrumentation in a remote and harsh environment such 
the Pilbara is a challenging task. 
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Quantile-Quantile plot of predicted versus measured  24-hr avg particulate concentrations at DPS for 
2005 

0

10

20

30

40

50

60

70

80

0 20 40 60 80 100

Estimated PI contribution to measured 24-hr avg  conc (ug/m3)

Pr
ed

ic
te

d 
24

-h
r a

vg
  c

on
c 

(u
g/

m
3)

 

120

TSP PM10 PM2.5

Only days where monitors measured data over 2005 are included

Figure 11 Q-Q plot of predicted versus measured 24-hour average particulate 
concentrations at DPS site for 2005 

 

The correspondence for TSP, PM10 and PM2.5 is average with all but one of the data points falling 
within the ±100%-of-measured criterion.   

There are less measured data for PM2.5 over 2005 hence a full year is really required before this 
correspondence can be fully confirmed. 

The correspondences were reasonable.  Some sensitivity testing indicated a possible contributing 
reason for the model’s underprediction was the wind data for 2005.  As shown in Figure 3, there was a 
highly defined change in the strength and frequency of winds from the SSW (4.5 % of the time) to the 
SW (11.5% of the time), WSW (13.6 % of the time) and W (17.9 % of the time).  It was found that re-
defining the monitoring location to an arbitrary 500m further north resulted in the distribution of the 
predicted concentrations in Figure 11 being a good match to the measured concentrations.  The wind 
data measured at the DPS may not be as representative as thought of actual winds on EII.  It would 
therefore be useful to locate an anemometer on EII. 

A useful outcome of the comparisons is that the highly consistent nature of the correspondence of 
predicted TSP, PM10 and PM2.5 with the measured data.  This indicates that aspect of the modelling 
such as particle size distributions and relative depletion are probably working well and the error is a 
systematic bias.  This could simply be due to an underestimation of the emissions from EII or 
overestimation of PI’s contribution to the measured concentrations.   

9.5 BJ SITE 

The Q-Q plot of 24-hour average PM10 concentration at the BJ monitor is shown in Figure 12.   
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Quantile-Quantile plot of predicted versus measured  24-hr avg particulate concentrations at BJ for 
2005 
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Figure 12 Q-Q plot of predicted versus measured 24-hour average PM10 
concentrations at BJ site for 2005 

 

Dust concentrations at the BJ site are heavily influenced by emissions from the 5E Conveyor and road. 

The correspondence for PM10 is good with all data points falling within the ±100%-of-measured 
criterion.  There is a fairly constant bias towards under predictions. 

A review of the long term ambient monitoring data is also shown in Figure 13.  This shows elevated 
measured concentrations between the end of December 2004 until the end of January 2005.  While this 
period of the year is typically dustier than normal, the same level of increased concentrations is not 
evident for the summer 2003-4 or summer 2005-6 periods.  If the data for January 2005 are excluded, 
the model's predictions are closer, in fact a little higher, than the measured concentrations.  It seems 
probable that there was a transient, localised dust source affecting the monitor during this period that 
was not taken into account in the modelling.  Had the dust levels during the January 2005 period been 
typical for this time of year, the correspondence between the predicted and measured dust 
concentrations would have been very good, which would also confirm the emissions estimation for the 
5E conveyor and road.  
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24-hour average PM10 concentrations measured at BJ site for 28/6/2003 - 7/9/2006 
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Figure 13 Measured 24-hour average PM10 concentrations at BJ site 28/6/2003 – 
7/9/2006 

 

App B2 ExpModellingVerificationRptV6b.doc   Environmental Alliances Pty Ltd 



 Page 24 

9.6 AB SITE 

The Q-Q plot of 24-hour average PM10 concentration at the AB monitor is shown in Figure 14.   

 

Quantile-Quantile plot of predicted versus measured  24-hr avg particulate concentrations at AB for 
2005 
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Figure 14 Q-Q plot of predicted versus measured 24-hour average particulate 
concentrations at AB site for 2005 

The correspondence for PM10 is reasonable with all but two of the data points falling within the 
±100%-of-measured criterion.   

