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Explanatory Statement

This technical paper is not part of the Draft Environmental Impact Statement 
(EIS) referred to in paragraph 6 of the Administrative Procedures made under 
the Environment Protection (Impact of Proposals) Act 1974.

The Commonwealth Government is proposing to construct and operate a 
second major airport for Sydney at Badgerys Creek. This technical paper 
contains information relating to the Badgerys Creek airport options which 
was used to assist the preparation of the Draft EIS.

The technical paper also assesses the impacts of developing a major airport at 
the Holsworthy Military Area. On 3 September 1997, the Government 
eliminated the Holsworthy Military Area as a potential site for Sydney's 
second major airport. As a consequence, information in this technical paper 
relating to the Holsworthy Military Area is presented for information 
purposes only.

Limitations Statement

This technical paper has been prepared in accordance with the scope of 
work set out in the contract between Rust PPK Pty Ltd and the 
Commonwealth Department of Transport and Regional Development 
(DoTRD) and completed by PPK Environment and Infrastructure Pty Ltd 
(PPK). In preparing this technical paper, PPK has relied upon data, surveys, 
analyses, designs, plans and other information provided by DoTRD and 
other individuals and organisations, most of which are referenced in this 
technical paper. Except as otherwise stated in this technical paper, PPK has 
not verified the accuracy or completeness of such data, surveys, analyses, 
designs, plans and other information.

This technical paper has been prepared for the exclusive use of DoTRD. PPK 
w ill not be liable to any party other than DoTRD and assumes no 
responsibility for any loss or damage suffered by any other party arising from 
matters dealt with in this technical paper, including, without limitation, 
matters arising from any negligent act or omission of PPK or for any loss or 
damage suffered by any other party in reliance upon the matters dealt with 
and opinions and conclusions expressed in this technical paper.
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Introduction - Chapter 1

Chapter 1 Introduction

1.1 Introduction

This technical paper addresses the potential air quality impacts identified as 
part of the previously proposed development of the Second Sydney Airport at 
either Badgerys Creek or the Holsworthy M ilitary Area. It contains 
information used to prepare the Draft Environmental Impact Statement (EIS) 
which addresses the overall environmental impacts of the Badgerys Creek 
airport options.

1.2 A Brief H istory

The question of where, when and how a second major airport may be 
developed for Sydney has been the subject of investigation for more than 50 
years. The investigations and the associated decisions are closely related to 
the history of the development of Sydney's existing major airport, located at 
Mascot.

The site of Sydney Airport was first used for aviation in 1919. It was acquired 
by the Commonwealth Government in 1921, and was declared an 
International Aerodrome in 1935. In 1940 the first terminal building and 
control tower were opened.

In 1945 the airport had three relatively short runways. A major expansion 
began in 1947, and by 1954 the current east-west runway was opened. The 
north-south runway was first opened in 1954 and was extended to its current 
length in 1972. The present international terminal was opened in 1970.

Planning and investigations for a site for a second Sydney airport first started 
in 1946. A large number of possible sites both within and outside the Sydney 
Basin have been investigated.

The Second Sydney Airport Site Selection Program Draft Environmental 
Impact Statement (Kinhill Stearns, 1985) re-examined all possible locations for 
the second airport and chose 10 for preliminary evaluation. Two sites, 
Badgerys Creek and Wilton, were examined in detail and an EIS was prepared. 
In February 1986 the then Commonwealth Government announced that 
Badgerys Creek had been selected as the site for Sydney's second major 
airport.

The Badgerys Creek site, which is about 46 kilometres west of Sydney's 
Central Business District and is 1,700 hectares in area, was acquired by the
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Second Sydney A irport

Commonwealth between 1986 and 1991. A total of $155 million has been 
spent on property acquisition and preparatory works.

Since 1986, planning for Sydney's second airport has been closely linked to 
the development of the third runway at Sydney Airport. In 1989 the 
Government announced its intention to construct a third runway. An EIS was 
undertaken and the decision to construct the runway was made in December 
1991.

At the same time as investigations were being carried out on the third runway, 
detailed planning proceeded for the staged development of the second airport 
at Badgerys Creek. In 1991 it was announced that initial development at 
Badgerys Creek would be as a general aviation airport with an 1,800 metre 
runway.

The third runway at Sydney Airport was opened in November 1994. In March 
1995, in response to public concern over the high levels of aircraft noise, the 
Commonwealth Senate established a committee in March 1995 to examine 
the problems of noise generated by aircraft using Sydney Airport and explore 
possible solutions. The committee's report, Falling on Deaf Ears?, containing 
several recommendations, was tabled in parliament in November 1995 
(Senate Select Committee on Aircraft Noise, 1995).

During 1994 and 1995 the Government announced details of its proposed 
development of Badgerys Creek, and of funding commitments designed to 
ensure the new airport would be operational in time for the 2000 Olympics. 
This development included a 2,900 metre runway for use by major aircraft.

The decision to accelerate the development of the new airport triggered the 
environmental assessment procedures in the Environment Protection (Impact 
of Proposals) Act 1974. In January 1996 it was announced that an EIS would 
be prepared for the construction and operation of the new airport.

In May 1996, the present Commonwealth Government decided to broaden the 
environmental assessment process. It put forward a new proposal involving 
the consideration of 'the construction and operation of a second major 
international/domestic airport for Sydney at either Badgerys Creek or 
Holsworthy on a site large enough for future expansion of the airport if 
required' (Department of Transport and Regional Development, 1996). A 
major airport was defined as one 'capable of handling up to about 360,000 
aircraft movements and 30 million passengers per year' (Department of 
Transport and Regional Development, 1996).

The Government also indicated that 'Badgerys Creek at this time remains the 
preferred site for Sydney's second major airport, subject to the favourable 
outcome of the EIS, while Holsworthy is an option to be considered as an
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Introduction - Chapter 1

alternative' (Minister for Transport and Regional Development, 1996). The 
two sites considered in this technical paper are shown in Figure 1.1.

Following the substantial completion of a Draft EIS on the Badgerys Creek and 
Holsworthy airport options, the Government eliminated the Holsworthy 
M ilitary Area as a potential site for Sydney's second major airport. The 
environmental assessment showed that the Badgerys Creek site was 
significantly superior to the Holsworthy Military Area. As a result a Draft EIS 
was prepared which examines only the Badgerys Creek site. W hile  this 
technical paper examines both the Badgerys Creek and Holsworthy airport 
options, only the parts of the assessment relating to the Badgerys Creek airport 
options were used to assist the preparation of the Draft EIS.

1.3 The Proposal

The Commonwealth Government proposes the development of a second 
major airport for Sydney capable of handling up to 30 million domestic and 
international passengers a year. By comparison, Sydney Airport will handle 
about 20 million passengers in 1997. The Second Sydney Airport Site 
Selection Program Draft Environmental Impact Statement anticipated the 
airport would accommodate about 13 million passengers each year (Kinhill 
Stearns, 1985).

A stated objective of the Government is the building of a second major airport 
in the Sydney region to a full international standard, subject to the results of 
an EIS. In the Government's view, Sydney needs a second major airport to 
handle the growing demand for air travel and to control the level of noise 
experienced by Sydney residents (Coalition of Liberal and National Parties, 
1996).

Government policy (Coalition of Liberal and National Parties, 1996) indicates:

■ that Sydney's second airport will be more than just an overflow airport 
and will, in time, play a major role in serving Sydney's air transport 
needs; and

■ a goal of reducing the noise and pollution generated by Sydney Airport 
as much as possible and that the Government would take steps to 
ensure that the noise burden around Sydney Airport is shared in a safe 
and equitable way.

The assumptions made on how the Second Sydney Airport would operate and 
the master plans which set out the broad framework for future physical 
development of the airport are based on an operational limit of 30 million 
passengers a year. The main features include parallel runways, a cross wind
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runway and the provision of the majority of facilities between the parallel 
runways.

Consideration has also been given to how the airport may be expanded in the 
future and the subsequent environmental implications. Such an expansion 
could not proceed, however, unless a further detailed environmental 
assessment and decision making process were undertaken by the Government.

Five airport options are considered, as well as the implications of not 
proceeding with the proposal. Three of the airport options are located at 
Badgerys Creek and two are located within the Holsworthy Military Area. 
Generally, the airport options are:

■ Badgerys Creek Option A which has been developed to be generally 
consistent with the planning for this site undertaken since 1986. The 
airport would be developed within land presently owned by the 
Commonwealth with two parallel runways constructed on an 
approximate north-east to south-west alignment;

■ Badgerys Creek Option B would adopt an identical runway alignment 
to Option A, but provides an expanded land area and also a cross wind 
runway;

■ Badgerys Creek Option C would provide two main parallel runways on 
an approximate north to south alignment in addition to a cross wind 
runway. Again the land area required would be significantly expanded 
from that which is presently owned by the Commonwealth;

■ Holsworthy Option A would be located centrally within the Holsworthy 
Military Area and would have two main parallel runways on an 
approximate north to south alignment and a cross wind runway; and

■ Holsworthy Option B would be located in the south of the Holsworthy 
Military Area and would have two main parallel runways on an 
approximate south-east to north-west alignment and a cross wind 
runway.

To ensure that the likely range of possible impacts of the airport options are 
identified a number of different assumptions about how the airport options 
would be developed and operate have been adopted. These different 
assumptions relate to the number and types of aircraft that may operate from 
the airport, the flight paths used and the direction of take offs and landings.

The number of flights into and out of the proposed Second Sydney Airport 
would depend on a number of factors including the types of aircraft that would 
use the airport and the associated numbers of passengers in each aircraft. The
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Potential Airport Sites Considered in the Draft EIS
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Introduction - Chapter 1

proposal put forward by the Government anticipates a major airport handling 
30 million passengers and up to 360,000 aircraft movements per year.

Air traffic forecasts have been developed based on an examination of the 
number and type of aircrafts that would use the airport as it approaches an 
operating level of 30 million passengers per year. This examination has shown 
that if the airport accommodated about 245,000 aircraft movements each 
year, the number of air passengers would approach 30 million. This assumes 
a relatively high percentage of international flights being directed to the 
Second Sydney Airport. Therefore it is appropriate for this Draft EIS to assess 
the airport operating at a level of 245,000 aircraft movements per year, rather 
than the 360,000 originally anticipated by the Government. It has been 
assumed that this level of operation could be reached by about 2016.

1.4 A ir Traffic Forecasts

Cities around the world which have developed second major airports have 
responded to their particular needs in different ways. For example, the 
original airport in Dallas, United States, is now used for short range traffic that 
does not connect with other flights. Second airports in New York and 
Washington serve as hubs for particular airlines. In Taipei, Taiwan, smaller 
domestic aircraft use the downtown airport and larger international flights use 
a newer airport 40 kilometres from the city.

It is clear that each metropolitan area around the world has unique 
characteristics and the development of multi-airport systems respond to 
particular local circumstances. The precise role and consequential staging of 
development of the Second Sydney Airport would be the subject of future 
Government decisions. To assist in developing a realistic assessment of the 
potential impacts of the Second Sydney Airport, three sets of air traffic forecasts 
for the airport were developed. Each forecast assumes a major airport would 
be developed, however, this may be achieved at different rates of growth.

The three potential air traffic scenarios considered for the Second Sydney 
Airport are shown in Figure 1.2. They are:

■ Air Traffic Forecast 1 where the Second Sydney Airport would provide 
only for demand which cannot be met by Sydney Airport. This is an 
overflow forecast, but would nevertheless result in a significant amount 
of air traffic at the Second Sydney Airport. The proportion of 
international and domestic air traffic is assumed to be similar at both 
airports;

■ A ir Traffic Forecast 2 where the Second Sydney Airport would be 
developed to cater for 10 million passengers a year by 2006, with all
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further growth after this being directed to the second airport rather than 
Sydney Airport. The proportion of international and domestic traffic is 
also assumed to be similar at both airports; and

A ir Traffic Forecast 3 which is similar to Forecast 2 but with more 
international flights being directed to the Second Sydney Airport. This 
would result in the larger and comparatively noisier aircraft being 
directed to the second airport. It would accommodate about 29.3 
million passengers by 2016.

1.5 O peration of the A irport Options

At any airport, aircraft operations are allocated to runways (which implies both 
the physical runway and the direction in which it is used) according to a 
combination of wind conditions and airport operating policy. The allocation 
is normally performed by Air Traffic Control personnel.

Standard airport operating procedures indicate that a runway may not be 
selected for either approach or departure if the wind has a downwind 
component greater than five knots, or a cross wind component greater than 25 
knots. If the runway is wet, it would not normally be selected if there is any 
downwind component. This applies to all aircraft types, although larger 
aircraft would be capable of tolerating relatively higher wind speeds. W ind 
conditions at the airport site therefore limit the times when particular runways 
may be selected. However, there would be a substantial proportion of the 
time, under low wind conditions, when the choice of runways would be 
determined by airport operating policy.

For the environmental assessment, the maximum and minimum likely usage 
for each runway and runway direction was estimated and the noise impact of 
each case calculated. The actual impact would then lie between these values 
and would depend on the operating policy which is applicable at the time.

The three airport operation scenarios were adopted for the environmental 
assessment, namely:

■ Airport Operation 1 shown in Figure 1.3. Aircraft movements would 
occur on the parallel runways in one specified direction (arbitrarily 
chosen to be the direction closest to north), unless this is not possible 
due to meteorological conditions. That is, take offs would occur to the 
north from the parallel runways and aircraft landing would approach 
from the south, travelling in a northerly direction. Second priority is 
given to operations in the other direction on the parallel runways, with 
operations on the cross wind runway occurring only when required 
because of meteorological conditions;
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In t r o d u c t io n -C hapter  1

■ Airport Operation 2 shown in Figure 1.4. As for Operation 1, but with 
the preferred direction of movements on the parallel runways reversed, 
that is to the south; and

■ Airport Operation 3. Deliberate implementation of a noise sharing 
policy under which seven percent of movements are directed to occur 
on the cross wind runway (equal numbers in each direction) with the 
remainder distributed equally between the two parallel runway 
directions.

Since a cross wind runway is not proposed at Badgerys Creek Option A, only
Operations 1 and 2 were considered for that option.

Department of Transport and Recional Development Pace 1-7



Figure 1.3
Predominant Directions of Movement of Aircraft

for Airport Operation 1
Note: Cross wind runway used only when required 

because of meteorological conditions

Predominant Directions of Movement of Aircraft
for Airport Operation 2

Note: Cross wind runway used only when required 
because ol meteorological conditions
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Chapter 2 Consultation

Preparation of this technical paper involved consultation with the community, 
other stakeholders, Commonwealth, State and local Governments and 
Government agencies.

2.1 Community Consultation

The primary role of the consultation process during the preparation of the Draft 
EIS was to provide accurate, up to date information on the proposals being 
considered and the assessment process being undertaken. From October 1996 
to May 1997, ten separate information documents were released and over 
400,000 copies distributed to the community. Four types of display posters 
were produced and 700 copies distributed. Over 140 advertisements were 
placed in metropolitan and local newspapers. Non English language 
documents were produced in 14 languages and over 20,000 copies 
distributed. Advertisements in seven languages were placed on ethnic radio.

Opportunities for direct contact and two way exchange of information with the 
community occurred through meetings, information days, displays at shopping 
centres, telephone conversations and by responding to written submissions. 
Through these activities over 20,000 members of the community directly 
participated in the consultation activities.

Written and telephone submissions received were incorporated into a database 
which grouped the issues in the same way as the chapters of the Draft EIS. The 
issues raised were progressively provided to the EIS study team to ensure that 
community input was an integral part of the assessment process.

Further details of consultation with the community and other stakeholders and 
its outcomes are contained in Technical Paper No. 1 - Consultation. 
Comments received from community submissions were taken into account in 
the preparation of this report.

2.2 Other Consultation

Various Government departments and agencies were consulted during the 
preparation of the Draft EIS. These included the following:

■ N SW  Environment Protection Authority - consulted to obtain access to 
the Sydney Metropolitan A ir Quality Study (Environment Protection
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Authority, 1997a) findings. Access to the following material was 
provided by N SW  Environment Protection Authority:

emissions inventory data and findings relating to airports; 
data sets containing meteorological simulations; 
discussions of air chemistry and meteorology contained in the 
final reports;

Australian Nuclear Science and Technology Organisation provided 
meteorological data for Lucas Heights and reports of air quality studies 
relating to its facility at Lucas Heights;

Federal Airports Corporation provided:

access to Sydney Kingsford Smith Airport for the purpose of 
collection of air quality samples; and
reports of air quality and meteorological monitoring at Sydney 
Kingsford Smith Airport;

Airservices Australia provided:

advice in relation to fuel dumping and fuel venting from aircraft.

Pace 2-2 PPK Environment and Infrastructure Pty Ltd
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Chapter 3 Methodology

3.1 A ims and Scope of W ork

The aims of the air quality study are to meet the objectives of the Draft EIS set 
out in the study brief provided by the Department of Transport and Regional 
Planning, and to respond to issues identified in the Guidelines issued by 
Environment Australia (formerly Commonwealth Environment Protection 
Agency).

The broad objectives of the study are to:

■ provide an assessment of existing air quality at the sites of each of the 
five airport options considered;

■ assess air quality impacts of airport operation under each of the five 
airport options considered; and

■ discuss possible measures for mitigating air quality impacts.

The following items set out in the Environment Australia Guidelines have been 
addressed:

■ identification of the existing air quality in the airport sub-region for each 
airport option including: a description of each site's relationship to 
Sydney's air drainage basin, diurnal and seasonal variations in air 
pollution levels and the influence of short term weather conditions;

■ analysis of potential for dust fall-out during the construction stage and 
discussion of mitigation measures to control dust generation;

■ identification of emission sources, the nature and levels of emissions, 
including oxides of nitrogen, hydrocarbons (including benzene, 
kerosene and benzo-pyrenes), reactive organic compounds, sulphur 
dioxide, carbon monoxide, lead, particulates, odours and air toxics;

■ analysis and description of the contribution and impacts of the 
operation of the proposed Second Sydney Airport on air quality, at the 
local, regional and Sydney basin scale, having regard to the results of 
the Sydney Metropolitan A ir Quality Study carried out on behalf of 
New South Wales Environment Protection Authority;

■ changes to air quality and identification of affected populations in the 
study area, taking into account spatial and temporal variations and the
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contribution of other sources, including airport-induced vehicle traffic 
and airport related commercial/industrial development;

■ effect of the increase in ozone-producing compounds on areas 
downwind of the development and on the Sydney airshed in general;

■ emergency fuel dumping procedures, including designated areas for 
such contingencies, effects of fuel dumping;

■ potential impact on fabric of buildings;

■ changes in odour arising from aviation fuel emissions and possible 
sewage treatment, including provisions for recording nuisance caused 
by ambient odours;

■ "greenhouse* gas emissions, including design and procedural measures 
to reduce such emissions;

■ possible management measures for all significant emission sources, 
including those for aircraft operations, aircraft fuelling systems and fuel 
storage, ground transport, power generating units and auxiliary power 
units;

■ possible air quality monitoring programmes; and

■ impacts of changes to air quality on the health of potentially affected 
populations, including long and short term effects, impacts on 
especially sensitive groups (for example, children, the elderly, sufferers 
of respiratory illnesses such as asthma).

Effects of aircraft emissions on water catchment areas and domestic rain water 
tanks supplying household water are addressed in Technical Paper No. 7 - 
Geology, Soils and Water.

Relevant weather conditions including winds, fogs, temperature inversions and 
effects of topographic features which may affect dispersion of air pollutants are 
addressed in Technical Paper No. 5 - Meteorology.

3.2 Basis for Methodology

3.2.1 Potential Air Quality Impacts of a Major Airport

Emissions inventories for Sydney and other metropolitan areas for Australia 
show that major airports contribute key pollutants to the regional air-shed 
(such as nitrogen oxides, volatile organic compounds and carbon monoxide).
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Emissions result from a wide variety of activities, resulting in a strong diurnal 
variation and a complex distribution of emissions with height. These 
emissions occur within an urban area which itself experiences complex spatial 
and temporal variations in emission rates of the same pollutants from industrial 
and other sources including motor vehicles.

The impact of an existing or proposed airport on regional air quality depends 
critically on the location of the airport within the region, the dominant 
transport mechanisms within this air-shed and the frequency of occurrence of 
conditions under which high rates of photochemical pollutants may occur.

Air pollutants associated with airport operation originate from the following 
emissions sources:

■ aircraft engines;

■ evaporation of fuel during refuelling and storage;

■ motor vehicle engines and evaporative fuel losses from motor vehicles; 
and

■ a range of minor sources including evaporation of solvents from 
maintenance operations, evaporation from paints and thinners, losses 
from asphalt repairs, boilers and heaters in terminal buildings and 
workshops, and use of auxiliary power units on stationary aircraft.

The following air pollutants would be emitted from Sydney Second Airport:

■ hydrocarbons, oxides of nitrogen, carbon monoxide, oxides of sulphur 
and particulates emitted from aircraft engines, engines of support 
vehicles and passenger motor vehicles;

■ hydrocarbon emissions include a range of compounds such as benzene, 
butadiene, acetaldehyde and formaldehyde which are toxic if 
prolonged exposure to elevated concentrations occur;

■ particulate emissions also contain air toxic compounds such as lead and 
polycyclic aromatic hydrocarbons; and

■ greenhouse gases (carbon dioxide, methane and nitrous oxide).

In addition to the above pollutants, secondary pollutants can be formed as a 
result of chemical reaction between primary air pollutants within the 
atmosphere. Photochemical smog is formed by a combination of oxides of 
nitrogen and hydrocarbons under the action of sunlight.

Department of Transport and Regional Development Page 3-3



Second Sydney A irport

Principal concerns for regional air quality identified from past studies in 
Australia and overseas, recent Sydney air-shed work and comments offered 
during the public consultation stage of the current study relate to:

■ possible levels of primary pollutants (such as carbon monoxide, oxides 
of nitrogen, fine particulates and odour) in the near (0 to 10 kilometre) 
and mid (5 to 20 kilometre) field regions downwind of the airport;

■ potential impacts of airport emissions on the levels of ozone and 
nitrogen dioxide on days with high background photochemical levels;

■ potential impacts of liquid releases from aircraft in flight on water 
storages, washing and external surfaces of buildings and cars; and

■ potential impacts on health.

Near-field characteristics can be dealt with adequately by relatively 
conventional methodologies. Photochemical impacts are much more difficult 
to analyse as they require a full understanding of the various processes that 
occur within the air-shed.

A literature survey of previous airport air quality studies has demonstrated that, 
although some monitoring of photochemical variables has occurred close to 
airports in various countries, there has been little systematic investigation of 
the photochemical impacts of airport operations, except for the more generic 
and global studies of the impacts of increased air traffic on stratospheric ozone. 
Therefore the current study has included:

■ a survey of past air quality studies for the Sydney air-shed; and

■ application of recent and innovative air quality assessment techniques 
to determine the likely maximum photochemical impact of airport 
operations.

3.2.2 Overview of Chemical, Transport and Dispersion Processes

Air emissions from within a large airport vary according to the time of day. 
Activity levels are low late at night and in the small hours of the morning but 
rise quickly in the morning and tend to be relatively steady during the day 
until mid evening. The nature and strength of emission also varies with 
location. Emissions from aircraft occur in the terminal area, on the taxiways 
and along the runways. Emissions from the service vehicles occur largely from 
the tarmac in the terminal area. Motor vehicle emissions occur along the 
access roads.
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Pollutant emissions are transported by winds passing over the airport resulting 
in mixing as the pollutants move down wind. As the distance downwind 
increases, the pollutant ground level concentrations tend to reduce and 
become more evenly distributed as a result of this mixing. The rate and 
direction of transport of pollutants depends upon wind speed and direction. 
The rate of mixing depends upon wind speed and the temperature structure 
within the atmosphere. During winter, conditions tend not to favour mixing 
so ground level concentrations of pollutants tend to be higher in winter than 
in summer.

Chemical reactions take place between oxides of nitrogen and hydrocarbons 
leading to production of photochemical smog. These chemical reactions take 
of the order of hours to occur so that by the time photochemical smog is 
generated, air would have moved many kilometres down wind from the 
airport. Photochemical smog reactions require light and take place more 
rapidly as temperature increases. As a result, photochemical impacts of the 
airport would be more severe during summer than winter.

3.3 Approach

The air quality study team comprised:

■ Coffey Partners International Pty Ltd (team leader, air emissions studies 
and local scale dispersion modelling);

■ CSIRO  Division of Coal and Energy Technology (ozone chemistry 
specialists, analysis of regional impacts);

■ C SIRO  Division of Atmospheric Research (numerical modelling of 
regional transport of airport emissions and regional ozone impacts); and

■ Katestone Scientific Pty Ltd (trajectory analysis of emissions from the 
airport using measured wind data).

The team included organisations and individuals who had contributed to the
recent Sydney Metropolitan A ir Quality Study on behalf of New South Wales
Environment Protection Authority. The air quality team interacted with
Macquarie Research, which was engaged under separate commission to
contribute to meteorological studies for the EIS.

The air quality study program involved a number of components.

■ An assessment of existing air quality was made based on a review of 
available monitoring data and air quality studies including the Sydney 
Metropolitan Air Quality Study (Environment Protection Authority,
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1997a) which presented a detailed emissions inventory for the Sydney 
region and provided the results of numerical analysis of regional air 
quality for selected periods of poor air quality.

• An emissions inventory was developed to quantify expected rates of 
production of air pollutants for each of the second airport options. The 
emissions inventory included assessment of emissions from the airport 
and from aircraft within 1,000 metres of the ground. Emissions of 
hydrocarbons, oxides of nitrogen, carbon monoxide, sulphur dioxide 
and particulates were considered. An assessment was made of air toxic 
compounds, including benzene and 1,3 butadiene within the 
hydrocarbon emissions. Estimates of greenhouse emissions from the 
airport were included in the emissions inventory. Emissions inventories 
were developed for construction, initial operation of an airport in 2006 
and under design operating conditions at 2016.

■ Local scale dispersion modelling was carried out using AUSPLUM E, a 
Gaussian dispersion model widely used within Australia for prediction 
of ground level concentration of air pollutants. This modelling work 
was used to assess air quality impacts within 10 kilometres of the airport 
boundaries.

■ Numerical trajectory modelling using LADM (Lagrangian Atmospheric 
Dispersion Model) was carried out to assess the regional impacts of 
airport operation under two historical meteorological events which are 
known to have resulted in poor air quality in Western Sydney. This 
work was primarily directed to address photochemical smog impacts 
from the airport. In the model, chemical data gathered by N SW  
Environment Protection Authority (from two historical events that 
resulted in high ozone levels and formation of photochemical smog in 
Western Sydney) was combined with wind directions generated 
internally by the model and predicted emissions from the airport 
options.

■ A second approach termed as footprint analysis was used to check the 
results of trajectory analysis. One year of meteorological and air quality 
data (July 1994 to June 1995) from monitoring stations over the Sydney 
Basin was purchased from N SW  Environment Protection Authority to 
enable assessment of regional impacts of airport operation. This work 
was largely completed, but during meteorological appraisal, 
inconsistencies were identified in parts of the meteorological data set. 
Uncertainties about the data were not able to be satisfactorily resolved 
in time for the modelling to be repeated using a corrected dataset. 
Therefore the footprint analysis was undertaken using a much smaller 
set of records, from Sydney Water, Federal Airports Corporation, Bureau
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of Meteorology and Australian Nuclear Science and Technology 
Organisation.

Air quality imparts of airport operation including the impacts associated 
with traffic and population shifts attributed to the presence of the airport 
were assessed at a regional scale using a box modelling approach.

3.4 Information Sources

The following information sources were used as input to air quality studies:

■ material from Second Sydney Airport Planners (1997a) consisting of 
plans and reports showing the layout, usage projections, construction 
details and infrastructure connections was used in development of the 
air emissions inventory for the range of operational conditions 
considered and for construction;

■ N SW  Environment Protection Authority monitoring records of air 
quality and meteorology were obtained in summary form from 
published Quarterly Reports (N SW  Environment Protection Authority, 
1997b) and in digital form from the Environment Protection Authority 
database (the digital data from the period July 1994 to June 1995 was 
not used for analysis);

■ data from an air quality monitoring site at Campbelltown operated by 
Pilkington Australia was used to assess existing air quality in the 
Campbelltown area;

■ results presented in the final reports of the Metropolitan A ir Quality 
Study (N SW  Environment Protection Authority, 1997a) were used to 
assist in the interpretation of meteorological factors influencing air 
quality and for background emissions inventory;

■ wind monitoring records from the Australian Nuclear Scientific and 
Technical Organisation site at Lucas Heights were used as input to 
dispersion modelling of air emissions for the Holsworthy Options;

■ wind monitoring data measured by Macquarie University at the 
Badgerys Creek site was used for dispersion modelling of air emissions 
for the Badgerys Creek options;

■ air quality monitoring data relating to fine particulates collected by the 
Australian Nuclear Scientific and Technical Organisation over the 
Sydney basin was used in the assessment of existing air quality;
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material presented in EIS documents relating to the Western Sydney 
Orbital (Rust PPK, 1996c) and Elizabeth Drive Upgrade (Rust PPK, 
1995), and the Third Runway for Sydney Kingsford Smith Airport 
(Kinhill, 1990) was reviewed; and

monitoring data compiled on behalf of the Federal Airports Corporation 
for Sydney Airport was used to provide local experience of air quality 
impacts of airport operations.

3.5 Review of Previous W ork

3.5.1 North American studies

The United States Federal Aviation Administration has sponsored several 
studies of the emissions and consequent local air quality impact (including 
odour) for several major airports (Wayson, 1996). Regional analysis has 
centred mainly on emission inventories, as the use of urban air-shed models 
was considered 'beyond the scope of most projects'.

Emission controls are thought likely to reduce volatile organic hydrocarbon 
impact, although oxides of nitrogen emissions may still present problems. 
There is no direct research or measurement programme which has been 
undertaken to investigate the photochemical impact of a major airport on a 
regional air-shed.

The Airports Group of Canada has conducted multi-parameter monitoring 
studies at various airports since 1980 (Taylor, 1996). This monitoring has 
usually been at sites on or close to the airport. Ozone levels at these sites 
were generally decreased by the presence of combustion gases from airport 
activities. It was concluded that 'airports did not appear to be the local source 
of this pollutant'. None of the recommended actions from a review of existing 
knowledge was concerned with regional impacts.

North American experience has therefore provided little guidance to the 
present study.

Vigyan (1993) carried out a study on behalf of US Environment Protection 
Agency to estimate and evaluate cancer risks attributed to air pollution in 
South-west Chicago. The study involved development of an inventory of air 
emissions from the area from sources including Midway Airport, motor vehicle 
traffic and industry. Dispersion modelling was carried out to predict average 
concentrations to which the population were exposed. Cancer risk factors for 
air toxic compounds were to use predict the number of cancer cases 
attributable to air pollution. The cancer risk from air toxic pollution was 
assessed to be two chances in 10,000. For the population considered this
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translated to approximately one case every three and a half years. This was 
compared with the statistic that about one in three Americans will contract 
cancer over the course of an average lifetime.

The study found that the most significant contributors to cancer risk from air 
pollution were car, buses, trucks and trains. These accounted for 25 percent 
of the predicted number of cancer cases. Background concentrations of 
formaldehyde and carbon tetrachloride provided the second highest 
contribution. The third major contributor was a chrome plating operation 
which was associated with 16 percent of the total cancer cases. Aircraft 
emissions from Midway airport were identified as a significant contributor, 
accounting for approximately 11 percent of cancer cases due to air pollution.

