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EXECUTIVE SUMMARY

Background

Murujuga (the Dampier Archipelago, including the Burrup Peninsula and the population centres of
Dampier and Karratha and surrounding areas) contains unique ecological and archaeological areas
of national and international heritage value including areas of significant cultural and spiritual
significance to Aboriginal people.

Murujuga is also home to industry that contributes to the local and state economy and provides

employment in the area. In response to concerns that industrial emissions may be affectin g the
areas of cultural significance, several scientific studies assessing potential impacts have been

conducted for the region.

The Western Australian Department of Water and Environmental Regulation (DWER),
commissioned Ramboll Australia Pty Ltd (Rambo Il) to undertake a study on the cumulative
impacts of air emissions within the Murujuga airshed including air emissions from existing and
proposed future industries, shipping, and aggregated sources in the Pilbara region.

Scope and Methods
Ramboll used t he CAMx air quality model, which includes photochemistry of the atmosphere, to
evaluate air concentrations and deposition for these pollutants:

Nitrogen dioxide (NO  »);

Ozone (O 3);

Sulphur dioxide (SO  »);

Carbon monoxide (CO);

Ammonia (NH 3);

Volatile organic compounds (VOCSs), including benzene, toluene, ethylbenzene, and xylene
(BTEX);

Particulate matter as PM 10 and PM 25

Chemical constituents of PM including ammonium nitrate and ammonium sulphate ;
Urea dust; and

Inorganic Mercury (Hg).

=A =4 =4 =4 4

= =4 =4 =4

A complete emission inventory of all sources was necessary to conduct photochemical modelling.
The following emissions sources were included:

1 Industrial emissions sources;
1 Mobile sources including:
o Commercial shipping and recreational boating;
0 On-road and o ff-road mobile vehicles;
o Airports; and
o Railways.
1 Domestic and commercial sources including:
Recreational boats
Aerosols and solvents;
Cutback bitumen
Gaseous fuel combustion;
Liquid fuel combustion (domestic);
Portable fuel containers (domestic and public open space);
Gaseous and solid fuel combustion (domestic);

O O O 0O o o o
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Surface coatings (domestic, commercial and industrial) ;
Industrial solvents;
Automotive fuel retailing; and
0 Motor vehicle refinishing.
1 Biogenic sources including:
Vegetation;

O O O

0  Wind blown dust;
0 Bushfires; and
o0 Oceanic Sources ( Seasalt and d imethyl sulphide) .

The CAMx modelling considered three scenarios in order to assess current industry emissions
(Scenario 2 1 Scenario 1) and anticipated emissions of future industry expansion (Scenario 3 T
Scenario 2), namely:

1 Scenariol - All emissions, including natural, domestic and commercial sources, but
excluding the point and area sources for heavy industry including railways and shipping in the

region.

1 Scenario2 - Scenario 1 plus the point and are a sources for heavy industry including railways
and shipping in the region.

1 Scenario3 - Scenario 2 plus proposed future emissions (2030) from all sources

A base year of 2014  was chosen for the modelling  because it has meteorology that is typical of
recent years andwas not an extreme year. The CAMx modelling uses meteorology from a weather

model (WRF) and background air quality from a global air quality model (CAM -chem). CAMx is a
grid model, meaning that it represents the atmosphere as a system of inter -connected grid boxes,
also called grid cells. The grid cell size is what determines how finely the model can resolve space.

The CAMx model has 1.33 km grid cells (meaning 1.33 km by 1.33 km squares) over Murujuga

and th e adjacent area. The model also has a 4 km resolution grid covering a wide portion of the

Pilbara.

CAMx model results for Scenario 2 were compared with  available air monitoring data for 2014.
The comparison indicated reasonable agreement with the measurem ents at Burrup Road,
Dampier, and Karratha  noting the following

1 Thereis ahigh NO ; model bias at Burrup Road and Dampier. The bias at Burrup Road is likely
due to the model not having a fine enough resolution to resolve the source -receptor
relationships at this location. The bias at Dampier is likely due to influence from the
characterisation of  shipping and industry emissions in the region.

1 Ozone concentrations at Dampier and Karratha correlate closely with observed concentrations
and have little bias.

1  There was good agreement between modelled and measured distributions of benzene,
toluene, and xylene concentrations, especially for higher concentrations (around the 90 th
percentile).

1 Modelled 24 -hour average PM 5 and PM 19 concentrations agree  fairly well with observations in
Dampier although the 1.33 km model resolution is insufficiently fine to resolve details of the

source -receptor relationships.

Results
A summary of the  results for Scenario 2 and Scenario 3 includes the following:
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1 Analysis of source contributions to the predicted ground level concentrations of benzene,
toluene and xylene emissions in the Murujuga airshed indicate that the majority contribution
is from industry  near or on the Burrup Peninsula.

1 Exceedances of the benzene standard were predicted for Scenario 2, however these
exceedances were predicted to occur at ornear industrial facilities and no exceedances were
predicted at sensitive receptor locations, including Dampier and Karratha

1 Future industry benzene emissions increase d but concentrations remain  ed well below the
guideline at sensitive receptor locations, including Dampier and Karratha

1 SOz NO2 PM2s, PMjg, CO, and NH 3 peak ground level concentrations are centred at industrial
facilities near or onthe Burrup Peninsula , showing that industrial sources and shipping
contribute to  air emissions in the area, but with total air concentrations for these compounds
remaining below current air quality standards except for PM 10 and PM ;5 at sensitive receptor
locations, including Dampier and Karratha

1 Industry GLCs contribute from 3.7% to 15.5% of annual average PMio and 6.3% to 18.4% of
annual average PM 5 in Scenario 2 . Future industry GLCs contribut e only around 1% to 2% to
annual average PM 1o in Scenario 3 . Contributions to annual average PM 25 in Scenario 3 are
negative or zero likely due to decreases in secondary PM 25 precursor emissions

1 Estimated background  (Non -industrial) PMjo dust concentrations contribute 23-29 ug/m 3 (85-
96 %) to the annual average and 85-95 pg/m 3 (92-99%) in maximum 24  -hr concentrations
(although the maximum 24 -hr dust and maximum 24 -hr total PM 19 could have occurred on
different dates).  Dust sources alone (i.e., crustal material from categories 1 and 2 above)
contribute approximately 66 -73% of the annual average PM 10 and 79 -86% of the maximum
24 -hr PM 1o concentrations.

1 Background (Non -industrial) PM.5s dust concentrations contribute 4.6 -5.8 pg/m 3 (82-94%) to

the annual average and around 16-17 pg/m 3 (82-94%) in maximum 24  -hr concentrations.
Dust sources alone (i.e., crustal material from categories 1 and 2 above) contribute
approximately 31  -44% of the annual average PM  ,5 and 66 -74% of the maximum 24  -hr PMy5
concentrations.

1  For several short -term air quality metrics (i.e., MDA1L) industry emissions are a large
contributor indicating that the highest short -term ground level concentration episodes tend to

occur when industrial ~ emissions are high.
1 Offshor e SO, and NO , concentrations show strong influences from shipping emissions.
1  Future annual maximum daily 1 -hour average (MDA1) NO , were predicted to decrease by -
13.6 ppb near Dampier which likely results from Woodsi debs intentixon to reduce
emissions f rom the Karratha Gas Plant by 40% by the end of 2030 as part of the North West
Shelf Project Extension Proposal (Woodside, 2019 ).
1 Future MDA1 SO , concentrations decrease offshore by up to 86 ppb due to the introduction of

International Maritime Organisation (IMO) regulations that limit the fuel -sulphur content for
marine vessels.

1  NOx emissions from industry result in the suppression of O 3 hear Dam pier.

1  Future industry emissions tend to increase O 3 but O 3 concentrations in all scenarios are below

air quality standards.
1  Future industry emissions increase MDA8 CO by 359 ppb near the Yara Ammonium Nitrate
Plant.

A summary of the deposition rates from Scenario 2 and Scenario 3 includes the following:
1 HNO3, NO 2, and total N deposition amounts are higher over land than over water because
HNO3z and NO , dissolve s into water.

1 Particulate nitrate (P NO3) is a small contributor to total N deposition because it deposits more
slowly than HNO3z and NO 5.
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1 PS04, SO», and S deposition occur mostly offshore near Dampier and over land near Dampier,
showing that most of the deposition is coming from shipping and industrial plants in the area.

1 Almostall N and S depositio  n comes from the industrial emissions sources in the region.

1 Scenario 2 deposition  of total N at Burrup Road is higher than measurements recorded from
2012 7 2014 suggest ing that NO x emissions from industry and/or shipping may be over -
estimated in Scenario 2

1 Industry contributions to N deposition are expected to increase in the future with the largest
increase occurring near Burrup Road.

1 Industry contributions to S deposition are ex pected to decrease in the future as a result of the
introduction of IMO regulations that limit fuel -sulphur content for marine vessels.

1 Hg deposition values are low and there is little change expected in the future.

Recommendations
Ramboll recommends that any future work prioritise the following recommendations:

1 The outcomes from the assessment indicate a high bias for NO 2 atthe Burrup Road and
Dampier monitors. Whilst this may have been a function of the resolution of the modelling,
analysis of the plots indicate s significant contributions from other sources such as railways
and shipping emissions in the region of which there was a degree of uncertainty related to

emissions estimates. A more detailed characterisation in the quantity and temporal vari ation
of emissions from these operations would likely enhance the outcomes of the assessment. The
use of plume in grid modelling should also be investigated to  assistin resolv ing the NO , bias

near industrial emissions sources.

1 Emissions data from some industry sources were derived from NPI estimates. There are
varying levels of uncertainty in the emissions factors often used to derive emissions reported
in the NPI. Emissions estimates presented in the publicly available NPI database are also
presented f or a whole facility which may not allow for accurate distribution and parametisation
of emissions from individual sources. More detailed characterisation of emissions from some
industry sources in the Burrup peninsula would assist in reducing potential unc ertainty.

1 Shipping emissions could be further refined by utilising an un -anonymised private AIS dataset
with additional vessel detail for all shipping movements in the region instead of the composite
approach using the CEDS database and the publicly availa ble AIS dataset from AMSA. The
current assessment used AIS records which do not provide unigue vessel identification
information. With access to vessel identities, vessel -specific characteristics can be accessed
through cross referencing with vessel charac teristics databases (e.g., IHS Markit or Clarkson).
These specifications can provide a much more accurate depiction of vessel emissions. The AIS
data assessment can also be expanded to include transiting emissions to provide a uniform
approach for estimati  ng vessel emissions within the model domain. Additionally, further
details on specific fuel use at individual ports or terminals could be taken into consideration to
more accurately refine emissions factors. Such information may be gleaned from port - or
terminal -specific emission reduction or fuel use programs.

1 It should be noted that it would be difficult to completely match shipping emissions of SO 2 for
2014 data as discussion with Pilbara Port s Authority (PPA) indicates that some ships fuel
switch from h igh to low sulphur fuel at the request of some of the onshore operators but that
fuel - switching was not enforceable and so was done on an ad -hoc basis. The introduction of
the lower sulphur limits in fuel by the IMO will reduce some of the uncertainty in t he future.