Two possible reasons for measured concentrations being higher than those predicted are: 

• At some time during 2004-2005, an unpaved car-park was constructed approximately 10-20m east 
of the monitor.  During the December 2005 monitoring program, it was observed that this car-park 
was heavily used (to full capacity on most days).  While much of the dust from the car-park should 
have been excluded from assigned to PI sources due to a different bearing, it would be inevitable 
that some car park dust during light wind conditions would be included. 

• PP was undergoing substantial construction activity during 2005, which would quite likely have 
led to atypical localised dust emissions from the local area. 

As with the DPS comparison, any underestimation of emissions from EII would also contribute to the 
predictions being lower than the measured concentrations.  Considering the effect of the source 
referred to in the above dot points, the level of correlation between the predicted and measured 
concentrations at this site is probably similar to that at the DPS site. 
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9.7 KING BAY SITE 

Dust concentrations at the King Bay site are heavily influenced by emissions from the PP operations 
rather than the EII operations. 

The Q-Q plot of 24-hour average PM10 concentration at the King Bay monitor is shown in Figure 15.   

 

Quantile-Quantile plot of predicted versus measured  24-hr avg particulate concentrations at KB for 
2005 
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Figure 15 Q-Q plot of predicted versus measured 24-hour average particulate 
concentrations at KB site for 2005 

 

The correspondence for PM10 is very good with all data points except the very lowest measured 
concentration lying close to the 1:1 line of exact correspondence.  This indicates that the emissions 
estimated from PP are also good. 
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9.8 SUMMARY 

It is generally reasonable to expect that the model predictions would tend towards underestimating the 
relatively highest measured concentrations over the long term because: 

• As discussed in the emissions estimation report, it is probable that variability in the dustiness of 
various ores being handling was underestimated; 

• Emissions estimates are based on short-term sampling programs.  Where the level of emissions 
determined during such sampling programs is dependent on a discretionary level of control (eg the 
application of water sprays), it can only be assumed that such control are implemented on an 
ongoing basis.  Where they are not, the emissions will be under-estimated and consequently also 
the predicted concentrations; 

• Dust from “dust storms” and other unforeseeable naturally-occurring and local sources are likely 
to at least some extent to be embedded into the measured data; and 

• Dispersion models invariably produce better predictions of ensemble averages rather than peak 
event. 

The modelling is predicting dust concentrations at King Bay very well but is underpredicting dust 
concentrations at all of the Dampier sites.  The level of underprediction is considered to be too great to 
be solely attributed to the above factors. 

In considering the possible reasons for the underprediction at the Dampier sites: 

• The DPS site is mostly influenced by EII emissions; 

• The BJ site is relatively more strongly influenced by emissions from the 5E conveyor and road 
compared to EII emissions; and 

• Some underprediction at the AB monitoring site could be expected due to confounding influences 
from localised other sources (nearby unpaved car park and construction activities at PP).  Even so, 
the AB site, while closer to PP operations, is actually most influenced by emissions from EII due 
to the dominance of winds from the EII bearing.   

Since the method for estimating PI’s contribution to the measured concentrations is the same for all 
sites (including King Bay), it is concluded that the most likely reason for the underpredictions at the 
Dampier sites is from underprediction of the emissions at EII. 

It is noted that: 

• The emissions of a number of PP sources have been revised following source-targeted monitoring 
programs in 2005 and 2006.  There has been less recent monitoring of EII sources.  This may have 
contributed to better emissions estimates at PP and hence better modelling predictions at King 
Bay. 

• The effect of bulking emissions on downwind dust levels are still difficult to estimate since the 
time periods during which bulking takes place are only recorded on a “yes”/”no” basis each day 
and not on an hourly basis.  Whether bulking took place during the day-time or night-time, for 
example, can lead to quite different downwind dust concentrations due to large differences in 
dispersion.  The much higher level of bulking activity at EII during 2005 compared to that at PP 
implies that the modelling are sensitive to estimated emissions from this source, and consequently 
the under-predictions at the Dampier sites could be due to an underestimate of bulking emissions 
from EII. 
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For modelling the effect on dust levels from the 145 Mtpa upgrade, the under-prediction at the 
Dampier sites can be compensated for by adding the amount of under-prediction for 95 Mtpa to the 
predictions for 145 Mtpa.   