3.5.2 European Studies

Recent British studies (Her Majesty's Scientific Office 1994, Stephenson, 1996) 
have emphasised the evaluation of local air quality at several British airports. 
Nitrogen dioxide has been considered the major problem area and attributed 
mainly to local motor vehicle emissions. On a regional scale, airport 
emissions are considered to be small compared to those of urban and industrial 
sources usually found next to airports. Ozone impacts considered have been 
mainly those identified by the Stratospheric Ozone Review Croup.

Monitoring close to Gatwick Airport has facilitated the estimation of source 
contributions to modelled ground-level concentrations of oxides of nitrogen. 
Outside the airport boundary, the airport is thought to contribute up to 10-13 
percent of the total ground-level concentrations. Aircraft are considered to be 
'a  relatively small contributor to ambient nitrogen oxide concentrations 
outside of the airport boundary, compared to regional and background 
sources.'

Recent German studies (for example, Ebel and Perry 1995) have used a 
mesoscale model to look at the impact of aircraft emissions on ozone 
concentrations at the tropopause. However, the available results are 
ambiguous.

The literature search did not identify any good examples of assessment of the 
impact of airport operations on regional photochemistry.

Moussiopoulos et al (1996) reported a study of nitrogen dioxide and ozone 
impacts due to Athens Airport. Athens Airport is to be relocated from 
Hellenikon, which is within the Athens Basin to Sparta, which is outside the 
Athens Basin. Photochemical airshed modelling was carried out for seven 
different meteorological conditions to assess impacts of the new airport. 
Athens currently suffers for regular exceedences of their nitrogen dioxide 
guidelines.
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Under unfavourable meteorological conditions, emissions from the existing 
airport are recirculated within the Athens Basin. This leads to elevated 
concentrations of nitrogen dioxide. Increases in nitrogen dioxide 
concentration of up to two parts per hundred million were attributed to the 
airport. Operation of the airport at Sparta was predicted to have no impact on 
air quality within the Athens Basin due to isolation by a pronounced mountain 
ridge. Ozone was predicted to be reduced in ihe vicinity of the airport due to 
reaction of ozone with nitric oxide emissions. The study concluded that the 
airport would produce significant air quality impacts at the new site but these 
would not lead to exceedences of the prevailing air quality standards and that 
air quality within the Athens Basin would be improved as a result of the airport 
relocation.

3.5.3 Australian Studies

Sydney Airport

A number of documents relate to the operation of Sydney's (Kingsford Smith) 
Airport. These include the Third Runway EIS and the Draft A ir Quality 
Management Plan for Sydney (Kingsford Smith) Airport, prepared by Mitchell 
McCotter, 1994. The EIS prepared to assess environmental impacts of the 
implementation of the Third Runway (Kinhill, 1990) includes a substantial 
discussion of air quality impacts. This EIS was investigated by the Senate 
Select Committee on Aircraft Noise in Sydney. A chapter of that Committee's 
report addressed air quality issues.

The Senate Select Committee (1995) report on submissions described kerosene 
odours, black particles in the air, and sooty oily deposition on cars and 
windows, all of which were attributed to aircraft emissions.

Complaints were predominantly from areas beneath aircraft flight paths. 
Evidence was taken from medical specialists that there was a cancer risk 
associated with emissions from aircraft and in particular from particulate 
matter which falls beneath the flight paths.

The Committee recommended that:

■ monitoring of air quality around Sydney Airport be supervised by the 
Commonwealth Environment Protection Agency;

■ airport and background monitoring be undertaken in conjunction with 
the New South Wales Environment Protection Authority, with reports 
to be published monthly and made publicly available with an analysis 
of the data and its application to airport operations;
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■ at least one permanent or mobile background monitoring station be 
established in the residential areas to the north of the airport and along 
the flight path;

■ the suitability and effectiveness of the system in operation at Zurich 
Airport for the monitoring of air emissions at source be investigated for 
Kingsford Smith Airport; and

■ dispersion modelling be undertaken under the supervision of the 
Commonwealth Environment Protection Agency to establish the current 
pattern of emissions.

The Draft EIS for the Third Runway (Kinhill, 1990) estimated that Sydney 
Airport would contribute approximately one percent of total emissions of air 
pollutants in the Sydney Basin in the year 2010. Some 15 percent of vehicle 
traffic on roads to the north and south of Kingsford Smith Airport was predicted 
to be related to the airport. These estimates of air emissions from Kingsford 
Smith Airport have been compared with predicted emissions for the Second 
Sydney Airport, later in this technical paper.

Monitoring at Sydney Airport over the period December, 1993 to May 1995 
showed no exceedences of nitrogen dioxide concentrations above the 
National Health and Medical Research Council maximum one hour guideline 
of 16 parts per hundred million (Environment Protection Authority 1997b). 
Dispersion modelling carried out for the Third Runway Draft EIS indicated that 
the one hour guideline level for nitrogen dioxide (16 parts per hundred 
million) would be exceeded on occasions for projected operational conditions 
in 2010.

The Sydney Kingsford Smith Airport Draft A ir Quality Management Plan 
(Mitchell McCotter, 1994) includes an air emissions inventory for Sydney 
Airport. The inventory addresses emissions of carbon monoxide, oxides of 
nitrogen, hydrocarbons, sulphur dioxide and particulate matter. Particulate 
emissions from aircraft are presented as a range of smoke number values 
indicating the range of regulatory limits for aircraft for each operating mode. 
No estimate of particulate emissions for the airport was made due to 
difficulties in obtaining particle emission data for aircraft engines.

Other Airports

Emission inventories recently developed for various Australian cities have 
included the contributions of airports. Regional air-shed modelling for most 
of the cities has included these sources but has rarely identified explicitly the 
individual impact of airport operations. The simulations of high ozone days 
have emphasised the importance of seabreeze circulations, temperature and 
biogenic emissions on levels of photochemical pollutants.
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One of the sensitivity runs for the Sydney Metropolitan A ir Q uality Study air
shed estimated that Sydney Airport emissions in 1993 were likely to increase 
the peak ozone level in the region by an insignificant amount (less than one 
percent and below the model resolution). Local ozone levels could be 
changed by ± five percent, dependent on location and conditions.

These are likely to be underestimates (mainly because of the model resolution 
and technical difficulties in treating seabreeze conditions). The location of 
Sydney Airport within the industrial area of Botany Bay and close to urban 
areas diminishes the applicability of these results to the Second Sydney Airport 
air quality study.

Recent impact assessments for Brisbane, Mascot and Melbourne airports have 
predicted local air quality impact but have not considered regional matters.

Air quality monitoring is currently taking place at Sydney Airport (two sites) 
and, to a lesser extent, near Brisbane Airport. Continuous monitoring of oxides 
of nitrogen, ozone and particulate matter smaller than 10 micrometres 
concentrations at these sites provides potential for evaluating the impact of 
airport operations in future. Formal assessments have not yet been published.

3.5.4 Regional Scale Studies

Regional-scale studies have not been identified in the scientific literature for 
any other airports.

Syd n ey W est A irpo rt Sub-Region Strateg ic P lan

A State Government Task Force on Planning for the Sydney West Sub-Region 
has assessed the impacts of an airport at the Badgerys Creek site on urban 
development and employment and the consequential environmental effects 
of this development including air quality impacts. Findings of the task force 
presented in a Stage 1 Investigations report (Task Force on Planning for the 
Sub-Region Surrounding Sydney West Airport, 1995) were that:

■ the Sydney West Sub-Region (the area in the vicinity of the Badgerys 
Creek site) is a receptor area for air pollutant emissions from the eastern 
half of the Sydney Metropolitan Area;

■ air quality within the Sub-Region was found to be within current health 
guidelines but that summer ozone levels regularly approached the 
health goal prevailing at that time. A more stringent ozone health goal 
was anticipated which would mean that air quality in the region would 
exceed the health goal more frequently; and
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■ air quality was considered a primary constraint on the development of 
the Sub-Region. Development of the Sub-Region should be limited in 
the event that air quality standards would not be met.

In a subsequent report prepared for the Task Force, Symonds Travers Morgan 
(1996) presented the results of an analysis of air quality impacts of increased 
motor vehicle travel as a result of employment and urban development 
associated with the proposed airport. A 2.4 million increase in the number of 
daily vehicle kilometres travelled was predicted for the year 2016 within an 
area of 18 kilometres by 27 kilometres (Australian Map Grid coordinates 285 
kilometres east to 303 kilometres east and 6,234 kilometres north to 6,261 
kilometres north). This represents some 58 percent increase in the assessment 
of motor vehicle traffic for the area reported in the A ir Emissions Inventory 
Report, which is contained in Appendix C. Increased emissions due to 
increase residential population were included in the analysis. It is not clear if 
additional traffic flow due to airport passengers was included in this 
assessment. No point source industrial emissions were considered.

The impacts of the increased air pollutant emissions due to this rise in traffic 
volume were modelled by N SW  Environment Protection Authority using a 
photochemical airshed model developed during the Sydney Metropolitan Air 
Quality Study. The model was run for meteorological conditions 
corresponding to a photochemical smog event which occurred on 8, 9 and 10 
February, 1994. Emissions from the airport itself were not included in the 
analysis. This analysis showed almost imperceptible changes in air pollutant 
concentrations as a result of the development.

Concern was expressed however, that given the grid size adopted for analysis, 
the results sought were at the limit of the resolution of the model. Ozone 
levels decreased slightly in the vicinity of the area of development and 
increased slightly downwind from the development to the south west. In the 
report, it was mentioned that N SW  Environment Protection Authority had 
interpreted the modelling to suggest that goals for oxides of nitrogen may be 
exceeded as a result of the development. Plotted results showed changes 
smaller than five parts per billion of ozone concentration (reductions in the 
vicinity of the development).

Other Studies

The impact of other types of sources of precursor emissions on regional 
photochemistry have also been assessed. These studies have usually involved 
point source emissions of nitrogen oxides (such as power stations) or various 
generic types of emissions (motor vehicles, all industrial emissions, biogenic 
sources). The results are not directly applicable to the Second Sydney Airport 
study.
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Power station or cogeneration plant sources of strength 10-100 grams per 
second nitrogen oxides (and 1-5 grams per second volatile organic 
compounds) have been forecast to give rise to 2-15 parts per billion of 
additional ozone for some hours of high photochemical activity in Brisbane 
and Sydney. Motor vehicle sources are predicted to contribute 35-70 percent 
of ozone on such days. Biogenic sources may not increase maximum ozone 
levels but will increase the air-shed dosage (Environment Protection Authority, 
1997). The recent Perth photochemistry study emphasised the importance of 
volatile organic compounds emissions from the Kwinana oil refineries.

These considerations are of particular interest to locations such as Mascot 
where industrial and urban emissions are high. For fringe urban areas such as 
Badgerys Geek and Holsworthy, recent simulations for the methane recovery 
and combustion plants at Tower and Appin are of more relevance (Katestone 
Scientific, 1995).

During these simulations, sources of strength 20-35 grams per second nitrogen 
oxides emitted at effective heights of 100 metres above ground-level were 
predicted by two different approaches to give an ozone impact of 5-15 parts 
per billion ozone for those few hours per year when high ozone levels and 
photochemically old air from Sydney and Campbelltown pass over these 
sources. Maximum ozone increments were predicted for 5-15 kilometres 
downwind, depending on conditions.

3.5.5 Studies at Lucas Heights

Studies relating to air quality carried out for the nuclear facility at Lucas 
Heights are relevant to the Holsworthy site, as the Australian Nuclear Science 
and Technology Organisation site is within five kilometres of Holsworthy 
Option A. Meteorological data recorded at Lucas Heights has been used for 
interpretation of meteorological conditions for Holsworthy Options A and B.

The Australian Atomic Energy Commission (1986) carried out a study of 
transport and dispersion of airborne pollutants in the vicinity of the Lucas 
Heights Research Laboratories. This study assessed the potential impact of 
short term inadvertent atmospheric releases using a Gaussian puff model of 
localised releases. Assessment was made of the dilution of short term releases.

Analysis was carried out assuming flat terrain and the question of the level of 
conservatism of this approach was discussed. The authors noted that complex 
terrain effects were likely to increase the levels of dispersion beyond those 
obtained using the assumption of flat terrain but experimental observations 
were need to assess the effects of complex terrain. The authors presented the 
results of an analysis of transport in the Woronora Valley to assess potential for 
accumulation of pollutants in valleys under stable conditions.
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Greater dilutions (and hence lower concentrations) were assessed for valley 
flow than were obtained assuming Gaussian dispersion in flat terrain. Despite 
these results the authors indicated a need to carry out experimental studies to 
test this result.

The Australian Nuclear Science and Technology Organisation (1990) carried 
out a study to assess the consequences of a severe accident of the nuclear 
reactor at Lucas Heights. Analysis of a sustained release was carried out using 
a Gaussian plume model. This study differed from an earlier study (Australian 
Atomic Energy Commission, 1986) in that airborne emissions from the site 
were considered to be continuous rather than of short duration. As for the 
earlier study, a horizontal ground surface was assumed for dispersion 
modelling. Population exposures were assessed for the case of an accident 
occurring under adverse meteorological conditions.

Australian Nuclear Science and Technology Organisation has advised that 
further field and numerical studies are being carried out but that reporting of 
the studies has not been completed. These studies include complex wind field 
and dispersion modelling and atmospheric tracer dispersion studies.

3.6 Field Surveys

Sampling of air directly affected by emissions from aircraft at Sydney Airport 
was carried out in November 1996. A total of eight samples were collected 
which included samples in the exhaust wake of large commercial jets. This 
work is reported in Appendix G.

Testing of each of these samples was undertaken to measure odour strength 
and speciated organic content including several air toxic compounds. These 
results were correlated with the results of the emissions inventory work and 
used to provide input to assessment of odour impacts.

3.7 A ir Q uality Modelling

3.7.1 Emissions Inventory

The spatial allocation of airport related air emissions is discussed in Section 7 
of the Air Emissions Inventory Report which is contained in Appendix C. For 
each airport option, thirteen zones covering ground level and elevated 
emissions to 1000 metres in height were modelled. A description of these 
zones appears in Table 3.1 and they are described in more detail in the Air 
Emissions Inventory Report.
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Table 3.1 Description of Emission Zones at Second Sydney Airport

Emission
Zone

Description
Height (metres 
above ground 

level)

A1 Terminal/apron area during early operational phase 2006 0

A1 + A2 Terminal/apron area during fully operational phase 2016 0

B Airport access road

C l Maintenance area during early operational phase 2006 0

C1 + C2 Maintenance area during fully operational phase 2016 0

D Fuel storage area 0

E Fire training area 0

F I 1st Runway aircraft emissions, consisting of: 
Taxi, idle 7’
Takeoff 7-200

F2 2nd Runway aircraft emissions, consisting of: 
Taxing, idle 7
Takeoff 7-200

G1 1st Runway aircraft climbout emissions 200-1,000

G2 2nd Runway aircraft climbout emissions 200-1,000

H I 1st Runway aircraft approach emissions 7-1,000
H2 2nd Runway aircraft approach emissions 7-1,000

Notes: 1. Height of emission from aircraft engine while aircraft is on the ground, taking into
account the heat of the exhaust (V&C Environment Consultants, 1995).

The location of airport emission zones was estimated using site plans and other 
information supplied by Second Sydney Airport Planners (1997a). Emission 
zones have been modelled as follows:

■ Zone A - terminal/apron areas comprising emissions from boilers, 
aircraft refuelling, ground service vehicles, auxiliary power units and 
surface coatings were modelled as one or more area sources of equal 
side length;

■ Zone B - access roads have been modelled as a series of eight area 
sources of side length 300 metres. The area sources are spaced 100 
metres apart to avoid modelling artefacts such as plume 'peaks' 
occurring from the imposition of one area source plume upon another. 
The selection of 300 metres as the side length was based upon a 
configuration of double lanes separated by a median strip;
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■ Zone C - maintenance areas comprising emissions from ground running 
of aircraft engines and evaporation of solvents were modelled as one or 
more area sources of equal side length;

■ Zone D - fuel storage areas comprising emissions from tank breathing 
and filling were modelled as one or more area sources of equal side 
length;

■ Zone E - fire training burn-off area. As noted in the Emissions Inventory 
Report (Appendix Q , this source is not considered large enough to 
warrant inclusion in the inventory;

■ Zone F - Runway emissions comprising aircraft taxi/idle and takeoff 
modes have been modelled as a series of 300 metres square area 
sources, spaced at 400 metre centres. Taxi/idle and ground level 
takeoff emissions are assumed to occur over the southern most two 
kilometres of each main runway. Elevated takeoff emissions are 
modelled as three additional area sources at elevations of 60 metres, 
120 metres and 180 metres for a further one kilometre of horizontal 
travel. These assumptions are based on a consideration of typical 
takeoff trajectories for commercial jets supplied by Qantas (Mr W . 
Burke, personal communication, 1996). It should be noted that 
crosswind runway operation has not been considered and that a 
uniform emissions distribution with distance is used for the allocation 
of takeoff emissions;

■ Zone G - Aircraft climbout emissions modelled as a series of 3 
kilometre square area sources at varying heights covering a horizontal 
distance of 10 kilometres and a vertical distance of 1000 metres. This 
configuration is an approximation of the broad climb out corridors 
outlined by Second Sydney Airport Planners (1997a);

■ Zone H - Aircraft approach emissions have been modelled as a series 
of 400 metre square area sources spaced at 600 metre centres. 
Approach lines (one for each runway) consist of 38 separate area 
sources rising from 25 metres to 950 metres over a horizontal distance 
of approximately 19 kilometres. Approach corridors are assumed to be 
relatively straight and narrow.

3.7.2 Nitrogen Dioxide Conversion

Interpretation of modelling of the impact of the airport on nitrogen dioxide
concentrations requires an assumption of the proportion of nitrogen oxide
which is converted to nitrogen dioxide. The emissions inventory has assumed
that 10 percent of the oxides of nitrogen are in the form of nitrogen dioxide
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with the remainder as nitrogen dioxide. Nitrogen oxide is rapidly converted 
to nitrogen dioxide in the presence of ozone and sunlight.

Figures 3.1 and 3.2 present the correlation between maximum monthly 
nitrogen dioxide concentration and maximum monthly concentration of total 
oxides of nitrogen from the monthly monitoring data presented in the N SW  
EPA quarterly reports for eight monitoring stations surrounding the proposed 
airport site (Bringelly, Blacktown, St Marys, Liverpool, Woolooware, 
Campbelltown, Earlwood and Appin). These plots illustrate that the nitrogen 
dioxide concentration tends to increase with increasing total oxides of 
nitrogen. Linear correlations were fitted to each of the plots shown in 
Figures 3.1 and 3.2 and the results tabulated in Table 3.2.

Table 3.2 Correlation Between Maximum Monthly concentrations of Total Oxides of 
Nitrogen Versus Nitrogen Dioxide

Monitoring Station Slope (Nitrogen Dioxide/ 
Oxides of Nitrogen)

Appin 0.350
Blacktown 0.086
Bringelly 0.162
Campbelltown 0.095
Earlwood 0.083
Liverpool 0.037
St Marys 0.059
Woolooware 0.038

Based on this correlation, an increase in maximum monthly concentration of 
total oxides of nitrogen would be expected to lead to an increase in maximum 
nitrogen dioxide concentrations for the month between 3.7 percent and 35 
percent. The highest values of 16.2 percent and 35 percent were obtained for 
the monitoring stations at Bringelly and Appin where low concentrations of 
total oxides of nitrogen (less than 20 parts per hundred million) were recorded. 
A value of 10 percent increase in nitrogen dioxide is consistent with the value 
adopted in the emissions inventory speciation. Based on these results, 
nitrogen dioxide concentrations of 10 percent of the increase in concentration 
of total oxides of nitrogen are attributed to the operation of the airport.

The annual average concentration of nitrogen dioxide at monitoring stations 
reported in the 1995 N SW  Environment Protection Authority Quarterly Air 
Quality Monitoring reports (N SW  Environment Protection Authority, 1997b) 
are presented in Table 3.3.
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Table 3.3 Background Annual Average Nitrogen Dioxide Concentrations

Location
1995 Average Concentration 

(pphm)

Appin 1.1
Blacktown 2.5
Br ingel ly 2.7
Campbelltown 2.0
Earl wood 2.9
Liverpool 1.6
St M ays 2.2
W oo loo ware 2.8

3.7.3 Meteorological Inputs into Modelling

For the Badgerys Creek options, air quality impacts were modelled using 
hourly wind records obtained over period of two years covering the period 1 
April 1990 to 31 March 1992. These wind records for this period were 
obtained by Macquarie University using a Lambrecht Woelfle mechanical 
wind recorder installed on a knoll at the northern end of the airport site where 
the elevation above seal level is 100 metres. A description of these records is 
contained in Technical Paper No. 5 - Meteorology. These data were also used 
for modelling of noise impacts.

The wind records for Badgerys Creek were processed to obtain meteorological 
records for input into the dispersion model. Development of the 
meteorological files for dispersion analysis was carried out by Katestone 
Scientific in a similar way to that used for the Holsworthy site described below 
except that seabreeze occurrence was based on local wind data and the effects 
of thermal internal boundary layer growth were considered to be negligible 
given that the site is some 50 kilometres from the coast. Mascot radiosonde 
and radiation data were used together with Richmond airport temperature 
information for processing of the Badgerys Creek wind data.

Dispersion modelling for the Holsworthy Options was carried out using 
meteorology data from the 10 metre mast at the Australian Nuclear Science 
and Technology Organisation facility at Lucas Heights as recommended by the 
meteorological consultant. This is the nearest wind monitoring site available. 
A  two yea- period of records from January 1994 to December 1995 was used 
for modelling. This period is within the four year period November 1992 to 
October 1996 which was adopted for modelling of noise impacts. A two year 
period was adopted for consistency with the duration of wind monitoring 
records available at the Badgerys Creek site.
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The Lucas Heights wind records were compiled as follows:

■ Radiosond information for Mascot (6am and 3pm) was processed for 
1994 to 1995 to retrieve the temperature and mixing ratio profiles and 
to assess the mixing height at these times. The afternoon flights for on
shore winds show good evidence of Seabreeze flows (typically 1600 
metres in depth) and occasionally thermal internal boundary layers 
(200 to 300 metres deep). The sea breeze depths were considered 
applicable to sites further inland but the thermal internal boundary layer 
w ill grow with distance from the coast. For this reason the afternoon 
information was not used directly but was used to check the 
conclusions of Clark (1982) on seabreeze depths at Lucas Heights and 
to forecast thermal internal boundary layer depths at 16 kilometres from 
the coast for the proposed second airport sites;

■ the morning temperature profile was used in conjunction with the Lucas 
Heights wind temperature and net radiation data to forecast hourly 
mixing heights, using the energy budget method (Clarke 1991). For 
seabreeze and on-shore flows, the mixing heights (and corresponding 
convective velocities) were modified using the seasonal depths 
recommended by Clarke (1982) from acoustic sounder measurements 
at Lucas Heights, and a standard square root dependence of the thermal 
internal boundary layer height on overland distance. The seabreeze 
depths were assumed to decay with time (that is, incoming radiation) 
as found by Pitts and Brown (1992) at a similar site in Western Australia. 
Seabreeze occurrence was based on surface wind data taking account 
of the direction sector and speed history;

■ stability estimates were based on the ratio of convective velocity to 
windspeed (for daytime) and windspeed and net radiation (at night). 
The stability distributions were checked with those obtained by Clark 
(1982) using a variety of other methods. For the 10 metre data the 
approach adopted for this work tends to produce more Class A 
(extremely unstable) and Class F (moderately stable) conditions than the 
standard Turner, Smith or United States Nuclear Regulatory 
Commission methods. This is because of the lower wind speeds at 10 
metres height;

■ a minimum wind speed of 0.5 metres per second was adopted to avoid 
numerical difficulties at very low wind speeds;

■ the 2pm mixing heights forecast using the adopted methods are in good 
agreement with Mascot data (very good for off-shore flows, moderate 
to good for on-shore flows). Night time mixing heights are comparable 
to those obtained by Clark (1982) using an acoustic sounder and the 
various balloon profiles of others; and
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■ meteorological records were prepared for a full two year period from 
1 January 1994 to 31 December 1995.

3.7.4 Local Scale Dispersion Modelling

Gaussian dispersion modelling was carried out to simulate the air quality 
impacts of the Sydney Second Airport on the surrounding area. Modelling was 
carried out for each of the airport options for the following two of the proposed 
Sydney Second Airport operational scenarios:

■  Air Traffic Forecast 2, (2006 Equal Growth Scenario) - this scenario 
assumes that 10 million passengers make use of the Sydney Second 
Airport in the year 2006. A mix of international, domestic and general 
aviation traffic is assumed. This scenario was taken as being 
representative of the scenarios applying to early operation of Sydney 
Second Airport;

■  Air Traffic Forecast 3, (2016 Additional Noise Scenario) - this scenario 
assumes that Sydney Second Airport accommodates the majority of the 
wide body aircraft and all the international/domestic air traffic growth 
within the Sydney Basin after 2006. O f the scenarios considered in the 
A ir Emissions Inventory Report (Appendix C) this would result in the 
greatest level of air pollutant emissions by 2016 and hence has the 
greatest potential impact on air quality.

The Gaussian plume dispersion model AUSPLUM E was used to assess the 
impact of airport emissions on areas surrounding the proposed airport sites at 
Badgerys Creek and Holsworthy. In each case a two year meteorological 
record was used to obtain hour by hour increases in ground level 
concentration for the following air pollutants:

■ carbon monoxide;

■ particulates;

■ total hydrocarbons;

■ nitrogen dioxide;

■ sulphur dioxide;

■ odour; and

■ air toxic compounds (benzene, 1,3 butadiene, toluene, xylenes, 
acetaldehyde and formaldehyde).
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For each of the pollutants considered, model results were obtained for 
averaging periods which would allow comparison with air quality goals 
recognised by N SW  Environment Protection Authority or for averaging periods 
relevant for assessment of health impacts.

AUSPLUM E Version 3.3 was used for dispersion modelling. Assumptions 
concerning modelling are:

■ terrain affects were ignored for the proposed airport sites. Both the 
Badgerys Qeek and Holsworthy sites are elevated in comparison with 
the surrounding areas. In the case of Badgerys Q eek the proposed 
runway level is approximately 90 metre AH D  (Australian Height 
Datum) which is some 50 metres higher than the surrounding terrain. 
Runway levels of 150 to 190 metres AHD  are proposed for the 
Holsworthy options compared with a level of about 50 metres AH D  for 
the populated areas to the west of the Georges River. It is considered 
that the use of a flat terrain model provides a generally conservative 
assessment of air quality impacts. There is potential for transport of air 
pollutants within localised air flows within the valleys of the 
Holsworthy site. This mechanism cannot be modelled using 
conventional dispersion modelling. It is discussed in Technical Paper 
No. 5 - Meteorology.

■ use of the cross wind runways was disregarded for air quality analysis. 
The cross wind runway is designed for use when wind conditions are 
unfavourable for take off and landing on the main runways. Relatively 
high wind speeds which would preclude use of the main runways 
would prevail during usage of the cross-wind runway. High wind 
speeds favour rapid dispersion of atmospheric pollutants and so analysis 
of cross-wind runway operations was not considered to be warranted;

■ for the purposes of modelling it was assumed that the direction of take 
off would have a northerly component. It is understood that in normal 
operation, take off can routinely occur with a tailwind of up to 8 knots. 
Analysis of meteorological data revealed that take off toward the north 
could take place 84 percent of the time at Badgerys Qeek and 92 
percent of the time at Holsworthy. The distribution of ground level 
emissions are similar for either direction of take off and as ground level 
emissions tend to dominate ground level impacts at a local scale the 
assumption of northerly take off was considered reasonable. A check 
on the sensitivity of this assumption was made by carrying out analysis 
with direction of takeoff selected to give highest ground level 
concentration at receptor locations; and
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■ airport emissions sources were modelled using over 100 area sources. 
The simulation of area sources within the AUSPLUM E software is 
achieved by orienting a line source perpendicular to the wind. This 
method of simulation can result in non-representative concentration 
adjacent to the source but it is considered an appropriate and 
reasonable method for assessment of ground level concentrations 
outside the airport boundary.

3.7.5 Trajectory Modelling of Ozone Impacts

Numerical modelling was carried out by CSIRO  Division of Atmospheric 
Research to predict impact of operation of the proposed airport on air quality 
at a regional scale due to operation or design level in 2016. This work was 
primarily directed at assessment of photochemical smog impacts. A report 
presenting the findings of the CSIRO smog study is included in Appendix D 
and a summary is presented below.

Three dimensional modelling of the windfield using the Lagrangian 
Atmospheric Dispersion Model (LADM) was carried out taking account of the 
surface topography, the synoptic conditions and the effects of surface warming 
and cooling. The LADM model is described by Physick et al (1994). 
Dispersion of pollutants by the windfield was simulated by tracking the paths 
of a series of particles released from areas of pollutant emissions. Ozone 
chemistry was modelled along these paths and as a result, predictions of 
photochemical smog impacts downwind of the airport were obtained.

This approach to regional modelling of air quality impacts has the advantage 
that it does not rely upon measurements of wind speed and direction and it 
results in a full three dimensional model of wind flow capturing the vertical 
structure of the wind. The alternative approach of assessing the path of 
pollutant migration based on monitoring relies upon interpolation of near 
ground level measurements of wind speed and direction at isolated locations. 
A disadvantage of LADM modelling is that significant computing resources are 
required for analysis of each meteorological condition and as a consequence, 
it is not practical to model large numbers of meteorological conditions.

For this work, two events which resulted in poor air quality and high ozone 
conditions in Western Sydney were selected for modelling namely:

■ 9th February, 1994; and

■ 4th February, 1991.

These were among the events subjected to windfield and photochemical smog 
modelling as part of the Sydney Metropolitan A ir Q uality Study (Environment 
Protection Authority, 1997a). The period 8th to 10th February 1994 was
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selected for detailed analysis by the Metropolitan A ir Q uality Study as it 
corresponded to a period which resulted in widespread elevated ozone levels 
in Western Sydney and regional transport of air pollutants from Sydney to the 
lllawarra. This event was also adopted by N SW  Environment Protection 
Authority (Symonds Travers Morgan, 1996) for modelling of the impact of air 
emissions associated with a Second Sydney Airport at Badgerys Creek.

Synoptic winds during the 9th February, 1994 were northerly. Before sunrise, 
predicted winds at the coast were moderate north-easterly. Inland winds were 
much lighter turning southerly at the foot of the Blue Mountains. Drainage 
flows occurred into the Sydney Basin from the surrounding slopes. After 
sunrise, warming of the land gave rise to sea breeze at the coast by 12 noon 
and by mid-afternoon (4pm) the sea breeze had travelled across the basin 
producing north-easterly winds at the coast and easterly winds inland.

The event of 4th February, 1991 was selected for analysis as poor dispersion 
occurred in Sydney leading to poor air quality and transport from Sydney to 
Wollongong.

Synoptic winds were north-north-westerly over the Sydney region on the 4th 
February 1991. Modelled overnight winds at the coast were northerly 
becoming north-westerly by sunrise with night time southerly drainage flows 
at Badgerys Creek and Holsworthy. In the morning drainage flows were 
replaced by upslope flows and sea-breeze began to from at the coast. In the 
afternoon north-easterly flows developed over the basin.