1 Predicted deposition of pollutants in some grid cells located in close vicinity to each other,
displayed a higher degree of variability than would be expected which was likely a function of
the landuse maps utilised in the study. Development of more accurate landuse maps  would
likely result in improved performance related to deposition, particularly in coastal areas.
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ENVIRONMENT
A SYEE & HEALTH

1. INTRODUCTION

1.1 Background

Murujuga (the Dampier Archipelago, including the Burrup Peninsula and the population centres of

Dampier and Karratha and surrounding areas )is alow -lying, rocky peninsula  that includes areas with
protection as a National Heritage Place and National Park. It contains unique ecological and

archaeological area s of national and international heritage value including areas of significant cultura |
and spiritual significance to Aboriginal people, particularly due to the large collections of rock art in the

form of petroglyphs, standing stones, and other cultural sites such as foraging areas, ceremonial sites

and hunting areas. Vegetation with herit age value is also found on the Burrup Peninsula with s ome trees
provid ing medicine for colds and flus, shade for shelter and ceremonial tools (MAC, 2016) .

Murujuga is also home to industry that contributes to the local and state economy and provides

empl oyment in the area. In response to concerns that industrial emissions may be affecting the areas of
cultural significance, a number of scientific studies assessing potential impacts have been conducted in
the region over the past 15 years.

The Western Au stralian Department of Water and Environmental Regulation (DWER) has commissioned
Ramboll Australia Pty Ltd (Ramboll) to undertake a study on the cumulative impacts of air emissions

within the Murujuga airshed including air emissions from existing and proposed future industries,
shipping, and aggregated sources in the Pilbara region. ~ The Murujuga airshed  as assessed in this study
is presented in Figure 1 -1.
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Figure 1-1:Extent of the Murujuga airshed

1.2 Scope of Work

In order to assess air quality in the region, the DWER requ ired that air dispersion modelling be
undertaken using an  appropriate air dispersion model  for the following air pollutants of concern

Nitrogen dioxide (NO »);

Ozone (O 3);

Sulphur dioxide (SO »);

Carbon monoxide (CO);

Ammonia (NH 3);

Volatile organic compounds (VOCSs), including benzene, toluene, ethylbenzene, and xylene (BTEX);
Particulates (as PM 10 and PM 255), including ammonium nitrate , ammonium sulphate  and urea dust;
and

Mercury (Hg).

= =4 =4 -8 -8 A -8

=

The following emissions sou  rces were included inthe modelling

Industry Sources;
Marine s hipping ;
Road vehicles;
Railroads;

= =4 4 A
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1 Aircraft;
1  Sub-threshold industry, such as petrol service stations and panel beaters, which are industries that
are exempt from reporting their air emissions to relevant jurisdictions as part of the National

Pollutant Inventory (NPI);
 Bushfires ; and
1 Natural sources including vegetation and soils (biogenic), lightning, sea salt spray, and dust.

Air dispersion modelling was completed for three scenario s, hamely:

1 Scenariol - All emissions, including natural , domestic and commercial sources , but exclud ing the
point and area sources for heavy industry including railways  and shipping inthe region .

1 Scenario2 - Scenario 1 plus the point and area sources for heavy industry  including railways and
shipping in the region.

1 Scenario3 - Scenario 2 plus proposed future emissions (2030) from all sources.

The air dispersion modelling was used to obtain predicted maximum ground level concentrations (GLCs)

for the air emissions of concern at Karratha, Dampier, Hearson Cove and Deep Gorge INgajarli  for each
of the three scenarios. For each air emission of concern in each individual scenario, the following was
provided:

1  Highest predicted maximum GLC within the model g rid(s); and

1 Location of predicted GLC contour lines within the Murujuga airshed.

Model predicted GLCs for NO 2, O3, SOx as SO», CO, and PM 19 and PM ;5 are compared with the relevant
criteria in the National Environment Protection Measure (NEPM) ambient air quality standards. Predicted

GLCs for NH 3, VOCs including BTEX, and Hg are compared with the relevant criteria in the Approved

Methods for the Modell  ing and Assessment of Air Pollutants in New South Wales (NSW EPA, 2016) and

the National Environment Protection (Air Toxics) Measure (for BTEX only). Model predictions were used

to determine whether there are likely to be any exceedances of applicable crit eria at Karratha, Dampier,
Hearson Cove, Deep Gorge /Ngajarli or elsewhere within the model grids.

In addition, m  odel predicted deposition to the ground (the surface) is analysed to provide information
on the deposition of acid gases and particles NO2, SO ,, total oxidised N, total oxidised S, ammonium
nitrate , Hg, and urea dust on the Murujuga grids.

1.3 Report Organisation

The report is organi  sed as follows. Section 2 reviews the assessment criteria such as the air quality
standards for the air emissions  of concern. Section 3  meteorological modelling conducted using the

Weather Research and Forecasting (WRF) model to prepare input data for the air dispersion modelling
Section 4 presents a summary of ambient air quality monitoring undertaken at monitoring stations

within the Murujuga airshed for a number of pollutants of interest in 2014, the modelled year. Section 5
describes the development of emission inventories for all sources and scenarios. Section 6 describes the
air dispersion modelling conducted using the Comprehensive Air quality Model with extensions ( CAMXx)
including model configuration and the results for each scenario.
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2. ASSESSMENT CRITERIA

2.1 Ambient Air Quality

Table 2-1 contains the relevant criteria for the air emissions of concern assessed in the air dispersion
modelling. The standards are based on the Australian National Environmental Protection (Ambient Air
Quality and Air Toxics ) Measure (NEPM) and values o utlined by the NSW EPA and the World Health
Organisation (WHO)

Table 2-1 Ambient Air Quality NEPM Particulate Standards

Pollutant Averaging Period Unit Ambient Air Concentration Reference
1-hour ppb 80 (NEPC 2021)
NO2
Annual ppb 15 (NEPC 2021)
O3 8-hour ppb 65 (NEPC 2021)
1-hour ppb 100 (NEPC 2021)
SOz
24 -hour ppb 20 (NEPC 2021)
co 8-hour ppb 9,000 (NEPC 2016)
Ammonia 1-hour ppb 460 (NSW EPA 2017)
24 -hour ug/m 3 50 (NEPC 2016)
Particles as PM 10
Annual ug/m 3 25 (NEPC 2016)
24 -hour ug/m 3 25 (NEPC 2016)
Particles as PM 25
Annual pg/m 3 8 (NEPC 2016)
1-hour (ug/m %)t 2 (NSW EPA 2017)
Mercury (inorganic)
Annual (ug/m %)t 0.2 (WHO 2003)
1-hour ppb 9 (NSW EPA 2017)
Benzene
Annual ppb 3 (NEPC 2011)
1-hour ppb 89 (NSW EPA 2017)
Toluene 24 -hour ppb 1,000 (NEPC 2011)
Annual ppb 100 (NEPC 2011)
1-hour ppb 41 (NSW EPA 2017)
Xylene 24 -hour ppb 250 (NEPC 2011)
Annual ppb 200 (NEPC 2011)

Notes:
1. Referenced to 0°C, and 101.3 kPa

It should be noted that onthe 18 ™ of May 2021, the National Environment Protection Council (NEPC)
modified ambient standards  for a number of pollutants , based on international guidance (NEPC, 2021)
Following public consultation federal Ministers agreed to several changes to the AAQ NEPM including :

1 significantly strengthen  ingthe NO; reporting standards for1 ~ -hour NO » to 80 ppb  from 120 ppb;

1 significantly strengthening the SO 2 reporting standards for1 ~ -hour and 24 -hour SO » to 100 ppb and
20 ppb as well as removing the annual SOy; and
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T Removal ofthe 1 -hourand4 -hour O 3 averaging periods to align the standards with the recent
health evidence and for consistency with many international agencies.

The implemented changes bring forward standards initially proposed for 2025 (NEPC, 2021). The
National Environment Protection Council (NEPC) is still planning to  further modify ambient standards in
2025 , based on international guidance. Changes are expected for 03, SO, and PM ,5. Where applicable,
predicted and monitored concentrations outlined in this assessment have been assessed against the

current and proposed future standards.

Table 2-2 presentsthe proposed criteria variation  for the air emissions  of concern for this assessment
(NEPC 2019; NEPC 2016).

Table 2-2 Proposed Variations in Ambient Air Quality NEPM Standards

. 2025 Proposed
Pollutant Averagmg Units (CEL NS Future NEPM Reference
Period Standards
Standards
O3 8-hour ppb 65 To be reviewed (NEPC 2021)
SO> 1-hour ppb 100 75 (NEPC 2021)
24 -hour pg/m 3 25 20 (NEPC 2016)
Particles as PM 25
Annual pg/m 3 8 7 (NEPC 2016)

2.2 Acidic Deposition

There are no accepted or commonly applied standards for assessing deposition of acidic air pollutants on
land surfaces or on sensitive receptors such as the Burrup Peninsula Aboriginal rock art. While this
assessment report provides results for acidic deposition, no assessment, or commentary is provided
about the potential impacts on areas of sensitivity such as t he rock art. In this case, model results for
deposition were provided primarily for comparisons with results obtained from measurements.

Air dispersion models calculate surface deposition for airborne substances using an airborne

concentration near ground  -level, a deposition velocity for the substance of interest, and other

parameters (Seinfeld and Pandis, 2016). These parameters are difficult to accurately quantify, and

therefore the standards for deposition have greater uncertain ties than the standards based on airborne
concentrations only.
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3. W EATHER RESEARCH AND
FORECASTING METEOROLOGICAL
MODELLING

3.1 Introduction

Murujuga is located in the Pilbara region of Western Australia. The Pilbara region is characterised by

very hot summers, mild winters and low and variable rainfall. It is classified as hot desert in northern

and inland areas and hot grasslands in the north -west (DPIRD, 2020) . During summer and early autumn
(December to March), average daily temperatures exceed 30°C across the region, with average daily
maxima exceeding 35°C from October to March. In northern inland areas, such as Marble Bar, average

maxima exceed 40°C during summer and temperatures exceeding 45°C are common.

During the winter months (June to August ), average temperatures are around 20°C across the region.

Coastal areas have a smaller annual temperature range compared to inland areas, and winter

temperatures rarely drop below 10°C. Except for the upland areas of the Hamersley Ranges and south -
eastern inland areas, there is minimal risk of frost.

The predominant wind directions at the base of the Burrup Peninsula (Ka rratha Aero) can be seen in the
windrose plots in the next section. The mean wind speed ranges from about 5 to 5.5 m/s, with few
calms. Lower wind speeds tend to come from the South or Southwest, and higher wind speeds from the

West or East -to-Northeast.

Annual rainfall declines from 300 7 350 millimetres (mm) in the north -eastto lessthan 250  mm in the
south and west. Elevated areas in t he Hamersley Ranges average more than 500 mm. Rainfall is
greatest during summer and autumn and least during winter and spring. Rainfall in the eastern Pilbara

is most influenced by tropical and monsoonal drivers, which are predominantly active in summer a nd
autumn. Rainfall in the western Pilbara is also influenced by southern mid -latitude drivers, such as

frontal systems, during autumn and winter.

Tropical cyclones cause the most extreme rainfall events and generate 25 T 34% of the total annual

rainfall n ear the Pilbara coast and as much as 21% up to 450 km inland. Tropical cyclones contribute

from 0 % to 86% of summer rainfall in the north -west.