In summary, the validation exercise indicates that the model results when compensated for actual 
performance, can be viewed with a degree of confidence especially within the Dampier township and 
King Bay regions. 
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11. GLOSSARY 

General terms  
[PM10], [TSP] abbreviations for PM10 concentration and TSP concentration 
μg/m3  micrograms per cubic metre of air. 

μm microns or micrometers. 
AB PI Parker Point Administration Building – dust monitoring site. 
BJ Dampier Boat Jetty – dust monitoring site. 
DoE Department of Environment – formerly Department of Environmental 

Protection 
DMP PI’s Dust Management Plan for its Dampier operations. 
DPS Dampier Primary School - dust and meteorological monitoring site. 
E-BAM Model of Beta Attenuation Monitor– instrument used for the continuous 

measurement of airborne particles. 
EII East Intercourse Island (operations). 
equivalent aerodynamic 
diameter 

the diameter of a particle which exhibits the same aerodynamic 
behaviour as a spherical particle with a density of 1000 kilograms per 
cubic metre. 

g/cm3 grams per cubic centimetre.  
PI Pilbara Iron Pty Limited. 
HVAS High volume air sampler 
KEPP Kwinana Environmental Protection Policy taken to jointly comprise the 

Environmental Protection (Kwinana) (Atmospheric Waste) Policy 1992 
and Environmental Protection (Kwinana) (Atmospheric Waste) 
Regulations 1992. 

km kilometres. 
kt kilotonnes 
m metres. 
MMF Marra Mamba Fines ore 
m/s metres per second. 
Mtpa Million tonnes per annum. 
NEPM National Environment Protection Measure for Ambient Air Quality 

dated 26 June 1998. 

percentile the division of a distribution into 100 groups having equal frequencies 
(calculated using MS Excel®) 

PM10 Airborne particles with an equivalent aerodynamic diameter of less than 
10 μm. 

PM2.5 Airborne particles with an equivalent aerodynamic diameter of less than 
2.5 μm. 

PM50 Airborne particles with an equivalent aerodynamic diameter of less than 
50 μm. 

PP Parker Point (operations). 

TEOM Tapered Element Oscillating MicroBalance – instrument used for the 
continuous measurement of airborne particles. 
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TSP Total Suspended Particulates, for the purposes of this document, 
considered to be equivalent to PM50. 

Wind direction references 
NNE north-north-east 
NE north-east 
ENE east-north-east 
ESE east-south-east 
SE south-east 
SSE south-south-east 
SSW south-south-west 
SW south-west 
WSW west-south-west 
WNW west-north-west 
NW north-west 
NNW north-north-west 
PI sources at PP at 95 Mtpa or 145 Mtpa 

CD1P Car Dumper 1 – located at Parker Point (to be decommissioned and 
replaced by CD4P) 

CD2E Car Dumper 2 – located at East Intercourse Island 
CD3P Car Dumper 3 – located at Parker Point (part of 95 Mtpa expansion) 
CD4P Car Dumper 4 – located at Parker Point (part of 145 Mtpa expansion) 
SH1E Screenhouse 1 – located at EII 

SH1P Screenhouse 1 – located at Parker Point (to be decommissioned and 
replaced by SH3P) 

SH2P Screenhouse 2 – located at Parker Point (part of 95 Mtpa expansion) 
SH3P Screenhouse 3 – located at Parker Point (part of 145 Mtpa expansion) 
SL1E Ship Loader 1 – located at EII 

SL1P Ship Loader 1 – located at Parker Point (to be decommissioned and 
replaced by SL3P) 

