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Figure 2 Proposed disturbance footprint and final project layout
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3.3 Dispersion modelling

Atmospheric dispersion modelling was carried out using the CALPUFF Version 6.4 dispersion model (EarthTec)
to predict the ground-level concentrations of particulate matter, SO,, CO and NO; and dust deposition rates.

The CALPUFF dispersion model utilises the three-dimensional wind fields from CALMET to simulate the
dispersion of air pollutants to predict ground-level concentrations across a gridded domain. CALPUFF is a non-
steady-state Lagrangian Gaussian puff model containing parameterisations to simulate complex terrain effects,
overwater transport, coastal interaction effects, building downwash, wet and dry removal, and simple chemical
transformation. CALPUFF employs the three dimensional meteorological fields generated from the CALMET
model by simulating the effects of time and space varying meteorological conditions on pollutant transport,
transformation and removal. CALPUFF contains algorithms that can resolve near-source effects such as building
downwash, transitional plume rise, partial plume penetration, sub-grid scale terrain interactions, as well as the
long range effects of removal, transformation, vertical wind shear, overwater transport and coastal interactions.
Emission sources can be characterised as arbitrarily-varying point, area, volume and lines or any combination of
those sources within the modelling domain.

Dust dispersion modelling was carried out for the scenario representing the operations at the mine likely to result
in the greatest impacts to the air environment surrounding the proposed Yeelirrie Uranium Project. The model
was configured to predict the potential impact of emissions on ambient levels of TSP, PMyo, PM25s and dust
deposition within the modelling domain. For dust deposition modelling, a particle size distribution was included
based on size fractions of TSP, PM1g and PM; 5 reported for the various mine sources in AP-42.

The model was also configured to assess the dispersion and predict the potential impact of SO,, CO, NO; and
particulates as PM1 from the onsite diesel generators within the modelling domain.

Details of the CALPUFF model configuration are provided in Appendix A.

3.3.1 Method for the conversion of oxides of nitrogen to nitrogen dioxide

The nitric oxide (NO) that will be emitted from the onsite diesel generators will undergo chemical transformation
in the atmosphere to form NO,. As NO; is more toxic than NO, it is important to quantify the transformation of
NO to NO, to assess the predicted ground-level NO, concentrations against the air quality criteria. NO and NO;
are collectively termed NOx.

The actual degree of conversion of NO to NO; in a plume will depend on atmospheric conditions at the time that
the emissions occur. Measurements around power stations in Central Queensland show, under worst possible
cases, a conversion of 25-40% of the NO to NO; occurs within the first 10 km of plume travel. During days with
elevated background levels of hydrocarbons (generally originating from bush-fires, hazard reduction burning or
other similar activities), the resulting conversion is usually below 50% in the first 30 km of plume travel (Bofinger
et al, 1986).

For this assessment a conservative ratio of 30% conversion of the NO to NO; has been assumed to estimate the
ground-level concentrations of NO, resulting from the operation of the onsite diesel generators.
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Table 5

Summary of monitoring data from Bureau of Meteorology monitoring station at Yeelirrie

Parameter ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug Sep Oct Nov Dec ‘ Annua
Rainfall (mm) — For years 1928 to 2014
Average rainfall 29.7 31 31.4 24.4 25.3 22.8 17.4 12.4 4.8 9.7 10.1 20.4 239
Temperature (°C) — For years 1973 to 2014
Mean maximum temperature 37.9 35.9 33.2 29.0 235 19.5 19.3 21.7 25.8 30.1 33.0 36.1 28.8
Mean minimum temperature 22.2 21.3 18.2 13.9 8.3 4.7 3.5 4.7 7.9 12.6 16.3 19.9 12.8
Maximum temperature 47.9 46.0 44.0 38.5 36.8 29.9 28.6 334 375 41.5 43.2 45.4 47.9
Minimum temperature 12.0 10.0 6.0 3.0 -2.8 -5.0 -5.1 -4.8 -2.2 -0.4 1.9 7.6 5.1
Solar exposure (MJ/m?2) — For years 1990 to 2014
Mean daily solar exposure ‘ 27.8 ‘ 24.5 ‘ 21.6 17.3 14.3 12.3 135 17.4 21.8 25.4 28.0 28.8 ‘ 21.1
Relative humidity (%) — For years 1973 to 2010
Mean 9am relative humidity 34 42 43 52 59 68 66 56 44 36 33 32 47
Mean 3pm relative humidity 21 27 27 34 37 42 41 33 26 20 19 19 29
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4.3.3 On-site meteorology

Data from an automatic weather station (AWS) located half way between the proposed development and the
Yeelirrie Homestead from 7 February 2010 to 19 January 2011 has been used to characterise the meteorology at
the project site. The Yeelirrie AWS records 1-hour average wind speed, wind direction, relative humidity,
temperature, barometric pressure and radiation as well as evaporation and rainfall totals. The data from the
Yeelirrie AWS for the period 7 February 2010 to 19 January 2011 have been used to characterise the
meteorology at the site of the Yeelirrie Uranium Project.