3.7.6 Footprint Analysis of Ozone Impacts

Analysis of chemical interaction of airport emissions within the Sydney Basin 
was carried out by Katestone Scientific. This work involved calculation of the 
trajectories of parcels of air passing over the proposed airport sites for a range 
of conditions identified from analysis of records for the period Ju ly 1994 to 
June 1995. The impact of airport emissions on the formation of photochemical 
smog and the areas which would be affected as a result were assessed for each 
airport site. A report describing this work is attached as Appendix E. The key 
findings of this work were:

■ high smog levels and aged air are necessary for the airport emissions to 
have a significant impact on ozone levels. These conditions occur 
about five to fifteen times per year with a greater frequency in the 
western suburbs of Sydney. A coincidence of suitable synoptic 
conditions, delayed seabreeze and high levels of precursor emissions 
is necessary. This rarely occurs and on most days the photochemical 
impact of the airport will not be significant;
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■ if photochemical old air is incident on any of the candidate sites, the 
addition of volatile organic compounds will accelerate the chemical 
transformations leading to a nitrogen oxide limited state. The airport 
nitrogen oxide emissions can then give rise to additional ozone. The 
affected areas are predicted to be five kilometres to 20 kilometres 
downwind (depending on conditions); within the area covered by the 
airport emission plumes (typically three kilometres to five kilometres 
wide). Increases in maximum hourly ozone concentrations in the range 
5 parts per billion to 15 parts per billion are predicted, with areas to the 
south-west of each site most frequently affected; and

■ sensitivity studies indicated that the events chosen from the Sydney 
Metropolitan A ir Quality Study (Environment Protection Authority, 
1997a) are extreme events and such events would result in much 
higher impacts than on most historical days.

3.7.7 Associated Developments and Motor Vehicle Emissions

Establishing a Second Sydney Airport could result in shifts in population and 
motor vehicle traffic within the Sydney Basin. These changes have the 
potential to cause air quality impacts. Therefore an assessment of ozone 
concentration changes due to the combination of these effects, together with 
the effects of airport emissions, was also undertaken, using a box model 
approach. Emissions predicted from associated developments and motor 
vehicle traffic are reported in Section 6.2, while impacts of these emissions are 
discussed in Sections 7.3 and 8.3, for the Badgerys Creek and Holsworthy 
options respectively.

3.7.8 Potential Health Effects of Air Quality

A review  of the health effects of changes in air quality on respiratory health 
was undertaken. This involved a literature review of the human health impacts 
of exposure to the airborne pollutants of ozone, nitrogen dioxide and 
particulates. This report, prepared by the Institute of Respiratory Medicine at 
the Royal Prince Alfred Hospital, is contained in Appendix F.

W here evidence of an association between pollutant exposure and health 
outcomes existed, the magnitude of the health risk associated with a change 
in pollutant exposure was estimated. Health impacts of sulphur dioxide, 
carbon monoxide and lead were not examined in detail, because modelling 
indicated that increases in their concentrations due to the airport options 
would not result in levels which exceeded current health guideline values.

Chronic health impacts due to long term exposure to average increases in 
concentration of air toxic compounds arising from airport operation were 
assessed. Risks of contracting cancer, assuming a lifetime exposure to a
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combination of air toxics predicted to be generated by the various airport 
options were also estimated.

This was done using a risk assessment methodology which assesses risks for a 
worst case scenario. A hypothetical individual who lives permanently outside 
the airport at the point of maximum level of each pollutant and is sensitive to 
each pollutant was allowed for in this analysis. If this hypothetical individual 
does not suffer ill health, members of the local population, who would be 
subjected to less extreme exposure would also be protected (Bridges et al, 
1996).
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Chapter 4 Existing Environment

4.1 A ir Q uality Issues for Sydney

4.1.1 Potential Effects of Air Pollutants

Potential effects of air pollutants include increases in levels of greenhouse 
gases, reduced amenity due to "brown haze" effects and photochemical smog, 
possible degradation of the fabric of buildings, increased concentrations of 
pollutants in drinking water supplies, exacerbation of respiratory problems, 
and long term health impacts such as increased risks of contracting cancers.

Greenhouse gases such as carbon dioxide, methane and nitrous oxides in the 
atmosphere trap the heat radiated from the Earth providing a warming effect. 
W hile this phenomenon occurs naturally, and is essential for sustaining life, 
scientists now generally believe that global warming trends are linked to the 
accumulation in the atmosphere of increased amounts of greenhouse gases. 
This warming could lead to potentially significant changes in the Earth's 
climate, with consequences for ecosystems, people and infrastructure (N SW  
Environment Protection Authority, 1996a).

Acid rain is rain with a pH of less than 5.6. It is formed by the presence of acid 
gases (predominantly sulphur dioxide and oxides of nitrogen) which mix with 
water in the atmosphere to form acids. Acid rain has been associated with 
environmental problems including acidification of lakes, loss of aquatic life, 
contamination of drinking water and damage to buildings, monuments and 
motor vehicle paintwork. Acid rain is less of a problem in Australia than in 
Europe and North America because of the comparatively low emissions rate 
and wide geographic distribution of the Australian population.

Photochemical smog is a near ground mixture of ozone and other pollutants 
formed by a chemical reaction in the atmosphere. It occurs mainly in warm, 
stable air, particularly when there is strong sunlight. It is caused by oxides of 
nitrogen and reactive organic compounds being emitted from a variety of 
sources such as motor vehicles, industrial activities and domestic and 
commercial activities. Smog can be identified by the presence of ozone and 
is sometimes visible as a white haze during summer. W hile ozone occurs 
naturally in the atmosphere, and plays an essential role in absorbing harmful 
ultraviolet radiation, at lower levels it can have an adverse affect on human 
health, vegetation and materials.

The N SW  Government's Green Paper Developing a Smog Action Plan for 
Sydney, the lllawarra and Lower Hunter (Environment Protection Authority, 
1996b) identifies the following health impacts of photochemical smog:
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'Ground-level ozone irritates the eyes and air passages and might 
interact with allergens to trigger asthma attacks. It might also 
increase susceptibility to infection. At exposure levels 
experienced in the Sydney region, health effects appear to be 
short-lived, although the long-term significance of exposure is 
not known.

Air pollution and photochemical smog in particular have been 
blamed for increasing the prevalence of asthma but, as yet, there 
is little scientific evidence to support this. The risk factors for 
asthma do, however, appear to be largely environmental, and 
include high allergen concentrations, exposure to environmental 
tobacco smoke, respiratory infections early in life and even diet.
Some air pollutants, especially ozone, could, however pay a role 
in exacerbating asthma. Air pollution has also been implicated 
in a range of other health problems.

The likelihood of an adverse response to an inhaled pollutant 
depends on the degree of exposure to the pollutant and the 
susceptibility of the exposed person. Those at greatest risk 
include children, the elderly, patients with lung disease such as 
asthma and chronic obstructive pulmonary disease, and 
smokers.' (Environment Protection Authority, 1996b, p.2).

Potential short term adverse effects of air pollutants include a decrease in the 
ability to perform tasks due to transient impairment of lung function. The 
spectrum of severity of possible health effects ranges from mild symptoms or 
disability, through to illness episodes severe enough to warrant medical 
attention or hospitalisation, to rare episodes resulting in premature death. 
However, healthy individuals with no history of respiratory disease are rarely 
affected by impairment of lung function or other symptoms.

Air toxics are a different class of pollutants from those which can cause 
exacerbation of respiratory problems as they can have toxic or carcinogenic 
(cancer causing) properties. Air toxics include benzene, formaldehyde, 1-3 
butadiene and diesel soot (Roads and Traffic Authority, 1995). Nearly 200 air 
pollutants have been identified by the US Environment Protection Agency as 
being air toxics. These include benzene, dioxins, cadmium, organochlorines, 
halogenated ethylenes and PCBs. Sources of air toxics include chemical 
plants, motor vehicles, metal plating plants, dry cleaners, petrol stations, solid 
fuel home heaters, backyard burning and bushfires (Environment Protection 
Authority, 1996a).
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4.1.2 Air Quality Issues in Sydney

The main regional air pollutants in Greater Sydney (which includes Newcastle 
and Wollongong) are photochemical smog and brown haze (Roads and Traffic 
Authority, 1995).

Photochemical Smog

Photochemical smog, which sometimes appears as a white haze, is formed by 
chemical reactions between oxides of nitrogen and reactive organic 
compounds, in the presence of sunlight. The main constituent of 
photochemical smog is ozone. Although ozone is needed high in the 
atmosphere to absorb harmful ultraviolet radiation, it acts as a pollutant in the 
lower atmosphere. Heightened levels of photochemical smog can occur when 
calm, sunny weather conditions prevail for several consecutive days. Polluted 
air can be effectively trapped in the Sydney airshed on some occasions by the 
combined effect of sea breezes and elevated land to the north-west and south. 
Cool air containing pollutants, which drains down river valleys overnight and 
out to sea in the morning, can be blown back onto land by sea breezes (Roads 
and Traffic Authority, 1995).

As a result of such trapping of pollutants, heightened levels of ozone can be 
formed downwind of sources of pollution. Generally, ozone levels exceed 
ozone health goal levels of 12 parts per hundred million for less than 10 days 
per year.

Peak ozone concentrations in Sydney, in comparison with other cities in 
Australia and some international cities are shown in Figure 4.1. They indicate 
that peak levels in Sydney, in 1992, of approximately 15 parts per hundred 
million, were comparable with Melbourne at approximately 13 parts per 
hundred million and Perth at approximately 12 parts per hundred million. In 
contrast, peak levels in Los Angeles were of the order of 20 parts per hundred 
million (Western Power and Department of Environmental Protection, 1996).

The Metropolitan Air Quality Study (Environment Protection Authority, 1997a) 
was a major scientific study that identified the sources of photochemical smog 
precursors and the processes by which they form smog.

Some of the key findings of the Metropolitan A ir Q uality Study were that:

■ concentrations of both oxides of nitrogen and reactive organic 
compounds need to be managed;

■ reactive organic compound management, which past strategies have 
focussed upon, will continue to be important, however it will not 
ensure long-term achievement of air quality goals;
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■ the summer sea breezes frequently transport emissions from Sydney 
towards the west of the Sydney basin, therefore ozone levels in western 
Sydney cannot be reduced simply by managing emissions in the west;

■ strategies to manage emissions throughout Sydney, particularly from 
cars and trucks are essential;

■ concentrations of ozone in western Sydney are particularly sensitive to 
the addition of new sources of nitrogen oxides, which can lead to 
significantly higher concentrations of ozone downwind; and

■ nitrogen dioxide (a component of nitrogen dioxide) is emerging as a 
pollutant of concern in the Sydney region in its own right, apart from 
the role it plays in the formation of ozone.

Brown haze

"Brown haze" is caused by the presence of fine particles. Fine particles 
smaller than ten microns are very effective at scattering light. This can result 
in the phenomena called 'brown haze' which can be seen on some winter 
mornings as a brownish layer which reduces visibility (Hyde et al, 1982a). A 
study of brown haze in Sydney was reported by Hyde et al (1982b) and a 
conference organised by CSIRO in 1982, The Urban Atmosphere - Sydney, A  
Case Study, included a series of papers describing findings in relation to brown 
haze. Contributions to brown haze include backyard incineration, motor 
vehicle emissions and industry.

The emissions inventory prepared as part of the Metropolitan A ir Quality Study 
(Environment Protection Authority, 1997) indicates that in 1992, 46 percent 
of particulate emissions were from industry, 24 percent were from motor 
vehicles, 23 percent were from domestic solid and liquid fuel consumption 
with the remaining seven percent from commercial shipping. N SW  
Environment Protection Authority is currently developing a Brown Haze 
Action Plan. The N SW  Government has gazetted a regulation under the Clean 
Air Act, 1961 specifying emission standards for new solid fuel home heaters. 
Motor vehicle controls proposed under the N SW  Smog Action Plan would 
result in reduced motor vehicle particulate emissions (Environment Protection 
Authority, 1996b).

W hile photochemical smog is generally more prevalent in summer, because 
of the stronger sunlight, brown haze can be observed mainly on calm winter 
days. Particulate matter from motor vehicles, industry, solid fuel home heating 
and bushfire hazard reduction burning (Roads and Traffic Authority, 1995), can 
be trapped by temperature inversions. A temperature inversion occurs when 
the temperature of the air in the atmosphere increases with height. Normally 
air temperature decreases with height, due to heating of the earth's surface by
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the sun, and air pollutants rise into the atmosphere and are carried away by air 
currents. Inversions can cause air pollutants to become trapped in the lower 
atmosphere, and if the inversions are relatively stable, pollution levels can 
build up in the atmosphere over a number of days (Wark et al, 1985).

Over the past decade, the brown haze in Greater Sydney has been occurring 
with less intensity. This is partly due to Government policies prohibiting 
backyard burning and improved emission controls on industry and motor 
vehicles (Roads and Traffic Authority, 1995).

Motor Vehicle Emissions

Motor vehicle emissions are a major influence on air quality in Sydney. The 
air emissions performance of individual motor vehicles has improved 
dramatically since 1976, due largely to better technology, however it is 
anticipated that in the next five to 10 years, increases in motor vehicles and 
their usage are likely to outweigh the gains made from lower emissions per 
vehicle, unless traffic growth is moderated (Roads and Traffic Authority, 1995).

Improvements in motor vehicle emissions technology have resulted in reduced 
emissions of hydrocarbons, oxides of nitrogen and carbon monoxide from cars 
manufactured since 1985. Significant improvements in overall motor vehicle 
emissions will occur as older vehicles are retired and post 1985 vehicles 
become more dominant. It is anticipated that by 2016, the motor vehicle fleet 
would be almost entirely made up of vehicles manufactured after 1985.

Motor vehicle emissions standards are strongly influenced by conditions in the 
United States. The Australian regulations (Australian Design Rules ADR37/01) 
become consistent with the prevailing United States emission limits in 1997. 
The US Environment Protection Agency has indicated its intention to introduce 
further restriction of air emissions from passenger vehicles and light trucks 
(including diesel powered vehicles). These would reduce emissions of oxides 
of nitrogen to less than half current levels per vehicle, while keeping total 
hydrocarbons and carbon monoxide emissions unchanged (Anyon, P, et al, 
1992).

Acid Rain

Acid rain is not a major air quality issue in Sydney. Emissions of potential acid 
forming gases in Sydney are modest by comparison with industrial and mining 
centres and coal burning industries. In the Sydney region in 1992, total 
emissions were estimated to be 26,000 tonnes of sulphur dioxide and 100,000 
tonnes of oxides of nitrogen (Environment Protection Authority, 1997a). In 
comparison, combined sulphur dioxide emissions for Kalgoorlie and Mt Isa in 
1990 were estimated to be 1,300,000 tonnes. Since 1992, further reductions 
in nitrogen dioxide emissions will have occurred due to the increased
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representation of motor vehicles with improved motor vehicle emissions 
control technology.

Health Effects

There is a high level of community concern about the health effects of air 
pollution in Sydney. Air pollution is widely perceived to have increased the 
prevalence of asthma and respiratory diseases in western Sydney. Pollutants 
such as ozone and particulates have been blamed for respiratory problems.

A survey undertaken by N SW  Health Department indicated that asthma is no 
more common among adults in western, south-western or southern Sydney, 
than in other parts of Sydney or NSW. Central west NSW , south-western N SW  
and the Central Coast all had higher rates of asthma (N SW  Health Department, 
1994). A detailed discussion of respiratory health in N SW  is contained in 
Appendix F.

A survey conducted in 1995 by the South Western Sydney Area Health Service 
(1995) indicated that the rates of diagnosis of asthma (which includes all 
people who have ever been diagnosed with asthma, not ust those who still 
have asthma) are lower than the area average for Fairfield and Bankstown local 
government areas. Rates of diagnosis were higher than the area average for 
Campbelltown, Liverpool and the combined Camden, Wollondilly and 
Wingecarribee local government areas.

These rates are influenced by the inclination of doctors to diagnose asthma and 
the likelihood that patients will recall this diagnosis (Burney, 1992). Regional 
variation in these attributes may be as large as the variation in the actual 
prevalence of asthma, making the results of surveys based upon doctors' 
diagnosis of asthma difficult to interpret.

Hospitalisation data and local death rates provide other indicators of the 
prevalence of asthma, respiratory and heart disease in certain areas. This data 
provides information on a combination of factors including the frequency of 
severe or fatal exacerbations, the inclination of doctors to hospitalise patients 
and the standard of medical care available. Hospitalisation data indicates that 
within southern and south-western Sydney, only Blacktown local government 
area had admission rates which were higher than the State average, and rates 
in Auburn, Bankstown and Campbelltown were higher than the average for 
metropolitan Sydney. Among children, hospitalisation rates for asthma were 
significantly higher than the Sydney average in Blacktown and Bankstown.

Death rates due to diseases of the respiratory system were higher than the State 
and metropolitan Sydney average in Auburn, Bankstown, Hurstville and 
Parramatta, although the rate for the Blue Mountains was also slightly higher 
than the rate for metropolitan Sydney, but below the State average. Deaths
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due to asthma are too rare to make meaningful comparisons between local 
government areas.

Air toxics have been identified as a priority issue by the N SW  Government and 
nationally. Air toxic compounds are identified as being or likely to be a cause 
of cancer in humans. They include benzene, 1,3 butadiene, formaldehyde, 
acetaldehyde and benzo(a)pyrene.

It has previously been estimated that about 16 cancer cases per year are 
associated with motor vehicle air pollution in Melbourne (Hearne, 1994). This 
estimate was based on addition of risk from exposure to individual air quality 
pollutants due to motor vehicle emissions. The observed incidence of acute 
myeloid leukaemia was reported as significant but could not be correlated 
with the predicted contribution from motor vehicles.

Particulates such as from diesel fumes could potentially contain air toxics such 
as polycyclic aromatic hydrocarbons. They could therefore contribute to 
cancer risks, as well as cause respiratory problems, if inhaled. Deposition of 
such particles on roofs and in water storages such as rainwater tanks and 
reservoirs could result in ingestion of particulates, which would potentially 
pose other health risks. This issue is discussed in Technical Paper No.7 - 
Water.

Lead is an air pollutant which has been identified as causing major health 
problems in children. Since the introduction of leaded petrol in 1985, 
ambient lead levels in Sydney (in areas other than those affected by point 
source emissions) have decreased to levels below the National Health and 
Medical Research Council goal of 1.5 micrograms per cubic metre 
(Environment Protection Authority, 1993). As the proportion of cars using 
unleaded petrol continues to increase, further improvements in atmospheric 
lead levels may be achieved.

4.2 Statutory Context

NSW  Standards

The New South Wales Environment Protection Authority is responsible for 
implementation of State legislation relating to air quality. The following N SW  
legislation applies to air quality:

■ the Clean A ir Act, 1961 imposes limits on emissions from all premises 
and motor vehicles and imposes controls on the storage and handling 
of motor vehicle fuel. The Act sets limits on the sulphur content of fuels 
used in the Sydney Metropolitan Area;
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■ the Environmental Offences and Penalties Act, 1989 provides for issue 
of Infringement Notices covering a wide range of offences; and

■ the New South Wales Ozone Protection Act 1989 relates to control of 
use of ozone-depleting substances. The use of chloroflurocarbons in 
new products was phased out in 1994.

It is understood that the Clean A ir Act, 1961 will be amalgamated with other 
Pollution Control Acts in the Protection of the Environment (Operations) Bill.

In addition to the above legislation, N SW  Environment Protection Authority 
(1997b) has set goals for urban air quality which are consistent with national 
health-based goals for international agencies. The current goals are tabulated 
below.

Table 4.1 New South W ales Air Quality Goals

Pollutant Goal
Averaging

Time
Agency(1)

Total suspended particulates 90 micro grams per cubic metre 12 months N HM RC

Particulate matter smaller 50 micro grams per cubic metre 12 months US EPA
than 10 micrometres 150 m icro grams per cubic metre 24 hours US EPA

Lead 1.5 micro grams per cubic metre 3 months NH M RC

Carbon monoxide 87 parts per million 15 minutes W H O
25 parts per million 1 hour W H O
9 parts per million 8 hours NHM RC

Nitrogen dioxide 16 parts per hundred million 1 hour NH M RC
5.3 parts per hundred million 12 months US EPA

Ozone 10 parts per hundred million 1 hour NH M RC
8 parts per hundred million 4 hour NH M RC

Sulphur dioxide 50 parts per hundred million 10 minute NH M RC
25 parts per hundred million 1 hour NH M RC
2 parts per hundred million 12 hours NH M RC

17.5 parts per hundred million 10 minutes W H O
12.5 parts per hundred million 1 hour W H O

Note: 1. Agencies responsible for developing adopted goals are abbreviated as follows:
NHMRC National Health and Medical Research Council.
US EPA United States Environment Protection Agency.
WHO World Health Organisation.

There is pressure for some of the above air quality goals to be reduced. N SW  
Environment Protection Authority (1996a) has indicated that it intends to adopt 
the World Health Organisation's ozone goal of 0.08 parts per million
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(averaged over one hour) as a long term target for air quality in New South 
Wales. The National Environment Protection Council is currently reviewing 
National Air Quality Standards and a consultancy study is due to report in 
1997.

Goals have not been established for air toxics. The N SW  Environment 
Protection Authority considers that 'although overseas goals do exist for a few 
air toxics, there is generally neither good information nor any standard process 
used in Australia for setting goals for air toxics. The general trend is to use risk 
analysis to assess whether any action needs to be taken on a particular air 
toxic' (Environment Protection Authority, 1996a).

The N SW  Department of Health has recommended more stringent goals for 
particulates and nitrogen dioxide for assessment of air quality impacts 
associated with the Sydney Eastern Distributor road project (Rust PPK, 1996a). 
These are listed below:

■ particulate matter smaller than 10 micrometres - 50 micro grams per 
cubic metre - 24 hour average (current UK goal); and

■ nitrogen dioxide - 210 micro grams per cubic metre (11 parts per 
hundred million) - 1 hour average (current World Health Organisation 
goal).

National Standards

National air pollution standards for emissions of air pollutants from stationary 
sources were issued by the Australian Environment Council (1989) and the 
National Health and Medical Research Council (1986). These guidelines 
specify limits for air emissions from a range of stationary sources and are 
recommended to statutory authorities in States and Territories for application 
to new plant.

The Commonwealth Government is responsible for setting emissions standards 
on motor vehicles and the State and Territory governments are responsible for 
policing of standards. The standards are set out in Australian Design Rule 37. 
They impose progressively more stringent limits on allowable emissions from 
new petrol engined vehicles over time.

The Commonwealth Ozone Protection Act 1989 requires all states and 
territories to implement controls to limit manufacture and use of stratospheric 
ozone depleting substances to comply with international agreements.

The Federal Airports Corporation Act 7986 empowers the Federal Airports 
Corporation to ensure, as far as practicable, the environment is protected from

Department of Transport and  Regional Development Pace 4-9



S ec o n d  Sy d n e y  A irpo rt

the effects of and the effects associated with, the operation and use of aircraft 
(other than state aircraft) operating to and from Federal Airports.

The Airports Act 7996 provides for a regulatory regime for leased 
Commonwealth airports. This act would apply to the Second Sydney Airport 
should the airport be leased to the private sector. The Act establishes a 
Commonwealth system of regulation for pollution and excessive noise.

4.3 Meteorological Context

4.3.1 Badgerys Creek

A description of meteorological factors relevant to air quality is presented in 
Technical Paper No. 5 - Meteorology. The following discussion presents a 
brief summary of that material.

The vertical dispersion of near surface air pollution is likely to be inhibited at 
Badgerys Creek on many nights per year, due to the high frequency of ground 
based inversions. These trapped emissions could be carried towards the 
Camden Basin, when winds are blowing from a north-easterly direction but it 
is likely that steep ground based inversions will decouple air within the Basin, 
from emissions carried towards it from Badgerys Creek. Alternatively these 
emissions could travel towards the Nepean River Valley and could become 
entrained in local and regional drainage flows and be carried northwards 
towards along the axis of the Hawkesbury Basin. This would occur at night. 
W hen local drainage flow along South Creek Valley is absent, near surface 
emissions could be carried east towards the Blacktown ridge and into the 
Liverpool Basin, when westerly coal air drainage flows or stable synoptic 
winds are present at Badgerys Creek.

Inversions as deep as 600 metres are often present at sunrise and it can take 
several hours before these inversions are eroded away. W hile the inversions 
remain, near-surface and elevated emissions will be carried towards the north 
until the drainage flow has dissipated. At that time emissions would be 
transported in the direction of the wind above.

In summer, if an elevated inversion was present above the Hawkesbury Basin, 
northerly winds would carry near surface and elevated emissions towards 
Camden and Campbelltown. Alternatively, near surface and elevated 
emissions could contribute to photochemical smog levels in air carried across 
Badgerys Creek within the sea breeze and contribute to ozone levels as the air 
moves inland into the lower Blue Mountains.

Elevated emissions during the day from aircraft in the vicinity of Lake 
Burragorang will be dispersed rapidly by vertical mixing due to winds and
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convection. At night, it is unlikely that these elevated emissions would reach 
the surface because of the formation of a layer of stable air above the lake.

4.3.2 Holsworthy

A discussion of meteorology affecting the Lucas Heights area is presented by 
Australian Atomic Energy Commission (1986). This discussion is relevant to 
the Holsworthy airport options. Afternoon breezes tend to be north-easterly 
sea breezes accompanied by unstable conditions. Overnight light south to 
south-west winds (nocturnal drainage flows) occur accompanied by stable 
conditions. Sea breezes are weaker in winter than in summer but the 
nocturnal drainage flows are weaker in summer than in winter.

Near surface emissions from Holsworthy Option A would be trapped by stable 
layers during the evening and overnight. In summer, near surface emissions 
from Option A could be trapped within sea breezes and onshore synoptic 
winds during the evening and carried inland. However, they are unlikely to 
have an impact at the surface, instead becoming entrained within local and 
regional drainage flows. Near surface emissions may move north towards the 
Liverpool basin, but the formation of steep ground-based inversions within the 
basin after sunset would prevent such emissions reaching the surface and they 
would become entrained in cold air drainage flow and move east across 
Sydney. West and south-west stable drainage flows would carry near surface 
emissions towards the east and north-east and may impact on surface air 
quality in populated areas downwind.

The influence of urban related emissions on air quality in the vicinity of 
Holsworthy Option A in the cooler months of the year would be likely to be 
minimal, because these emissions would be trapped within ground based 
inversions or stable layers of air.

The impacts of near surface and elevated emissions on Holsworthy Option B 
would be similar to those for Option A. The increased elevation of the 
Holsworthy Option B site is likely to result in increased wind strengths and a 
possible decrease in the frequency of cold air drainage flows and near surface 
inversions at night. As inversions are likely to be more shallow at the 
Holsworthy Option B site, they may break down more quickly than at the 
Holsworthy Option A site, resulting in earlier dispersion and dilution of near 
surface and elevated emissions by the synoptic wind during the day.

It is considered unlikely that the emissions from Holsworthy Option B would 
reach the surface of Lake Woronora, because of the formation of a stable layer 
of air above the lake at nighttime. This would cause emissions to pass over the 
top of the catchment and be carried away by winds blowing across the plateau 
regions above the catchment.
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Near surface emissions from Option B could be trapped within sea breezes 
and onshore synoptic winds during the late afternoon and evening and during 
the night within cold air drainage flows and stable syoptic winds. These 
emissions would be carried inland towards Wedderburn, Appin and Douglas 
Park. This would on occasions have an impact on nighttime air quality at 
Wedderburn.

Emissions from Holsworthy Option B would be carried towards the north by 
a shallow layer of northerly flowing air, at nighttime, or towards the east and 
north-east if regional drainage flows are present.

Because of the increased distance between Holsworthy Option A and 
residential areas of the Sydney basin, combined with the increase in elevation, 
and consequent enhanced dispersion, air quality in the vicinity of Holsworthy 
Option B would be better than in the vicinity of Holsworthy Option A.

4.4 Environmental Context 

4.4.1 Air Quality

A review of air quality in Australia is presented by Australian Bureau of 
Statistics, 7996 and Australia's State of Environment Report, 7996. These 
reports discuss the major air pollutants within Australia. Ozone is noted to be 
of significance primarily in Sydney and Melbourne, with occasional breaches 
of guidelines.

The Western Power Corporation and the Western Australian Department of 
Environmental Protection (1996) presented a comparison of ozone levels 
recorded in Australian cities. Figure 4.2 taken from that report presents peak 
hourly average ozone levels in Australian capital cities for years 1979 to 1994. 
This figure illustrates that Sydney and Melbourne tend to have the highest 
ozone levels of all Australian state capitals and shows that peak ozone levels 
in Melbourne have generally exceeded those in Sydney.

Monitoring of regional air quality is carried out at a series of monitoring 
stations within the Sydney region by N SW  Environment Protection Authority. 
Figure 4.3 shows the locations of the current monitoring network. This 
network includes stations at Campbelltown and Camden which are maintained 
and operated by private industry, with the data contributed to the Environment 
Protection Authority database. The results of monitoring are summarised in 
quarterly reports prepared by N SW  Environment Protection Authority 
(Environment Protection Authority, 1997b).

Table 4.2 shows the parameters monitored using this network as described in 
Q uarterly A ir Quality Monitoring Report No. 4, 1995 (N SW  Environment
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Protection Authority, 1995b). Not all air pollutants are monitored at all 
locations, and only mobile stations exist at some locations. Meteorological 
data on wind speeds and directions is collected at most stations.

Table 4.2 Environment Protection Authority Air Quality Monitoring Network

Monitoring
Site

Neph(1) 2 3 4 5 6 TSP™ Lead PMWW n o £ Ozone
Nitrogen
Oxides

Sulphur
Dioxide

TEOM™

100 Appin @ @ @ +

101 Blacktown + + + + + +

102 Bringelly + + + +

103 Camden # +

104 # # +
Campbelltown

105 Earlwood + + + + + +

106 Lidcombe + + +

107 Lindfield + + + +

108 Liverpool + + + + +

109 Randwick + + + +

110 Richmond + + + +

111 Rozelle + + + + + + +

112 St Marys + + +

113 + + + +
Sydney (1)<5)

114 +
Sydney (2)<6)

115 Vineyard + + + +

116 Westmead + + + +

117 + + + + +
W oo loo ware

Notes: 1. 'Neph' is an abbreviation for nephelometer - a measure of light scattering.
2. TSP' is an abbreviation for Total Suspended Particulates.
3. 'PM,0' is an abbreviation for particles less than 10 microns in size.
4. TEOM' is a device for continuous measurement of particles (used for measurement of 

P M J.
5. Site 'Sydney (1)' is in George Street, 10 metres from Market Street.
6. Site 'Sydney (2)' is in George Street, 75 metres from Market Street.
' + ' Indicates Environment Protection Authority monitoring site.
'#' Indicates industry monitoring site.

Indicates mobile monitoring site.
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The results of monitoring from this network are discussed in subsequent 
sections addressing individual pollutants.

4.4.2 Air Emissions

An air emissions inventory of Sydney was commissioned by N SW  Environment 
Protection Authority as part of the Metropolitan A ir Q uality Study 
(Environment Protection Authority, 1997a).

This inventory contained an assessment of air emissions from the Sydney 
region for the year of 1992. The inventory identified emissions from industry, 
motor vehicles and biological sources as well as emissions for a range of 
individually minor sources collected under the category of area based 
emissions.

An hour by hour assessment of emissions from a three kilometre by three 
kilometre grid was provided for typical days in summer and winter. Annual 
emissions from the Sydney region are summarised in Table 4.3.

The Sydney region, as defined for the emissions study, covered a rectangular 
region defined by Australian Map Grid co-ordinates 260,000 metres east to
360,000 metres east and 6,200,000 metres north and 6,300,000 metres north. 
This region includes the candidate airport sites considered in this study.