3.2 Meteorological Data

Meteorological monitoring data from the last 10 years was sourced from the Bureau of Meteor ology
(BoM) for the stations within the study area, as depicted in Figure 3 -1. Wind roses were generated for

the stations with data from the entire monitored period (example 10 -year wind rose for Karratha Airport
station in  Figure 3 -2 and for each year (ex ample annual wind roses for Karratha stations in Figure 3 -3 to

look for abnormal years to discard. Analysis of the wind roses indicated that 2014 was a representative
year, with overall close  -to-average rather than extreme meteorological conditions when compared to
the 10 -year average.
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Figure 3-2: Karratha Airport Meteorological Station Wind Rose (2010 -2019)
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3.3 Meteorological Model Selection

The WRF model is a regional meteorological model that relies on state -of-the -art physics and
parameteri sations to solve for4  -D meteorological fields. It is widely used in regional air quality
assessments to provide meteorological inputs to dispersion and atmospheric chemistry models.

After a WRF simulation is complete, interface sof tware can be used to translate WRF

m eteorological output to the format required by the ultimate air quality model. The most recent
version of WRF (NCAR, 2018; Skamarock et al., 2008), version 4.1.3, w as used to generate
gridded meteorology fields for input into CAMXx. This includes version 4.1 of the WRF Pre -
processing System (WPS), which generates the initial and boundary conditions for WRF.

3.4 WRF Modelling Domain

Selecting an optimi  sed set of domains focused on the region of highest concern help s streamline
the meteorological modelling process. The WRF modelling domains were chosen based on the

intended CAMx modelling domain, local terrain, WRF input data resolution, and computational

resource considerations.  The extent of all four modelling domains can be se enin Figure 3 -4, with
the outer domain including Indonesia to the north and New Zealand to the south -east.

OD

10°8

20°S

30°S

40°S

90°E 105°E 120°E 135°E 150°E 165°E 180°

Figure 3-4 WRF Modelling Domains

3.4.1 Horizontal Modelling Domains

The WRF modelling domains  are slightly larger than the 4 km and 1.33 km CAMx modelling
domains seenin Figure 6-1 and Figure 6-2. The first few fAedged points of
are not considered valid due to the numerical techniques that supply the boundary conditions for
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the nes ted domain from the coarser domain. As a result, the WRF domains

each side than the CAMx domains.

3.4.2 Vertical Layer Structure

The vertical layer structure

over complex terrain.

Table 3-1: Vertical Layer Structure

used for this modelling is presented in
near the surface help s resolve the lowest part of the atmosphere, where much of the chemical
transformations occur. A surface layer of about 20 metr
leading to vertical instability model errors that can sometimes occur in

are 5 points larger on

Table 3 -1. Packing the layers

es provide s this high resolution without
high -resolution WRF runs

Level eta Pressure (mb) Height (m) Mid Height (m) dz (m)
0 1.0000 1000 0.0
1 0.9975 998 20.4 10.2 20.4
2 0.9950 995 40.8 30.6 20.4
3 0.9920 992 65.4 53.1 24.6
4 0.9890 990 90.1 7.7 24.6
5} 0.9860 987 114.7 102.4 24.7
6 0.9830 984 139.5 127.1 24.8
7 0.9800 981 164.3 151.9 24.8
8 0.9760 977 197.5 180.9 33.2
9 0.9700 972 247.4 222.5 50.0
10 0.9610 963 322.8 285.1 75.4
11 0.9510 953 407.2 365.0 84.4
12 0.9400 943 500.8 454.0 93.6
13 0.9280 932 603.9 552.3 103.1
14 0.9160 920 708.0 655.9 104.1
15 0.9030 908 822.0 765.0 114.0
16 0.8890 895 946.1 884.1 124.2
17 0.8750 881 1071.8 1009.0 125.7
18 0.8500 858 1300.1 1185.9 228.3
19 0.8200 829 1580.8 1440.5 280.8
20 0.7800 791 1967.6 1774.2 386.8
21 0.7400 753 2369.8 2168.7 402.1
22 0.7000 715 2788.7 2579.2 418.9
23 0.6600 677 3226.1 3007.4 437.4
24 0.6200 639 3683.8 3454.9 457.7
25 0.5800 601 4164.1 3923.9 480.3
26 0.5400 563 4669.7 4416.9 505.6
27 0.5000 525 5203.7 4936.7 534.0
28 0.4500 478 5917.1 5560.4 713.4
29 0.4000 430 6690.5 6303.8 7734
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Level eta Pressure (mb) Height (m) Mid Height (m) dz (m)
30 0.3500 383 7536.4 71135 846.0
31 0.3000 335 8472.3 8004.4 935.8
32 0.2500 288 9522.5 8997.4 1050.2
33 0.2000 240 10724.1 10123.3 1201.6
34 0.1500 193 12136.7 11430.4 1412.6
35 0.1000 145 13866.9 13001.8 1730.1
36 0.0600 107 15621.6 14744.2 1754.7
37 0.0270 76 17503.4 16562.5 1881.8
38 0.0000 50 19594.2 18548.8 2090.8

3.4.3 WRF Boundary and Initial Conditions Datasets

WREF relies on other meteorological model or re
Based
WRF, Ramboll has decided to use the first gues

conditions (IC/BC).
Range Weather Forecasts Re

to best match the o

on Rambol |

-analysis product (ERA5).

bservations. These fields are objectively re

previous exper.i

-analysis output to provide initial and boundary
0s
s fields from the European Centre for Medium -

ence for si

The initiali sation fields are used both to
initiali se the model and for analysis nudging on the outer three domains, which guides the model

from meteorological towers, upper air soundings, etc. and subsequently processed to the
resolution of each WRF grid using the OBSGRID program.

procedure and OBSGRID use
WRF outputs,

process from ERAS5 to WRF.

influence in e.g. ERAS is
neighbouring stations show

3.5

Physics Options:

Al t hough both

-analysed using observational data

ERAS5Fds obj ect

the same observational meteorological data as is used to evaluate

observations

both are subject to the limitations of grid resolution and potential conflicts with the
first -guess field . The verification against

is really an assessment of the entire

Additionally, the spatial distance over which an observation has

ing similar performance.

WRF Inputs and Options

The initial physics options selected for this WRF simulation are presented in

Table 3 -2. The selections are based on the local terrain and weather patterns, as well as

Ra mb o lexpérience in

Table 3-2: Physics Options

optimi sing WRF for similar modelling campaigns.

Physics Scheme Option
Longwave Radiation RRTMG
Shortwave Radiation RRTMG
Microphysics Thompson

Cumulus Parameteri sation

Multi -scale Kain -Fritsch for all domains

Planetary Boundary Layer (PBL)

Yonsei University scheme (YSU)

Land surface Model (LSM)

Unified Noah

Surface Layer

Monin - Obukhov

Water Temperature Inputs

: The water temperature data

was taken from the Multi

Resolution (MUR) Sea Surface Temperature (SST) Analysis product, available from the Jet

Propul sion

Laboratoryéos

Physical

Oceanography

purposely set to influence several grid cells. This is intended to lead to

-scale Ultra -high

Distributec
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Topographic Inputs _: Topographic information for all domains was integrated using the latest WRF

Global Elevation model developed by the United States Geological Survey (USGS) . The DWER had
mentioned that more accurate results were previously obtained us ing WRF -Hydro, or the WRF
Hydro ArcGIS toolkit. =~ The WRF -Hydro website lists three options for terrain data. ! Two of the

options (NHD Plus and STATSGO) only cover the U.S. The third option (HydroSHEDS) relies on the
1-second resolution Shuttle Radar Topography Mission (SRTM3) data for terrain data. Geosciences
Australia has produced a smoothed SRTM3 2 product for the continent (DEM -S) and a
hydrologically enforced version (DEM -H) that are available on the ELVIS 3 server.

Both DEM -SandDEM-H dat a were downl oaded and processed-through
processor. The smoothed (DEM  -S) and Hydrologically enforce  d (DEM -H) versions were identical

inside the 1.33  km WRF domain and are shown in Figure 3-5. Figure 3-6 shows the terrain when

using the USGS dataset that is distributed with WRF after version 3.6 . The USGS dataset that was

distributed with WRF before vers ion 3.6 produces quite different terrain (not shown). As can be

seen, the terrain from the SRTM -based data is very similar to the newer WRF dataset. As a result,

Ramboll used the standard USGS datasets that are distributed with WRF post version 3.6

! https://ral.ucar.edu/projects/wrf_hydro/meteorological -terrain -data

2 https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/72759

3 https://elevation.fsdf.org.au/
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Figure 3-5. Terrain height (m) within the 1.33 km
resolution WRF domain using DEM -HorDEM -S
SRTM3 data from Geosciences Australia

Figure 3-6. Terrain height (m) within the 1.33 km
resolution WRF domain using the USGS data
distributed with WRF after version 3.6

Vegetation Type and Land Use Inputs : Vegetation and land use information were developed using
USGS6s mo st -releeseceModetate Resolution Imaging Spectroradiometer (MODIS) 20 -class
datasets provided with the standard WRF distribution. The spatial resolutions used for each WRF

domain match those of the topographic inputs. Theshrubland -use category in WRF6s
LANDUSE.TBL file was altered to use a non -seasonally varying roughness length of 0.4 m, and an

Albedo of 0.2, following Pacific Env i ronment LPRilaratSteatkdicsEnvironmental Assessment
T Cumulative Air Quality Assessment 4 (2015).

Time Integration : Third -order Runge -Kutta integration  was used.

Diffusion Options : Horizontal Smagorinsky first -order closure with sixth ~ -order nu merical diffusion
and suppressed up -gradient diffusion.

4 https://www.bhp.com/ -/media/bhp/regulator -information -medial/iron -ore/western -australia -iron - ore/0000/report
appendices/160316_ironore_waio_pilbarastrateg icassessment_state_appendix9.pdf
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3.6 WRF Model Performance Evaluation

To evaluate WRF performance, Ramboll us edt he National Climatic Data Center¢
Integrated Surface Hourly dataset (DS3505), supplemented by local observations ava ilable from
BoM. The DS3505 dataset is a quality -controlled dataset with global coverage. Performance

statistics will be compared to established performance benchmarks to understand how good or
poor the results are relative to other model applications.

Ramboll use d METSTAT (Ramboll Environ, 2015), a publicly available evaluation software that

calculates statistical bias and error performance metrics, such as surface winds, temperature, and

humidity, in the WRF model output. METSTAT uses performance benchma rks to evaluate a
meteorological model simulation for air quality model applications. A series of meteorological
model performance benchmarks for simple (Emery et al., 2001) and complex (Kemball -Cook et
al., 2005) situations were used to assess performance of the model as demonstrated in Figure 3 -
7, Figure 3 -8 and Figure 3 -9. The simple benchmarks were developed by analy sing well -
performing meteorological model evaluation results for simple, mostly flat terrain conditions and
simple meteorological conditions (e.g., stationary high pressure) that were mostly conducted to
support air quality  modelling studies (e.g., ozone SIP modelling ). The complex benchmarks were
developed during the Western Regional Air Partnership (WRAP) regional ha ze modelling and are
performance benchmarks for more complex conditions, such as the complex terrain of the Rocky
Mountains and Alaska (Kemball  -Cook et al., 2005). McNally (2009) analysed multiple annual runs
that included complex terrain conditions and su ggested an alternative set of benchmarks for
temperature under more complex conditions. The purpose of the benchmarks is to understand
how good or poor the results are relative to other model applications run for the United States.
The evaluation metrics  were calculated on hourly, daily, and monthly time frames for wind speed,

wind direction, temperature, and humidity at the surface, using all available observational

weather data.  Information from monitoring undertaken by Woodside in the region was used in the
validation. In addition, probability density functions after Perkins (2007) that incorporate Weibull
distribution function to fit wind speed rather than a normal distribution were utilised at the
request of the DWER.