A monthly summary of the monitoring data from the Yeelirrie AWS is presented in Table 6, and includes rainfall,
temperature, wind speed, relative humidity, barometric pressure and solar radiation.

The data show that the annual rainfall for the region was 290.4 mm, with 43 % of the rainfall recorded during
November and December 2010 and a further 23% recorded during March 2010. Relatively low rainfall levels
were recorded during April through to September 2010, while no rain was recorded at the site during February
and October 2010.

The monthly average temperature ranged from 11.1 °C during July to 33.2 °C during February. The lowest daily
average temperature of 7.6 °C was recorded during July, while the highest daily average temperature of 37.1 °C
was recorded during February. The monitoring data illustrate the typical seasonal pattern of solar exposure, with
the monthly average solar radiation greater during the warm summer months of October through March
compared to the cool winter months of April through September.

The annual average wind speed recorded at the site was 2.7 m/s, with the monthly average wind speed ranging
from 1.7 m/s (April and July) to 2.9 m/s (January). Daily average wind speeds of up to 6.0 m/s were recorded at
the site during December, while a daily average wind speed of 0.2 m/s was recorded at the site during April.

Monthly average relative humidity ranged from around 60 % during June and July to 24 % during February and
November. The peak daily average relative humidity level of 95 % was recorded at the site during June, while
the lowest humidity level of 10 % was recorded at the site during March.

The monthly average barometric pressure data show that the months of November through to April were
dominated by low pressure synoptic conditions that are typically associated with wetter summer conditions, while
the months of May through to October were dominated by high pressure systems that are typically associated
with clear, drier conditions.

The annual, seasonal and diurnal distributions of winds recorded at the Yeelirrie AWS are presented as wind
roses in Figure 5, Figure 6 and Figure 7, respectively. The data show that winds were predominantly from the
east-northeast to south-southeast, with 68 % of the winds recorded from this sector. The remaining winds were
recorded from the south to northwest (26 %) and north-northeast to northeast (6 %) directions. As shown in
Figure 6 and Figure 7, the winds from the east-northeast to south-southeast were predominant during all seasons
and during all periods of the day, with the strength of these winds increasing during the spring and summer
months, and during the morning (6am to midday) and afternoon (midday to 6pm) periods.
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Table 6 Summary of monitoring data from Yeelirrie AWS during February 2010 to January 2011

Parameter * ‘ Feb 2 ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec ‘ Jan ‘ Annual *
Rainfall (mm)
Monthly rainfall total | 1.0 | 680 | 158 | 104 | 150 | 146 | 276 | 84 00 | 208 | 940 | 58 | 2004
Temperature (°C)
Minimum daily temperature 28.9 22.4 18.3 115 7.7 7.6 9.5 9.7 16.1 19.4 17.7 27.0 16.3
Maximum daily temperature 37.1 32.1 28.3 23.1 19.2 15.3 23.7 27.3 31.3 33.1 36.8 36.0 28.6
Average daily temperature 33.2 27.4 23.7 16.8 13.7 11.1 14.0 16.2 22.2 26.2 28.3 29.9 21.9
Wind speed (m/s)
Minimum daily wind speed 0.5 0.5 0.2 0.6 0.3 0.6 0.5 0.7 0.8 0.6 0.6 0.8 0.6
Maximum daily wind speed 4.6 4.1 4.0 3.8 2.8 5.5 4.4 4.3 4.7 5.1 6.0 4.6 4.5
Average daily wind speed 2.6 2.4 1.7 2.0 1.8 1.7 1.8 2.3 2.6 2.7 2.6 2.9 2.3
Relative humidity (%)
Minimum daily relative humidity 13.9 9.9 29.5 30.5 35.8 39.8 29.9 17.3 15.2 11.9 10.5 22.6 22.2
Maximum daily relative humidity | 41.5 85.6 78.0 81.8 94.8 80.2 76.1 83.6 53.3 68.2 89.6 67.0 75.0
Average daily relative humidity 24.9 34.3 48.3 54.0 61.1 60.0 45.0 45.4 31.0 24.2 36.2 37.9 41.8

Barometric pressure (hPa)
Minimum daily pressure | 947.0 950.2 949.2 948.8 956.3 949.0 947.1 950.4 950.8 947.5 941.6 939.3 948.1