Table 4.3 1992 Annual Air Emissions (tonnes/annum) - Sydney Region

Source

Pollutant

Volatile
Organic

Compounds

Oxides of 
Nitrogen

Carbon
Monoxide

Sulphur
Dioxide

Total
Suspended
Particulates

Mobile Sources 84,800 83,500 729,800 2,800 7,900
Domestic/Commercial 70,000 4,800 58,200 4,300 9,200
Industrial 16,800 13,400 13,500 12,700 8,300
Biogenic 46,500 1,100 0 0 0
Total 218,100 102,800 801,500 19,800 25,500

1992 air emissions from the Badgerys Creek and Holsworthy areas taken from 
the Metropolitan A ir Quality Study (Environment Protection Authority, 1997) 
are presented in Table 4.4. These estimates are presented as average 
emissions per square kilometre and are based on the emissions from the 
nearest three kilometre by three kilometre grid squares from the 1992 
inventory.
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Table 4.4 1992 Emissions (tonnes/Square Kilometres/annum) at Badcerys Creek and
Holsworthy

Pollutant

Source Volatile Organic 
Compounds

Oxides of 
Nitrogen

Carbon
Monoxide

Sulphur
Dioxide

Total
Suspended
Particulates

Badgerys Creek 14.3 0.2 0 0 0.02

Holsworthy 
Option A(1)

14.9 0.01 0 0 0

Holsworthy 
Option B(1)

13.3 0.01 0 0 0

Sydney Region® 28.0 13.7 106.9 2.6 3.4

Note: 1. Bushfire emissions were not considered in the Metropolitan Air Quality Study.
2. Based on a land area of 7,500 square kilometres within the Sydney Region as defined 

in the Metropolitan Air Quality Study (NSW Environment Protection Authority, 1997a).

Lead and air toxic hydrocarbon emissions were not specifically included in the 
emissions inventory conducted as part of the Metropolitan A ir Q uality Study 
(Environment Protection Authority, 1997a) , therefore these do not appear in 
Tables 4.3 and 4.4.

The sites of the airport options have low rates of air emissions compared with 
average emission rates for the Sydney region. At the Holsworthy sites, the only 
significant emissions are volatile organic compounds from the site vegetation. 
At the Badgerys Creek site some motor vehicle emissions exist but again the 
dominant emissions are volatile organic compounds from vegetation.

4.4.3 Air Quality Trends

Air quality is highly variable as it depends on the complex interaction between 
emissions of air pollutants and meteorological factors. Both air pollutant 
emissions and meteorology vary geographically and follow daily and seasonal 
cycles.

In the case of ozone there is a further complication as ozone is formed from 
chemical combination of hydrocarbons and oxides of nitrogen at a rate which 
depends on temperature and sunlight exposure.

Superimposed on this complex interaction between emissions and 
meteorology are gradual long term changes in the rate of air emissions. These 
long term changes are due to such influences as increasing population, 
changes to the distribution of population and motor vehicle usage, changes in 
emission control technology for industry and motor vehicles, changes in the
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composition of paints and thinners, changes in motor vehicle fuels and 
changes to the mix of industrial operations carried out.

4.5 A ir Pollutants

4.5.1 Particulates

Sources

Particulate pollution of air is contributed to by:

■ motor vehicle emissions;

■ dust;

■ industrial sources;

■ bushfires; and

■ domestic heating using wood or oil.

The Sydney Metropolitan Air Quality Study (Environment Protection Authority, 
1997a) inventory of air emissions for the Sydney Basin estimated the 
breakdown of sources of particulate emissions. This is shown in Table 4.5.

Table 4.5 Percentage Breakdown of Particulate Emissions for Sydney in 1992 (Sydney 
Metropolitan Air Quality Study)

Source
Summer

Weekday
(Percent)

Winter
Weekday
(Percent)

Annual
(Percent)

Mobile Sources(1) 36 25 31
Motor Vehicles 27.9 19.3 24.0
Marine 8.4 5.2 7.0
Rail 0.2 0.1 0.2

Domestic/Commercial 21 49 36
Domestic solid/liquid fuel combustion 0 36.4 22.7
Lawn mowing 0.3 0.1 0.6
Waste combustion <0.1 <0.1 <0.1
Natural gas combustion 0.2 0.2 0.2
Other 20.8 12.8 12.5
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Source
Summer

Weekday
(Percent)

Winter
Weekday
(Percent)

Annual
(Percent)

Industrial 42 26 33
Non-metallic mineral processing 15.5 9.5 12.5
Food manufacture 8.4 5.2 6.4
Petroleum refining 5.0 3.1 4.2
Basic metal processing 4.4 2.7 2.8
Hospitals, incinerators and Harbour Tunnel 2.8 1.7 2.3
Quarrying 2.1 1.3 1.5
Other 3.8 2.5 3.3

Total Particulate Emissions (Tonnes/dav) ________ 58 70

Notes: 1. Aircraft, bushfire and windblown dust particulate emissions were not estimated in the
Metropolitan Air Quality Study.

O f these sources, motor vehicles and industrial contributions are relatively 
consistent throughout the year but the contribution resulting from solid and 
liquid fuel combustion is substantially higher in winter resulting in a higher 
rate of emission of particulates in winter. The Metropolitan A ir Q uality Study 
(Environment Protection Authority, 1997a) estimated that some 95 percent of 
the emissions from domestic solid and liquid fuel combustion are from burning 
of wood in fireplaces and heaters. This did not include bushfire, dust or 
particulate emissions from aircraft.

Existing Air Monitoring

Typical monitoring related to particulate content includes:

■ measurements carried out using high volume sampling involving 
drawing air through a filter. This is the process used for measurement 
of total suspended particulates, particulate matter less than 
10 micrometres (PM ,0), and particulate matter smaller than
2.5 micrometres (PM2 5). The increase in weight of the filter provides 
a measure of particulate concentration;

■ continuous measurement of concentrations of particulate matter smaller 
than 10 micrometres, using a tapered element oscillating microbalance 
(TEOM, which has occurred in Sydney since 1993); and

■ nephelometer records which provide a measure of the coefficient of 
light scattering and an indication of the concentration of suspended 
particulate matter.

Measurements of total suspended particulates are available for Earlwood, 
Rozelle and Sydney from 1983 to 1995 from Quarterly Air Monitoring Reports
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(Environment Protection Authority, 1997b). The N SW  Environment Protection 
Authority goal of 90 micro grams per cubic metre for annual average 
concentration is met for each site.

The maximum 24 hour concentration for each month is presented in Figure A1 
in Appendix A. At each site, there is a high level of variability with no clear 
seasonal pattern. There has been a minor reduction in average total suspended 
particulate concentration over the period of available records.

Particles Smaller than W Micrometres

Records for total suspended solids and for particles less than 10 micrometres 
have been maintained by N SW  Environment Protection Authority for eight 
stations in the Sydney area from as early as 1988. Figures A2, A3 and A4 in 
Appendix A  show the maximum 24 hour concentration of airborne particles 
smaller than 10 micrometres for each month of records for Blacktown, 
Bringelly, Campbelltown, Earlwood, Lindfield, Richmond, Rozelle and 
Sydney. Generally concentrations are less than one third of the New South 
Wales Environment Protection Authority goal of 150 micro grams per cubic 
metre (24 hour average).

The only exceedence of the goal value was recorded in January 1994 at 
Bringelly. The longest periods of record are for Sydney, Earlwood and 
Rozelle. These records do not show a long term trend for change and no clear 
seasonal pattern is apparent. Records for the other sites are too short to allow 
assessment of long term trends.

Nephelometer measurements of light scattering are available for twelve sites 
in the Sydney basin with records commencing from as early as 1981. 
Maximum one hour levels for each month of record are presented in 
Figures A5 to A8 for monitoring sites within the Sydney Basin. The highest 
values tended to occur in the winter months though, as for other 
measurements related to particulate concentrations, there is a high level of 
variability with elevated levels well above average appearing at irregular 
intervals.

Particles Smaller than 2.5 Micrometres

Australian Nuclear Science and Technology Organisation et al (1995) 
presented the results of a study to monitor fine particle concentrations in a 
network of 24 monitoring sites within a 200 kilometre radius of the Sydney 
central business district. This included sites in the vicinity of the proposed 
Second Sydney Airport sites, at Holsworthy and Badgerys Oeek and sites at 
Mascot, Lucas Heights, Badgerys Creek and Campbelltown.
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At each site, 24 hour filter samples of particulate content smaller than 2.5 
micrometres were collected twice a week (on Sundays and Wednesdays). The 
filters were weighed to provide a measure of the average concentration of 
particulates in air. Each of the samples was tested using ion beam techniques 
to obtain a measure of the elemental composition of each filter sample.

Elements measured were hydrogen, carbon, nitrogen, oxygen, sodium, 
aluminium, silicon, phosphorus, sulphur, chlorine, potassium, calcium, 
titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, 
bromine and lead. The report presented monitoring data for the period 
January 1993 to June 1994.

This report provides a valuable record of the distribution fine particles in the 
vicinity of Sydney. Figure 4.4 shows the locations of the monitoring network 
used for the study. Concentrations of fine particles were highest for the sites 
in the Sydney central business district, however they tended to reduce with 
distance from the central business district. Concentrations tended to be 
significantly higher in winter than in summer.

Monthly average concentrations of particulate content less than 2.5 
micrometres for the period January 1992 to June 1993 are shown in Figure 4.5, 
for Mascot, Lidcombe, Campbelltown, Lucas Heights, Badgerys Creek and 
Wilton. These are the monitoring sites closest to the candidate airport sites.

Fine particle concentrations at all sites are highest during the winter months. 
Mascot, Lidcombe and Campbelltown tend to have the highest concentrations, 
which is consistent with their urban setting. Lower concentrations occur at the 
sites of Lucas Heights, Badgerys Creek and Wilton which are within rural 
settings.

Figure 4.6 shows the monthly average lead content in fine particles (smaller 
than 2.5 micrometres) and Figure AS in Appendix A shows monthly average 
lead content in particulate matter smaller than 10 micrometres. Lead content 
is attributed to motor vehicle emissions. Seasonal trends are more clearly 
defined for lead with higher values occurring during the winter months.

Motor vehicle emissions are the main contributor of lead to atmospheric 
pollution in the Sydney area (Environment Protection Authority, 1996a). As 
motor vehicle emissions are comparatively consistent throughout the year, the 
seasonal pattern of higher lead concentrations during the winter months is 
attributed to the poor dispersion conditions which prevail in winter.

The long term records for Earlwood, Rozelle and Sydney show substantial 
reduction in lead concentrations from 1981 to 1995. Since 1990, 
measurements of atmospheric lead levels have been within the N SW
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Environment Protection Authority goal of 1.5 micro grams per cubic metre for 
three monthly average concentrations.

Cohen (1996) presented a study showing the changes in airborne lead 
concentration in Sydney over the period 1992 to 1996. This work represented 
a continuation of the work presented by Australian Nuclear Science and 
Technology et al (1995).

Average concentration of airborne lead in fine particles (less than 2.5 
micrometres) at Mascot reduced from 335 nano grams per cubic metre during 
1992 to 128 nano grams per cubic metre during 1995. During this period total 
fine particle concentration at Mascot remained relatively stable varying 
between 10.8 micro grams per cubic metre during 1992 and 12.7 micro grams 
per cubic metre during 1994.

The reduction in airborne lead was attributed to reducing sales of leaded motor 
vehicle fuel (Sydney sales reduced from 10,234 megalitres in 1992 to 
7,240 megalitres in 1995) and reducing lead content of leaded fuel from 
0.4 grams per litre in 1992 to 0.2 grams per litre in 1995.

4.5.2 Carbon Monoxide

Carbon monoxide is produced as a result of incomplete combustion. Sources 
include motor vehicle exhaust, emissions from domestic fuel burning heaters 
and industrial boilers. O f these sources, motor vehicles account for some 89 
percent of carbon monoxide emissions in the Sydney Region in 1992 
(Environment Protection Authority, 1997a).

Carbon monoxide is an asphyxiant which reduces the oxygen carrying 
capacity of blood. Exposure to concentrations over 1,000 parts per million can 
be fatal.

Figures A W , A l 1 and A72 in Appendix A  present measured maximum hourly 
carbon monoxide concentrations for the air quality stations at Appin, 
Blacktown, Kensington, Liverpool, Richmond, Rozelle, St Marys, Vineyard and 
Sydney. With the exception of the monitoring station in the Sydney central 
business district, monitored carbon monoxide concentrations are well below 
the N SW  Environment Protection Authority goals of 25 parts per million for 
one hour average and 9 parts per million for eight hour average.

Monitoring records for Sydney central business district show a gradual 
reduction in carbon monoxide concentrations over the past ten years. The 
Sydney Metropolitan A ir Quality Study A ir Emissions Inventory (Coffey 
Partners, 1996) carried out attributes 89 percent of carbon monoxide emissions 
to motor vehicles.
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Motor vehicle emission controls have resulted in reductions in carbon 
monoxide emissions. Data presented in the Metropolitan A ir Quality Study 
(Environment Protection Authority, 1997a) shows that, in 1992, carbon 
monoxide emissions for vehicle equipped with three way catalytic converters 
have less than one quarter of the carbon monoxide emissions of pre-1976 
vehicles.

4.5.3 Ozone

Ozone is a secondary air pollutant which is an indicator of photochemical 
smog. It is formed by chemical reaction involving oxides of nitrogen and 
reactive organic compounds under the action of sunlight. The maximum 
ozone concentration which can be produced within a parcel of air is 
proportional to the concentration of oxides of nitrogen. The time to reach this 
maximum ozone concentration depends upon temperature, sunlight exposure 
and the concentration of reactive organic compounds.

During summer the time for a parcel of air to reach maximum ozone 
concentration is measured in hours. In winter, the rate of production of ozone 
is markedly lower than in summer due to lower temperatures and reduced 
sunlight exposure. Ozone generation ceases at night. As the formation of 
ozone takes significant time to occur, ozone impacts due to air pollutant 
emissions are felt at considerable distances downwind.

Figures A13 to A18 in Appendix A  present the maximum hourly ozone 
concentration recorded for each month of monitoring at stations within the 
New South Wales Environment Protection Authority air quality monitoring 
network.

At all sites, ozone concentrations show a strong seasonal pattern, with the 
highest values invariably occurring during the summer months. The current 
New South Wales Environment Protection Authority air quality goal for ozone 
of 10 parts per hundred million has frequently been exceeded over the period 
of monitoring. O f the stations monitored, only Randwick and Lindfield have 
remained below the current air quality goal for ozone. These sites have only 
eighteen months of monitoring records available.

Figure 4.7 shows the number of days during which ozone concentrations have 
exceeded the current goal of 10 parts per hundred million, the former goal of 
12 parts per hundred million and the planned future goal level of 8 parts per 
hundred million (Environment Protection Authority, 1996a). This figure covers 
the period 1979 to 1994. In considering this data, it is important to recognise 
that the number of stations at which ozone is monitored increased substantially 
over the period of monitoring.
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In 1981, there were six stations where ozone monitoring was carried out, the 
number increased to eight in 1988 and 17 stations monitored ozone in 1995. 
In 1995 no monitoring site recorded an ozone concentration in excess of 
10 parts per hundred million. The highest measured hourly ozone 
concentration in the Sydney region was 9.2 parts per hundred million. This 
was measured at the Appin site during December, 1995.

Monthly maximum ozone levels prior to 1990 tend to be lower than those 
measured during and after 1990 at the stations where long term records are 
available (Campbelltown, Earlwood, Lidcombe, Rozelle, Westmead and 
Woolooware). Based on the above observations, it is clear that the incidence 
of high ozone events has reduced.

The reason for the reduction is attributed to management strategies put in 
place during the 1980s which include controls on motor vehicle exhaust and 
industrial emissions (Environment Protection Authority, 1996b).

4.5.4 Oxides of Nitrogen

Oxides of nitrogen are emitted by a range of combustion sources. The Sydney 
Metropolitan A ir Quality Study (Environment Protection Authority, 1997a) 
attributed over 80 percent of emission of oxides of nitrogen to motor vehicle 
exhaust.

Emissions of oxides of nitrogen tend to be composed of approximately 90 
percent nitric oxide and 10 percent nitrogen dioxide. Nitric oxide is oxidised 
to nitrogen dioxide over time.

If ozone is present in air receiving nitric oxide emissions, oxidation to nitrogen 
dioxide is rapid, and ozone is conserved in the process. As a result, nitric 
oxide and ozone do not occur simultaneously and emissions of nitric oxide 
tend to suppress ozone levels. Once all nitric oxide is oxidised to nitrogen 
dioxide, the process of ozone formation can occur, with the potential ultimate 
level of ozone proportional to the concentration of nitrogen dioxide.

Nitrogen dioxide is a respiratory irritant. The current N SW  Environment 
Protection Authority goal for nitrogen dioxide is 16 parts per hundred million. 
Figures A 19 to A24 in Appendix A show the maximum hourly concentration 
of nitrogen dioxide recorded for each month of records. Exceedences of the 
goal value were frequent prior to 1991, but since 1991 exceedences have 
been recorded for only two months.

O n ly  one exceedence of the nitrogen dioxide goal of 16 parts per hundred 
million (one hour average) has been recorded in Sydney since 1990. 
Monitoring results have shown a gradual decline in the peak monthly levels 
of nitrogen dioxide (Environment Protection Authority, 1996a). This
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improvement is considered to be largely due to improved emissions control 
technology in current motor vehicles.

In August 1993, a maximum one hour concentration of 18.1 parts per hundred 
million was measured at Rozelle and in September, 1995 a maximum one 
hour concentration of 26.6 parts per hundred million was measured at 
Campbelltown. Given the isolated nature of these events it seems likely that 
they relate to local point source emissions, rather than average ambient 
conditions.

4.5.5 Sulphur Dioxide

Sulphur dioxide is a respiratory irritant. In the Sydney region, sulphur dioxide 
is produced largely as a result of combustion of fuels. Sulphur contents of fuels 
are controlled under the Clean A ir Act, 1961.

The N SW  Environment Protection Authority recognises the National Health 
and Medical Research Council one hour goal of 25 parts per hundred million 
and the World Health Organisation one hour goal of 12 parts per hundred 
million.

Figures A25, A26 and A27 in Appendix A  present the results of monitoring of 
sulphur dioxide at N SW  Environment Protection Authority stations in the 
Sydney region. No exceedences of the World Health Organisation goal have 
been measured since 1981. Concentrations of sulphur dioxide measured since 
1992 have not exceeded 6 parts per hundred million (less than half the goal). 
On this basis, sulphur dioxide is not considered a significant pollutant at a 
regional level.

4.5.6 Air Toxics

Air toxics are air pollutants which can lead to health effects as a result of long 
term exposure. Air toxic compounds considered for this study are listed in 
Table 4.5. This list includes substances referenced in the Guidelines for the 
EIS and substances referenced by the Senate Select Committee (1995). A 
reference produced by the Toxics Committee of the California Air Pollution 
Control Officers Association (1993) on risk assessment guidelines for air toxics 
was also used in the selection of air toxic compounds to be considered.

O f the substances listed in Table 4.6 lead and polycyclic aromatic 
hydrocarbons are contained in particulate matter. The remaining substances 
are contained within organic gas emissions.
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Table 4.6 Air Toxic Substances Considered

Substance
Reason for Inclusion

Referenced in 
Guidelines1

Referenced in Falling 
on Deaf Ears?2

Referenced in 
CAPCO A3

Acetaldehyde no no yes
Benzene yes yes yes
1,3 Butadiene no yes yes
Formaldehyde no yes yes
Lead Compounds yes no yes
Polycyclic aromatic yes yes yes

compounds including
benzo(a)pyrene

Phenol no no yes
Toluene no no yes
Xylenes no no yes

Notes: 1. Guidelines for an Environmental Impact Statement on the Proposal to Consider the
Construction and Operation of a Second Major Airport for Sydney at Badgerys Creek 
or Holsworthy prepared by Environment Australia, November 1996.

2. Report of the Senate Select Committee on Aircraft Noise in Sydney, 1995.
3. California Air Pollution Control Officers Association's Air Toxics 'Hot Spots' Program 

Revised 1992, Risk Assessment Guidelines published in October 1993.

Air Toxics Within Particulate Emissions

Lead and polycyclic aromatic hydrocarbons form part of the particulate 
emissions. Air emissions of lead originate predominantly from exhaust of 
motor vehicles fuelled by leaded petrol. Polycyclic aromatic hydrocarbons are 
contained in the particulate emission from petrol and diesel fuelled motor 
vehicles and are also contained in particulate emissions from aircraft engines.

Lead is a pollutant which has the potential to affect behaviour and mental 
development of children. Lead was not included in the emissions inventory 
as lead emissions associated with airport operation would be limited to the 
very small proportion of the motor vehicle fleet continuing to operate on 
leaded fuels. As this only applies to motor vehicles manufactured prior to 
1986 it is considered that lead emissions would not be significant. A 
discussion of trends in monitored lead levels is included in Section 4.1.2. 
These results illustrate that lead concentrations have fallen substantially since 
the introduction of unleaded petrol in 1986. By 2006 ambient lead levels will 
also be low compared with the Environment Protection Authority goal value 
of 1.5 micrograms per cubic metre because virtually all motor vehicles will 
operate using unleaded fuels. For these reasons lead air pollution resulting 
from airport operation would not be significant.
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Polycyclic aromatic hydrocarbons are associated with cancer risk. 
Measurements of polycyclic aromatic hydrocarbon content in ambient air are 
not generally carried out and no measurements of this kind were found for the 
Sydney area. The assessment of long term health impacts of exposure to 
polycyclic aromatic compounds in particulate matter can be approached by 
use of risk factors developed for particulate matter derived from individual 
sources. Vigyan (1993) presents a compilation of cancer risk factors for 
particulate matter derived from the following sources:

■ heating oil usage;

■ diesel vehicle emissions;

■ petrol vehicle emissions;

■ piston aircraft engines; and

■ turbine aircraft engines.

These risk factors take account of the presence of polycyclic aromatic 
hydrocarbons including benzo(a)pyrene. Adoption of these parameters for 
assessment of human health due to long term exposure to particulate matter 
is described in the section on community health impacts.

Air Toxic Cases

Air toxic gases are mainly formed during partial combustion of fuel and are 
contained in emissions from aircraft and motor vehicles though release of air 
toxic gases also occurs through evaporation loss of fuels and solvents. Limited 
measurement data is available for these compounds in the Sydney area. 
Monitoring results for air toxic gases in ambient air obtained from literature 
tend to be restricted to benzene and 1,3 butadiene as these compounds are 
associated with greater potential for risk to human health that the other air 
toxic gases considered (acetaldehyde, formaldehyde, phenol, ethylbenzene, 
toluene and xylenes).

Nelson (1994) reports results of monitoring of air toxic compounds at five sites 
in the Sydney area over the period November, 1992 to February, 1993. 
Samples were collected in early morning and the selected sites were generally 
in the vicinity of large sources of hydrocarbon emissions. Samples were 
collected over short time intervals and can be considered to represent 
conditions at a point in time rather than average conditions. Results were 
compared with earlier measurements of contaminant concentrations in 140 
samples of Sydney's air carried out by Nelson and Quigley (1982).
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Dawson et al (1994) carried out measurement of benzene and toluene 
concentration in George Street in the Sydney central business district. 
Measurements were carried out using a differential optical absorption 
spectrometer which allowed measurement of average concentration of a range 
of compounds along a path traced by a beam of light. Measurements were 
taken every three minutes during a one month period in summer and a second 
one month period in winter in 1994.

The results from these studies which relate to compounds represented in the 
Emissions Inventory Report (Appendix Q  are presented in Table 4.7.

Table 4.7 Air Toxic Compounds Concentrations Measured In Sydney (parts per billion)

Compound Nelson 19941 Nelson and Quigley 
19822

Dawson et al 
19943

Benzene 2.5 2.6 4.1 (summer) 
7.6 (winter)

Toluene 6.9 8.9 16.4 (summer) 
27.2 (winter)

Xylenes 6.6 3.9
1,2,4 trimethylbenzene 4.3 1.3

Notes: 1. Nelson, PF (1994), Measurements of Toxic Organic Compounds in Sydney's
Atmosphere, 1994 Air Toxics Conference Proceedings, Clean Air Society of Australia 
and New Zealand and CSIRO Centre for Pollution Assessment and Control, Sydney, 
August, 1994.

2. Nelson, PF and Quigley, SM (1982) Non-Methane Hydrocarbons in the Atmosphere 
of Sydney, Australia, Environment Science and Technology, Volume 16, pp650-655, 
1982.

3. Dawson, M, Young, BR and Child, N (1994) Continuous Monitoring of Ambient Toxic 
Air Pollutants Contributing to Photochemical Smog in Sydney's CBD, 1994 Air Toxics 
Conference Proceedings, Clean Air Society of Australia and New Zealand and CSIRO 
Centre for Pollution Assessment and Control, Sydney, August, 1994.

Exposure to air toxic compounds occurs in the cabins of motor vehicle during 
travel. Duffy and Nelson (1996) reports the results of monitoring of air quality 
in motor vehicles during peak-hour commuting and freeway driving in the 
Sydney area. Concentrations of benzene and 1,3 butadiene were measured 
in vehicles which had catalytic converters and vehicles without catalytic 
converters. Ambient air quality was measured in parkland at least 1 kilometre 
from major roads. The results summarised in Table 4.8 show the in-vehicle 
exposure levels well above ambient concentrations of benzene and butadiene 
with post 1986 vehicles having the higher concentrations.
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Table 4.8 In Vehicle Concentrations of air Toxics

Vehicle type

Benzene Concentrations (parts 1,3 butadiene Concentrations 
per billion) (parts per billion)

In-Vehicle Ambient In-Vehicle Ambient

Commuter driving -Sydney (M anly to Randwick and Concord to Lane Cove)

Pre 1986 vehicles 48.1 ±6.9 1.8 ± 1.1 11.5± 3.0 <0.1

Post 1986 vehicles 22.1 ±4.1 2.0± 1.4 5.5 ± 2.1 <0.1

Freeway driving - (Hornsby to Morisset)

Pre 196 vehicles 6.2 2.0 1.0 <0.1

Post 1986 vehicles 2.5 1.0 0.2 <0.1

Source: Duffy, BL and Nelson PF (1996). Exposure to Benzene, 1,3 - Butadiene and Carbon Monoxide
in the Cabins of Moving Motor Vehicles, 13th International Clean Air and Environment 
Conference, Adelaide, September 1996, PP 195-200.

Given the limited available monitoring data, it is not possible to form a 
reliable assessment of existing concentrations of air toxic gases at the sites for 
the Sydney Second Airport options. As data presented in Table 4.7 is based on 
measurements taken at sites where the air toxic concentrations were expected 
to be elevated, it is reasonable to assume existing concentrations of air toxic 
compounds at the Second Sydney Airport sites do not exceed the values 
reported in Table 4.7.

Department of Transport and  Regional Development Page 4-27



Resu lts  o f S u rv eys  - C hapter  5

Chapter 5 Results o f  Surveys

5.1 Field Survey Results

Sampling of air directly affected by emissions from aircraft at Sydney Kingsford 
Smith Airport was carried out in November 1996. A total of eight samples 
were collected, including six samples taken in the exhaust wake of large 
commercial jets. A report on this work is contained in Appendix C.

These samples were collected from a vehicle driven by Federal Airports 
Corporation operational staff. Samples were selected at locations where air 
quality was expected to be significantly affected by ground level aircraft 
emissions. Locations for sampling were selected during the sampling program. 
Samples were taken downwind from turboprop aircraft, exhaust from the 
auxiliary power unit of a passenger jet and from the exhaust stream of several 
passenger jets. Air samples from the exhaust stream of passenger jets were 
obtained by following taxiing aircraft at a safe distance determined by the 
Federal Airports Corporation driver.

Odour testing of samples was carried out by Australian Water Technologies 
and chemical testing was carried out by CSIRO  Division of Coal and Energy 
Technology. This work is described in Appendix C  and results are summarised 
in Table 5.1. Engine types for each aircraft were obtained by enquiries of 
airlines and from field observations. Concentration of substances measured in 
laboratory testing are presented as a volumetric concentration in parts per 
billion (ppb) or as parts per million carbon (ppmC). Concentrations are also 
shown as mass per unit volume (in micrograms per cubic metre).

Odour level is based on assessment of the concentration at which only half an 
odour panel can detect an odour. This concentration corresponds to one 
odour unit. Twice this concentration would have an odour level of two odour 
units. A range of odour levels from 31 to 275 odour units were measured. The 
highest values being recorded in the exhaust of taxiing jets. The variability in 
odour level is attributed to the varying sampling conditions. Hydrocarbon 
concentrations varied from 0.5 parts per million carbon to 8.6 parts per million 
carbon with the kerosene fraction making up from 12.5 percent to 60 percent 
of the measured non-methane hydrocarbon content. For engine exhaust (as 
opposed to exhaust from the auxiliary power unit) the kerosene fraction 
generally accounted for more than 50 percent of non-methane hydrocarbons.
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Table 5.1 Results of Air Quality Testing - Kingsford Smith Airport, 1 5th October, 1997

Odour Strength_____________________________________ Component
No. Source Engines Time Conditions

OUJ()() o u J0. NMHC’
(ppmQ

Kerosene
(ppmQ

1,3butadiene
(ppbV)

Benzene
(ppbV)

Toluene
(ppbV)

Ethylbenzene
(ppbV)

Xylene
(ppbV)

1 Ansett 737 auxiliary General Electric 7:51am wind light 32 25 1.6 0.2 n/d2 1.6 2.9 0.4 2.8
power unit exhaust CFM56 [920]' [110] [0] [5.1] [11.0] [17] [12.2]
-Bay 12

2 Ansett 737 General Electric 8:00am wind light 31 22 2 1.1 2.7 4.2 6.6 0.6 3
taxiing to Bay 2 CFM 56 [1150] [630] [6.0] [13.4] [24.9] [2.6] [13.1]

3 Ansett 737 General Electric 8:09am wind light 33 22 0.5 0.3 3.8 3.8 3.2 0.4 2
taxiing to Bay 10 CFM 56 [290] [1701 [8.4] [12.2] [12.1] [1.7] [8.7]

4 Ansett 767 General Electric 8:15am wind light 23 22 2.2 1.7 2.8 2.9 3.7 1.9 12.7
idling at Bay 16 CF6 (ST9D) [1260] [980] [6.2] [9.3] [14.0] [8.3] [55.2]

5 QANTAS General Electric 8:20am wind light 43 26 8.6 2.2 11.4 7.7 5.9 1.6 11.2
Airbus300 CF6 [4950] [1265] [25.3] [24.6] [22.3] [7.0] [48.7]
taxiing to terminal

6 Hazelton SAAB SAAB 240 twin 8:30am wind 42 26 0.5 0.3 0.4 1.9 3.7 0.5 2.8
220 prop 360° 6kts [290] [170] [0.9] [6.1] [14.0] [2.2] [12.2]
idling prior to taxi Temp 18°
for takeoff

7 Nippon 747/300 Uncertain 8:45am wind 010° 275 115 2 1.1 37.4 17.6 7.8 2 9.6
taxing to terminal 10 to 15kts [1150] [630] [83.0] [56.3] [29.5] [8.7] [41.8]

8 JAL 747/300 Rolls Royce 9:05am 010° 95 37 2.1 0.8 5.8 5.6 9.5 0.9 3.6
taxiing to terminal RBT211 10 to 15kts [1210] [460] [12.9] [17.9] [35.9] [3.9] [15.7]

Temp 23°

Notes: 1. Odour strength is recorded as the factor by which odour exceeded the threshold of detection (OUM0 ) and the factor by which odour exceeded the threshold of 
recognition (OU**).

2. NMHC - Non-methane hydrocarbons.
3. Values in square brackets indicate concentrations in micrograms per metre cubed.
4. n/d - not detected.
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A threshold hydrocarbon concentration at which odour becomes detectable 
(this is the concentration corresponding to one odour unit) was calculated for 
each of the samples containing engine emissions. These threshold values are 
presented in Table 5.2.

Table 5.2 Calculated Odour Threshold Concentrations - Hydrocarbon Emissions

Sample
Odour Threshold Concentration (micrograms 

per cubic metre)

2 37

3 9

4 55

5 115

6 7

7 4

8 13

Average 34

Based on the results presented in Table 5.2, an odour threshold concentration 
for aircraft exhaust hydrocarbon emissions of 34 micrograms per cubic metre 
was adopted. This is taken as the concentration at which an average person 
could detect an odour.