Ramboll used Global Precipi  tation Measurement (GPM) satellite data from NASA , which is a follow -
on to the Tropical Rainfall Measuring Mission (TRMM ), to evaluate WRF precipitation performance.
GPM has 10 km special resolution and 30 -minute temporal resolution. For this reason, WRF was
only compared to GPM for the 36 and 12 km domains.

Overall, WRF reproduced the observed surface meteorological variables reasonably well . WRF has
a slight negative temperature bias in both the 4 km and 1.33 km domains for both DS3505 and
Woodside stations , and a slight positive wind speed bias in the 1.33 km domain for Woodside

stations . Although a cursory look using Google Street View of the Woodside sites does not indicate

any obvious obstructions, it is possible they suffer from being in the lee of obstructions that are
causing the measured winds to be lower. Because the nearby BoM site s have likely be en
incorporated by ERA56s objective analysis program, they are | ikel
for the nearby region ( at least one or two ERAGS grid cells, 28 km each). This input of course only
influences WRF output, it does notfullyc ontrol WRF output.  The three Woodside stations inside

the 1.33 km WRF domain are also sited closer to the ocean than the BoM sites, and it is possible
that WRF is not resolving the land -sea boundary well enough at a 1.33 km resolution to avoid a

bias at these sites.

WRF precipitation measurements were consis tent with those  taken from GPM.
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Figure 3-8. METSTAT 1.33 km domain DS3505 observations
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Figure 3-9. METSTAT 1.33 km domain Woodside observations
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Total GPM Precipitation for 2014-01
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Total GPM Precipitation for 2014-01 Total WRE Precioitation (setting: ERAS) for 2014-01
Domain Statistics: 10th=1.00 Median=62.73 Average=92.50 90th=223.04 (mm/hr) WRF Domain Statistics. (881;;%;1.88 :algglian=25.34 Average=52.52 90th=130.06 Convective fraction= 0.50
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Figure 3-11.12km precipitation comparison of GPM (left) and WRF (right) for January 2014
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Figure 3-12. 36 km precipitation comparison of GPM (left) and WRF (right) for July 2014
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Total GPM Precipitation for 2014-07
Domain Statistics: 10th=2.17 Median=15.48 Average=20.06 90th=43.12 (mm/hr)
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Figure 3-13. 12 km precipitation comparison of GPM (left) and WRF (right) for July 2014
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Figure 3-14 . Perkins Skill Plots for Bureau of Meteorology Monitoring Stations (Karratha Aero, Roebourne Aero, Legendre Island)
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Figure 3-15. Perkins Skill Plots for Woodside Meteorological Monitoring Stations (Burrup, Dampier, Karratha)
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4. AMBIENT MONITORING

The Burrup Peninsula comprises multiple industrial faci lities emitting a range of compounds.

Historical air quality data for both gaseous and particulates for the region were made available for

the period 2008 to 2015 from a number of locations including Burrup Road, Karratha and a

number of locations in Dampi er. The locations of these stations are shown in Figure 4-1.
Pollutants monitored at these locations included O 3, NOx, NO 2, NO, PM 10, PM25 and BTX (benzene,
toluene and xylene). Table 4-1 presents a summary of the compounds and the period where

monitoring occurred at each of the stations. The following was noted:

1 BTX monitoring data was available for the period 2009 -2010 from two stations (Karratha
and Dampier), and a longer period at Bur rup Road (2009 i 2015);

1 NO, NO 2, NO x were monitored for six years (2009 T 2015) at Karratha, Burrup Road and
Dampier North;

1  Ozone was monitored for six years (2009 I 2015) at the Karratha and Dampier North
monitors and for one year at Burrup Road monitor ( 2009);

1 PMzs was monitored at the Dampier Centre and Karratha monitoring locations in 2014, as
well as the Karratha, Burrup Road and the Dampier North monitors in 2012; and
1 All Dampier and the Karratha monitoring station s monitored PM 1o during 2014.

Table 4-1: Historic air quality monitoring data

Location Pollutants ~ Monitored Period of Monitoring
BTX 2009 -2010
NOx, NO 2, NO 2009 -2015
Karratha Os 2009 -2015
PMzs 2012
PMio, PMzs 2014
BTX 2009 -2015
Burrup Road NOx, NO 2, NO 2009 -2015
O3 2009
PMzs 2012
BTX 2009 -2010
NOx, NO 2, NO 2009 -2015
Dampier North O3 2009 -2015
PMzs 2012
PMio 2014
Dampier East PMio 2014
Dampier Centre PMzo, PM2s 2014
Dampier West PMio 2014
Across the monitoring period, several exceedances of the nominated standards were recorded
which were primarily associated with PMio and PM.s. S ome exceedances of benzene and the O 3

standards were also noted.
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Figure 4-1: Location of Ambient Air Quality Monitoring Sites
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4.1 Ambient Monitoring Summary for 2014

4.1.1 Data Capture

Table 4-2 shows the data capture for 2014. Monitors at Karratha and Dampier stations recorded

concentrations of NO, NO 2, NOx, PM1o, PM25s and O 3 with a data capture of between 88

Burrup Road monitor recorded concentrations of NO, NO

approximately 95%.

Table 4-2: Data Capture of 2014

2, NO x and BTX with a data capture of

Monitoring Station Pollutant Monitored Data Capture 2014
Os 93%
NO«x 94%
NO:2 94%
Karratha
NO 94%
PMuo 96%
PMzs 96%
NO« 94%
NO: 94%
NO 94%
Burrup Road
Benzene 97%
Toluene 97%
Xylene 96%
NOx 92%
NO: 92%
Dampier North NO 92%
Os 93%
PMio 97%
Dampier East PMio 97%
Dampier West PMio 88%
PMio 97%
Dampier Centre
PMzs 97%

Table 4-3 presents a summary of the maximum monitored gaseous pollutant concentrations for

2014, compared against relevant standards. Monitored concentrations of O
the highest when compared against the standards (ranging between 57% to 81% of t

standard across stations and averaging periods). The maximum monitored concentrations at any
station for NO , and BTX were 28% and 51% of their respective standards.

-97%. The

3 concentrations were
he relevant
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Table 4-3: Summary of Maximum Average Concentratio ns for Gaseous Pollutants in 2014

Max
ot | Mpls | Mg no | s | e | e eeenc
(ppb)
Karratha 1-hour 80 2 33 41% (NEPC 2021)
Burrup Road 1-hour 80 2 28 35% (NEPC 2021)
Dampier North 1-hour 80 2 25 31% (NEPC 2021)
NO: Karratha Annual 152 2 16 % (NEPC 2021)
Burrup Road Annual 152 3 16 % (NEPC 2021)
Dampier North Annual 152 2 16 % (NEPC 2021)
Karratha 8-hour 65 53 81% (NEPC 20 21)
© Dampier North 8-hour 65 a7 72% (NEPC 20 21)
Burrup Road 1-hour 9 5 51% (NSW EPA 2017)
Benzene
Burrup Road Annual 3 0.06 2% (NEPC 2011)
Burrup Road 1-hour 90 6 7% (NSW EPA 2017)
Toluene Burrup Road 24 -hour 1000 1 0.1% (NEPC 2011)
Burrup Road Annual 100 0.06 0.06% (NEPC 2011)
Burrup Road 1-hour 40 8 20% (NSW EPA 2017)
Xylene Burrup Road 24 -hour 250 1 0.27% (NEPC 2011)
Burrup Road Annual 200 0.04 0.02% (NEPC 2011)
Notes:
a) Monitored concentrations have been compared against values outlined in the recent variation to the NEPM standard
criteria (NEPC, 2021) . The 1 -hour and annual average standards for NO 2 when the monitoring was conducted was

120 ppb and 30 ppb respectively.

Table 4 Z presents the monitored PMi and PM,s maximum 24-hour average and annual average
concentrations for 2014 at the Karratha and Dampier stations. The PM 10 24-hour criteriaw as
exceeded at all of the stations, with the highest 24 -hour concentrations  monitored at Dampier
West and Dampier North. The PM .5 average concentrations remain ed below the standard criteria.
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Table 4-4:2014PM 10 and PM 25 average concentrations at each of the monitoring sites.

Max
Pollutant Monitoring Averaging Guideline Average % of Exceedances
Station Period (ug/m  3) Conc. Guideline (2014)
(ng/m 2)
24 -hour 50 73 147% Yes i 15 days
Dampier East
Annual 25 28 112% Yes
24 -hour 50 84 168% Yes i 14 days
Dampier West
Annual 25 24 96% No
24 -hour 50 80 160% Yes i 20 days
PMio Dampier North
Annual 25 29 116% Yes
24 -hour 50 76 153% Yes i 12 days
Dampier Centre
Annual 25 24 97% No
24 -hour 50 74 148% Yesi 11 days
Karratha
Annual 25 23 90% No
24 -hour 25 17 67% No
Dampier Centre
PM.s Annual 8 5 66% No
24 -hour 25 18 71% No
Karratha
Annual 8 5 67% No

Investigations undertaken to assess contributions from regional sources concluded a high

proportion of short  -term exceedances were related to high background regional concentrations
4-2 to 4-10 present polar

with some exceedances associated with industry (Hass, 2015). Figures

plots (average 1 -hour concentrations as a function of wind speed and wind direction) for NO
and at Karratha, Dampier and Burrup Road stations, and particulates at the Karratha and Dampier

stations.

4.1.2 Karratha

Figure 4-2 and Figure 4-3 present polar plots

respectively at the Karratha monitoring station. The NO

from any specific direction.

of 1-hour average concentrations of
2 1-hour average concentrations presented
in Figure 4-2 are less than 15 ppb (<13% of criteria) and do not indicate elevated concentrations

2,03,

NO2 and O 3
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Karratha NO,
Figure 4-2: Karratha NO : Polar Plot (1  -hour Averages, ppb) i 2014
Figure 4 -3 presents the monitored 1 -hour average Os concentrations at Ka rratha and indicates

that they were below the applicable standard
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Figure 4-3: Karratha O 3 Polar Plot ( 1-hour Averages, ppb) i 2014

Figure 4 -4 and Figure 4 -5 present polar plots of the monitored 95™ percentile of 1 -hour averages
of PMjp and PM 25 concentrations at Karratha (Particulates ) and indicates high concentrations of
PMio (200 -300 pg/m 3) tended to occur froma  west -south -westerly direction. PM 1o elevated levels
are outside the industry arc of influence an d are most likely related to elevated regional levels.