SL2P Ship Loader 2 - located at Parker Point (part of 95 Mtpa expansion) 
SL3P Ship Loader 3 - located at Parker Point (part of 145 Mtpa expansion) 
PPLS PP Live Stockpiles & Roads – Wind-generated dust 
PSTK PP Stacking 
PRCL PP Reclaiming 
SH1PW PP Screening Building Wind generated dust from immediate surrounds 
SH2PW PP Screening Building 2 Wind generated dust from immediate surrounds 
SH3PW PP Screenhouse 3 Wind generated dust 
PPV PP operational area Vehicles 
PXF PP Transfers 
PP7P PP conveyors screenhouses-shiploaders 
PPBW PP Bulk Stockpiles - wind 
PPHB PP bulking (loading/unloading, haul trucks, dozing) 
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PI sources at EII at 95 Mtpa or 145 Mtpa 
EICD2 EII Car Dumper  
145EXF 1-4E to 5E Tansfer on mainland 
5ECRX 5E Conveyor, Road and Vehicles 
EIISTK EII Stacking 
EILSR EII Live Stockpiles & Roads - Wind generated dust 
EIIRCL EII Reclaiming 
EIHB EII bulking (loading/unloading, haul trucks, dozing) 
EIIBW EII Bulk stockpiles - Wind 
EIISB EII Screenhouse 
EIISBW EII Screenhouse area - Wind generated dust from immediate surrounds 
EIIV EII operational areas Vehicles 
EXF EII Transfers 
EI18E EII conveyor screenhouse-shiploader 
EIISHP EII Ship Loader 
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Appendix 1 CALMET input control parameters 

 

Table 8 CALMET input parameters group 2 and 5.1 

Variable Description CALMET 
default 

Set value Comment 

INPUT GROUP 2 - Technical Options Grid Control Parameters  
NX  Number of east-west grid cells  User Defined 41 
NY  Number of north-south grid cells User Defined 41 

Coverage from Dampier 
operations to nearest rock 

art sites 
DGRIDKM  Grid spacing (km) User Defined 0.4 Small enough to resolve 

distances between sources 
and Dampier township (1-

3km) but not too small such 
that run times become 

excessive. 
XORIGKM  Southwest grid cell X coordinate User Defined 461.148  
YORIGKM  Southwest grid cell Y coordinate User Defined 7706.801  
IUTMZN  UTM Zone  User Defined 50S  
XLAT0  Southwest grid cell latitude  User Defined -20.6 
YLAT0  Southwest grid cell longitude  User Defined -116.67 
LLCONF  When using Lambert Conformal 

map coordinates, rotate winds 
from true north to map north? 

User Defined UTM 

Not used with UTM coords 

XLAT1  Latitude of 1st standard parallel  30 -30 
XLAT2  Latitude of 2nd standard parallel 60  -60 
RLONO  Longitude used if LLCONF = T  90  0 
RLATO  Latitude used if LLCONF = T  40  0 

Only used if the CALMET 
run is using a Lambert 
Conformal grid system 

NZ  Number of vertical layers  User Defined 6 Trade-off between precision 
and file sizes 

ZFACE  Vertical cell face heights (NZ+1 
values) (m) 

User Defined 0, 20, 80, 
200, 380, 

680,  1200 

Judgement based on higher 
precision lower to the 

surface. 
INPUT GROUP 5.1 - Windfield Options and Parameters 

IWFCOD Generate winds by diagnostic 
wind module? (1 = Yes) 

1 1 Want the Step 1 wind field 
generated 

IPROG Using prognostic or MM-FDDA 
data? (0 = No) 

0 0 Want CALMET to generate 
initial guess field. 

RPROG Relative weighting parameter of 
the prognostic wind field data 

User Defined 0 N/A 

IEXTRP Extrapolate surface winds to 
upper layers? 

-4 2 Always 
extrapolate 

Surface winds will be 
vertically extrapolated from 
the surface to the top of the 

domain and used in the 
horizontal interpolation of the 

initial guess field using a 
power law fit.   

RMIN2 Distance (km) around an upper 
air site where vertical 

extrapolation is excluded (Set to 
-1 if IEXTRP = +/-4) 

-1 -1 This flag allows upper air site 
data to be used 

independently of surface 
observation site if the sites 
are well separated – N/A in 

our case where we have 
placed the pseudo upper air 

station at the surface 
observational site at DPS. 
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Table 9 CALMET input parameters group 5.2 and 5.3 

Variable Description CALMET 
default 

Set value Comment 

INPUT GROUP 5.2 - Windfield Initial guess 
IDIOPT3  Compute internally initial 

guess winds? (0 = True) 
0 0 Want initial guess field computed 

IUPWND  Upper air station for 
domain winds (-1 = 1/r**2 

interpolation of all stations)  

-1 -1 Leave defaults. 

ZUPWND  Bottom and top of layer for 
1st guess winds (m)  

1, 1000 1, 1000 Leave defaults. 