The results of the test program provide a useful basis for comparison of aircraft 
engine emissions composition adopted in the emissions inventory study. This 
comparison is presented in Table 5.3. For the substances measured the 
percentage of total hydrocarbon concentration is presented together with the 
percentage adopted in the A ir Emissions Inventory Report (contained in 
Appendix C).

Table 5.3 Comparison of Emissions Inventory Speciation with monitoring Results

Substance
Proportion of Hydrocarbon Content

Measured range (percent) Emissions Inventory (percent)1
Benzene 0.5 to 4.9 2.15

1,3 Butadiene 0.32 to 7.22 0.23
Ethylbenzene 0.45 to 4.8 0.58

Toluene 0.14 to 0.76 0.19
Xylene 1.0 to 4.4 0.53

There is significant variation in the proportion of each substance as a 
percentage of total hydrocarbons. The proportion adopted in the emissions
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inventory is generally within or just below the range of proportions measured. 
Given that the measured data correspond to a limited range of operating 
conditions the results are considered broadly consistent with the speciation 
profile adopted during emissions inventory studies. Should health studies 
indicate that air toxic compounds from the Second Sydney Airport could pose 
a significant risk to human health, it is recommended that additional speciated 
hydrocarbon testing be carried out at Sydney Kingsford Smith Airport to test 
the speciation profile adopted for analysis of the Second Airport.

5.2 Analysis of Existing Data

The literature review described in Section 3.5 demonstrates that there is little 
guidance from previous work elsewhere as to the regional significance of 
airport emissions. For nitrogen dioxide and carbon monoxide, local impacts 
have been assessed at several airports, with the major contributor being the 
airport and local motor vehicle fleets.

Little quantitative work has been done on the regional impact of these 
pollutants - these are expected to be much less than local effects and therefore 
of little concern. For ozone, there is some evidence of an overall reduction 
close to airports due to the reactions with airport nitrogen oxide emissions but 
little evidence of what happens on high smog days.

For fine particulates, there is little direct evidence for any significant impacts. 
Accurate emission estimates and dispersion estimates are usually relied on for 
evaluating the changes in regional air quality. Many community organisations 
have stated that airports are major contributors of urban air quality and that 
increases in regional levels of fine particulates (for example) are likely to give 
rise to significant health and economic impacts.

A report by the Natural Resources Advance Council (1996) asserted that many 
airports rank in one of the top ten air pollution sources in their studies and that 
planes at airports emitted about one percent of smog forming gases. Such 
statements concerning the ranking of industrial smog sources for various 
airports have been based on the emission rates, rather than the actual 
concentration impacts.

Considerable community concern has been expressed as to the growth of air 
transport and its resulting consequences on public health.
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5.3 Assessment Criteria

Impacts for each airport option are assessed in this Technical Paper in the
following ways:

■ contours are prepared showing ground level increase in concentrations 
of air pollutants as a result of airport operations. These are compared 
with existing air quality and New South Wales Environment Protection 
Authority goals;

■ zones relating to particular levels of air quality impact are defined;

■ the number of people affected to various extents are estimated, based 
on population projections; and

■ other impacts are discussed in qualitative terms.
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Chapter 6 A irport A ir Pollutant Emissions

6.1 Predicted Emissions from the A irport

A study of the volume of emissions which would occur from Sydney Second 
Airport under a range of operating conditions was carried out by Coffey 
Partners International and a copy of a report describing this work is included 
as Appendix C. This study considered emissions of hydrocarbons, oxides of 
nitrogen, carbon monoxide, sulphur dioxide, fine particulates and greenhouse 
gases (carbon dioxide, methane and nitrous oxide).

Emissions from aircraft exhaust, motor vehicle operation within the airport, 
combustion of gaseous fuels in boilers, evaporative losses from fuel storage 
tanks, use of surface coatings (paints and thinners) and losses due to refuelling 
and maintenance operations were considered. The emissions of hydrocarbons 
were subdivided into the proportion represented by individual compounds for 
assessment of impacts of air toxic compounds and for use in modelling of 
chemical reactions leading to production of photochemical smog. The 
composition of the aircraft fleet was based on information provided by the 
airport master planners.

Table 6.1 presents predictions of airport emissions during initial operation in 
2006 for Air Traffic Forecast 2 and during design operation in 2016 for Air 
Traffic Forecast 3. The 2016 scenario results in the greatest emissions rates of 
the scenarios considered and this was therefore used for assessment of 
operational air quality impacts. A discussion of the possible operational 
scenarios is presented in Appendix C. In Table 6.7 airport emissions are 
compared with typical motor vehicle emissions from an area of 20 kilometres 
squared in urban Sydney which is comparable to the area which would be 
occupied by the airport.

Typical daily motor vehicle emissions for an urban area of comparable size to 
the airport options (20 square kilometres) for Sydney (based on 1992 figures) 
are also shown in Table 6.7. This would be equivalent to about two thirds the 
size of Auburn local government area which has a population of about 50,000 
people. This is one basis for assessing the relative impacts of the airport, in 
comparison with potential future urban development.
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Table 6.1 Estimate of Air Pollutant Emissions Due to Airport Operations

Year 2006' Year 20162 Typical Motor Vehicle

Pollutant Emissions (kilograms per day) Emission Rates Over a 
20km2 Area4 of Urban 

SydneyGround Elevated3 Total Ground Elevated Total

Hydrocarbons 914 71 985 2,280 190 2,470 2,600
Oxides of nitrogen 1,260 2,390 3,650 4,300 7,700 12,000 2,800
Fine particulates 
less than 10 micron

205 215 420 550 620 1,170 220

Carbon monoxide 3,260 190 3,450 8,030 440 8,470 20,000
Sulphur dioxide 71 106 177 262 325 587 80

Note: 1. Based upon Air Traffic Forecast 2.
2. Based upon Air Traffic Forecast 3.
3. Elevated refers to emissions more than seven metres above ground level and includes 

aircraft takeoff, climbout and approach.
4. Source for motor vehicle emissions - Sydney Metropolitan Air Quality Study report.

6.2 Emissions From Associated Developments and Motor 
vehicles

Development of the Second Sydney Airport would result in associated changes 
in urban development and changes to the volume and distribution of motor 
traffic. These changes would result in air pollutant emissions outside the 
airport boundary compared with conditions which would not occur if a 
Second Sydney Airport was not constructed. Predicted increases in air 
pollution emissions associated with changes in motor vehicle traffic and 
population distributions are summarised in Table 6.2, in comparison with the 
emissions from the airport for the year 2016 (based on Air Traffic Forecast 3).

The increases are primarily due to increased motor vehicle use, with non
vehicle population related increases making up less than 10 percent of the 
total predicted increase for hydrocarbons and less than one percent of the 
increase for oxides of nitrogen and carbon monoxide. Such increases would 
be diffused over a large land area. Increases in motor vehicle usage would 
occur along the length of main road links to the airport and as a result, plumes 
of emissions would be diluted into a large volume of air.
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Ta ble  6.2 Est im ate o f In c rea sed  A ir  Po llu t a n t  Em iss io n s  D u e  t o  A sso c ia ted  
D ev elo pm en t  a n d  m o t o r  V eh ic les

Year 2016 Emissions (Kilograms per Day)

Pollutant Emissions Predicted 
for Airport Options 

Only1

Increased Regional Emissions Associated 
with Development and Motor Vehicles

Badgerys Holsworthy Holsworthy 
Creek Option A Option B

Hydrocarbons 2,470 10,300 8,900 13,000

Oxides of Nitrogen 12,000 9,600 8,400 12,400

Carbon Monoxide 8,470 48,000 42,000 63,000

Note: 1. Based upon Air Traffic Forecast 2.

The airshed dynamics of Sydney are complex but for simplicity the 
meteorology pertaining to daytime air pollution can be categorised as non-sea 
breeze and sea breeze airflows. For both cases, the current state of knowledge 
limits the usefulness and confidence that can be given to quantitatively model 
expected pollutant concentrations. However, the general pattern of the 
progress of the sea breeze front across the region and the associated transport 
of pollution from eastern districts of Sydney inland to the west and south-west 
is well established. As yet, there is no generally accepted explanation of the 
dynamics of pollution events that occur in the mornings or before the arrival 
of the sea breeze front. Therefore, it is not possible to make predictions of the 
impacts of the airport and associated developments on pre sea breeze ozone.

6.3 Greenhouse Gas Emissions

Natural undisturbed forests are not considered to be a human induced source 
or sink for carbon dioxide and are not normally considered in calculations of 
greenhouse gas. Plants withdraw carbon dioxide from the atmosphere during 
photosynthesis. As plants grow, carbon from the carbon dioxide is converted 
to plant tissue. Carbon is also lost by respiration, respiration of animals which 
eat plant tissue and by decay of dead material. On average, the net movement 
of carbon dioxide is reasonably in balance in the absence of human activity 
(National Greenhouse Gas Inventory Committee, 1996).

Land clearing during airport construction would cause a one-off impact on 
greenhouse gases which would be spread over the construction period. This 
would be greater for the Holsworthy options than for the Badgerys Creek 
options because of the greater areas involved for the Holsworthy options and 
due to the higher density of vegetation in the forest within the Holsworthy sites 
compared with the rural setting at Badgerys Creek. Even in the case of the
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Holsworthy options, average greenhouse emissions over the construction 
period would be substantially lower than those predicted during operation in 
2016.

Annual greenhouse gas emissions from the airport alone in 2016 are predicted 
to be 633 gigagrams of carbon dioxide equivalent (comprised of emissions of 
carbon dioxide, methane and nitric oxide). This would be equivalent to 0.3 
percent of the total N SW  greenhouse gas emissions on the basis of current 
N SW  projections extrapolated to 2016.
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Chapter 7 Impacts of Badgerys Creek O ptions

7.1 Construction of the A irport

An assessment of impacts due to airport construction for each of the options 
is presented in Appendix H. Figure 6 1 in Appendix B shows the areas which 
would be affected by particulate matter and by dust deposition.

Atmospheric dust produced from the action of earthwork equipment and wind 
erosion of exposed surfaces would be the dominant air quality impact of 
construction. Other impacts such as those resulting from exhaust emissions of 
earthworks plant and gaseous emissions during detonation of explosives would 
be small by comparison. Estimates of emissions were made for each airport 
option taking account of the likely composition of the construction equipment 
fleet, the construction method and the areas subject to construction at a given 
time. Impacts of the construction on dust deposition and ground level 
concentrations of fine particles were modelled with the program Fugitive Dust 
Model using approximately two years of meteorological data recorded at 
Badgerys Creek. Only areas within one to two kilometres of the airport 
boundary would be affected by such levels.

It is also predicted that concentrations of airborne fine particulates would also 
be increased as a result of construction activity and that peak daily 
concentrations of particulates smaller than ten microns could be increased by 
100 micrograms per cubic metre or more, up to five kilometres from the 
airport boundary. This would only occur under worst case conditions, such as 
when earthmoving activities are occurring close to the airport boundary. 
Generally impacts would not generally be as severe as shown in Figure B2 in 
Appendix B. A particulate concentration increase of 100 micrograms or more 
would potentially result in concentrations higher than the N SW  Environment 
Protection Authority goal of 150 micrograms per cubic metre.

Dust emissions during construction could potentially result in deposition of 
dust on washing being dried and into swimming pools and rainwater tanks. 
The amount of dust deposited would depend upon the effectiveness of dust 
control measures.

7.2 O peration of the A irport

Table 7.1 presents the estimated maximum increases in ground level 
concentrations at the airport boundary.
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Ta ble  7.1 Pred icted  Increases in  G r o u n d  Level C o n cen tratio n s o f A ir  Po llu ta n ts D u e  
t o  O per a t io n  o f B a d c er ys  C reek  O pt io n s

Parameter Goal
Maximum

Background1

Predicted Maximum Increase 
20162

Option A Option B Option C

One-hour Ozone 
(parts per hundred million)

10 10 2.4 2.4 2.4

One-hour Nitrogen Dioxide 
(parts per hundred million)

16 5 10 8 8

Daily particulates below 10 
micron (micrograms per cubic 
metre)

150 50 20 12 20

One-hour Carbon Monoxide 
(parts per million)

25 5 5 3 5

Eight-hour Carbon Monoxide 
(parts per million)

9 3 1 0.7 0.7

One-hour Sulphur Dioxide 
(parts per hundred million)

12.5 4 5 5 4

Note: 1. Maximum background concentrations were assessed based on monitoring results from
available monitoring data.

2. Maximum increase predicted for areas outside the airport boundary.

If a conservative assumption was made that the maximum airport impact and 
maximum background concentration occurred simultaneously, concentrations 
of carbon monoxide, sulphur dioxide, nitrogen dioxide and particulates would 
not exceed the goal values. Ozone levels, however, would exceed goal 
values.

The results of local scale dispersion modelling are discussed in the following 
sections for each of the pollutants considered for the year 2016. Results are 
presented in the form of contours showing the modelled increase in ground 
level concentration for each pollutant considered. These are presented either 
as annual average increases or as contours of the peak increase in 
concentration. Where plots of contours of peak concentration increase are 
presented, the figures do not represent a snapshot in time but a compilation of 
the highest values from simulation of hourly meteorological conditions over 
a two year period. Peak values at different locations will be at different times 
depending on what is the most severe meteorological conditions for each 
particular receptor location. As the results relate to increases in pollutant 
concentrations due to the airport they must be added to the background
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concentrations of the pollutants which would apply in the absence of the 
airport. Background concentrations were assessed based on monitoring data.

Simple addition of peak background concentrations with the maximum 
obtained from modelling is conservative as it assumes that peak background 
concentration occurs at the same time as the peak impact from the airport. In 
most cases these peaks would not coincide.

7.2.1 Carbon Monoxide

Figure B3 in Appendix B presents the modelled highest hourly average carbon 
monoxide concentration in the vicinity of the airport for each of the options 
considered in the year 2016. An assessment of background carbon monoxide 
concentration in the absence of the airport at Badgerys Creek was made based 
on monitoring results from:

■ EPA monitoring stations at Saint Marys and Blacktown. Plots showing 
peak monthly carbon monoxide measurements at these stations are 
presented in Section 4 of this report. Monthly maximum of hourly 
average carbon monoxide levels at Blacktown ranged from 1.6 parts per 
million to 8.7 parts per million for the period October, 1992 to 
December, 1995. Highest concentrations occurred during the autumn 
and winter months. Carbon monoxide concentrations at Saint Marys 
were available from February 1992 to January 1993. Peak monthly 
values of hourly averaged concentration ranged from 0.7 parts per 
million to 5.8 parts per million;

■ TC Forensic (1995) monitoring carried out at Badgerys Creek and 
Kemps Creek from 2 June 1995 to 23 June 1995. Continuous records 
of carbon monoxide concentration were recorded over a three week 
period at each site. The average concentration at Kemps Creek was 
0.85 parts per million and the average concentration at Badgerys Creek 
was 0.36 parts per million. Peak hourly average concentration was 1.8 
parts per million at Badgerys Creek and 2.9 parts per million at Kemps 
Creek. Peak levels tended to occur during the times of morning and 
afternoon peak traffic; and

■ monitoring carried out on behalf of the Roads and Traffic Authority for 
the Western Orbital at Horsley Park from 15 November 1994 to 8 
December 1994 by Stephenson and Associates as reported by Coffey 
Partners (1995) showed peak hourly carbon monoxide concentration 
up to 4.7 parts per million along Wallgrove Road.

Based on the above results a background level of 5 parts per million was 
adopted for hourly carbon monoxide in the vicinity of Badgerys Creek. This 
value is within the range of peak monthly carbon monoxide concentrations
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recorded at the nearest Environment Protection Authority air quality 
monitoring sites at Vineyard and Blacktown and allows for an increase from 
the concentrations recorded at Badgerys Creek and Kemps Creek as a result of 
non airport influences.

The longest record of carbon monoxide measurements in the Sydney Basin is 
for the Gowings building at the corner of George and Market Streets. This 
shows a relatively stable level of maximum monthly carbon monoxide 
concentration from 1989 to 1995 with a maximum monthly value of one hour 
average concentration typically in the range 10 parts per million to 15 parts 
per million. Given that this range of carbon monoxide values is recorded at 
the Environment Protection Authority air quality monitoring station which 
records the highest carbon monoxide values, the values of 10 parts per million 
and 5 parts per million adopted for background concentrations in the vicinity 
of Holsworthy and Badgerys Creek respectively, are considered reasonable.

Figure B4 in Appendix B presents the predicted maximum increase in hourly 
average carbon monoxide concentration for aircraft takeoff direction selected 
to maximise peak increase in carbon monoxide concentration for Badgerys 
Creek Option A. It is clear by comparison of Figures B3 and B4 that peak 
ground level increase in carbon monoxide concentration has only modest 
sensitivity to direction of takeoff. Consequently, only takeoff with a northerly 
component was considered for subsequent analysis.

Figure B3 in Appendix B presents the maximum increase in hourly average 
ground level carbon monoxide concentration calculated for the two year 
period modelled. For all airport options the calculated increase in carbon 
monoxide concentration is well below the N SW  Environment Protection 
Authority goal of 25 parts per million for a one hour average. If the calculated 
maximum increases are added to the background values of 5 parts per million 
for Badgerys Creek the resulting concentrations are still well within the goal 
of 25 parts per million.

Figure B5 in Appendix B presents the maximum increase in eight hour average 
ground level carbon monoxide concentration calculated for the two year 
period modelled. Similar concentration impacts are assessed for each of the 
airport options. These increases are typically less than 0.5 parts per million. 
This increase is much less than the goal of 9 parts per million. Assessment of 
background peak eight hour carbon monoxide concentration is uncertain.

Measurement of eight hour concentration of carbon monoxide was carried out 
using grab samples along the proposed Western Sydney Orbital (Coffey 
Partners, 1995) in November and December 1994 which gave eight hour 
carbon monoxide concentrations ranging between 1.5 and 7.6 parts per 
million at ten locations adjacent to major roads. In each case concentrations 
on both sides of a road were measured.
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There was typically a factor of two contrast between measurements taken on 
either side of the road Indicating that local impacts of road emissions made a 
significant contribution to the measurements. Eight hour average carbon 
monoxide levels based on continuous monitoring at Horsley Park over a three 
week period from 15 November, 1994 did not exceed 1 part per million.

Continuous monitoring carried out by TC Forensic (1995) over a three week 
period in June and July 1995 at Badgerys Creek and Kemps Creek gave a 
maximum eight hour average of 2.2 parts per million for Kemps Creek and 1.1 
parts per million for Badgerys Creek.

Based on these results a peak background of 3 parts per million was adopted 
for eight hour average carbon monoxide in the vicinity of Badgerys Creek.

The maximum increase in eight hour carbon monoxide over the two year 
period modelled was 1 part per million for Badgerys Creek Option A. It is 
considered unlikely that the airport would result in exceedences of the eight 
hour carbon monoxide goal of 9 parts per million because at Badgerys Creek, 
background peak one hour concentrations (assessed as 3 parts per million in 
the absence of the airport) are well below the goal and would remain well 
below the goal of 9 parts per million under the modelled maximum increase 
of 1 part per million.

Figure 66 in Appendix B shows the modelled increase in one hour carbon 
monoxide concentration due for initial airport operation in 2006. Predicted 
increases in concentration are of the order of half those predicted for design 
level operation in 2016.

7.2.2 Nitrogen Dioxide

Background monitoring results from the N SW  Environment Protection 
Authority air quality monitoring station at Bringelly from October 1992 to 
December 1995 gave a range of peak monthly one hour nitrogen dioxide 
concentrations ranging from 1.6 parts per hundred million to 5.8 parts per 
hundred million with an average of 4 parts per hundred million. Based on this 
record a background peak one hour nitrogen dioxide concentration of 5 parts 
per hundred million was adopted for Badgerys Creek.

The calculated increases in average long term nitrogen dioxide concentration 
which would occur as a result of airport operation are presented in Figure B7  
in Appendix B. Calculated increases are well below the goal of 5 parts per 
hundred million and it is assessed as unlikely that airport operation would 
result in an increase of average nitrogen dioxide concentration above the N SW  
Environment Protection Authority goal.
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Figure B8 in Appendix B show increases in peak hourly nitrogen dioxide 
concentrations which are predicted to result from airport operations in 2016. 
The maximum predicted increase in nitrogen dioxide concentrations is 10 
parts per hundred million, for Option A. Table 7.1 shows that even if a 
conservative assumption is made that this maximum increase of nitrogen 
dioxide concentrations occurs in an area with maximum background levels, 
the current nitrogen dioxide goal would not be exceeded.

Figure B9  in Appendix B shows the modelled increases in peak one hour 
nitrogen dioxide concentration due to initial airport operation. Predicted 
increases are about half those predicted for 2016.

Assessment of the increase in ground level nitrogen dioxide concentration was 
based on 10 percent of the oxides of nitrogen emitted from the airport 
occurring as nitrogen diox Je  as outlined in Section 3.7.2. Rapid conversion 
of nitric oxide to nitrogen dioxide takes place in air containing ozone.

The value of 10 percent adopted for the Draft EIS was based on comparison of 
measured peak monthly concentrations of nitrogen dioxide and total oxides 
of nitrogen from quarterly air quality monitoring reports (Environment 
Protection Authority, 1997b), for eight monitoring stations surrounding the 
proposed airport sites (Bringelly, Blacktown, St Marys, Liverpool, 
Woolooware, Campbelltown, Earlwood and Appin). These results show that 
increases in peak monthly concentration of total oxides of nitrogen are roughly 
ten times the accompanying increase in peak monthly nitrogen dioxide 
concentration.

7.2.3 Ozone

Ozone impacts were assessed using two methods of analysis, trajectory 
modelling as described in Section 3.7.5 and footprint analysis as described in 
Section 3.7.6.

Trajectory Modelling

Two meteorological events resulting in high ozone levels in western Sydney 
were modelled to assess the ozone impacts which would arise from the 
Second Sydney Airport.

The modelled ozone impact due to emissions from an airport at Badgerys 
Creek were similar in distribution for both events modelled. In each case 
increased ozone concentrations were predicted to the west and south west of 
the airport commencing some 10 kilometres downwind from the airport and 
persisting for downwind distances in excess of 50 kilometres. Impacts for the 
event of 9 February 1994 were more severe than for the event of 4 February 
1991. Ozone concentration increases for the 9 February 1994 of up to 20
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parts per billion were modelled with increases greater than 10 parts per billion 
within a band with a cross wind dimension of 9 kilometres. For the 4 February 
1991 event, increases in ozone concentration of 5 parts per billion or greater 
were modelled over a cross-wind distance of about 2 kilometres.

Footprint Analysis

One-hour ozone impacts of airport operation were predicted to result in 
increased concentrations of from 0.6 to 2.4 parts per hundred million during 
otherwise high ozone events. Work by Katestone Scientific (Appendix E) 
shows that the amount of increase in ozone concentration due to the airport 
is sensitive to the air chemistry reaching the airport. These increases would be 
likely to result in increased incidence of ozone levels in excess of the goal of 
10 parts per hundred million. Figure 7.1 shows the predicted area which 
would be affected by an increased ozone concentration of at least one part per 
hundred million about six times per year. The number of people living in 
these areas in 2016 is estimated to be approximately 8,000 for all three 
Badgerys G eek airport options.

7.2.4 Air Toxics

The increase in average ground level concentrations of the following air toxic 
compounds was modelled:

■ Acetaldehyde;

■ Benzene;

■ 1,3 butadiene;

■ Formaldehyde;

■ Toluene;

■ Phenol; and

■ Xylenes.

Based on modelling, Figure 6/0 in Appendix B shows the increase in average 
ground level concentration of benzene which would occur as a result of 
airport operation in 2116. It is predicted that average benzene concentrations 
would increase by less than 0.1 parts per billion which are much lower than 
background concentrations currently existing within the Sydney Basin. Health 
impacts associated with increases in concentrations of air toxics are discussed 
in Section 9.1.4.
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7.2.5 Odour

Odour impacts of the airport were assessed based upon calculated ground 
level hydrocarbon concentrations. The odour associated with a nominated 
ground level concentration was calculated by applying a factor developed 
based on sampling of air emissions from aircraft exhaust. The occurrence of 
kerosene type odours was predicted by dividing the modelled hydrocarbon 
concentration by 34 micrograms per cubic metre to obtain odour units. This 
factor was assessed based on field measurements of odour and hydrocarbon 
concentration described in Section 5.

Odour strengths and hydrocarbon concentrations for eight samples were 
measured at Sydney Airport and used to assess a factor for prediction of odour 
level based on hydrocarbon concentration. N SW  Environment Protection 
Authority recommends that odour concentration calculated as a three minute 
average should not exceed two odour detection units with a frequency of more 
than 0.5 percent.

Based on this analysis it is predicted that kerosene type odours would be 
detected at distances of up to three kilometres from the airport boundary 0.5 
percent of the time. This is shown in Figure B11 in Appendix B. This 
represents detectable odour levels during 44 hours in a year, in 2016, by 
between 1,000 and 1,500 people.

A  sewage treatment plant is proposed to be constructed to service the airport. 
This would have the capacity to meet the demands of an equivalent 
population of 84,000 people. Dispersion modelling of odour impacts 
(Appendix /) predicts that odours from the sewage treatment plant would be 
able to be detected for 44 hours or more per year at distances of up to 500 
metres from the airport boundary, in the vicinity of the plant.

7.2.6 Pa rt ic u la tes

An assessment of background concentrations of particulate matter smaller than 
10 microns was developed for the Badgerys Creek vicinity based on the 
following monitoring data:

■ monitoring at the N SW  Environment Protection Authority air quality 
monitoring station at Bringelly over the period from October 1991 to 
January 1994. The peak daily average concentration measured during 
this period was 191 micrograms per cubic metre measured in January, 
1994. This value is well in excess of the N SW  Environment Protection 
Authority goal of 150 micrograms per cubic metre and is attributed to 
the effects of severe bushfires which occurred at that time. The range 
of peak monthly values of daily average concentration over the 
remainder of the monitored period was 18 micrograms per cubic metre
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to 45 micrograms per cubic metre. The highest values occurred during 
the winter months when poor dispersion conditions occur and use of 
solid fuel heaters takes place;

■ monitoring of the concentration of particulate matter smaller than ten 
micron was carried out by TC Forensic (1995) at Bringelly and Kemps 
Creek for a period of one month at each site during the winter of 1995. 
The highest daily average concentration recorded was 14 micrograms 
per cubic metre at Badgerys Creek (June 1995) and 26 micrograms per 
cubic metre at Kemps Creek (July 1995); and

■ peak daily concentrations of particulate matter smaller than ten microns 
ranging between 30 and 35 micrograms per cubic metre were recorded 
at during monitoring at Hoxton Park and Horsley Park (16 November 
to 31 December 1994).

Based on the above results a background concentration of particulate matter 
less than ten microns of 50 micrograms per cubic metre were adopted in the 
vicinity of the Badgerys Creek area.

Figure B12 in Appendix B presents the calculated peak increase in daily PM 10 
concentration due to operation of the airport for each of the airport options. 
As peak background concentrations are assessed to be 50 micrograms per 
cubic metre, these increases would not result in increase of particulate 
concentrations above the N SW  Environment Protection Authority goal of 150 
micrograms per cubic metre.

Figure B13 in Appendix B presents the calculated average increase in PM 10 
ground level concentration due to airport operation. The increase is small by 
comparison with the annual goal of 50 micrograms per cubic metre and would 
not be expected to increase average PM 10 concentrations above the goal.

Figure B 14 in Appendix B shows the modelled increased in peak 24 hour PM 10 
concentrations due to initial airport operation in 2006. Predicted increases 
follow a similar form to that predicted for 2016 but with only about half the 
predicted increase.

7.2.7 Sulphur Dioxide

Existing background levels of sulphur dioxide are well within the World 
Health Organisation goal of 12 parts per hundred million for the one hour 
concentration. The highest value recorded in the Sydney basin in 1995 was 
4 parts per hundred million at Woolooware in January. Figure B15 in 
Appendix B shows the calculated increase in maximum hourly ground level 
sulphur dioxide concentrations as a result of airport operation in 2116. The
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calculated increases are well below the goal level and would not be expected 
to result in the goal level being exceeded.

7.3 Associated Developments and Motor Vehicles

Changes in urban development and the volume and distribution of motor 
vehicle traffic resulting from operation of the Second Sydney Airport would 
result in increases in air pollutant emissions over and above those generated 
by aircraft and other sources within the airport boundaries. Increases are 
primarily due to increased motor vehicle use with non-vehicle related 
increases (due to population changes) comprising less than 10 percent of the 
total predicted increase for hydrocarbons and less than one percent of the 
increase for oxides of nitrogen and carbon monoxide.

In particular, increases in motor vehicle usage would occur along the main 
road links to the airport sites, but the resulting emissions would likely be 
spread over a wide area. An assessment of air quality impacts due to these 
additional emissions was carried out by CSIRO  Division of Coal and Energy 
Technology and is presented in Appendix I.

For the Badgerys Creek options, motor vehicle emissions would be 
significantly increased to the north along the main access road connecting to 
the M4 Motorway. These emissions would tend to reinforce ozone impacts 
due to emissions from the airport itself during conditions leading to increased 
ozone. It is predicted that airport associated emissions of nitrogen dioxide 
would result in a combined impact 20 to 30 percent greater than due to the 
airport alone.

The effect of airport associated emissions would be greatest for north-easterly 
winds when motor vehicle emissions from roads to the north of the airport 
would be carried over the airport reinforcing emissions from the airport itself. 
In addition to the impact along trajectories passing through the airport, there 
would be more widespread impacts of lower magnitude due to the broad 
distribution of airport associated emissions.

The influence of airport associated emissions is complex. Emissions of nitric 
oxide are oxidised to nitrogen dioxide consuming ozone in the process. Once 
the nitric oxide is converted to nitrogen dioxide, the production of ozone 
resumes. The nitrogen dioxide then contributes to chemical reactions resulting 
in the formation of ozone and if these reactions proceed to equilibrium the 
ultimate ozone concentration is proportional to the total amount of oxides of 
nitrogen emitted into a particular parcel of air. Thus the emissions of nitrogen 
dioxides result in a localised reduction in ozone concentration but increased 
ozone concentration downwind. The rate of the chemical reactions leading 
to ozone formation increases with increasing concentration of hydrocarbons.
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Thus airport associated emissions of hydrocarbons would result in more rapid 
photochemical smog reactions.

In the area immediately downwind of the sources of emissions, the general 
effect of hydrocarbon emissions is to move the boundary of the onset of 
increased ozone impacts towards the source of the hydrocarbon emissions 
whereas the effect of nitrous oxides emissions is to extend downwind the zone 
of ozone suppression caused by the presence of nitric oxide. In summary, 
these near field effects due to hydrocarbon and nitrogen oxide emissions have 
opposite effects and, depending on the relative magnitudes of the quantities 
of hydrocarbon and nitrogen oxide emissions from a source region, can be self 
compensating. In the receptor cares further downwind the effects are different, 
with both hydrocarbons and nitrous oxides increases likely to increase ozone 
concentrations.

For the Badgerys Creek airport options, associated nitrous oxides and 
hydrocarbon emissions would tend to occur upwind of the airport for events 
leading to high ozone concentrations. Taking into account the opposing 
effects in the near field of hydrocarbons and oxides of nitrogen emissions from 
airport associated developments, this positioning would tend to result in no 
great change in the location of the upwind boundary for the onset of ozone 
increases due to emissions from the airport.