PM.s elevated concentrations of around 10  -20 pg/m 3 occur within an arc from the south -west
(SW) to the north  -east (NE).
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Figure 4-4: Karratha PM 10 Polar Plot (95 ™ Percentle i 1-hour Averages , pg/m %) i 2014
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Figure 4-5: Karratha PM 25 Polar Plot (95" Percentile i 1-hour Averages , ug/m 3) i 2014

4.1.3 Dampier

Figure 4-6 to Figure 4-7 present polar plots for NO  ; and O 3, respectively at the Dampier North
monitoring station. It is noted in Figure 4-6 that elevated NO > concentrations tended to occur
from the north and south -east (SE). These higher concentrations were likely associated with the
industry and potentially shipping in the vicinity.
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Figure 4-6: Dampier North NO 2 Polar Plot ( 1-hour Averages, ppb) 1 2014
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Dampier O3
Figure 4-7: Dampier North O 3 Polar Plot ( 1-hour Averages, ppb) i 2014

Figure 4-8 to Figure 4-12 present polar plots for PM 10 and PM 25 at the Dampier monitoring

stations. Elevated PM 10 of around 100 to 200  pg/m 2 concentrations occur from the north -east at
Dampier East and Dampier North. High concentrations between 20 -30 pg/m 3 of PM2s occur within
an arc from the SW to the NE. Analysis of elevated concentrations of particulates indicates they

are within the arc of  influence of industrial operations in the region.
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Figure 4-8: Dampier North PMio Polar Plot (95 ™ Percentle i 1-hour Averages , pg/m 2) i 2014
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Figure 4-9: Dampier East PMio PolarPlot (95" Percentle i 1-hour Averages , pg/m %) i 2014
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Figure 4-10: Dampier Centre PMio Polar Plot( 95 ™ Percentle 1 1-hour Averages , pg/m 3) i 2014
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Figure 4-11: Dampier West PMio Polar Plot (95 ™ Percentile 7 1-hour Averages, pug/m %) 7 2014
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Figure 4-12: Dampier Centre PM 25 Polar Plot (95 ™ Percentile i 1-hour Averages, pg/m %) 1 2014

4.1.4 Burrup Road

Figure 4-13 presents 1 -hour average NO » concentrations at  the Burrup Road monitoring station.
Elevated concentrations of NO  , were recorded from the directions of nearby industry. All recorded
concentrations were well below the nominated guidelines. Figure 4-14 presents 1 -hour average
concentrations of the BTX recorded at the Burrup Road monitoring station in 2014. It is noted that
maximum concentr  ations were below relevant criteria, comprising 51%, 7% and 20% respectively
(Table 4-3)ofthe 1 -hour criteria for benzene, toluene and xylene.
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Figure 4-13: Burrup Road NO 2 Polar Plot ( 1-hour Averages, ppb) T 2014
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415 Overall Trends for 2014

Figure 4 -15to Figure 4 -18 present the monthly trend of concentrations recorded across the
monitoring stations in 2014. It is observed from the NO 2 trend the highest monthly average
concentration was recorded at Dampier. Smoothed curve NO 2 concentrations at Dampier and
Karratha display unimodal distribution with Dampier peaking in July and Karratha peaking in

August. Smoothed curve NO  ; concentrations atth e Burrup Road monitor display trimodal
distribution with peaks occurring in February, April and the highest concentration in September.

The Burrup Road monitor recorded its lowest NO 2 levels in June. Overall, NO , concentrations
increased in winter and decreased in summer. Figure 4-16 presents O 3 trends at Karratha and
Dampier with the highest monitored concentrations at both stations occurring in September.

The particulates trends are depicted in Figure 4 -17 and Figure 4 -18, PM 10 and PM 25 concentrations
present a unimodal distribution with elevated concentration levels at December, January and
November across all the stations.

NO, Trend Analysis

Concentration (ppb)

T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Month
o—o—o NO, Karratha c—o—o NO; Dampier &—o—6 NO; Burrup Road

Figure 4-15: Trend for NO 2 Concentrations (2014)
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O3 Trend Analysis
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Figure 4-16 : Monthly Trend O 3 Concentrations (2014)
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PMyo Trend Analysis
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Figure 4-17 : Monthly Trend PM 10 Concentrations (2014)
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PM, 5 Trend Analysis
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Figure 4-18: Monthly Trend PM 25 Concentrations (2014)

4.2 Acidic Deposition

Total deposition flux of nitrogen and sulphur at a number of measurement sites on the Burrup
Peninsula were determined in 2004/2005 and 2007/2008 by calculating the wet and dry
deposition of all nitrogen and sulphur species in the gas and aqueous (rainwater) phases. This

included NO », SO », nitric acid and ammonia gases, and some other species in r ainwater (Jacobs,
2019a). The study showed that the total wet and dry deposition flux of nitrogen and sulphur
ranged from 19.8 -31.6 milliequivalents per square metre per year (meg/m 2/yr) over the two

monitoring periods from 2004 2¥yro6 2wWedr8e usne d st o fe nartelqgel nc o mp

with previous monitoring results. A milliequivalent is one thousandth of a chemical equivalent. An
equivalent of an ion is the mass in grams of the ion divided by its molecular weight and multiplied
by the charge onthei  on (Jacobs, 2019a).

Woodside engaged CSIRO to carry out a study to determine the nitrogen deposition flux (between
February 2012 and June 2014) on and around the Burrup Peninsula before and after the

commissioning of the Pluto LNG Plant. A summary of resu Its for the ranges of total measured
nitrogen (N) and sulphur (S) fluxes is provided in Table 4-5. Inspection of these results indicates
they have been reasonably consistent over a long period of sampling (Jacobs, 2019a).
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Table 4-5: Summary of Results fo

r Burrup N and S Deposition Monitoring Programs

Monitoring Program

Analyte

Range of Deposition
Excl. Background Sites

Dry Deposition NO 2
Fraction

2004 i 2005 and 2007
2008

Total nitrogen and
sulphur

19.8 i 31.6 meg/m2/year

16% -36% of total N & S

2008 i 2009

Total nitrogen

18.4 i 32.9 meg/m2/year

19% -29% of total N only

20121 2014

Total nitrogen

17.1 i 28.8 meg/m2/year

17% -34% of total N only
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5. ATMOSPHERIC EMISSION S

5.1 Introduction
This section provides details on the estimation of atmospheric emissions  for the pollutants of
concern within the region of interest for this study.

Air emissions of concern for this study include d the following

1 Nitrogen dioxide (NO »);

1 Ozone (O 3);

1 Sulphur dioxide (SO »);

1  Carbon monoxide (CO);

1 Ammonia (NH 3);

1 Volatile organic compounds (VOCs  );

1 Particulates (as PM 10 and PM,5), including ammonium nitrate , ammonium sulphate  and urea
dust; and

1  Mercury (Hg).

Emissions of the pollutants were categorised into a number of source s within the region. These
sources were defined in the region including the following:

1 Industrial emissions sources;
1  Mobile sources including:

o Commercial s hipping and recreational boating ;

o On-road and off-road mobile vehicle s;

o Airports; and

o Railways .
1 Domesticand commercial sources including:
Recreational boats
Aerosols and solvents;
Cutback bitumen
Gaseous fuel combustion;
Liquid fuel combustion (domestic);
Portable fuel containers (domes tic and public open space);
Gaseous and solid fuel combustion (domestic);
Surface coatings (domestic, commercial and industrial) ;
Industrial solvents;
Automotive fuel retailing ; and

0 Motor vehicle refinishing
1 Biogenic sources including:

Vegetation;

O O 0O OO0 oo oo o

o Wind blown du st;

o0 Bushfires; and

0 Oceanic Sources ( Seasalt and d imethyl sulphide) .
In order to derive emissions estimates for use in the modelling , a number of techniques were
used including ; direct measurement , recognised emissions factors from sources such as the NPI
other emissions databases (CEDS) , as well as other publicly available information such as

population data and surveys cond ucted in the region . More detailed explanations on the
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techniques used to derive emissions estimates for each source type are provided in the following
sections . A summary of the emissions estimates is provided in Table 5-1.
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Table 5-1 Summary of Emissions Estimates from All Sources (Tonnes Per Year)

Industry Railways Shipping Transport Domestic & Commercial Natural
. ) } } Scenarios 1 } Scenarios 1 f Scenarios 1 f SRS
Scenarios 2 Scenario 3 Scenario 2 Scenario 3 and 2 Scenario 3 and 2 Scenario 3 and 2 Scenario 3 1,2 (2014)
(2014) (2030) (2014) (2030) (2014) (2030) (2014) (2030) (2014) (2030) and 3
(2030)
CAMX -4 km Grid
NOx 51,616 78,94 6 31,678 43,205 24,568 36,675 961 1,035 459 477 38,311
CcO 32,340 50,578 4,020 5,483 1,912 2,854 2,929 3,148 387 403 38,217
Total VOC s 15,144 30,477 1,379 1,880 735 1,097 464 494 888 928 605,467
SOx 1,438 1,452 1,388 1,893 24,786 13,304 11 11 55 57 234
PMzs 1,980 2,792 0 0 3,185 2,842 1,351 1,380 73 76 55,444
PMcoarse 114,056 128,170 745 1,016 0 0 6,093 6,215 0 0 79,014
NH3 140 405 0 0 0 0 17 18 0 0 411
Hg 0.044 0.043 0 0 0 0 0 0 0 0 0
Urea 0 354 0 0 0 0 0 0 0 0 0
CAMx -1.33 km Grid
NOXx 13,937 12,0 52 1,765 2,133 4,656 5,773 209 221 173 180 159
CO 13,327 15,968 224 271 350 434 740 784 91 95 125
Total VOC s 6,128 6,433 77 93 139 173 162 171 271 282 4,907
SOx 913 926 77 94 6,288 1,484 4 4 21 22 0
PMzs 212 658 0 0 769 445 254 259 20 21 177
PMcoarse 998 1,121 42 50 0 0 765 780 0 0 855
NH3 137 402 0 0 0 0 4 4 0 0 0
Hg 0.00023 0.00027 0 0 0 0 0 0 0 0 0
Urea 0 354 0 0 0 0 0 0 0 0 0
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5.2 Spatial Limits of Estimates

Estimates of emissions were derived for all nominated sources within the

CAMx 1.33km domain as describedin Section 6.1.1 . The CAMx 4 km domain study area

comprises the towns of Karratha, Dampier, Port Hedland,

Exmouth, Onslow, Paraburdoo,

Pannawonica and Tom Price. The CAMx 1.33 km domain is centred on the town of Dampier and
includes, the Burrup Peninsula, the town ships of Karratha, Wickham and Roebourne.

5.3 Industria | Sources

5.3.1 Data Collection and Information Sources

Where feasible, detailed emissions information from
sought with particular focus on operators in the Murujuga

information was not made available, information was

database . Many facilities report to the NPI on a financial

sufficient to derive estimates for all parameters.