966.0 964.5 968.4 969.3 971.7 969.4 963.1 959.6 954.8 949.2 962.7
946.6 945.7 956.1

Maximum daily pressure | 955.2 960.7
Average daily pressure | 951.3 955.9 956.0 958.4 963.7 963.2 960.7 961.3 957.1 952.8

Solar radiation (Watts/m?)
Minimum daily solar radiation | 143.9 76.6 60.2 67.6 26.7 56.2 52.0 58.6 80.2 156.8 45.2 120.7 78.7

Maximum daily solar radiation | 276.8 285.3 219.6 169.4 141.3 148.7 181.4 280.6 265.8 283.8 2954 284.5 236.0
223.3 170.4 139.3 99.4 124.4 146.5 195.7 222.0 252.2 232.3 221.9 187.9

Average daily solar radiation | 227.7

Table note:

Minimum, maximum and average values are based on the 24-hour average data for each month

Data available from 7 February 2010 only

1

2

3 Data available to 19 January 2011 only

4 Annual values are based on the average of all months, with the exception of rainfall which is presented as a total
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Table 7

Inventory of emission sources of particulate matter (as PMy, and PM,5), SO,, CO and NOy reported for 2012-2013 reporting year (NPI)

Distance Total kg/year
and
Faculty name Locality Main activity direction
from PMio PM2s SO, co NOx
project
Agnew Gold Mine Leinster Gold ore mining and processing 110 SSE 1,891,320 5,678 82 44,885 86,671
Bronzewing Operations Lake Darlot Gold ore mining and processing 110 E 1,567,009 29,583 297 225,340 512,819
Burnakura Gold Mine Reedy Underground and open pit gold mining 140 W 157,863 6,231 70 54,686 107,948
Cliffs Nickel Project Sir Samuel Nickel mining 70 E 850,000 5,400 46 36,000 58,000
Cosmos Nickel Project Leinster Nickel mining and processing 80 SE 390,067 4,665 73 64,391 128,976
Jundee Operations Wiluna Gold ore mining and processing 120 NE 2,144,487 20,101 755 207,127 553,864
Lawlers Operations Agnew Gold ore mining 110 SSE 1,193,805 7,233 89 63,783 123,736
Leinster Nickel Operation Leinster Nickel mining and concentrating 110 SE 3,323,000 14,130 1,050 122,000 410,000
Leinster Power Station Leinster Electricity generation 110 SE 14,552 14,096 711 159,468 552,291
Mt Keith Nickel Operation Wiluna Nickel ore mining 70 E 8,600,000 110,000 1,200 810,000 1,800,000
Mt Keith Power Station Leinster Electricity generation 130 SSE 21,950 21,282 969 233,798 780,358
Paroo Station Mine Wiluna Mining and processing of lead concentrate 70N 457,250 5,150 44 36,362 90,355
Wiluna Wiluna Electricity generation using mineral gas 70 NNE 1,280 1,250 13 11,000 24,400
Wiluna Compressor Station Wiluna Gas compression 80 NNE 78 78 21 3,392 13,082
Wiluna Operations Wiluna Gold ore mining and processing 70 NNE 298,469 9,597 423 67,211 246,261
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Table 20 Predicted ground-level concentrations (ug/m3) of TSP, PM,, and PM, 5 and dust deposition rate (g/m#month) due to the Yeelirrie Uranium

Project
Accommodation village/
o Yeelirrie Pool Ululla Homestead Palm Springs
Air Yeelirrie Homestead
Averaging )
Pollutant Period quality With
ero criteria Operationally | With back- Operationally | With back- | Operationally With back- Operationally back
contributed ground contributed ground contributed ground contributed ground
24-hour
) 90 4.7 54.7 14.4 64.4 5.6 55.6 0.4 50.4
TSP maximum
Annual 90 0.1 25.1 11 26.1 0.2 25.2 0.01 25.0
24-hour
" highest 50 1.3 26.3 10.9 35.9 1.7 26.7 0.1 25.1
PMio ighest
Annual 25 0.1 12.6 1.0 13.5 0.2 12.7 0.01 12.5
24-hour
] 25 1.1 11.9 3.5 14.3 0.9 11.7 0.1 10.9
maximum
PMzs
Annual 8 0.01 7.7 0.2 7.9 0.04 7.7 0.002 7.7
Dust dep. Annual 27 0.002 n/a 0.013 n/a 0.006 n/a 0.0004 n/a
Table note:
1 6" Highest 24-hour concentration presented for PMjo in accordance with the Air NEPM
2 Dust deposition criterion of 2 g/m2/month is maximum increase in deposited dust level above background
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Table 21

emissions)