While this assessment of impacts of associated development and motor vehicle 
traffic is subject to certain limitations because of the modelling process and 
availability of data, it still provides a useful comparison of possible indirect 
impacts associated with each of the airport options.
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Chapter 8 Impacts of Holsworthy O ptions

8.1 Construction of the A irport

Construction of Sydney Second Airport at Holsworthy would involve 
substantially more earthworks than for Badgerys Creek due to the greater relief 
in the terrain. Dispersion modelling of dust impacts indicates that there would 
be potential for increased dust deposition rates in excess of the generally 
allowable limit of two micrograms per square metre, at the airport boundaries, 
due to construction (see Figure B 1 in Appendix B).

These levels of dust deposition would occur largely within the Holsworthy 
M ilitary Area and would be unlikely to affect populated areas. Increases in 
concentrations of particulates smaller than ten microns are also predicted. 
Peak daily concentrations of particulates smaller than ten microns could be 
increased by more than 100 micrograms per cubic metre for distances of up 
to four kilometres from the airport boundary. This would only occur under 
worst case conditions, such as when earthmoving activities are occurring close 
to the airport boundary. Impacts would not generally be as severe as shown 
in Figure B2 in Appendix B. Increases of greater than 100 micrograms per 
cubic metre have the potential to raise the concentration of particulates above 
the N SW  Environment Protection Authority goal of 150 micrograms per cubic 
metre.

Concerns have been expressed in relation to the possible presence of lead in 
the soils within the Holsworthy Military Area arising from artillery 
bombardment and the potential for dispersion of lead as part of dust emissions 
during construction. Preliminary assessment of soils from areas which have 
been subjected to heavy artillery bombardment has not indicated elevated 
lead levels (refer Technical Paper No. 10- Hazards and Risks). It is therefore 
considered unlikely that any lead introduced as a result of artillery 
bombardment would provide a significant source of lead in construction dust.

Dust emissions during construction could potentially result in deposition of 
dust on washing being dried and into swimming pools and rainwater tanks. 
The amount of dust deposited would depend upon the effectiveness of dust 
control measures.

8.2 O peration of the A irport

Table 8.1 presents the predicted maximum increases in ground level 
concentrations at the airport boundary for a range of pollutants.

Department of Transport and Regional Development Pace 8-1



S ec o n d  S y d n ey  A irport

Ta ble  8.1 Pred icted  Increases in  G r o u n d  Level Co n cen tratio n s o f  A ir  Po llu t a n t s  D ue 
t o  O pera t io n  o f H o ls w o r t h y  O pt io n s

Parameter Goal
Maximum

Background1

Predicted Maximum 
Increase 

20162

Option A Option B

One-hour Ozone 
(parts per hundred million)

10 10 2.1 2.2

One-hour Nitrogen Dioxide 
(parts per hundred million)

16 10 8 8

Daily particulates below 10 
micron (micrograms per cubic 
metre)

150 50 20 25

One-hour Carbon Monoxide 
(parts per million)

25 10 4 5

Eight-hour Carbon Monoxide 
(parts per million)

9 3 0.6 1.0

One-hour Sulphur Dioxide 
(parts per hundred million)

12.5 4 5 5

Notes: 1. Maximum background concentrations were assessed based on monitoring results from
available monitoring data.

2. Maximum increase predicted for areas outside the airport boundary.

The results in Table 8.1 illustrate, for the conservative assumption that 
maximum airport impact and maximum background concentration might 
occur simultaneously, that the concentrations of carbon monoxide, sulphur 
dioxide, and particulates would not exceed the goal values. Ozone levels, 
however would exceed goal values.

8.2.1 Carbon Monoxide

Background concentrations of carbon monoxide at Holsworthy were assessed 
using monitoring results from the Environment Protection Authority monitoring 
station at Liverpool which is the nearest Environment Protection Authority air 
quality monitoring site for which carbon monoxide monitoring data is 
available. Peak monthly, hourly, average carbon monoxide concentrations at 
Liverpool over the period February 1994 to December 1995 ranged from 1.7 
parts per million to 9.3 parts per million. Highest concentrations were 
recorded during winter and this is attributed to poorer dispersion of pollutants 
during winter and the use of solid fuel heaters.
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A background level of 10 parts per million was adopted for one hour carbon 
monoxide in the vicinity of the Holsworthy airport sites. This value is 
considered reasonable for the more heavily populated areas such as 
Campbelltown but is considered conservative for lightly populated areas.

There is not sufficient information for adoption of a background level for eight 
hour carbon monoxide concentration for Holsworthy expect to note that it 
would be less than the maximum one hour carbon monoxide concentration.

At Holsworthy, the background levels within the Military Area are likely to be 
significantly lower than in populated areas. The modelled maximum increase 
in 8 hour carbon monoxide levels in populated areas to the west of the airport 
site (such as Campbelltown, Wedderburn, St Helens Park, Minto and Glenfield 
Park) is less than 0.5 parts per million which is well below the goal value of 9 
parts per million. Increases in these areas due to the airport would take place 
as a result of evening winds with an easterly component typically between 
6pm and 9pm.

Figure B4 in Appendix B presents the predicted maximum increase in hourly 
average carbon monoxide concentration for aircraft takeoff direction selected 
to maximise peak increase in carbon monoxide concentration for Holsworthy 
Options A and B. It is clear by comparison of Figures B3 and B4 that peak 
ground level increase in carbon monoxide concentration has only modest 
sensitivity to direction of takeoff. Consequently, only takeoff with a northerly 
component was considered for subsequent analysis.

Figure B3 in Appendix B presents the maximum increase in hourly average 
ground level carbon monoxide concentration calculated for the two year 
period modelled. For all airport options the calculated increase in carbon 
monoxide concentration is well below the N SW  Environment Protection 
Authority goal of 25 parts per million for a one hour average. If the calculated 
maximum increases are added to the background values of 10 parts per million 
for Holsworthy the resulting concentrations are still well within the goal of 25 
parts per million.

Figure B5 in Appendix B presents the maximum increase in eight hour average 
ground level carbon monoxide concentration calculated for the two year 
period modelled. Similar concentration impacts are assessed for each of the 
airport options. These increases are typically less than 0.5 parts per million. 
This increase is much less than the goal of 9 parts per million. Assessment of 
background peak eight hour carbon monoxide concentration is uncertain.

Figure B6 in Appendix B shows the modelled increase in one hour carbon 
monoxide concentration due for initial airport operation in 2006. Predicted 
increases in concentration are of the order of half those predicted for design 
level operation in 2016.
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Given the uncertainty in carbon monoxide levels in the vicinity of the 
Holsworthy site it is recommended that monitoring be carried out at the 
candidate sites and at Campbelltown to provide background information, 
should airport development proceed for either of the Holsworthy options.

8.2.2 Nitrogen Dioxide

Background monitoring results from the industry air quality monitoring station 
at Campbelltown reported by N SW  Environment Protection Authority from 
January 1992 to December 1995 recorded a range of monthly maximum 
values for hourly nitrogen dioxide of 2.1 parts per hundred million to 27 parts 
per hundred million. An isolated high value of 27 parts per hundred million 
was recorded for September 1995. The average concentration of nitrogen 
dioxide for this month was 2.2 parts per hundred million which is typical of 
monthly averages. The next highest hourly value of 9.9 parts per hundred 
million. Apart from a possible increase in levels following relocation of the 
monitoring station during early 1995 there is no apparent long term trend in 
monitoring data.

Background monitoring by N SW  Environment Protection Authority at 
Liverpool from November 1992 to December 1995 recorded a range of 
monthly maximum values for hourly nitrogen dioxide of 3.7 parts per hundred 
million to 12 parts per hundred million with an average maximum of 6.0 parts 
per million. The highest hourly values tend to occur in winter.

Background monitoring by N SW  Environment Protection Authority at Appin 
from January 1995 to December 1995 recorded a range for monthly maximum 
values for nitrogen dioxide from 1.8 to 8.9 parts per hundred million with an 
average monthly maximum of 3.0 parts per hundred million. The highest 
value of 8.9 parts per hundred million was recorded in January and was more 
than double the second highest monthly maximum. The results do not show 
seasonal trends and the record is too short to allow assessment of long term 
trends.

Based on these results a background value of 10 parts per hundred million was 
adopted for peak hourly nitrogen dioxide in the vicinity of the Holsworthy 
airport options.

The calculated increases in average long term nitrogen dioxide concentration 
which would occur as a result of airport operation are presented in Figure B7  
in Appendix B. Calculated increases are well below the goal of 5 parts per 
hundred million and it is assessed as unlikely that airport operation would 
result in an increase of average nitrogen dioxide concentration above the N SW  
Environment Protection Authority goal.
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For modelling of the Holsworthy options, 10 per cent of oxides of nitrogen 
were assumed to be nitrogen dioxide. This assumption is based on measured 
data as outlined in Section 3.7.2.

Figures B8 in Appendix B show increases in peak hourly nitrogen dioxide 
concentrations which are predicted to result from airport operations in 2016. 
The maximum predicted increase in nitrogen dioxide concentrations is eight 
parts per hundred million. Apart from in a small zone within the Holsworthy 
Military Area, the predicted increases would not result in peak nitrogen 
dioxide concentrations exceeding the goal of 16 parts per hundred million, 
even if a conservative assumption is made that the maximum predicted 
increase occurs in an area with maximum background levels.

Figure B9 in Appendix B shows the modelled increase in peak one hour 
nitrogen dioxide concentration due to initial airport operation. Predicted 
increases are about half those predicted for 2016.

8.2.3 Ozone

Ozone impacts were assessed using two methods of analysis, trajectory 
modelling as described in Section 3.7.5 and footprint analysis as described in 
Section 3.7.6.

Trajectory Modelling

Two meteorological events resulting in high ozone levels in western Sydney 
were modelled to assess ozone impacts which would result from the Second 
Sydney Airport.

The modelled ozone impacts due to emissions from an airport at the 
Holsworthy Option A site were similar in distribution for both events modelled 
with higher concentrations predicted for the event of 9 February 1994. 
Increased ozone concentrations of up to 20 parts per billion were predicted as 
a result of airport operation. In the case of the event of 9 February, 1997, 
ozone impacts in excess of 10 parts per billion were predicted over a width of 
9 kilometres. Increased ozone concentrations commenced about 10 
kilometres downwind of the airport and continued in excess of 50 kilometres. 
Similar effects were noted for the event of 4 February, 1991.

For the case of Holsworthy Option B, increases in ozone concentration of up 
to 20 parts per billion were predicted for the event of 9 February, 1997 with 
increases of 10 parts per billion affecting a strip with a cross wind distance of 
12 kilometres commencing about 10 kilometres downwind from airport and 
persisting for over 50 kilometres. For the event of 4 February, 1991, much 
lower increases in ozone concentration were predicted with impacts generally 
less than 10 parts per billion.
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Footprint Analysis

Airport operation is predicted to result in an increase in one-hour ozone 
concentration of up to 2.1 parts per hundred million during otherwise high 
ozone events. Analysis by Katestone Scientific (Appendix E) shows that ozone 
impacts of the airport would be sensitive to the chemistry of the incident air 
reaching the airport site. Increases for Holsworthy Option A from 0.6 to 2.1 
parts per hundred million were predicted under a range of high background 
ozone conditions. This would be likely to result in an increased occurrence 
of ground level ozone concentrations in excess of the goal of 10 parts per 
hundred million. Similar impacts are predicted for Holsworthy Option B.

Figures 8.1 and 8.2 show the areas which are predicted to be affected by 
increased ozone concentrations of at least one part per hundred million for 
Holsworthy Option A and Option B in the year 2016. It is estimated that
176,000 people (estimated 2016 population) could be affected by ozone 
increases of this magnitude, generated by about nine times per year for 
Holsworthy Option A. Approximately 28,000 people would be affected by 
ozone generated by Holsworthy Option B, again approximately nine times per 
year.

Ozone impacts of Holsworthy Option A would affect the greatest number of 
people because the area where peak ozone concentrations would occur 
includes large population centres in Campbelltown local government area.

8.2.4 A ir  Toxics

The increase in average ground level concentrations of the following air toxic 
compounds was modelled:

■ Acetaldehyde;

■ Benzene;

■ 1,3 butadiene;

■ Formaldehyde;

■ Toluene;

■ Phenol; and

■ Xylenes.

Based on modelling, Figure B10 in Appendix B shows the increase in average 
ground level concentration of benzene which would occur as a result of
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airport operation in 2116. It is predicted that average benzene concentrations 
would increase by less than 0.1 parts per billion which are much lower than 
background concentrations currently existing within the Sydney Basin. Health 
impacts associated with increases in concentrations of air toxics are discussed 
in Section 9.1.4.

8.2.5 Odour

Odour impacts of the airport were assessed based upon calculated ground 
level hydrocarbon concentrations. The odour associated with a nominated 
ground level concentration was calculated by applying a factor developed 
based on sampling of air emissions from aircraft exhaust. The occurrence of 
kerosene type odours was predicted by dividing the modelled hydrocarbon 
concentration by 34 micrograms per cubic metre to obtain odour units. This 
factor was assessed based on field measurements of odour and hydrocarbon 
concentrations described in Section 5.

Odour strengths and hydrocarbon concentrations for eight samples were 
measured at Sydney Airport and used to assess a factor for prediction of odour 
level based on hydrocarbon concentration.

Based on this analysis it is predicted that kerosene type odours would be 
detected at distances of up to three kilometres from the airport boundary 0.5 
percent of the time. This represents detectable odour levels during 44 hours 
in a year, for less than 100 people for Options A and B in 2016.

A sewage treatment plant is proposed to be constructed to service the airport. 
This would have the capacity to meet the demands of an equivalent 
population of 84,000 people. For Holsworthy Option A, dispersion modelling 
of odour impacts (Appendix I) predicts that areas where odour would be able 
to be detected for 44 hours or more per year would be contained within the 
airport boundary or within the Holsworthy Military Area. For Holsworthy 
Option B, it is predicted that odour impacts would occur in an uninhabited 
area within 500 metres of the south-west corner of the airport boundary.

8.2.6 Particulates

Background concentrations of PM 10 in the vicinity of the Holsworthy airport 
option sites were assessed based on the following data:

■ Quarterly Air Quality Monitoring Reports (Environment Protection 
Authority, 1997b) show that the industry air quality monitoring site at 
Campbelltown recorded peak daily concentrations of 17, 13, 127 
micrograms per cubic metre for the months of February, March and 
April in 1994;
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■ the N SW  Environment Protection Authority monitoring station at 
Earlwood which is the nearest station for which an extended record of 
PM ,0 monitoring is available, shows maximum daily concentration 
measured each month varying from 17 micrograms per cubic metre to 
96 micrograms per cubic metre with an average of 38 micrograms per 
cubic metre; and

■ measurement of fine particle (less than 2.5 microns) concentrations by 
Australian Nuclear Science and Technology Organisation et al (1995) 
showed similar monthly average concentrations of fine particles at 
Campbelltown, Lucas Heights and Wilton.

Based on these results the adopted peak background daily PM ,0 concentration 
in the vicinity of the Holsworthy sites was taken as 50 micrograms per cubic 
metre.

Figure B13 in Appendix B presents the calculated peak increase in daily PM 10 
concentration due to operation of the airport for each of the airport options. 
The maximum increase in PM n concentration outside the airport boundary 
due to operation of the airport is 20 micrograms per cubic metre for 
Holsworthy Option B. As peak background concentrations are assessed to bu 
50 micrograms per cubic metre, these increases would not result in increase 
of particulate concentrations above the N SW  Environment Protection 
Authority goal of 150 micrograms per cubic metre.

Figure B13 in Appendix B presents the calculated average increase in PM ,0 
ground level concentration due to airport operation. The increase is small by 
comparison with the annual goal of 50 micrograms per cubic metre and would 
not be expected to increase average PM 10 concentrations above the goal.

Figure B14 in Appendix B shows the modelled increase in peak 24 hour PM 10 
concentrations due to initial airport operation in 2006. Predicted increases 
follow a similar form to that predicted for 2016 but with only about half the 
predicted increase.

8.2.7 Sulphur Dioxide

Existing background levels of sulphur dioxide are well within the World 
Health Organisation goal of 12 parts per hundred million for the one hour 
concentration. The highest value recorded in the Sydney Basin in 1995 was
4.0 parts per hundred million at Woolooware in January. Figure B15 in 
/Kppendix B shows the calculated increase in maximum hourly ground level 
sulphur dioxide concentrations as a result of airport operation in 2116. The 
calculated increases are well below the goal level and would not be expected 
to result in the goal level being exceeded.
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8.3 Associated Developments and Motor Vehicles

Changes in urban development and the volume and distribution of motor 
vehicle traffic resulting from operation of the Second Sydney Airport would 
result in increases in air pollutant emissions over and above those generated 
by aircraft and other sources within the airport boundaries. Increases are 
primarily due to increased motor vehicle use with non-vehicle related 
increases (due to population changes) comprising less than 10 percent of the 
total predicted increase for hydrocarbons and less than one percent of the 
increase for oxides or nitrogen and carbon monoxide. An assessment of air 
quality impacts due to these additional emissions was carried out by CSIRO 
Division of Coal and Energy Technology and is presented in Appendix

For Holsworthy Option A, increased emissions due to associated development 
tend to be concentrated to the north of the airport along the main transport 
corridors. Under meteorological conditions where increases in ozone as a 
result of airport operation are predicted, the impacts of these associated 
emissions would tend to add to impacts of emissions from airport ground 
operations and aircraft during climb out. The increase in emissions due to 
airport associated developments (estimated to be along six kilometre wide 
trajectories through the airport) would amount to up to 34 percent increase 
over airport emissions alone. This would be expected to result in an increase 
in peak ozone impacts of similar percentage. Impacts of this magnitude would 
only apply in the zone of ozone impact to the south-east of the airport. There 
would be little impact to the south-west of the airport as for these cases airport 
associated emissions would be low in comparison with airport emissions for 
trajectories passing over the airport. The location of the zone of maximum 
ozone impact would not be greatly affected by airport associated emissions.

For Holsworthy Option B, it is predicted that the ozone impact would be 
increased by up to 28 percent by the effects of airport associated emissions 
compared with the impact due to airport emissions alone. These increases in 
ozone concentration would affect the regions to the south-east and south-west 
of the airport which would suffer increased ozone concentrations as a result 
of airport emissions. The location of the area impacted to the south-east of the 
airport would not be greatly affected as a result of airport associated emissions. 
The zone of impact to the south-west would tend to move downwind (further 
to the south-west) as a result of the airport associated emissions because of the 
concentration of airport associated emissions to the west of the airport.

While this assessment of impacts of associated development and motor vehicle 
traffic is subject to certain limitations, because of the modelling process and 
availability of data, it still provides a useful comparison of possible indirect 
impacts associated with each of the airport options.
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Chapter 9 Potential Health Impacts

9.1 Respiratory Health Impacts

The Institute of Respiratory Medicine at the Royal Prince Alfred Hospital 
carried out a literature review of respiratory health impacts due to exposure to 
ozone, nitrogen dioxide and particulates. A copy of this review is presented 
as Appendix F and the main findings are summarised below.

9.1.1 Ozone

Ozone is an insoluble gas which means it can exert effects throughout the 
airways from the mouth to the periphery of the lung. As a highly reactive 
chemical with potent oxidant activity, it produces direct and indirect toxic 
effects on cell constituents.

There are few domestic indoor sources of ozone. Furthermore, ozone which 
enters the house from outdoors is quickly inactivated by chemical reaction 
with household surfaces. Hence ozone is predominantly an outdoor pollutant.

The current Australian air quality goals for ozone are 10 parts per hundred 
million for one hour average and 8 parts per hundred million for four hour 
average.

Exposure of ozone causes a short-term reduction in lung function, the extent 
of which is related to the ozone concentration, the duration of exposure and 
the level of activity (such as exercise) being undertaken. In many cases, 
reduction in lung function is not accompanied by an symptoms, but some 
people (more commonly adults rather than children) experience chest 
discomfort or difficulty in taking a deep breath. Individuals vary in their 
sensitivity to ozone but the elderly and those with pre-existing respiratory 
diseases (including asthma) are more susceptible than others. Those whose 
work or recreation entails outdoor physical activity are most likely to be 
affected by ozone exposure.

The Technical Report on Respiratory Health Effects (Appendix F) identified 
three measures to quantify the lung function changes in response to ozone 
exposure. From the literature review it was estimated that a 0.1 part per 
hundred million increase in ozone concentration would result in:

■ 1.7 percent reduction in lung capacity;

■ 1.4 percent increase in the risk of hospitalisation; and
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■ 1.0 percent increase in the risk of death.

These impacts would only apply for the duration of the period of increase 
ozone concentration. For example if the risk of death on a particular day was 
1 in 20,000 then this would increase to 1.01 in 20,000 or 1 in 19,800 for a day 
when ozone was increased by 0.1 parts per hundred million. It should be 
noted that there is significant variability in the results quoted in the literature 
and the level of impact of ozone concentration on health must be considered 
uncertain.

Table 9.1 summarises the predicted numbers of people who would be exposed 
to increases in ozone levels beyond one part per hundred million, during high 
ozone events.

Table 9.1 Predicted Populations in 2016 affected by  Ozone Impacts and Number of Ozone 
Events

Predicted Impact
Badgerys Creek Option Holsworthy Options

A B C A B

Number of people exposed to increased 
peak hourly ozone concentration by 
more than 1 part per hundred million 
during high ozone events

8,000 8,000 8,000 176,000 28,000

Number of high ozone events predicted 
per annum

6 6 6 9 9

Adverse health effects may occur on these days when peak ozone 
concentrations are significantly increased by airport operations. On the basis 
of the affected populations shown above it is estimated that two to three extra 
hospital admissions and one death could occur each 100 years as a result of 
the operation of the airport at Badgerys Oeek airport options.

Adverse health effects may occur on the days when peak ozone concentrations 
are significantly increased by airport operations. On the basis of the affected 
populations shown above, it is estimated that 90 extra hospital admissions 
would occur each 100 years for Holsworthy Option A and 14 for Holsworthy 
Option B. The estimated number of additional deaths per 100 years due to 
high ozone concentrations is 34 for Option A, and five for Option B.

It should be noted that predicted numbers of hospital admissions and deaths 
due to ozone are likely to be over estimates, because some admissions and 
deaths would have occurred in any case. Airport related emissions would 
likely hasten these deaths rather than be the cause.
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9.1.2 Health Effects due to Exposure to Nitrogen Dioxide

Nitrogen dioxide is a poorly water soluble gas which reaches the small airways 
of the lung. It is a by-product of combustion of fossil fuels and is also 
generated in the atmosphere by reaction among other pollutant gases. The 
major outdoor source is the motor vehicle. Gas heaters and stoves are 
important indoor sources of nitrogen dioxide. Indoor concentrations of 
nitrogen dioxide in some homes are higher than those found in outdoor air.

The current National Health and Medical Research Council goal for nitrogen 
dioxide is a one hour maximum of 16 parts per hundred million.

Exposure to nitrogen dioxide at levels seen under ambient conditions does not 
cause any change in lung function in healthy people and probably only causes 
concern in people with asthma or other respiratory disease at levels above 25 
parts per hundred million. The available data do not allow quantification of 
the relationship between nitrogen dioxide exposure and changes in lung 
function.

Evidence that variation in nitrogen dioxide is associated with risk of 
hospitalisation for respiratory disease is conflicting and there is evidence that 
nitrogen dioxide exposure is not linked with daily death rates. For both these 
outcomes it is not appropriate to attempt to quantify an association with 
nitrogen dioxide exposure levels.

9.1.3 Health Effects of Exposure to Particulates

Particulate pollution is a heterogeneous mixture of everything in the air which 
is not a gas. Only those particles which are small enough to enter the lungs 
are clinically important. Particles with a mass median aerodynamic diameter 
greater than ten microns are filtered out by the upper respiratory tract. 
Particles with a mass median aerodynamic diameter near five microns tend to 
deposit in the airways of the lower respiratory tract and particles less than two 
microns reach the alveoli. Some ultra fine particles, which reach the periphery 
of the lung, are capable of inducing an inflammatory reaction which may have 
effects within and beyond the lung.

There is no Australian National Health and Medical Research Council 
guideline for particulates at present. US Environment Protection Authority 
goals for particulate matter with a mass median aerodynamic diameters less 
than 10 microns (PM10) are an annual mean less than 50 micro grams per cubic 
metre and a 24 hour mean of 150 micro grams per cubic metre. The UK 
Department of Environment Expert Panel of Air Quality Standards for Particles 
has recommended a standard 50 micrograms per cubic metre as a 24 hour 
running average.
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Increased exposure to particulates is associated with increased symptoms and 
decreased lung function. This has been most clearly shown in children and the 
effect is more marked in children with pre-existing respiratory disease such as 
asthma. This estimated that a 30 microgram per cubic metre increase in PM 10 
is associated with an eight percent increase in hospitalisation. Day to day 
variation in particulate levels also correlated with variation in daily death rates. 
The correlations are strongest for deaths in elderly and deaths due to cardiac 
and respiratory diseases. It is estimated that on a given day, a 30 microgram 
per cubic metre increase in particulate exposure (a large increase) is predicted 
to cause, on average, a two percent increase in the risk of dying on that day.

O n ly particles which are small enough to enter the lungs (less than 10 
micrometres in diameter) are clinically important. Air quality modelling 
results shown in Table 7.1 indicate that predicted increases of such particulates 
would not result in current goals being exceeded. The health implications of 
these increased concentrations on the affected populations at Badgerys Creek 
are that an increase of between 160 and 170 person days of reported cough is 
predicted to occur due to an increase in particulates concentrations of three 
micrograms per cubic metre. The number of additional people who would be 
hospitalised for respiratory disease is predicted to increase by approximately 
two to three per 100 years, due to episodes of increased particulates, while the 
projected numbers of additional deaths on a given day is predicted to increase 
by less than one per 100 years for the Badgerys Creek options.

Air quality modelling results in Table 8.1 indicate that predicted increases of 
such particulates would not result in current goals being exceeded for the 
Holsworthy options. The health implications of these increased concentrations 
on the affected populations at Holsworthy are that an increase of between 190 
and 270 person days of reported cough is predicted to occur due to an increase 
in particulate concentrations of three micrograms per cubic metre for Options 
A and B respectively. The number of additional people who would be 
hospitalised for respiratory disease is predicted to increase by approximately 
five per 100 years for Option A and seven per year for Option B due to 
episodes of increased particulates. The projected numbers of additional deaths 
on a given day is predicted to increase by one per 100 years for Options A 
and B.

It should be noted that predicted numbers of hospital admissions and deaths 
due to particulates are likely to be over estimates, because some admissions 
and deaths would have occurred in any case. Airport related emissions would 
likely hasten these deaths rather than be the cause.

9.1.4 Air Toxic Health Impacts

California Air Pollution Control Officers Association (1993) provides a list of 
substances for which annual average concentrations should be calculated for
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assessment of cancer and chronic non-cancer risks. Substances in that list 
which have also been identified in the air emissions inventory for the proposed 
airport (contained in Appendix Q  are listed in Table 9.2.

Table 9.2 Substances Considered for Long Term Health Risk

Acetaldehyde 
Benzene 
1,3- Butadiene 
Formaldehyde 
Gasoline vapours 
Lead Compounds’
Polycyclic aromatic hydrocarbons including benzo(a)pyrene
Phenol
Toluene
Xylenes

Notes: 1. Lead compounds were not included in the air emissions inventory because air
emissions are substantially reduced due to the phase out of leaded petrol. They are 
discussed because lead is listed for consideration in the Guidelines for the EIS prepared 
by Environment Australia.

Non-Cancer Risk

Reference exposure levels for long term exposure to air pollutants have been 
tabulated by the California Air Pollution Control Officers Association (1993). 
These reference exposure levels are used as indicators of potential health 
effects which are not related to cancer. For average concentrations below 
these levels, no adverse health effects are anticipated. The potential for 
chronic health effects is assessed by comparing with the long-term exposure 
levels. The compounds listed by California Air Pollution Control Officers 
Association (1993) which are also identified in the A ir Emissions Inventory 
Report (Appendix C) are listed in Table 9.3.

Ta ble  9.3 N o n -c a n c er  Referen ce Ex po su r e  Levels - A ir  Po llu ta n ts

Substance Inhalation Reference Exposure 
Level (micrograms per cubic metre)

References 
(see below)

Acetaldehyde 9 IRIS

Benzene 71 TLV

Formaldehyde 3.6 IRIS

Lead 1.5 CAAQS

Nitrogen Dioxide 470 CAAQS
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Substance Inhalation Reference Exposure 
Level (micrograms per cubic metre)

References 
(see below)

Ozone 180 IRIS

Phenol 45 IRIS

Sulphur dioxide 660 DTSC

Toluene 200 TLV

Xylenes 300 SPHEM

Source: Table 111-8 of California Air Pollution Control Officers Association's Air Toxics 'Hot Spots'
Program Revised 1992 Risk Assessment Guidelines published in October 1993.

Notes: The references listed below are those referred to in the above publication:
IRIS Reference Doses from US Environment Protection Authority's Integrated Risk

Information System.
TLV Indicates that the number is derived from an ACGIH Threshold Limit Value

(TLV) which has been divided by an uncertainty factor of 420. (4.2 (to 
extrapolate from a 40 hour week to a 168 hour full week) times 10 (to 
extrapolate from healthy workers to sensitive people) times 10 (since adverse 
health effects are often seen at the TLVs)].

SPHEM the Superfund Public Health Evaluation Manual, 1986, pp. 149-156.
CAAQS California Ambient Air Quality Standard.
DTSC Department of Toxic Substances Control Applied Action Levels.

Lead is an air pollutant released from motor vehicles fuelled with leaded 
petrol. Poisoning occurs when blood levels of lead exceed 500 micrograms 
per litre. Levels as low as 100 micrograms per litre in blood have been linked 
with behavioural changes in children (Needleman et al 1979). By 2006, the 
proportion of the motor vehicle fleet which uses leaded fuels (petrol fuel 
vehicles manufactured prior to 1986) will be very low and as a result air 
emissions of lead will not be significant. By 2006 ambient lead levels will also 
be low compared with the Environment Protection Authority goal value of 1.5 
micrograms per cubic metre. For these reasons lead air pollution resulting 
from airport operation will not be significant.

For each of the air toxic compounds listed in Table 9.3, with exception of lead 
and ozone, the long term increase in concentration due to operation of Sydney 
Second Airport was predicted using dispersion modelling. Lead was not 
included for the reasons discussed above and increase in long term average 
ozone concentration was not able to be assessed using dispersion modelling. 
Note that the inhalation reference dosage for ozone of 180 micrograms per 
cubic metre is approximately equal to nine parts per hundred million.

For each of the remaining air toxic compounds the predicted increase in 
average air toxic concentration was divided by the inhalation reference 
exposure. This gave an exposure index for each of the air toxic compounds 
considered. None of the individual predicted long term concentration 
increases exceeded the inhalation reference exposure levels for any of the
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airport options. The combined exposure, calculated by summing the fractional 
exposure levels, was less than 0.3 (acceptable exposures are less than one) 
outside the airport boundary for all airport options indicating that the non
cancer impact due to these air toxic compounds was within acceptable limits. 
Figure B 76 in Appendix B shows the modelled reference exposure dosage for 
each of the airport options. Similar increases in exposure are assessed in each 
case.

Cancer Risk

This section describes the results of an assessment of health impacts due to 
carcinogenic air toxic compounds which would be emitted as a result of the 
operation of the Second Sydney Airport. Emissions from aircraft, ground 
service vehicles, maintenance operations and passenger motor vehicles are 
outlined in the Emissions Inventory Report in Appendix C. The pollutants 
which are addressed are:

■ Acetaldehyde;

■ Benzene;

■ 1,3-butadiene;

■ Formaldehyde; and

■ Polycyclic aromatic hydrocarbons including benzo(a)pyrene.