Table 5-2 Industrial Emissions Included in Scenario 2

industry sources operatingin 2014 was
airshed. Where detailed site - specific

CAMx 4 km domain and

mainly derived from the Australian NPI

year basis. Where this occurred, industry
emissions derived from NPI estimates were averaged across the 2013/2014 and 2014/2015
reporting years.  Sources and a description of the sources included in the 2014 inventory are
described in Table 5-2 below. Publicly reported NPI data for parameters (e.g particulate ratios)
were used to supplement information where site specific operator data was supplied but was not

Company

Facility

Boodarie Gas Fired Power Station

Alinta Dewap Pty Ltd

Port Hedland Power Plant

PEPL - Alinta Power Station Delivery Meter Station

APA (Pilbara Pipeline) Pty Ltd

PEPL - Stovehill Rd Power Station Delivery Meter Station

PEPL - Telfer Gas Pipeline Meter Station

APT Management Services Pty Limited

Boodarie Compressor Station

Abydos Iron Ore Mine

Atlas Wodgina Operations

Atlas Iron Limited

Mt Dove Iron Ore Mine

Mt Webber Iron Ore Mine

Pardoo Operations

ATCO Power Australia (Karratha) Pty Ltd

Karratha Power Station

BGC Contracting Pty Ltd

Elazac Quarry

Marillana Creek - Yandi

Mining Area C

BHP Billiton Iron Ore Pty Ltd

Port Operations - Nelson Point &

Finucane Island

Rail Operations Port Hedland

Macedon Gas Project

BHP Billiton Petroleum Pty Ltd

Pyrenees Venture FPSO

Stybarrow Venture MV16
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Company

Facility

BOC Limited

Karratha AU167

BP Australia Pty Ltd

Air BP Cloudbreak Mine

AIR BP Karratha

AIR BP Port Hedland

Air BP Solomon Mine

Port Hedland Terminal

Caltex Australia Petroleum Pty Itd

Caltex Port Hedland Terminal

Chevron Australia Pty Ltd

Barrow Island Operations

Gorgon Operations

Thevenard Island Operations

Citic Pacific Mining Management Pty Ltd

Sino Iron Project - Mining, Processing & Infrastructure Area

Sino Iron Project - Port Area

City of Karratha

7 Mile Waste Facility

Dampier Salt Limited

Dampier Salt Operations

Port Hedland Salt Operations

DBNGP (WA) Nominees Pty Limited

Ashburton Meter Station

Burrup Meter Station

Cape Preston Meter Station

Compressor 1, GGP Interconnect and FRGP interconnect

Compressor Station 2

Exmouth Meter Station

Maitland Meter Station

MLV 7 Interconnect

Pluto Meter Station

Seven Mile Meter Station

Dyno Nobel Asia Pacific Pty Limited

Dyno - Port Hedland

EDL NGD (WA) Pty Ltd

Maitland

Exmouth Power Station Pty Ltd

Exmouth Power Station

Fortescue Metals Group Ltd

Cloudbreak Operations

Herb Elliott Port Operations

Kanyirri Fuel Facility Operations

Solomon Operations

Global Advanced Metals Wodgina Pty Itd

Wodgina Operations

Goldfields Gas Transmission Pty Ltd

GGP. Turee Creek Compressor Station

GGT, Paraburdoo Delivery/Meter Station

Paraburdoo Compressor Station

Wyloo West Compressor Station

Yaraloola Compressor Station

Hamersley Hms Pty Ltd

Hope Downs 1 Mine
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Company

Facility

Hamersley Iron - Yandi Pty Limited

Yandicoogina Mine

Brockman 2/Nammuldi Mine

Brockman 4 Mine

Marandoo Mine

Mt Tom Price Mine

Paraburdoo Mine

Western Turner Syncline Mine

Holcim (Australia) Pty Ltd

Nickol Bay Quarry

Turner River Quarry

IB Operations Pty Ltd

North Star Operations

Mermaid Marine Australia Ltd

Mermaid Supply and Logistics Base

Mineral Resources Limited

Iron Valley Iron Ore Mine

Phils Creek Iron Ore Mine

Poondano Iron Ore Mine

Mobil Oil Australia Pty Ltd

Learmonth Aviation Refuelling Service

Northern Star Resources Ltd

Paulsens Gold Mine

Onslow Electric Power Pty Ltd

Onslow Power Station

Onslow Salt Pty Ltd

Onslow Salt Minesite

Orica limited

Orica Pippingarra ANE

Pilbara Iron Pty Ltd

Cape Lambert Port

Channar Mine

Dampier Port

Dampier Railyard

Pilbara Ports  Authority

Port of Port Hedland

Santos Pty Ltd

Armada Claire Operation

Stag Operations

Van Gogh Operations

Varanus Island Operations

Ningaloo Vision

Devils Creek Gas Processing Facility

Regional Power Corporation

Karratha Temporary  Generation Project

South Hedland Temporary Generation Power Station

Robe River Mining Co Pty Ltd

Mesa A/Warramboo Mine

Mesa J/K Mine

West Angelas Mine

Santos limited

"Mutineer -Exeter"

Shell Aviation Australia Pty Ltd

Shell Barrow Island  Airport

Shell Boolgeeda Airport

Shell Karratha Airport
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Company Facility

Shell Paraburdoo Airport

TEC Pipe Pty Ltd Solomon Power Station

The Pilbara Infrastructure Pty Ltd Thomas Rail Yard Operations

Shell Dampier Terminal

The Shell Company  of Australia Limited Shell Paraburdoo Terminal

Shell Tom Price Terminal

Town of Port Hedland South Hedland Tip Site

Vermilion Oil & Gas Australia Pty Ltd Wandoo Offshore Facilities

Viva Energy/Rio Tinto Dampier Terminal

Viva Energy/Rio Tinto Paraburdoo Terminal

Viva Energy Australia Itd
Viva Energy/Rio Tinto Tom Price Terminal

Viva Energy/Rio Tinto West Angelas Terminal

Karratha #1 WWTP

Karratha #2 WWTP

Water Corporation
Port Hedland WWTP

South Hedland WWTP

Wesfarmers Kleenheat Gas Pty Ltd KHG Port Hedland - Gas

Angel

Goodwyn Alpha

Pluto Gas Treatment Plant

Nganhurra

Ngujima -Yin

North Rankin Alpha

Woodside Energy Ltd Okha

Pluto Offshore Platform

Vincent VNB -H1-ST2

XNA-01

Tidepole -2

Karratha Onshore Gas  Treatment Plant

King Bay Supply Facility

Yara Pilbara Fertilisers Pty Ltd Ammonia Plant
To identify potential industry sources for the future emissions scenario (i.e. Scenario 3) , emissions
for all facilities in the study area that reported to the 2017/2018 NPI database (the most recently

available at the time of access ) were identified. Any known expansion proposals from existing

facilities were  also incorporated. | n additionto existing facilities , emissions from other proposed
facilities, were also identified and included where information was available. T he following sources
of information were  utilised to determine future projects

T The EPAG6s Status of Act iswasadeessethadd ideify prgests thae have

recently been referred to the EPA and are currently under assessment (or the EPA has
indicated no assessment is required).
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T The EPAO6sS

Proposal

Search Tool

obtain approval documentation for current or future proposals that may have an impact on air

quality in the Pilbara.

for most recent assessments under Stage 3 of the EPA assessment process

relevant key environmental factors.

Only those projects

key environmental factor, were investigated further.
1  For proposals where additional environmental approval documentation (e.g. Environmental

Document Review) was publicly available, any information or data relevant to air quality was

obtained . Where no additional environmental approval documentation was available, then the

ESD or Referral was

obtained to provide an indication of the key project ¢

For example , Environmental Scoping Documents (ESDs) are available
which identifies
0 AI

wher e

haracteristics,

potential environmental factors, proposed scope of work and potential impacts and mitigation

measures.

1 DWER licences and works approvals assessments for public comment

(https://www.der.wa.gov.au/our

-work/licences -and-works -approvals/lwa -applications) were

included to identify projects that currently have licenses or works approvals under
assessment, relevant to air quality emissions.
1 Department of Mines Industry Regulation & Safety (DMIRS) Major Resource Maps

(http://dmpbookshop.eruditetec

hnologies.com.au/product/major

australia -2019.do) and Prospect Magazine

https://www.dmp.wa.gov.au/Documents/Community
future

to identify
were also reviewed.

- Education/Prospect

maj or projects

stages of exploration and development and very little information was available.

For some proposals

, ho information was available other t

-Winter -2019.pdf)
(i .lWn dedrCoGomistitdeedr aPtriog
In some cases , the proposals identified by DMIRS sources are in the early

han what was found through a general

search engine query (e.g. news articles or investment related reports indicating ownership or
funding status). No relevant air quality information was obtained from these sources.

Additional facilities that have begun

operations since 2014 as well as proposed operations that

-resource -projects -western -

r

were included in the future emissions scenario (Scenario 3) are presented in Table 5-3.
Table 5-3 Industrial Emissions included in Scenario 3
Company Facility Status

Australian Terminal

Operations Management Pty Ltd

Port Hedland Terminal

Currently Operating

Balla Balla Infrastructure Port

Balla Balla Infrastructure Port

Proposed

Boral Resources (WA) Ltd

Mt Regal Quarry

Currently Operating

Tabba Tabba

Currently Operating

Chevron Australia Pty Itd

Wheatstone GTP

Currently Operating

Wheatstone Platform

Currently Operating

DBP Development Group Pty Limited

Ashburton West Lateral

Currently Operating

DDG Fortescue River Pty Ltd Fortescue River Gas Pipeline Currently Operating
Fortescue Metals Group Ltd Solomon Power Station Currently Operating
Jadestone Energy (Australia) Pty Ltd Stag Operations Currently Operating
Orica Australia Pty Ltd Orica Pippingarra Plant Currently Operating
Perdaman Industries Urea Project Proposal Proposed

Pilgangoora Operations Pty Itd Pilgangoora Operations Currently Operating
Roy Hill Infrastructure Pty Ltd Roy Hill Port (Boodarie) Currently Operating
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Company Facility Status
Roy Hill Rail Terminal Yard Currently Operating
TEC Hedland Pty Ltd South Hedland Power Station Currently Operating
Wesfarmers Limited Methanol Plant Proposal Proposed
Wodgina Lithium Pty Ltd Wodgina Operations Currently Operating
World Fuel Services (Australia) Pty Ltd ;tzes\rllizznth Aviation  Refuelling Currently Operating
Yara Pilbara Nitrates Pty Ltd Technical Ammonium Nitrate Currently Operating
Production Facility (TANPF)

5.3.2

An estimate of the emissions in

considered

in the study is provided in

Emission Estimation

Scenario 2 and Scenario 3

Table 5-4.

Table 5-4 Emissions Estimates from Industrial Sources

from

industrial sources that

were

Emissions Estimates (Tonnes/Year)
SN Scenarios 2 (2014) Scenario 3 (2030)
CAMX -4 km Grid CAMX ~1.33 km CAMX -4 km Grid CAMx ~1.33 km

Grid Grid
NOXx 51,616 13,937 78,94 6 12,0 52
(60] 32,340 13,327 50,578 15,968
Total VOCs 15,144 6,128 30,477 6,433
SOx 1,438 913 1,452 926
PMz.s 1,980 212 2,792 658
PMcoarse 114,056 998 128,170 1,121
NH3 140 137 405 402
Hg 0.044 0.00023 0.043 0.00027

5.3.3 Temporal and Spatial Allocation

For most industrial sources, emissions were assumed to be continuous

of sources on atemporal basis was undertaken for some facilities located

Peninsula where data was made available
identified and characterised were located using actual stack locations.
sources were aggregated into the

relevant modelling

information regarding the site location

5.4

5.4.1

For most on -road vehicle sources, emissions were assumed to be contin
pollutants are emitted during

assessment, emission estimates were based on
estimated emissions

Mobile Sources

On -Road Vehicles

operation

. Additional characterisation

near or on the Burrup

. Industry sources with point sources (stacks) that were
Emi ssions from all

other

grid cells based on publicly available

uous . A range of

includ ing Volatile Organic Compounds (VOCs), oxides of
nitrogen (NO «) and oxides of sulphur (SO ), lead, particulate matter and trace metals. For this

Roads WA. Furthe r details are provided below.

the software package COPERT Australia.
were then spatially allocated based on publicly available GIS data from Main

The
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54.1.1 Data Collection and Information Sources

COPERT is an acronym for C omputer Programme to calculate Emissions from Road Transport. The
COPERT Australia (version 1.3) software package was used to estimate the total emissions from

on-road vehicles in the region. COPERT is an average speed model commonly used around the

world to estimate road traffic emissions on a regional or national level. COPERT Australia was

developed specifically for Australia with consideration of local fleet composition and driving
characteristics.