Predicted operationally contributed ground-level concentrations (ug/ms3) due to diesel generators (Assume zero capture of generator

Accommodation village/

Ululla

Pollutant Averaging Period Air quality criteria Yeelirrie Pool Palm Springs
Yeelirrie Homestead Homestead
1-hour maximum 250 42.2 157.5" 82.6 10.6
Nitrogen dioxide
Annual 62 0.02 0.6 0.2 0.03
Carbon monoxide 8-hour maximum 11,000 0.7 10.1 4.2 0.6
1-hour maximum 570 1.9 17.0 3.6 0.5
Sulfur dioxide 24-hour maximum 230 0.1 1.6 0.7 0.1
Annual 57 0.001 0.024 0.01 0.001
24-hour 6™ highest* 50 <0.01 0.07 0.02 <0.01
PMi
Annual 25 <0.01 <0.01 <0.01 <0.01
24-hour maximum 25 0.02 0.3 0.1 0.02
PM, s
Annual 8 <0.01 <0.01 <0.01 <0.01
Table note:
1 Maximum 1-hour concentration on 2™ highest day in accordance with the Air NEPM
2 6" Highest 24-hour concentration presented for PMig in accordance with the Air NEPM
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A2.3 Nocturnal inversions

One of the most important aspects of the local meteorology around the Yeelirrie region for air dispersion is the
frequency and intensity of nocturnal inversions. The model has been shown to adequately simulate the majority
of atmospheric conditions and weather types in the Yeelirrie region, while also showing its limitations in
simulating the frequency of north-westerly winds in winter and spring. However, it is the atmospheric conditions
that are associated with these wind patterns that are essential to dispersion not necessarily the wind direction by
itself.

The air environment around Yeelirrie is quite complex, as previous studies identified a high percentage of
nocturnal inversions and an associated low-level jet, which predominantly forms during winter and early spring
when the variation in daytime and night-time temperatures are at their highest (Steedman 1978 and Lyons and
Steedman 1981)

Low level jets occur due to surface friction and a decoupling of the air flow at the surface from the air flow at
elevation. Two atmospheric layers are produced as a result of: a stable near surface layer (or stable boundary
layer (SBL)); and, a free atmosphere above.

After decoupling, the free atmosphere layer is no longer acted upon by the surface and therefore the friction
velocity is reduced to near zero and a local acceleration of the air mass is observed. This is evidenced by a
maximum wind speed in the vertical profile of the horizontal wind speed above the decoupling point (Banta et al.
2002).

These low level jets are a typical feature of relatively flat desert terrain where strong surface cooling is
experienced overnight, as is the case in the Yeelirrie region. The SBL is a nocturnal inversion layer in which
vertical movement of the air is suppressed. The point at which the SBL is decoupled from the free atmosphere
above is located near the top of the inversion layer and demarcates the zone of local acceleration of the
horizontal wind speed.

The meteorological modelling found that stable boundary layer conditions (Pasquill-Gifford F class) were likely to
occur frequently (39% of hours in the period from February 2010 to January 2011). These conditions occur at
night and are more prominent during the winter months when surface cooling is at a maximum.

The Pasquill-Gifford scale is an approximation of turbulence. Mathematically, turbulence is described by the
fundamental equations of fluid dynamics, known as the Navier-Stokes equations. These equations form the basis
of the TAPM model and all modern numerical weather prediction systems. TAPM solves the Navier-Stokes
equations and accounts for terrain, vegetation characteristics and soil characteristics dynamically at each model
time step, which feeds back into the modelling system for subsequent model time steps. Consequently, the
TAPM model has the capability to simulate the types of conditions described by Lyons and Steedman (1981).

To determine the model’s reliability in simulating this complex behaviour the vertical profile of wind speed and
virtual potential temperature was extracted from TAPM for the winter months of the simulation period. Figure A12
and Figure A13 show the night-time vertical profiles of wind speed and virtual potential temperature of the
atmosphere during winter. The formation of a low-level jet is apparent and coincides with the inversion layer
designated by the virtual potential temperature profile.

These conditions are the dominant weather type during the winter months. It is these conditions that also lead to
worst case dispersion conditions for pollutants suspended in the atmosphere.

Steedman et al.1978 found that stable night-time conditions occurred on 39% of all nights in the Yeelirrie region.
The frequency of modelled stable night-time conditions was 37%. This modelled outcome provides another
indication of the models’ representativeness of the area and its conservativeness.

The frequency of a stable atmosphere coupled with the formation of a low level jet (Figure A12 and Figure A13),
shows that the model is capable of simulating the extreme conditions experienced at the project site.
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