Table 9.4 presents the lifetime inhalation cancer unit risk factors for the above 
compounds obtained for a range of sources. The tabulated factors represent 
the theoretical risk of cancer over the course of an average lifetime due to a 
continuous inhalation exposure to a concentration of one microgram per cubic 
metre.

For example, in the case of benzene, the California Air Pollution Control 
Officers Association (1993) indicates a lifetime risk of 2.9 in one hundred 
thousand (2.9x10's). This means that, theoretically, if 100,000 people were 
exposed to benzene at a concentration of one microgram per metre cubed 
then 2.9 people would develop cancer over their lifetime as a result. A  range 
of risk factors was identified in the literature indicating that the assessment of 
these cancer risks is changing with time.
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Table 9.4 In h a la tio n  Cancer U nit R isk Factors (L ifetim e R isk fo r Inhalatio n  At o n e

MICROCRAM PER CUBIC METRE)

Pollutant Source

Falling on Deaf Victorian 
Ears* EPAb

Acetaldehyde

Benzene 8.3x10* 8.3x10*

1,3 Butadiene 2.8x10* 2.8x10*

Formaldehyde 1.3x10s 1.3x10s

Benzo(a)pyrene 3.3x103
Particulate matter 

Petrol vehicles 

Diesel vehicles 
Aircraft

Katatani et al 1994c Vigyan Inc- CAPCOA1

2.7x10*

1.3x107 8.3x10* 2.9x10s

2.8x10* 1.7x10*

1.3x10s 6.0x10*

3.3x10s 1.7x10s 1.7x10s

5.1x10s

1.7x10s

1.7x10s

Notes: a. Report of the Senate Select Committee on Aircraft Noise in Sydney November, 1995. 
Reference is to US Environment Protection Authority material.

b. Dennis Hearne, Motor Vehicle Emissions in Melbourne: Their Environmental Impact, 
Proceedings of The Clean Air Society of Australia and New Zealand Inc., 12th 
International Conference, October, 1994.

c. N. Katatani, N. Furushashi, S. Ogura, O. Nakasugi, A Case Study for the Estimation of 
Human Risk by Toxic Organic Compounds, Proceedings of The Clean Air Society of 
Australia and New Zealand Inc., 12th International Conference, October, 1994.

d. Vigyan Inc, Estimation and Evaluation of Cancer Risks Attributed to Air Pollution in 
Southwest Chicago, Report prepared for US EPA, April 1993.

e. California Air Pollution Control Officers Association's Air Toxics 'Hot Spots’ Program 
Revised 1992 Risk Assessment Guidelines, published in October 1993.

The combined cancer risk associated with airport emissions for each of the 
above air toxics was estimated for each of the airport options. For each air toxic 
compound, dispersion modelling was carried out to predict the average 
increases in concentrations. The highest of the risk factors for each air toxic 
compound from Table 9.4 was applied to the predicted average increase in 
concentration and the sum of the cancer risk for the combined exposure to the 
list of air toxic compounds was calculated. In the case of particulates, the risk 
factors reported by Vigyan (1993) were adopted. These risk factors address the 
presence of a number of carcinogenic compounds present in particulate 
emissions including polycyclic aromatic hydrocarbons such as benzo(a)pyrene. 
Different risk factors were applied to particulates emitted from petrol fuelled 
motor vehicles, diesel fuelled motor vehicles and from aircraft.

Figure B ! 7 in Appendix B presents contours of the predicted increase in lifetime 
risk of cancer which would result from exposure to air toxic compounds from 
Sydney Second Airport. The level of risk is similar for each of the airport
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options considered, with risk factors as high as one in one hundred thousand 
(1x1 O'5) predicted at the airport boundary in each case.

These risks are for a worst case situation as they would apply to a person who 
spent 24 hours per day for their entire life (assumed 70 years) at a location near 
the airport.

Ta ble  9.5 Po pu la t io n s  Expo sed  to  Ca n c er  R isks in  2016 fo r  Ea c h  o f  th e A ir po r t  O pt io n s

Airport Option Risk Factor
Projected Population 

Estimates (2016)

Badgerys Creek Option A 1 to 2x10 s 125,000
2 to 5x10'5 3,100

greater than 5x10'5 1,000

Badgerys Creek Option B 1 to 2x10'5 122,000
2 to 5x10'5 4,000

greater than 5x10'5 900

Badgerys Creek Option C 1 to 2x10'5 109,000
2 to 5x1 O'5 5,200

greater than 5x10'5 500

Holsworthy Option A 1 to 2x10 282,000
2 to 5x1 O'5 32,000

greater than 5x10'5 0

Holsworthy Option B 1 to 2x10s 150,000
2 to 5x10 s 1,000

greater than 5x10 s 0

Integration of the modelled cancer risk with projected populations in the areas 
(shown in Table 9.5) surrounding the airport options gives a worst case range of 
three cases of cancer per 100 years for all three Badgerys Creek options (for 
2016). A  worst case range of eight cases per 100 years for Holsworthy Option A 
and three cases per 100 years for Holsworthy Option B (for 2016) is predicted. 
Risks on 2006 would be lower than this because of reduced emissions and 
lower projected populations.

The main contributors to cancer risk are 1,3 butadiene and particulate matter 
which was assumed as presenting a cancer risk, due to the presence of 
polycyclic aromatic compounds including benzo(a)pyrene. These two 
pollutants (1,3 butadiene and particulates) typically account for about 80 
percent of the total cancer risk.

Department of Transport and Regional Development Pace 9-9



O ther  Potential A ir Q u ality  Im pacts - C hapter  10

Chapter 10 Other Potential A ir Q uality Impacts

10.1 Fuel Releases

Two possible causes for fuel to be released form an aircraft during flight are fuel 
dumping and fuel venting. There are also a number of phenomena that are 
commonly mistaken for fuel releases.

10.1.1 Fuel Dumping

In some circumstances, it is necessary for an aeroplane to 'dump' fuel in order 
to reduce its weight in order to make landing either safer or possible. The 
release of fuel into the atmosphere is a potential hazard and, therefore, fuel 
dumping is governed by specific regulations.

The regulations for fuel jettison are outlined in the Australian Manual of Air 
Traffic Services (Airservices Australia, 1996). The regulations take into account:

■ likelihood of humans or animals suffering toxic effects;

■ possibility of damage to crops or built-up areas; and

■ airspace likely to be affected by the fuel.

Investigations show that if fuel is dumped above 1,000 ft, it should evaporate 
before reaching the ground (Australian Manual of Air Traffic Services, 1996). 
Fuel dumping is only permitted at least 6,000 ft above ground level and 
therefore all fuel should evaporate. An additional safety requirement is that any 
fuel dumping (associated with Sydney Airport) must take place over the Tasman 
Sea. This requirement would also apply for Sydney's Second Airport and 
regulations would not be changed to permit National Parks or water catchments 
such as Lake Woronora or Lake Burrogorang to be used for this purpose.

The regulations recognise that there are emergencies where fuel dumping is 
necessary at lower altitudes and/or over land. This is only permitted when an 
aircraft is in danger of crashing. As commercial plane crashes are rare, the 
dumping of fuel outside of the designated region is also rare.

The Bureau of Air Safety Investigation (BASI) is responsible for recording fuel 
dumping events. However due to BASI's database structure the exact number 
of fuel dumping events cannot be retrieved. To find records of fuel dumping 
BASI must search through files of incidents that may cause fuel dumping (e.g., 
collision with birds, a passenger requiring medical attention, engine failure, or 
other equipment failure). If BASI does not search all the possible categories it is
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possible that certain fuel dumping events may be overlooked. Between January 
1987 and January 1997 there were 13 fuel dumping incidents (Bureau of Air 
Safety Investigation, 1997) that occurred within 30 kilometres of Kingsford 
Smith Airport. Anecdotal evidence from a former air traffic controller was 
consistent with the frequency of fuel dumping obtained from the BASI database.

Fuel dumping only occurred two or three times last year over water and there 
is no record of aircraft in emergency situations being forced to dump fuel at low 
altitude over built up areas (Airservices Australia, 1997).

10.1.2 Fuel Venting

Accidental fuel venting has however been known to occur occasionally because 
of faults in an aircraft's fuel valve system. No records are kept of such events. 
Fuel dumping and venting is not considered to be a major emission in terms of 
affecting air quality.

Fuel venting can be a problem for large aircraft (e.g., 747, DC10) whilst taking 
off with a full load of fuel where fuel is accidentally released due to changing 
pressure in the fuel tanks. This could occur in the event of a fault in the 
aircraft's fuel valve system. As venting occurs during take-off and whilst gaining 
altitude, the fuel can be released at low altitudes and is therefore a potential 
hazard.

Fuel venting can be prevented by the installation of specific valves into the fuel 
supply system. It has been regulated that all aircraft manufactured after 1982, 
that operate in Australia, must have these fuel valves installed (International 
C ivil Aviation Organisation, 1994). As a result, fuel venting is becoming 
increasingly rare. Certain airlines (for example, Qantas) have fitted these valves 
to all of their aircraft, even those manufactured before 1982. The most common 
cause of fuel venting is if the valve system malfunctions. Such events are rare, 
but have been known to happen.

10.1.3 Possible M isconceptions

Both fuel dumping and fuel venting are rare events. However, there are 
frequent complaints by residents about fuel incidents. The main reasons for this 
disparity are two simple phenomena.

Vapour trails are caused when water vapour condenses to form water droplets 
after passing over the wings of aircraft. The appearance of a vapour trail behind 
the plane is often mistaken to be fuel and is the cause for a number of 
complaints. As vapour trails do not contain any fuel, they are not viewed as an 
air quality concern.
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Complaints about fuel releases are also common when residents find a 
unexplained liquid on top of their cars. Liquids apart from rainwater are 
commonly assumed to be aircraft fuel. There are many other possible sources 
of such deposits. Certain specific occurrences of such liquid in suburbs have 
been tested and shown that the liquid is produced by a species of moth.

10.2 Impacts on Buildings

Acid gases have the potential to result in damage to buildings by such 
mechanisms as erosion of mortar from brickwork and chemical attack of 
concrete. These effects are generally associated with high levels of sulphur 
dioxide which when combined with water forms sulphuric acid. Emissions of 
sulphur dioxide from the second airport would be comparable to the level of 
emissions from vehicle traffic associated with a similar area of urban 
development. It is assessed that the average increase in sulphur dioxide levels 
which would occur as a result of the operation of the Second Sydney Airport 
would be less than one part per billion. At this level it is considered unlikely 
that the fabric of buildings would be materially affected.

10.3 Impacts on W ater Q uality

Effects of aircraft emissions and fuel discharges on water quality in reservoirs 
and domestic water tanks are discussed in Technical Paper No. 7 - Geology, 
Soils and Water.
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C h a p t e r  11 M i t i g a t i o n  o f  Im p a c t s

11.1 Construction Impacts

11.1.1 M it ig a t io n  a n d  C o n tro l  M ea su res

During construction, it would be necessary to control dust emissions of 
earthworks plant and to control dust erosion from exposed surfaces. This would 
be necessary to keep dust and particulate levels below allowable limits on days 
when wind conditions are unfavourable.

The following measures are recommended to control dust impacts:

■ watering of working and unsealed haulage areas to suppress emissions 
of dust from haul trucks and scrapers;

■ restriction of working areas to the minimum practicable to reduce 
potential for dust erosion;

■ suspension of earthworks activity when wind conditions result in high 
dust emissions from earthworks handling;

■ rapid sealing or revegetation of areas not under construction; and

■ regular review of dust monitoring results to provide feedback on 
effectiveness of dust control measures.

11.1.2 M o n it o r in g

It is recommended that a network of directional dust deposition monitoring be 
established. This directional monitoring would provide a record of dust 
deposition originating from different directions so that dust deposition of 
construction dust from the airport could be distinguished from dust from other 
sources. A total of approximately 10 directional deposition gauges would be 
used for each site distributed outside the airport boundary.

It is recommended that four high volume samplers be installed to monitor 
increases in particulate pollution smaller than 10 micros resulting from airport 
construction. For the Badgerys Geek options the high volume samplers could 
be located to the northeast, southwest, southeast and northwest of the airport 
boundary at a distance of the order of 100 metres from the boundary. Suitable 
locations for the Holsworthy options would not be as easy to establish because 
of the terrain of the surrounding areas and uncertainties about wind conditions, 
especially at Holsworthy Option B.
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Monitoring equipment should be in place at least three months prior to 
commencement of construction to provide a measure of background conditions.

It is recommended that a monthly report describing the results of monitoring be 
prepared and that every six months a review of monitoring results and the 
effectiveness of construction air quality control be carried out, with 
recommendations to cover the following six months.

11.2 O perational Impacts

11.2.1 M itigation and Control Measures

Measures which can improve the environmental performance of operating 
airports are identified by US Civil Federal Aviation Administration (1997) and 
include:

■ reduction in the number of aircraft engines in use during taxi and idle;

■ take off under reduced engine power;

■ reduced use of reverse thrust;

■ turning of the auxiliary power unit while aircraft are docked; and

■ improvement in emissions of the ground support fleet by use of low 
emissions engines such as those powered by electricity.

Adoption of the above measures would be contingent on meeting acceptable 
safety standards and the improvements would depend upon the proportion of 
the aircraft fleet able to adopt these measures. A number of the measures can 
result in cost savings as well as improvement to airport emissions.

In addition to the above measures, air traffic control practices which result in 
reduced queuing and taxi time would assist in minimising aircraft emissions. 
Procedures to ensure that aircraft using the airport comply with prevailing 
maintenance and control standards and efficient management of the passenger 
vehicle fleet to avoid congestion would also assist in minimising emissions 
from the airport.

11.2.2 Monitoring

Continuing monitoring and management of air quality during operation of the 
airport would be addressed within an Environmental Management Plan which 
would be developed to address environmental issues associated with a.rport 
operations.
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Chapter 12 Summary of A ir Quality Impacts

12.1 Summary of Impacts

Potential increases in dust and fine particulate levels beyond current accepted 
guideline levels are predicted to occur under worst case conditions as a result 
of airport construction, unless appropriate dust management measures are 
developed and strictly adhered to. Flexibility in work locations and programs 
may be necessary on days when wind conditions could lead to excessive 
levels of airborne dust and particulates.

Air quality studies have predicted that increased concentrations of nitrogen 
dioxide, fine particulates, carbon monoxide and sulphur dioxide due to airport 
operation would not result in concentrations of these pollutants in excess of 
goal values adopted by N SW  Environment Protection Authority. Odour 
impacts are predicted due to airport operation and it is predicted that 
significant ozone impacts would result from operation of the airport.

Tables 12.1 and 72.2 present a summary of concentration impacts which are 
predicted due to airport operations. These results show that similar 
concentration impacts are predicted for each airport option. Background 
concentrations of air pollutants tend to be higher in the vicinity of Holsworthy 
than at Badgerys Creek due to the presence of population centres such as 
Campbelltown and Ingleburn.

Table  12.1 Predicted  Increases in A ir Po llu t a n t  C o n c en t r a t io n s  - Ba d g er y s  C reek  O pt io n s

Predicted Increase in Concentration due to Airport

Parameter Coal Background Initial Operation 2006
Design Level Operation 

2016

Option
A

Option
B

Option
C

Option
A

Option
B

Option
C

One hour ozone (parts 
per hundred million

10 10 N/A N/A N/A 2.4 2.4 2.4

One hour nitrogen 
dioxide (parts per 
hundred million)

16 5 4 4 4 10 8 8

Daily particulates smaller 150 50 11 8 6 20 12 20
than 10 micron 
(micrograms per cubic 
metre)
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Predicted increase in Concentration due to Airport

Parameter Coal Background Initial Operation 2006 Design Level Operation 
2016

Option
A

Option
B

Option
C

Option
A

Option
B

Option
C

One hour carbon 
monoxide (parts per 
million)

25 5 4 3 3 5 3 5

Eight hour carbon 
monoxide (parts per 
million)

9 3 N/A N/A N/A 1 0.7 0.7

One hour sulphur 
dioxide (parts per million)

12.5 4 N/A N/A N/A 5 5 4

Note: N/A Not Assessed.

Table 12.2 Predicted  Increases in A ir Po llutant Co ncentratio ns - H o lsw o rth y  O ptio ns

Predicted increase in Concentration due 
to Airport

Parameter Coal Background Initial Operation 2006 Design Level 
Operation 2016

Option
A

Option
B

Option
A

Option
B

One hour ozone (parts per 
hundred million

10 10 N/A N/A 2.1 2.2

One hour nitrogen dioxide (parts 
per hundred million)

16 10 3 3 8 8

Daily particulates smaller than 
10 micron (micrograms per 
cubic metre)

150 50 10 12 20 25

One hour carbon monoxide 
(parts per million)

25 10 2 3 4 5

Eight hour carbon monoxide 
(parts per million)

9 N/A N/A N/A 1.0

One hour sulphur dioxide (parts 
per million)

12.5 4 N/A N/A 5

Note: N/A Not Assessed.

Greenhouse impacts of the airport would be similar for any of the options. As 
the Holsworthy options involve greater area, the one off greenhouse allocation 
for land clearing would be greatest for these sites. The land clearing 
contribution to greenhouse would be significantly less than operational 
impacts and would be distributed over the period of the construction program.
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Table 12.3 presents predictions of the number of people who would be 
affected by ozone, odour and health impacts under design level operation in 
2016 for each of the options considered.

The frequency of ozone Impacts would be higher for the Badgerys G eek site 
than for the Holsworthy sites due to the inland location and the greater 
prevalence of aged air. The main difference between impacts of the 
Holsworthy Option A and Option B is that the impacts of Option B would 
occur further to the south and impact on areas with lower population. 
Emissions from any of the three candidate sites would be likely to have more 
adverse smog consequences than the current emissions from the coastal airport 
at Mascot.

Predictions of ozone impacts are relatively sensitive to the adopted mixing 
depths for Seabreeze conditions for which there is little information at inland 
sites in the Sydney region. The Holsworthy sites are in the transition zone 
between inland and coastal areas resulting in uncertainty in the thickness of 
the mixing layer during seabreeze conditions.

The results of the study suggest that regional photochemical smog would be 
a significant impact of the airport development and ozone impacts should be 
considered in airport site selection and environmental management.

Air quality studies have predicted that increased concentrations of nitrogen 
dioxide, fine particulates, carbon monoxide and sulphur dioxide due to airport 
operation would not result in concentrations of these pollutants in excess of 
goal values adopted by N SW  Environment Protection Authority. Odour 
impacts would result from airport operations and it is predicted that significant 
ozone impacts would occur. Small health impacts are also predicted due to 
increased levels of air toxics.

Ta ble  12.3 Pred icted  Po p u la t io n s  in  2016 affected  by  A ir Q u a lity  Im pa c ts  o f  S ec o n d  
Sy d n ey  A irpo rt

Badgerys Creek Option Holsworthy Options
rreoicied impact ^

A B c A B

Number of people exposed to 
increased peak hourly ozone 
concentration by more than 1 part 
per hundred million during high 
ozone events

8,000 8,000 8,000 176,000 28,000

Increase in deaths due to ozone 
(persons per 100 years)

1 1 1 34 5
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Predicted Impact
Badgerys Creek Option Holsworthy Options

A B c A B

Increase in hospitalisation rates 
due to ozone (persons per 100 
years)

2 2 3 90 14

Increase in hospitalisation rates 
due to particulates below 10 
microns (persons per 100 years)

4 3 4 5 7

Increase in deaths due to 
particulates (persons per 100 years)

less than 1 less than 1 less than 1 1 1

Increase in number of cancer cases 
per 100 years due to exposure to 
airport air toxics

3 3 3 8 3

Number of people who would be 
able to detect kerosene odours for 
more than 44 hours per year

1,500 1,000 1,500 less than 100 less than 100

It is predicted that all of the airport options considered would result in 
increased peak ozone concentrations in areas which are currently subject to 
exceedences of the N SW  Environment Protection Authority goal of 10 parts 
per hundred million. Increases in regional emissions due to associated 
development and motor vehicle traffic induced by the airport would be likely 
to amplify the impacts shown in Tables 12.1 and 12.2, and may increase the 
number of people affected, to greater than the figures shown in Table 12.3. 
The extent by which these impacts would increase was not able to be 
quantified, primarily because of the sophistication of the model used to 
analyse regional impacts and because of limited availability of data.

O f the five airport options considered, Holsworthy Option A would result in 
by far the largest population being exposed to significant increase in ozone 
concentrations. This conclusion is considered robust as it is supported by two 
alternate analysis methods. The studies carried out for this Draft EIS are 
considered to provide a reasonable basis for comparison of the airport options 
on the grounds of air quality. However, additional study is required to better 
define air quality impacts, because of limitations in the data available for use 
in the Draft EIS. These and other limitations of the study are outlined in 
Chapter 13 of this Technical Paper.

12.2 Limitations of Studies

The air quality study carried out for the Draft EIS is considered to provide a 
reasonable basis for comparison of the airport options. It is predicted that all 
airport options would result in increases in peak ozone concentrations in areas
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which are currently subject to exceedence of the N SW  Environment Protection 
Authority goal of 10 parts per hundred million. This conclusion is considered 
robust as it is supported by two alternate analysis methods. However as with 
all scientific studies, there were certain limitations associated with the work 
undertaken.

For example, detailed monitoring data from the N SW  Environment Protection 
Authority air quality monitoring network was not able to be used for analysis 
of ozone impacts due to difficulties in resolving apparent orientation problems 
with wind monitoring data. This necessitated use of data from alternative sites 
which were not as well located. Ongoing review of monitoring data more 
recently collected by the N SW  Environment Protection Authority air quality 
network may be appropriate. This may necessitate further footprint analysis 
of ozone impacts. The impacts may then be able to be assessed on the basis 
of several years of data from monitoring stations in the vicinity of the proposed 
airport sites.

Dispersion modelling carried out using Gaussian modelling is not able to 
capture the meteorological complexities of the sites, particularly the 
Holsworthy sites. It is expected that the simplifications involved will have 
resulted in over prediction of air quality impacts in the lower lying populated 
areas surrounding the airport sites.

Other methodological issues for the air quality study are listed below.

■ It was planned to use the airshed model developed for the 
Metropolitan A ir Q uality Study (Environment Protection Authority, 
1997a) for analysis of the regional impacts of the airport and the 
associated development. Access to this model was not made available 
by N SW  Environment Protection Authority for the Draft EIS. Therefore 
it was necessary to carry out analysis of regional impacts and associated 
developments using less sophisticated methods. It is noted that the 
N SW  Environment Protection Authority has carried out airshed 
modelling of the impact of increase motor vehicle traffic which would 
be associated with an airport at Badgerys Creek (Symonds Travers 
Morgan, 1996). This modelling did not take account of airport 
emissions and was carried out for meteorological conditions which 
were known to result in high ozone levels. Estimated increases in 
ozone concentrations due to airport induced motor vehicle traffic were 
small. It was noted in the report that the areas affected by increased 
traffic were comparable to the grid size of the model and this may have 
affected the results of the analysis;

■ No air quality monitoring data exists for the sites for Holsworthy 
Option A and Holsworthy Option B. If these sites continue to be
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considered, monitoring stations should be established to monitor wind 
speed and direction and air quality over a period of one year;

■ Assessment of kerosene type odour impacts is based on limited field 
studies of odour strength taken from sampling of aircraft exhaust 
emissions at Sydney Airport. This limited program provides a basis for 
assessment of odour impacts but results should be considered 
uncertain. It would be beneficial for the odour impact in the vicinity 
of Sydney Airport be assessed in a similar way and the results of the 
modelling assessment compared with the odour complaint record. 
This would provide a means of calibration of the odour assessment for 
the Second Sydney Airport;

■ Odour assessment for the sewage treatment works was made in the 
absence of detailed design of the facility. Odour strength was based on 
comparison with similar facilities elsewhere. When the design of the 
sewage treatment plant is carried out, it will be necessary to revise the 
odour impact assessment;

■ Dispersion modelling of ground level concentrations of air pollutants 
was carried out assuming a horizontal ground surface. For each of the 
proposed airport sites receptors are located below the level proposed 
for the airport. As a result estimated concentrations are considered to 
be conservative. Additional analyses taking account of the complex 
terrain in the vicinity of the airport sites would provide more accurate 
dispersion modelling results;

■ Assessment of health impacts of air toxic emissions was carried out 
based upon dispersion modelling results and published risk factors 
associated with individual air toxic compounds. These risk factors 
contain a high level of uncertainty as, in many cases, they are based on 
extrapolation of testing on animals; and

■ Vertical profiling of the atmosphere has not been carried out over an 
extended period at any of the proposed airport sites. It was not 
practicable to carry this out as part of the Draft EIS studies given the 
need to obtain information for different seasons and the timeframe of 
the Draft EIS studies. A monitoring program to address the vertical 
profile at any airport sites which remain under consideration may be 
prudent.

The assessment of the impact of airport associated developments and motor
vehicle emissions also contains some uncertainties.
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■ Ambient air chemistry for ozone interpretation is based on data from 
monitoring distant from the airport sites and may differ significantly 
from ambient air chemistry at the airport sites;

■ Ambient data is based on monitoring data and does not take account 
of general development of Sydney and the changes this would induce 
in air chemistry; and

■ The values for the rate coefficients for photochemical smog production 
used in the modelling are estimated values based on monitoring data 
for nitrogen oxides and ozone and inventory values for 
hydrocarbons/nitrogen oxides ratios of emissions in the Sydney region.

Also, a box model approach was employed which does not take account of 
variations in wind speed with height, does not take account of emissions 
outside of the six kilometre wide band modelled and contains uncertainty in 
the mixing depth.

It is recommended that airshed modelling be carried out to assess the effect of 
airport emissions. This would allow more thorough treatment of the broadly 
distributed airport associated emissions than is possible using the box model 
employed for the work carried out to date.

Uncertainties in the depth of mixing of air pollutant emissions affect the 
assessment of ozone impacts. It is recommended that boundary layer profiling 
be carried out over a summer season for each of the candidate airport sites to 
resolve this uncertainty.

No background monitoring of air quality at the sites of the Holsworthy Options 
has been carried out. It is strongly recommended, while these sites remain 
under consideration for Sydney Second Airport, that the following continuous 
air quality and meteorological monitoring be carried out:

■ continuous monitoring of meteorology wind speed and direction;

■ measurement of the vertical temperature and wind profile during 
winter and summer;

■ continuous monitoring of ozone and nitrogen dioxide concentrations;

■ monitoring of particulate concentration by establishment of high 
volume samples at each site; and

■ monitoring of ozone chemistry using an specialist equipment such as 
the AIRTRAK device which measures oxides of nitrogen and 
particulates.
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A number of these monitoring functions are served by the Environment 
Protection Authority monitoring station at Bringelly and wind speed 
monitoring carried out at Badgerys G eek  by the Bureau of Meteorology., 
however there is significant uncertainty regarding the vertical temperature and 
wind profile during the year at Badgerys Geek.

As is an important factor in prediction of ozone impacts, it is recommended 
that a program for monitoring the upper wind profile using remote sensing 
equipment such as electromagnetic radar or radio-acoustic sounding systems 
be carried out over a twelve month period at Badgerys Geek, while the 
Badgerys Geek airport options remain under consideration.
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Westmead Ozone : Maximum One Hour Ozone Level each Month
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Woolooware Ozone : Maximum One Hour Ozone Level each Month

Current EPA Goal Source: NSW EPA, Quarterly Air Quality Monitoring Reports.
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Current EPA Goal Source: NSW EPA, Quarterly Air Quality Monitoring Reports.
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Kensington N02 : Maximum One Hour N02 Level each Month
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Current EPA Goal Source: NSW EPA, Quarterly Air Quality Monitoring Reports.
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Vineyard N02 : Maximum One Hour N02 Level each Month

Current EPA Goal Source: NSW EPA, Quarterly Air Quality Monitoring Reports.
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World Health Organization Goal Source: NSW EPA, Quarterly Air Quality Monitoring Reports
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Appendix B_____

Air Pollutants Contours



E asting  (m AM G)

BADGERYS CREEK OPTION A

E asting  (mAM G)

BADGERYS CREEK OPTION B

E asting  (m A M G )

BADGERYS CREEK OPTION C

HOLSWORTHY OPTION B

NOTES:

Shaded region shows maximum increase in dust deposition by more than 
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1.0  IN T R O D U C T IO N

This report details the air em issions inventory for the Second Sydney Airport (SSA ) Environment 

Impact Statement (EIS). The air em issions inventory represents one o f  the air quality assessm ent 

tasks o f  the EIS and has been undertaken by C offey Partners International Pty Ltd (C offey) on 

behalf o f  Rust PPK Pty Ltd.

The aim o f  the em issions inventory component o f  the project is to identify and quantify the major 

em ission  sources that would be associated with the operation o f  the second airport. The pollutants 

assessed include hydrocarbons (H C , total hydrocarbons including m ethane), oxides o f  nitrogen 

(N O x), carbon m onoxide (CO ), sulphur dioxide ( S 0 2) and fine particulates (P M 10). Em issions o f  a 

number o f  air toxics, namely benzene, toluene, ethyl benzene, xylene, 1,3-butadiene, formaldehyde 

and acetaldehyde have also been assessed. Estimates are also made o f  em issions o f  the greenhouse 

gases carbon dioxide (C 0 2), methane (CH4) and nitrous oxide (N 20 ) .

The em issions o f  ozone-depleting substances such as chloroflourocarbons (C FC s), 

hydrochloroflourocarbons (H C FC s) and halons from airport operations have not been quantified in 

this study. The consum ption o f  these substances is now controlled by international treaties and it is 

expected that the em issions o f  these substances w ill be minimal once the second airport is operating 

at design  level in the next century.

The inventory w as prepared in accordance with guidelines issued by the Com m onwealth  

Environm ent Protection A gency and forms the input to subsequent assessm ents o f  air quality 

impacts o f  SSA on the surrounding environment. A s the operational characteristics o f  SSA are 

expected to be similar for both o f  the proposed sites, the em issions scenarios presented are 

applicable to both the Badgerys Creek and Holsworthy sites.

Aircraft exhaust during normal aircraft operation is the largest em issions source within airport 

boundaries. Landside motor vehicle em issions from access roads and carparks (i.e . private/rental 

passenger vehicles, taxis, buses, delivery trucks, etc.) are typically the next largest source. Other 

airport sources include airside vehicles and plant, combustion o f  gaseous fuels (primarily natural 

gas) in boilers, evaporative losses from fuel storage tanks, use o f  surface coatings, refuelling 

operations and aircraft maintenance practices.

G iven that aircraft exhaust and the landside motor vehicle fleet w ill account for the bulk o f  

em issions at SSA , a greater em phasis has been placed on the assessm ent o f  pollution from these 

sources. The magnitude and distribution o f  em issions from the other, less significant airport sources 

will depend on detailed operational arrangements for SSA. Em issions from  those sources for which  

operational details are yet to be finalised have been estimated from previous airport em issions
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inventory studies recently undertaken for Tullamarine airport by VCEC (1995) and for Sydney’s 

Kingsford Smith Airport (K SA) by Stephenson and A ssociates (1993). Em issions from  all airport 

sources have been resolved temporally and spatially over the airport site according to the expected  

operational characteristics o f  the source.

2 .0  E M ISSIO N S O F  H C . N O . , C O ,. SO z A N D  PM ^

2.1  A ircraft Exhaust E m issions

2 .1 .1  M ethodology

The m ethodology em ployed in this study is based on that recommended by the U SE PA  (1992) and 

involves the assessm ent o f  aircraft exhaust em issions from ground level to a height o f  1000m . The 

conditions under which aircraft operate within this range are defined by the landing and takeoff 

(LTO) cycle . This cycle consists o f  the follow ing operational modes:

•  Approach;

•  Taxi/idle-in;

•  Taxi/idle-out;

•  Takeoff; and

•  Climbout.