BIAS Surface/upper-air 
weighting factors (NZ 

values)  

NZ*0 -1 ,-1 , -0.66, 
.-0.33 , 0 , 1  

Bias towards surface 
observational data. 

ICALM  Extrapolate surface calms 
to upper layers? (0 = No)  

0 0 Comment from Worsley Workshop 
indicated risk of unrealistically low 

wind speeds at upper levels. 
INPUT GROUP 5.3 - Windfield Step 1 

IKINE  Adjust winds using 
kinematic effects? (1 =Yes)  

1 1 

ALPHA  Empirical factor triggering 
kinematic effects 

0.1 0.1 

DIVLIM  Maximum acceptable 
divergence  

5.00E-06 5.00E-06 

NITER  Max number of passes in 
divergence minimization  

50 50 

IFRADJ  Adjust winds using Froude 
number effects? (1 = Yes)  

1 1 

CRITFN  Critical Froude number  1 1 
ISLOPE Compute slope flows? (1 = 

Yes) 
1 1 

These parameters set up the Step 
1 windfield for terrain, land use etc 

effects. Leave defaults. 

TERRAD  Radius of influence of 
terrain features (km) 

User Defined 3 Set to about terrain scale 
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Table 10 CALMET input parameters group 5.4 

Variable Description CALMET 
default 

Set value Comment 

INPUT GROUP 5.4 - Windfield Step 2(a) 
IDIOPT4  Read surface winds from 

SURF.DAT? (0 = True) 
0 0 Required data. 

IDIOPT5  Read aloft winds from 
UPn.DAT? (0 = True)  

0 0 Required data. 

IOBR  Use O'Brien procedure for 
vertical winds? (0 = No)  

0 0 O'Brien procedure forces the 
vertical velocity at the top of the 

model domain to be zero. Assume 
TAPM profile is a sounder basis for 

this. 
NSMTH  Number of passes in 

smoothing (NZ values) 
2, 4*(NZ-1) 2, 4, 4, 4, 4, 

4,  
Not used if O'Brien off. 

NINTR2  Max number of stations for 
interpolations (NA values)  

99 1,1,1,1,1,1,1 Not used if O'Brien off. 

INPUT GROUP 5.4 - Windfield Step 2(b) 
LVARY Use varying radius to 

develop surface winds? 
F T Use nearest observational sites to 

re-merge observational data back 
into step 1 wind-field. 

R1  Relative weight at surface 
of Step 1 field and 
observations (km) 

User Defined 0.001 

RMAX1 Max surface over-land 
extrapolation radius (km)  

User Defined 0.001 

The problem is that some 
anemometer sites (eg with low 

measurement heights) might not be 
representative of much of the area 

away from the site.  It would be 
better if CALMET had an option to 

set different values for different 
sites. Set very small values to 

effectively maintain Step 1 
windfield. 

R2  Relative weight aloft of 
Step 1 field and 

observations (km) 

User Defined 0.001 

RMAX2  Max aloft over-land 
extrapolation radius (km)  

User Defined 0.001 

The upper winds will be based on 
the biased profile at the DPS site.  

We don’t want this to be considered 
representative of profiles over water 
fairly nearby. Set very small values. 

RMAX3  Max over-water 
extrapolation radius (km)  

User Defined 0.001  

RMIN  Minimum extrapolation 
radius (km)  

0.1 0.001 

Not relevant since we don’t have 
any over-water upper air sites. 
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Appendix 2 Size-selective airborne particle sampling 

Ambient air PM10 and PM2.5 samplers are defined by their 50% cut off point and the slope of the 
collection efficiency at their cut point.  The collection efficiency is independent of the wind speed, 
unlike the older TSP samplers.  Plots of the collection efficiency curves for PM10 and PM2.5 and their 
comparison to respirable, thoracic and inhalable size fractions are presented in Figure 16.  This 
indicates that for PM10 samplers, particles up to 15 μm aerodynamic size can be measured, though at a 
relatively lower probability than smaller sizes.  Therefore, more than 50% of the particulate measured 
by a PM10 sampler may in certain circumstances be greater than 10 microns.   (SKM 2005) 
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Figure 16 Sampling Efficiency Curves for Particulate Samplers  

(from SKM (2005)) 

Note “cumulative efficiency” should read “collection efficiency”. 
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