COPERT Australia simulates emissions from more than 250 vehicle classifications and a wide

range of pollutants and includes all emission types (hot running, co Id start, non -exhaust and
evaporative). The vehicle cI  assifications are based on a combination of main vehicle type, fuel
(petrol, diesel, LPG etc) and Australian Design Rules (ADR) categories. ADRs are national
standards for vehicle safety, anti -theft, and emissions that have been adopted in Australia.
COPERT Australia accounts for 18 ADR categories.

COPERT Australia requires the following information to generate emissions:

1 Meteorological data (temperature and relative humidity);
Annual fuel consumption by fuel type (petrol diesel, LPG) and fuel specificat ion;
Vehicle population by

o Vehicle type (passenger, light commercial, heavy duty trucks);

o fuel type (petrol, diesel, LPG);

o0 vehicle size (engine size, gross vehicle mass);
1  For each vehicle group

Vehicle kilometres travelled (VKT);

= =4

0 Average speed on rural, urban and highways;
0 Average proportion of VKT spent on urban, highway and rural roads; and
o Fuel tank size, fuel composition/quality and engine technology.

The meteorological data for the study was based on 2014 Bureau of Meteorology (BoM) data
recorded at the Karratha Aero monitoring station.

Requests for information on fuel consumption in the Pilbara region in 2014 were made to major
fuel distributors ope rating in the region. Data on fuel consumption was not provided and so a

surrogate method to estimate fuel consumption was adopted. The annual fuel consumption data
was based on the ABS Survey of Motor Vehicle Use (SMVU), 12 months ending 31 st October 2014
and was scaled down to the region of interest based on population ( Table 5-5). For Scenario3 , a

rate of increase of 6.5% 5 in fuel consumption  was adopted based on information  outlined within
CSIRO (2011).

Table 5-5: COPERT Australia - Fuel consumption
Item description Value Reference
1,965 (Petrol)
Fuel consumption in WA (Million litres, ML) 1,882 (Diesel) (ABS, 2015a)
131 (LPG)

Population in WA i 2014 2,590,000 (ABS, 2015b)

Population i Pilbara Region 52,000 WA Parliamentary Library ~ ©
6 Considers the use of alternative fuels including electricity and hydrogen power
6 https://profile.id.com.au/wapl/population - estimate?WeblD=530 (Accessed 19 March 2020 )
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Item description

Value

Reference

Fuel consumption in Pilbara (Million litres, ML)

39.3 (Petrol)

37.6 (Diesel)

2.6 (LPG)

Downscaled based on population

Vehicle registration information for 2014 was obtained from the WA Department of Transport
(DoT). This information included details on total number of vehicles segregated by body type,

fuel, age, classification (heavy/light) and post code. This information was categorised to the
COPERT vehicle classification s.
Traffic and road network data from Main Roads WA was used to estimate annual Vehicle
Kilometres Travelled (VKT). Where no traffic count data exist for a road section, default daily
volume was assign ed based on the NPI Emissions Report for  the Pilbara Airshed (SKM, 2003) (see
Table 5-6). For Scenario 3 , the total VKT travelled in the region was based on a projected 2%
increase in the region surrounding Murujuga airshed (Email communication with Main Roads WA,
27 February 2020)
Table 5-6: Default daily traffic volume
Road Hierarchy Road Surface Default daily volume (vpd)
Highway Sealed 600
Main Road Sealed 1,000
Main Road Unsealed 75
Urban Collector Sealed 2000
Urban Street Sealed 200
Urban minor street Sealed 100
Other road Sealed 25
Other road Unsealed 10
Speed of vehicles and driving share in urban, rural and highway roads were initially based on
Perth Air Emissions Study (DWER, 2018) with the values adjusted iteratively during input data
validation ( Table 5-7).
Table 5-7:COPERT Australia - vehicle speed and driving share
COPERT Sub - Average Speed (km/hr) VKT Share (%)
COPERT Sector
sector q .
Urban Rural Highway Urban Rural Highway
Passenger Cars PC- S-petrol 30 75 100 80 15 5
Passenger Cars PC- M- petrol 30 75 100 80 15 5
Passenger Cars PC-L-petrol 30 75 100 80 15 5
Passenger Cars PC-S-diesel 40 80 100 70 25 5
Passenger Cars PC-ML-diesel 40 80 100 70 25 5
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COPERT Sub - Average Speed (km/hr) VKT Share (%)
COPERT Sector
sector . .
Urban Rural Highway Urban Rural Highway

Passenger Cars PC-LPG 40 80 100 90 10 0
Suv SUV-C-petrol 30 75 100 80 15 5
Suv SUV-L-petrol 30 75 100 80 15 5
Suv SUV-diesel 40 80 100 70 25 5
Light Commercial

LCV-petrol 30 75 100 75 20 5
Vehicles
Light Commercial

LCV-diesel 46 76 97 65 30 5
Vehicles
Heavy Duty Trucks MCV-petrol 46 76 97 60 35 5
Heavy Duty Trucks MCV-diesel 46 76 97 60 35 5
Heavy Duty Trucks HCV i diesel 46 76 97 60 35 5
Heavy Duty Trucks AT-diesel 46 76 97 60 35 5
Heavy Duty Trucks Autogas Trucks 35 75 100 90 10 0
Buses Bus-L-diesel 46 76 97 60 35 5
Buses Bus-H-diesel 46 76 97 60 35 5

4 stroke 250 T
Motorcycles 46 76 97 70 25 5
750 cm 2
Data for engine technology was based on the 2010 Australian motor vehicle emission inventory

for Western Australia

respectively.

Table 5-8: COPERT A ustralia i

(UniQuest, 2014)

Engine technology and evaporative control

and is provided below. The

evaporative share for urban,
rural and highway share remains the same across all categories and are 90%, 10% and 0%

Fuel
COPERT COPERT Tank size Canister Evaporative
Technology Injection
Sector Sub -sector (L) size (L) control %
(%)
Passenger
PC-S-petrol ADROO -UNC 50 N/A 0
Cars
Passenger
PC-S-petrol ADR27 50 0.38 97
Cars
Passenger
PC-S-petrol ADR37-00 50 0.43 33 97
Cars
Passenger
PC- S-petrol ADR37-01 50 1 100 97
Cars
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Fuel

COPERT COPERT Tank size Canister Evaporative
Technology Injection
Sector Sub -sector (L) size (L) control %
(%)
Passenger
PC-S-petrol ADR79-00 50 1 100 97
Cars
Passenger
PC-S-petrol ADR79-01 50 1 100 97
Cars
Passenger
PC-S-petrol ADR79-02 50 1 100 97
Cars
Passenger
PC-S-petrol ADR79-03 50 1 100 97
Cars
Passenger
PC-M-petrol ADR37 -00 65 0.43 81 97
Cars
Passenger
PC-M-petrol ADR37-01 65 1.25 100 97
Cars
Passenger
PC-M-petrol ADR79-00 65 2 100 97
Cars
Passenger
PC-M-petrol ADR79-01 65 2 100 97
Cars
Passenger
PC-M-petrol ADR79-02 65 2 100 97
Cars
Passenger
PC-L-petrol ADROO -UNC 70 N/A 1 0
Cars
Passenger
PC-L-petrol ADR27 70 0.5 8 97
Cars
Passenger
PC-L-petrol ADR37-00 70 0.54 90 97
Cars
Passenger
PC-L-petrol ADR37-01 70 1.25 100 97
Cars
Passenger
PC-L-petrol ADR79-00 70 2 100 97
Cars
Passenger
PC-L-petrol ADR79-01 70 2 100 97
Cars
SuUvV-C-
Suv ADRO00 -UNC 65 N/A 1 0
petrol
SuUvV-C-
Suv ADR37-00 65 0.77 100 97
petrol
SuUvV-C-
Suv ADR37-01 65 1.25 100 97
petrol
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Fuel
COPERT COPERT Tank size Canister Evaporative
Technology Injection
Sector Sub -sector (L) size (L) control %
(%)
SUV-C-
Suv ADR79-00 65 2 100 97
petrol
SUV-C-
Suv ADR79-01 65 2 100 97
petrol
SuUV-C-
Suv ADR79-02 65 2 100 97
petrol
SuUV-C-
Suv ADR79-03 65 2 100 97
petrol
SUV-L-
Suv ADROO -UNC 75 N/A 1 0
petrol
Light
Commercial LCV-petrol ADROO -UNC 75 N/A 1 0
Vehicles
Light
Commercial LCV-petrol ADR37 -00 75 0.77 95 97
Vehicles
Light
Commercial LCV-petrol ADR79-00 75 2 100 97
Vehicles
Light
Commercial LCV-petrol ADR79-01 75 2 100 97
Vehicles
Light
Commercial LCV-petrol ADR79-02 75 2 100 97
Vehicles
Light
Commercial LCV-petrol ADR79-03 75 2 100 97
Vehicles
4-stroke
Motorcycles 250 - 750 Conventional 18 N/A 0 0
cm?

Main Roads WA publishes information on traffic studies undertaken across its network

(TrafficMap). GIS information is also available on

with default daily volumes (

information from Main
Main Roads WA adopts a 12

road networks

Table 5-6) were used to estimate vehicle kilometres t

AUSTROADS Vehicle Classification System

configuration. Of these, Class 1 and Class 2 collectively r
classes accounting for heavy vehicles.

in the region. These together

ravelled. GIS

Roads WA was also used to spatially allocate emissions. It is noted that

based on vehicle axle
epresent light vehicles with the remaining
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Total emission rates output by COPERT were split into light and heavy categories to match the
description of available spatial data (Main Roads WA) as below:

1 Light vehiclesinclude COPERT categories of passenger cars, SUVs and motorcycle s; and
1 Heavy vehicles include  COPERT categories of light commercial, heavy duty and buses.

Further , particulate emissions due to material re -suspension on paved and unpaved roads w ere
estimated. It is acknowledged that emission factors from paved roads include tyre and brake wear

in addition to resuspended dust which would result in the doubling up of emissions from tyre and
brake wear. However, this will be insignificant compared t o the emissions caused due to re -
suspended dust on unpaved roads

Particulate emissions from paved and unpaved roads were estimated using USEPA AP-42
methodologies (USEPA, 2011) (USEPA, 2006) as defined below

o0 08 b6

Where
EF = emission factor for paved roads (kg/km)
K = empirical factor s (0.0046 kg/km for PM 1o and 0.0011 kg/km for PMys)
sL = 0.4 g/m 2 default silt loading for low average daily traffic road surface
AW = 3.1tonnes, default average weight of vehicle, (NPI, 1999)

00 O i 0w 0

pPC o g

Where
EF = emission factor for PM 10 on unpaved roads (kg/km)
K = empirical factor  (0.733 kg/km  for PM 19 and 0.0773 for PM  ;,5)
s = 11%, default silt content  (NPI, 1999)
AW = 3.1tonnes, default average weight of vehicle, (NP1, 1999)
M = 2% moisture content
A = empirical constant (0.8)
B = empirical constant (0.4)
C = empirical constant (0.3)

The following settings were defined in COPERT Australia.

Average trip length of 11.4 km (default COPERT setting in lieu of location specific data);
Average trip time of 0.25 hours (default COPERT setting in lieu of location specific data);
Statistical fuel correction applied ; and

2009 fuel effect year

= =4 -4 =4

54.1.2 Emission Estimation

The estimated total emissions from vehicles within the study area are detailed in Table 5-9.
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Table 5-9 Emissions Estimates from Vehicles in the Study Area

Emissions Estimates (Tonnes/Year)
v Scenario sland 2 (2014) Scenario 3 (2030)
CAMx -4 km Grid CAMx -1.33 km CAMXx -4 km Grid CAMx -1.33 km

Grid Grid
NOx 860 135 934 147
co 2,282 377 2,478 409
Total VOCs 283 54 307 59
SOx 6 1 6 1
PMz.s 1,344 243 1,373 248
PMcoarse 6,093 765 6,215 780
NH3 17 4 18 4

5.4.1.3 Temporal and Spatial Allocation

Emissions were temporally allocated based on hourly averaged traffic volume estimates for
weekends/public holidays and weekdays from Main Roads WA.. Total emissions from roads were
spatially allocated in proportion to the length of unpaved and paved road VK T in each grid cell.
On-road vehicle emissions were estimated from the region encompassing five Local Government

Areas including Karratha, Port Hedland, Ashburton, East Pilbara , and Exmouth. A layout of the

spatial extent and roads considered within the region is detailed in Figure 5 -1 and Figure 5-2. The
emissions were assigned a temporal variability based on a selection of hourly traffic volumes

recorded at selected stations ma naged by Main Roads WA.
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79/371



© Towns

Roads

[ rid Extent

| Kilometers
0 5 10 20

Point Samson

' Burrup ¥ i 1 )
-] v o 5
¢ » Wickha Cossack
P P

% 5
Dampier % i
Pl +' %Mount Anketell

®
2 Karratha ?}
NickST 9~ It o

Stove Hill
o

5/00JGPOOM

Cooya Pooya

%,
3 3
% crerrat@ ®
Q.

>
b4
%
[NGHE B
Soures: Esil, Dghalclebs, GsdEys, Earbstar Ssogrphiss,
ICNES/Airbus DS USDATUSGSTAE0GRID, IGNEahURNE]

Figure 5-2: Road Network Modelled (1.33 km Grid)

5.4.2 Aircraft

5.4.2.1 Data Collection and Information Sources

Emissions from aircraft were calculated using a methodology derived from technique s outlined in
the NPI Emissions Estimate Technique Manual for Aggregated Emissions from Aircraft Version 2.2
(Environment Australia, 200 3) (EET Manual) , the International Civil Aviation Organization (ICAO,

2011) andthe Guidance on the Determination of Helicopter Emissions (Rindlisbacher, 2015)  with
modification s to account for availability of data

Emissions from aircraft were estimated using aircraft movem ents in the study region within the
domains up to a height of 1,000 m. Emissions included in the assessment only include those

combustion products from the aircraft engines and d o not include vehicles used at the airport,
losses from fuel tanks and refuel ng as these are captured under NPI emissions from these sites.

Emission estimates were made using the following general methodology:

9 Locating active aircraft operations within the regio n;
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=

=

Determining the types and quantities of aircraft used for each o peration ;
Determining estimates of the time in mode (TIM) for each aircraft type and airport ;
Determining emission rates for each pollutant for

take off and climb out for each engine type ;

For each flight mode,  pollutant and airport the aircraft is in, multiplying the modal emission
rate by the time in that mode ;

The emissions per aircraft type were then obtained by multiplying by the number of
landings/take -offs at each airport ;

This is then performed for each aircraft type ; and

Summing all the emissions.

Eleven aircraft operations were considered in this study:

=A =4 =4 =4 -4 -8 -8 -8 -8 -8 -a

Karratha Airport  / Heliport ;
Barimunya Airport

Barrow Island Airport  ;
Boolgeeda Airport
Coondewanna Airport
Exmouth Aerodrome ;
Fortescue Dave Forest Airport ;
Learmonth Airport / Heliport ;
Onslow Airport

Port Hedland International Airport / Heliport ; and
Solomon Airport

Data that are required for estimating aircraft emissions in an airshed are as follows:

9 The location of airports, runways, la nding and approach flight paths, and associated ground
movements, in the airshed

9 The number of landing/takeoff (LTO) cycles for each of the aircraft types operating at these
airports ;

9  The prevalence of the different types of engines (and numbers of engines) and Auxiliary
Power Units (  APUs) used by each aircraft type  ; and

1 The TIM (approach, taxi/idle, takeoff and climbout) for the airport for estimating aircraft
engine emissions.

Where contact details were available, airport/heliport  operators were contacted to request

required data. Of the 18 facilities contacted, only three operations provide d data:

1 Karratha Airport:  Total number of LTO cycles by aircraft type over the 2013/14 and 201 4/15
financial years ;

1  PHI International Helicopters: Total number of LTO cycles and approach , landing , ground , and
depart times for 2019 and for March 2014 to December 2014. Split by aircraft type was not
available ; and

1 Learmonth Airport / Heliport: Total number of LTO cycles by aircraft type over the 2014
period.

Aircraft service providers such as Qantas, Virgin, Alliance, Skippers, Polar Aviation and the Flying
Doctor Service were also contacted however declined to pro vide data.
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Information on flight schedules and aircraft types for the remaining operations was obtained from

either the operator's website or from third party flight tracking websites such as

www.Flightradar24.com and www.flightaware.com . Where datawas n ot supplied,t he number of
LTO cycles per year for each aircraft type was estimated using approximately a week of flight

scheduling data based on the availability of public information.

Aircraft engines are of two major types: gas turbine (jet) and recip rocating piston (internal
combustion). Engine types and quantities were assumed based on a desktop review of the

common engine types used for each aircraft. Each aircraft type was matched with data from the
International Civil Aviation Organization (ICAO, 201 1) to establish detailed aircraft type, engine
and fuel characteristics  as well as emissions for an LTO cycle

Of the 11 aircraft operations considered in the study, only Karr atha Airport falls within the 1.33
km inner grid. As such detailed emission estimates (including consideration of TIM) was only
possible for Karratha Airport.

Emission factors for the LTO cycles for all airports ~ were derived from  estimated plane movement s
and types and the LTO emissions for compounds outlined in the ICAO database and guidance on

the determination of helicopter emissions handbook . Assumptions were made on aircraft types

based on data where was not available . For example , no data was availa ble on activity type or
frequency for Port Hedland Airport and so estimates were based on the activity and frequency

from Karratha Airport and then scaled by publicly available information based on passenger

numbers. Default values from the NPI EET Manual were used where engine data was not

available. Emissions from APUs were assumed using default values from the EET Manual for each

engine type

The Karratha Airport  Master Plan & Land Use Plan 2013 - 2033 (Roebourne, 2013) indicated th at
in 2013 under a high growth scenario , anincrease in passenger numbers could be expected at a
compound growth rate of 2 percent.

In order to determine emissions for Scenario 3 , an analysis of total  aircraft movements at Port
Hedland and K arratha airports on a year by year basis was undertaken from data obtained from
the Department of Infrastructure, Transport, Regional Development and Communications

(DITRDC, 2020) . The data indicates that since 2014 passenger numbers at both airports have

decreased, likely associated with an economic slowdown in industrial activity in the region .fa
2% annual growth rate was applied based on 2019 passenger data , the expected passenger
numbers would still be below those modelled in 2014. Lacking a clear ba sis for estimat ing future
aircraft activity at Karratha and Port Hedland, itwas assumed that aircraft activity in 2030 for
Scenario 3 would be equal to activity in 2014

Table 5-10 Aircraft Movements at Karratha and Port Hedland Airports

Aircraft Movements
Airport Year

Inbound Outbound Total
Karratha 2014 4,253 4,256 8,509
Karratha 2015 4,010 3,981 7,991
Karratha 2016 3,600 3,544 7,144
Karratha 2017 3,128 3,093 6,221
Karratha 2018 2,995 2,980 5,975
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Aircraft Movements
Airport Year
Inbound Outbound Total
Karratha 2019 2,996 2,980 5,976
Port Hedland 2014 2,832 2,770 5,602
Port Hedland 2015 2,695 2,640 5,335
Port Hedland 2016 2,528 2,465 4,993
Port Hedland 2017 2,370 2,292 4,662
Port Hedland 2018 2,333 2,298 4,631
Port Hedland 2019 2,432 2,413 4,845
5.4.2.2 Emission s Estimates
An estimate of the emissions in Scenario 2 and Scenario 3 from airports in the study region is

provided in Table 5-11.

Table 5-11 Emissions Estimates from Aircraft  in the Study Area
Emissions Estimates (Tonnes/Year)
N Scenario sland 2 (2014) Scenario 3 (2030)
CAMx -4 km Grid CAMX ~1.33 km CAMX -4 km Grid CAMX -1.33 km
Grid Grid
NOXx 96.0 71.3 96.0 71.3
CcoO 106.5 79.8 106.5 79.8
Total VOCs 22.0 25.0 22.0 25.0
SOx 4.4 3.1 4.4 3.1
PM2.s 6.5 10.4 6.5 10.4
5.4.2.3 Temporaland  Spatial Allocation

All airport emissions were temporally
S operating hours.
operation were spatially allocated to
and associated ground movements

Karratha Airport

5.4.3

Railways

which the flight paths
occur.

All rail lines within the study area are operated by private mining companies, namely

FMG, Roy Hill

also include proposed operations associated with

5.4.3.1

and BHP. The Roy Hill railway was not operating in 2014 but emissions
Hill & operations have been included in

the Balla Balla Resource

Data Collection and Information Sources

Electronic data sets of railways for the operators in the Pilbara were gridded over
Figure 5-3 illustrates railway tracks in the study area. The total length of track

area is 955 km.

apportioned between 6:00am and 9:00pm based on
The estimates of total emissions for the various modes of
the grid cells within
would be expected to

(below 1000 m)

Rio Tinto,
from Roy

Scenario 3 . Potential future rail operations in the region

the domai ns.
s within the study
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Figure 5-3: Modelled Railwaysin the Study Area

Requests were made to companies to obtain fuel usage from locomotives however this data was
not made available.  Data on fuel consumption in 2001 was obtained from  (SKM, 2003) and based
on publicly available data on  production from mine  sites, an estimate on an average litres of

diesel consumed per tonne/kilometre was derived. This estimate was then applied to all operating

facilities in 2014 and scaled based on publicly available production data production and future

operational scenario s for Scenario 3 .

5.4.3.2  Emission Estimation

Emissions f or criteria poll ut ant fomarairs wafeestimated UShGrdethods e r e
outlined in the EET Manual for Aggregated Emissions from Railways (Environment Australia,

1999 h). Total estimated diesel ¢ onsumption for line haul locomotives used to determine emissions
are summarised in Table5 -12.

Table 5-12 Total Estimated Diesel Consumption

2014 Estimated 20 30 Estimated
Diesel (Million Diesel Million
Litres ) (Litres )

558 ML 748 ML

84/371

































































































































































































































































































































































































































































































