M ost aircraft go through a sequence similar to that above for a com plete operating cycle . Som e 

aircraft m ay have a slightly different sequence or com bine som e o f  the operational m odes. For 

exam ple, helicopters com bine the takeoff and climbout m odes.

The time spent in each m ode o f  the LTO depends on a number o f  factors including aircraft type, 
congestion levels and airport layout. Tim e in M ode (TIM) estimates used in previous studies are 

show n in Table 1. These estimates have been sourced from previous em issions inventory work  

undertaken by V  & C Environment Consultants for M elbourne’s Tullamarine airport (V C E C , 1995) 

and by C offey  for Sydney’s Kingsford Smith Airport (KSA) as part o f  the M etropolitan Air Quality 

Study (Carnovale et a l., 1995). It should be noted that the TIM estimates adopted for the 

Tullamarine study w ere based on site specific measurements whereas takeoff, clim bout and 

approach tim es adopted for the KSA study were based on USEPA data (1992a) w hich are 

considered to be applicable to large domestic/international airports.
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T A B L E  1

T IM E  IN  M O D E  (TIM1 E ST IM A T E S U SE D  IN  P R E V IO U S ST U D IE S

M O D E T IM E  (m in)

T ullam arine (V C E C , 1995) K SA  (C arn ovale, e t a l ., 1995)

Takeoff 0 .85 0 .7

T axi/idle2 8.33 26

Climbout 1.33 2 .45
Approach 4 .33 4 .3 7

a. Taxi/idle m ode time is the sum o f  taxi/idle-in and taxi/idle-out.

It can be seen from Table 1 that there are significant differences in the TIM estimates for taxi/idle 

and clim bout. The difference in the taxi/idle times is due to a low er level o f  congestion at 

Tullamarine compared with larger airports such as KSA (VCEC, 1995). The reason for the contrast 

in the clim bout times for the two studies is not clear but m ay be related to factors such as a greater 

proportion o f  heavy com m ercial jets represented in the USEPA (1992) data.

The TIM estimates for SSA  are shown in Table 2 . The taxi/idle tim es have been provided by 

Airplan (1997). The takeoff, clim bout and approach TIM estimates o f  Carnovale et al. (1995) 

which are within the range o f  values specified by U SE PA (1992) and are representative o f  a large 

and congested airport have been conservatively adopted for this study. It should be noted that these 

estimates are assumed to apply to all aircraft categories.

T A B L E  2

T IM E  IN  M O D E  (TIM ) E ST IM A T E S FO R  SSA

M O D E T IM E  (m in)

Stage 1 - 2006 S tage 2 - 2016

T akeoff 0 .7 0 .7
T axi/idle2 16.5 2 0 .2
Climbout 2 .45 2 .45
Approach 4 .3 7 4 .3 7

a. T axi/idle m ode time is the sum o f  taxi/idle-in and taxi/idle-out.

The LTO cycle  provides the basis for calculating aircraft exhaust em issions. Each o f  the m odes 

reflect different engine throttle settings, ranging from  100% during take-off to around 10% during 

idling. Total em issions are assessed from the number o f  LTO cycles for the airport, the types o f  

engines fitted to the aircraft and the time spent in each m ode.
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2 .1 .2  A ircra ft M ovem ents

The airport planning scenarios for SSA proposed by Airplan are as fo llow s :

C ases l a  and  l b  -  O verflow  Scenario

This scenario proposes that 10% o f  all Sydney basin traffic is m oved to the Second Sydney Airport 

in the year 2006  (Case la ). An equal mix o f  international, dom estic and general aviation is assum ed  

at each airport. After 2006 , all growth in the Sydney basin would be accom m odated at the Second  

Sydney Airport for the year 2016 scenario (Case lb ).

C ases 2 a  and  2b  - E qual G row th  Scenario

This scenario proposes that 10 m illion passengers from the Sydney basin are accom m odated at the 

Second Sydney Airport in the year 2006 (Case 2a). An equal m ix o f  international, dom estic and 

general aviation traffic is assumed at each airport. After 2006 , all growth in the Sydney basin 

would be accom m odated at the Second Sydney Airport for the year 2016  scenario (C ase 2b).

C ases 3 a  and  3 b  - A d ditional N oise Scenario

This scenario proposes that the majority o f  the Sydney basin wide body aircraft are located at the 

Second Sydney Airport from  2006 (Case 3a). After 2006 , all growth in the Sydney basin (apart 

from general aviation) would be accommodated at the Second Sydney Airport for the year 2016  
scenario (C ase 3b).

Data on the aircraft types expected at SSA  have been provided by Airplan (1997). These data are 

based on aircraft m ovem ent data for KSA com piled by Air Services Australia. Representative 

aircraft types and associated annual m ovem ents for SSA according to the various scenarios are 
show n in Table 3.
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T A B L E  3

A N N U A L  A IR C R A F T  M O V E M E N T S FO R  SSA

AIRCRAFT

CATEGORY

AIRCRAFi

TYPE la
2006

lb
2016

SCENARIO

2a 2b 
2006 2016

3a
2006

3b
2016

Heavy Jet B-747s 6,071 24,412 12,472 30,211 33,945 47,568
MD11 295 2,114 614 2,724 951 2,907
DC 10 143 575 294 710 773 1,137
NLA 1,573 9,966 3,228 12,257 9,021 20,276

Widebody Jet B-767s 6,873 21,413 14,353 27,509 18,501 30,387
A310 1,835 5,992 3,851 7,807 3,395 7,270

Narrowbody Jet B-737s 12,488 44,097 26,235 57,648 20,467 51,354
A320 2,448 10,696 5,145 14,003 3,762 12,236

Regional Jet BAe-143 1,309 3,647 2,761 4,786 1,902 4,113

Business Jet 500 Citation 1,595 2,043 1,773 2,111 1,951 2,281

Turboprop DH8, SH6 20,987 50,970 38,947 64,404 28,335 57,114

Twin GA LT1 5,664 6,492 5,673 6,457 5,585 6,391

Single GA LT1 404 444 407 445 409 449

Helicopter JRH 1,708 1,897 1,714 1,901 1,712 1,899

TOTAL 63,392 184,758 117,466 232,973 130,710 245,383

2 .1 .3  E m ission  R ates for H C , N O x, C 0 2 and S 0 2

In the absence o f  Australian data, em ission rates for HC, N O x and CO are based on experimental 

data according to engine operating mode and have been sourced from  the United States Federal 

Aviation Administration Aircraft Engine Em ission Database (FA EED , 1995). Em ission rates o f  S 0 2 

have been estimated based on the sulphur content o f  aviation fuels. It should be noted that 

em issions o f  particulate matter are not w ell defined for aircraft engines, even  though particulate 

em issions are regulated for new ly manufactured engines through the use o f  a sm oke number. A  

discussion o f  particulate matter em issions is presented in Section 2 .1 .5 .
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After discussions with industry representatives (Mr W  Bourke, Q A N T A S, personal com m unication, 

1996) the aircraft type specifications provided by Airplan have been matched with appropriate 

engine types so that the fleet is considered to be representative o f  the likely situation in 2006 and 

2016. For exam ple, in the w idebody jet category, A 300  and A 310 aircraft are being phased out and 

the Boeing 767  is expected to be the major representative in this category. Another expected  

developm ent is the introduction o f  the N ew  Large Aircraft (N LA ) which w ill carry significantly  

more passengers than do existing heavy jets such as the Boeing 747. The aircraft engine types 

considered in the inventory and the associated em ission factors for HC, N O x, C 0 2 and S 0 2 appear in 

Tables 4  and 5 respectively.

T A B L E  4

A IR C R A F T  A N D  E N G IN E  T Y PE S FO R  SSA

A IR C R A F T A IR C R A F T E N G IN E E N G IN E
C A T E G O R Y T Y P E N U M B E R T Y P E S

H eavy Jet B-747s 4 R B 211-524G

4 R B 211-524D 4 P h i

4 P W 4056/4156

4 C F 6-80C 2B 4

M D11 3 C F 6-80C 2D 1F

DC 10 3 C F6-6D

3 C F 6-50E /E 2

NLA 4 T R EN T 890

W idebody Jet B-767s 2 C F 6-80C 2B 6

2 JT9D-7R4E1

2 C F6-80A

2 P W 4056/4156

A 310 2 JT9D-7R4E1

2 PW 4152

Narrowbody Jet B-737s 2 C FM 56-3B

2 C FM 56-3C

A 320 2 C FM 56-5A 1
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T A B L E  4  (ctd)

A IR C R A F T  A N D  E N G IN E  T Y PE S FO R  SSA

A IR C R A F T A IR C R A FT E N G IN E E N G IN E
C A T E G O R Y T Y PE N U M B E R T Y P E S

Regional Jet BAe-143 4 A LF502R -5
Business Jet 500 Citation 2 JT 15D -1A

2 JT15D-1B
Turboprop D H 8, SH6 2 PT6A -27

2 PT6A-41
Twin GA LT1 2 0 2 0 0

2 0 3 2 0

2 PT61-41
Single GA LT1 1 0 2 0 0

1 0 3 2 0

1 PT61-41
H elicopter JRH 1 T53-L-1 ID



E2057/1-D A  
2 June, 1997 8.

T A B L E  5 i  A IR C R A FT  E N G IN E  E M ISSIO N  R A T E S (K G /M IN /E N G IN E ) F O R  H C . C O . N O ,  A N D  S P 2 O V E R  I,T O  C Y C L E  (F A R E D . 19951

ENGINE TYPE
I1C

TAKEOFF 
CO NO, so2 HC

CLIMBOUT 
CO NOx S02 HC

APPROACH 
CO NO, so2 HC

TAXI/IDEE 
CO NOx so2

ALF502R-5 1.29E-03 6.45E-03 2.91E-01 2 15E-02 9.40E-04 4.43E-03 1.87E-01 1.77E-02 1.35E-03 4.40E-02 4.09E-02 6.21E-03 1.32E-02 1.00E-01 9.25E-03 2.45E-03
CF6-50E/E2 8.95E-02 7.46E-02 5.42E+00 1.46E-01 8.30E-02 5.93E-02 3.52E+00 1.15E-01 3.96E-02 1.70E-01 3.76E-01 3.99E-02 2.81E-01 7.97E-01 4.64E-02 1.01E-02
CF6-6D 3.12E-02 5.21E-02 4.17E+00 1.04E-01 2.58E-02 4.29E-02 2.80E+00 8.59E-02 2.03E-02 1.89E-01 3.31E-01 2.90E-02 2.18E-01 5.62E-01 4.67E-02 1.04E-02
CF6-80A 3.73E-02 1.29E-01 3.84E+00 1.29E-01 3.12E-02 1.18E-01 2.76E+00 1.08E-01 1.73E-02 1.14E-01 3.80E-01 3.69E-02 5.66E-02 2.54E-01 3.06E-02 9.00E-03
CF6-80C2B4 1.17E-02 8.16E-02 4.26E+00 1.46E-01 1.07E-02 6.42E-02 2.59E+00 1.19E-01 8.19E-03 9.09E-02 3.47E-01 3.90E-02 1.16E-01 5.24E-01 4.38E-02 1.19E-02
CF6-80C2B6 1.08E-02 8.05E-02 4.77E+00 1.55E-01 9.99E-03 6.49E-02 2.86E+00 1.25E-01 8.23E-03 7.94E-02 3.75E-01 4.12E-02 1.12E-01 5.17E-01 4.71E-02 1.24E-02
CFM56-3B 2.28E-03 5.70E-02 1.23E+00 6.84E-02 2.48E-03 4.74E-02 8.80E-01 5.58E-02 1.38E-03 6.41E-02 1.64E-01 2.16E-02 1.25E-02 2.15E-01 2.93E-02 7.80E-03
CFM56-3C 2.62E-03 4.71E-02 8.69E-01 7.08E-02 2.20E-03 4.39E-02 6.46E-01 5.82E-02 1.31E-03 6.88E-02 1.31E-01 2.04E-02 1.90E-02 2.54E-01 2.53E-02 7.20E-03
CFM56-5A1 1.45E-02 5.68E-02 1.55E+00 6.48E-02 1.19E-02 4.65E-02 1.01E+00 5.28E-02 6.98E-03 4.37E-02 1.40E-01 1.80E-02 8.49E-03 1.07E-01 2.43E-02 6.60E-03
0-200 7.12E-03 3.33E-01 1.67E-03 6.80E-05 7.12E-03 3.33E-01 1.67E-03 6.80E-05 6.38E-06 2.28E-01 2.19E-04 3.90E-05 1.74E-03 3.87E-02 9.48E-05 1.27E-05
0-320 7.92E-03 7.24E-01 1.47E-03 1.34E-04 6.24E-03 4.99E-01 2.00E-03 1.01E-04 6.81E-06 4.32E-01 3.36E-04 7.08E-05 2.66E-03 7.75E-02 3.74E-05 1.45E-05
PT6A-27 0.00E+00 3.21E-03 2.51E-02 3.21E-03 O.OOE+OO 3.63E-03 2.12E-02 3.03E-03 3.56E-03 3.79E-02 1.36E-02 1.62E-03 4.36E-02 5.57E-02 2.11E-03 8.71E-04
PT6A-4I 6.75E-03 I.97E-02 3.08E-02 3.86E-03 7.26E-03 2.32E-02 2.71E-02 3.57F.-03 4.69E-02 7 .18F.-02 9.60E-03 2.06E-03 1.13E-01 I.28E-0I 2.I9E-03 l.l IE-03
PW4056/4156 I.23E-02 3.83E-02 4.36E + 00 1.4 IE-01 1.07E-02 3.89E-02 2.79E+00 1.1612-01 7.4212-03 5.6912-02 4.54 E-01 3.9512-02 1.5712-02 2.0212-01 5.8212-02 1.2512-02
RB21 l-524D4Phl 0.00E+00 7.68E-02 8.57E+00 1.50E-01 5.07E-02 1.42E-01 4.94E+00 1.20E-01 2.13E-01 7.50E-01 4.28E-01 4.43E-02 8.36E-01 1.33E+00 7.40E-02 1.80E-02
RB211-524G 3.58E-01 9.27E-02 9.23E+00 1.57E-01 1.82E-01 5.37E-02 5.06E+00 1.25E-01 4.79E-02 4.24E-02 4.02E-01 4.19E-02 5.12E-02 2.14E-0I 7.22E-02 1.56E-02
T53-L-1 ID O.OOE+OO 0.00E + 00 O.OOE+OO 5.22E-03 1.49E-03 1.54E-02 3.78E-02 5.18E-03 1.49E-03 1.54E-02 3.78E-02 4.88E-03 6.81E-02 3.18E-02 1.51E-03 1.10E-03
CF6-80C2D1F 1.09E-02 8.10E-02 5.09E+00 1.56E-01 9.91E-03 6.44E-02 2.98E+00 1.24E-01 7.88E-03 7.65E-02 3.61E-01 3.94E-02 1.06E-01 4.91E-01 4.47E-02 1.18E-02
JT9D-7R4E1 2.03E-02 7.24E-02 5.29E+00 1.27E-01 1.34E-02 5.48E-02 3.54E+00 1.03E-01 5.09E-03 4.82E-02 4.07E-01 3.92E-02 1.47E-02 1.10E-01 5.44E-02 1.33E-02
PW4152 1.70E-02 1.57E-02 3.51E+00 1.31E-01 1.71E-02 1.82E-02 2.43E+00 1.07E-01 5.34E-03 3.88E-02 3.95E-01 3.56E-02 7.86E-03 1.36E-01 5.20E-02 1.06E-02
JT8D-209 2.50E-02 7.15E-02 1.63E+00 7.15E-02 2.95E-02 8.26E-02 1.12E+00 5.90E-02 3.64E-02 9.48E-02 1.90E-01 2.16E-02 3.15E-02 1.10E-01 2.74E-02 7.82E-03
JT15D-1A & IB 8.88E-05 2.35E-02 6.75E-02 8.88E-03 7.44E-05 2.60E-02 5.04E-02 7.44E-03 1.36E-02 1.24E-01 1.05E-02 3.06E-03 6.97E-02 1.82E-01 2.42E-03 1.38E-03

j|TRENT 890* 2.32E-03 6.27E-02 1.05E+01 2.32E-01 O.OOE+OO 3.51E-02 6.12E+00 1.85E-01 O.OOE+OO 3.40E-02 7.09E-01 6.18E-02 1.33E-02 2.42E-01 9.47E-02 1.80E-02

a. TRENT 890 is assumed to be the representative engine o f  the N ew  Large Aircraft (Mr W Bourke, Q A N T A S, personal 

communication, 1996).
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2 .1 .4  E m issions o f  H C , N O x, C 0 2 and SO z

The fo llow ing steps allow  the calculation o f  total em issions from aircraft exhaust and are based on  

the number o f  aircraft m ovem ents, aircraft/engine types and modal em ission rates as discussed in 

the previous sections.

Step 1. Calculate em issions for each aircraft/engine configuration according to the formula:

E y =  Sum [T IM k x ERjjk x Nj]

where:

Ey =  total em issions o f  pollutant i produced by aircraft/engine configuration j per LTO cycle . 

TIM k =  time in m ode for m ode k.

ERyk =  em ission rate for pollutant i, mode k and aircraft/engine configuration j .

Nj =  number o f  engines on aircraft/engine configuration j .

Step 2 . Calculate total em issions for all aircraft according to the formula:

ET; =  Sum[Eij x  LTOj]

where:

ETj =  total em issions o f  pollutant i produced by aircraft fleet.

LTOj =  the number o f  LTO cycles for aircraft/engine configuration j .

Estimates o f  annual and daily aircraft exhaust em issions are presented in Table 6.
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TABLE 6
EMISSIONS OF HC, NO^XO^Af » SO^FROM AIRCRAFT EXHAUST AT SSA

(Scenario  (units) HC NOx CO s o 2
Case la  - O verflow  Scenario 2006  (t/yr) 99 500 289 28
Case la  - O verflow  Scenario 2006  (kg/day) 271 1,369 791 77

Case lb  - O verflow  Scenario 2016  (t/yr) 363 2 ,124 1,173 119
Case lb  - O verflow  Scenario 2016  (kg/day) 995 5 ,8 2 0 3 ,214 327

Case 2a - Equal Growth Scenario 2006 (t/yr) 188 1,032 561 58
Case 2a - Equal Growth Scenario 2006 (kg/day) 515 2 ,8 2 8 1,538 158

Case 2b - Equal Growth Scenario 2016 (t/yr) 454 2 ,662 1,476 150
Case 2b - Equal Growth Scenario 2016 (kg/day) 1,243 7,293 4 ,043 412

Case 3a - Additional N oise Scenario 2006 (t/yr) 300 2 ,176 890 107
Case 3a - Additional N oise Scenario 2006 (kg/day) 821 5,961 2 ,4 3 9 294

Case 3b - Additional N oise Scenario 2016 (t/yr) 563 3,761 1,820 200
Case 3b - Additional N oise Scenario 2016 (kg/day) 1,542 10,305 4 ,985 547

A com parison o f  these results with those o f  previous airport em ission studies undertaken in Australia 

and the United States is presented in Section 2 .5 .

2 .1 .5  E m issions o f  P articu late  M atter

Particulate matter forms as a result o f  incomplete combustion o f  fuel. Particulate em issions are 

highest during the takeoff and clim bout phases o f  the LTO cycle  when fuel use is at a m axim um . 

Particulate em ission rates for aircraft engines are difficult to determine and are generally not 

available. An approximate m ethodology for the estimation o f  particulate em issions has been  

adopted for this study as discussed below .

Profile 34001 (SD S, 1993) is a general com position profile that was developed from  a study o f  

engine-related particulate matter and is applied to turbines fuelled by kerosene, diesel and natural 

gas. Em issions o f  PM 10, consisting o f  organic and elemental carbon are docum ented to be 

approxim ately 2 .7  g/kg fuel burnt. With annual consumption o f  aviation fuel in the v icin ity o f

148 ,000  t for SSA at design level in 2016 (see Section 7 .0 ), an annual em ission  o f  approxim ately  

392 tonnes o f  PM 10 is estim ated. Em issions for the other scenarios are calculated by scaling  

according to the number o f  annual aircraft m ovem ents. A summary o f  P M 10 em ission  estim ates is 

show n in Table 7.
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T A B L E  7

E M ISSIO N S Q F  PMin FR O M  A IR C R  AFT E X H A U S T \A T  SSA

S cen ario PM io
(t/yr)

P M 10
(k g /d ay)

Case la  - O verflow  Scenario 2006 (t/yr) 66 182

Case lb  - O verflow  Scenario 2016 (t/yr) 243 666

C ase 2a - Equal Growth Scenario 2006 (t/yr) 137 375

Case 2b - Equal Growth Scenario 2016 (t/yr) 308 843

Case 3a - Additional N oise Scenario 2006  (t/yr) 245 672

[Case 3b - Additional N oise Scenario 2016 (t/yr) 392 1075

It should be noted that U SEPA  has assigned a data quality rating o f  D /E  to the above em ission  

factor, meaning that there is a low  level o f  confidence in its use (the scale adopted by the USEPA  

ranges from “A ” to “E ”, where “A ” signifies a high level o f  confidence in the accuracy o f  the 

em ission factor). The estimates derived should only be considered to represent order o f  magnitude 

indicators o f  em ission levels.

2 .2  L andside M otor V eh icle  E m issions

Road traffic carrying passengers, airport em ployees and freight to and from the airport is a 

significant source o f  airport related em issions. Em issions from motor vehicles within airport 

boundaries at KSA w ere assessed to be the second largest single source o f  em issions by Stephenson  

and A ssociates (1993). In a sim ilar study for Tullamarine airport, V&C Environm ent Consultants 

(1995) estimated that road traffic within the airport was in fact the largest source o f  HC and CO on 

a typical day.

As no detail was available regarding traffic projections for SSA , an approximate m ethodology for 

the estimation o f  motor veh icle em issions assumed to apply to both the Badgerys Creek and 

Holsworthy proposed airport sites has been adopted. The essential features o f  the m ethodology are 

as follow s:

a single access road for the airport with a round trip length o f  6 km;
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•  daily traffic volum es based on work previously undertaken for Tullamarine Airport by V & 

C Environment Consultants (1995). Estimates o f  traffic volum es at KSA are available 

(M asson and W ilson, 1996), but are not considered to be directly applicable to the proposed  

second airport given  the differences in ground access requirements. For exam ple, there is a 

large com ponent o f  ground traffic at KSA generated by airport related industry that m ay not 

be a feature o f  the second airport (Mr F. Gennaoui, Rust PPK, personal com m unication, 
1996);

•  em ission factors developed by C offey for the 2006 and 2016 m otor vehicle fleets on a hot 

sum m er day and mild winter day w ere adopted assuming typical urban-type traffic flow  at the 

airport. Airport carparks have not been explicitly m odelled, how ever, the nature o f  the traffic 

flow  assum ed (A D R  drive cycle) incorporates elements o f  congestion and low  speed travel 

sim ilar to conditions expected within airport carparks.

It should be noted that the possible effects o f  a rail link on traffic volum es at the second airport have 

not been considered in this study due to a lack o f  available data.

Em ission factors for the 2006  and 2016 motor vehicle fleets are show n in Table 8. The follow ing  

formula w as used to calculate em issions:

ET,j =  vpdj x  D  x  EFy

where:

ETy =  total em issions o f  pollutant i for scenario (season/year) j.

vpdj =  the number o f  veh icles per day (vpd) for scenario j.

D =  the average distance travelled within the airport by each vehicle.

EFy =  motor vehicle fleet em ission factor for pollutant i and scenario (season/year) j .

Estimates o f  landside motor vehicle em issions for the various scenarios on a hot sum m er day are 

presented in Table 9 and have been calculated on the assumption that daily traffic volum es will 

range from  approximately 14 ,600  vehicles per day (vpd) for Case la  to 3 4 ,4 0 0  vpd for C ase 3b 

respectively. Estimates for the winter day scenarios appear in Section 8.
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T A B L E  8

1 MISSION F A C T O R S FO R  2006 A N D  2016 M O T O R  V E H IC L E  F L E E T S

2006  (g/km ) 20 1 6  (g/km )
C om pound S um m er W inter Sum m er W inter

HC 2.41 1.92 2 .16 1.74
N O x 1.54 1.66 1.16 1.24
CO 12.25 18.64 9.75 16.76
S 0 2 0 .065 0 .065 0.065 0 .065

P M 10 0 .1 2 0 .14 0 .12 0 .1 4

T A B L E  9

E S T IM A T E S  O F  E M ISSIO N S FR O M  L A N D SID E  M O T O R  V E H IC L E S  A T

SSA . H O T  SU M M E R  DAY

'Scenario HC
kg/day

N O ,
kg/day

CO
k g/d ay

so 2
k g/d ay

P M 10
kg/day

(Case la  - O verflow  Scenario 2006 128 82 653 3 6
Case lb  - O verflow  Scenario 2016 335 180 1,514 10 19
Case 2a - Equal Growth Scenario 2006 238 152 1,210 6 12
Case 2b - Equal Growth Scenario 2016 422 226 1,910 13 24
Case 3a - Additional N oise  Scenario 2006 264 170 1,346 7 13
Case 3b - Additional N oise  Scenario 2016 445 239 2,011 13 25

2 .3  A irsid e V eh icles A nd Plant

There is a w ide variety o f  equipment comprising the airside vehicle fleet and plant which performs 

essential services w hile the aircraft is on the ground during an LTO cycle. Exam ples o f  this ground 

service equipment (GSE) include large capacity tractors for aircraft pushback, fuel trucks, air 

conditioning units and baggage conveyors. Units may be powered by petrol, diesel or electricity. 

At Australian airports, such equipment is generally diesel-fuelled (C. Jarvis, Airplan, personal 

com m unication, 1997).

Annual GSE m ovem ents for each o f  the proposed SSA scenarios have been estimated from data 

provided by Airplan. Em ission factors and TIM estimates have been sourced from  the Em issions 

and D ispersion M odelling System  (E D M S, 1993).

A summary o f  em issions from GSE for the proposed scenarios is presented in Table 10. Further 

details o f  the calculations are presented in Appendix A .
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T A B L E  10

E M ISSIO N S FR O M  A IR SID E  V E H IC L E  F L E E T  A N D  P L A N T  A T  S SA

SC E N A R IO HC
k g/d ay

N O ,
kg/day

CO
k g/d ay

so 2
k g /d ay

PM  1
k g /d ay  |

Case la  - O verflow  Scenario 2006 47 247 236 6 18Case lb  - O verflow  Scenario 2016 137 719 688 18 53 [
Case 2a - Equal Growth Scenario 2006 87 457 437 11 34
Case 2b - Equal Growth Scenario 2016 173 907 867 22 67

|Case 3a - Additional N oise Scenario 2006 97 509 487 12 38
(Case 3b - Additional N oise Scenario 2016 182 955 913 23 70

2 .4  O ther A irport Sources

Other sources considered in this study com prise the following:

•  aircraft maintenance;

•  aircraft refuelling and fuel storage;

•  use o f  Auxiliary Pow er Units (APUs);

•  use o f  solvents such as surface coatings and engine degreasers; and

•  boilers/heaters in terminal buildings and workshops.

A s discussed, detailed information relating to these sources was not available at the tim e o f  writing. 

The results o f  a study o f  em issions at KSA undertaken by Stephenson and A ssociates (1993) on  

behalf o f  the FAC have been scaled according to the level o f  activity expected at the second airport 

and supplem ented with additional information where possible. This approach provides an 

approximate assessm ent o f  em issions, but is considered to be reasonable g iven  that the sources 

involved make a relatively m inor contribution to total em issions. Estimates o f  em issions for 2016  at 

design capacity appear in Table 11. Em issions from these sources for the SSA  scenarios are 

presented in Section 8 .0 .
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I A B L E J .1: E M ISSIO N S FR O M  O T H E R  SO U R C E S FO R  SSA  . SC E N A R IO  3B

SO U R C E
HC N O x

kg/day
CO s o 2 PM io

Maintenance 9 126 63 3 n/e
Refueling /  Storage 29 0 0 0 0
Surf coat 20 0 0 0 0
Solvent use 226 0 0 0 0
APU 17 278 481 n/e n/e
Boiler 2 47 11 0 .2 1
TOTAL 303 452 555 3 1

note : n/e indicates parameter not estimated.

2 .5 E stim ates with T hose o f  O ther Studies

Estimates o f  em issions made in this study for SSA in 2016 at design capacity have been compared  

with those o f  previous inventory studies undertaken for KSA (Stephenson and A ssociates, 1993; 

Carnovale et a l., 1995) and Tullamarine airport (V  & C Environment Consultants, 1995). 

Inventory results have also been compared with m odelled results derived for the W ashington  

National Airport in the United States using the Em issions and Dispersion M odelling System  (E D M S, 

1993). Note that em issions o f  particulate matter were not assessed in these previous studies.

Results o f  studies for different airports are not directly comparable given  differences in parameters 

such as aircraft fleet m ix, motor vehicle em ission control technology, level o f  airport activity, time 

in m ode, airport design and study year. Such comparisons are, how ever, useful for first order 

assessm ent o f  total and relative em issions for the various sources.

The com parison o f  inventory results appears in Table 12. To the extent that the inventories can be 

meaningfully compared with one another, it can be seen that the results o f  this study are broadly 

similar to previous studies in terms o f  the relative magnitudes o f  the various sources o f  em ission  at 

airports. For exam ple, the contribution o f  aircraft exhaust to total N O x show s close  agreem ent for 

all studies, ranging from 86% to 89% . Aircraft exhaust em issions o f  HC display m uch wider 

variability, ranging from approximately 24% (V & C Environment Consultants, 1995) to 81% 

(ED M S, 1993) with results for SSA derived for this study being som ewhere near the midpoint o f  

this range at 62% . Again, it must be stressed that comparisons o f  this nature must be considered  

with caution in the light o f  fundamental differences in airport layout. For exam ple, the contrast in 

relative HC em issions for the two previous studies mentioned above is due partly to d ifferences in 

the length o f  roadways considered in the studies. In addition, the em ission control technology found 

on US vehicles is generally further advanced than that o f  comparable m odel year Australian 

vehicles.
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T A B L E  12

C O M P A R IS O N  O F E M ISSIO N S FR O M  P R E V IO U S ST U D IE S  

W IT H  E ST IM A T E D  E M ISSIO N S FO R  SSA . S C E N A R IO  3B

u —" ■
Author, Study Year
Airport, Annual
Movements

HC
kg/day

NOx
kg/day

CO
kg/day

S 0 2
kg/day

HC
%

NOx
%

CO
%

S 0 2
%

Stephenson, 2010 
KSA, 303000 
Aircraft Exhaust 1220 7824 9668 612 65% 89% 73% 99%
Motor Vehicles 220 250 1970 12% 3% 15% 0%
Other 435 678 1556 4 23% 8% 12% 1%
TOTAL 1875 8752 13194 616 100% 100% 100% 100%

VCEC, 1995 
Tullamarine, 144000
Aircraft Exhaust 172 1963 1377 441 24% 86% 39% 98%
Motor Vehicles 344 88 1806 48% 4% 52% 0%
Other 199 222 309 9 28% 10% 9% 2%
TOTAL 715 2273 3492 450 100% 100% 100% 100%

Carnovale, 1992 
KSA, 230000 
Aircraft Exhaust 1970 4480 5410 290 79% 87% 69% 99%
Motor Vehicles 113 156 1228 5% 3% 16% 0%
Other 396 516 1232 3 16% 10% 16% 1%
TOTAL 2479 5152 7870 293 100% 100% 100% 100%

EDMS, 1990 
Washington, 190000 
Aircraft Exhaust 1547 4778 6496 321 81% 89% 74% 15%
Motor Vehicles 34 29 469 0 2% 1% 5% 0%
Other 338 587 1797 1879 18% 11% 21% 85%
TOTAL 1919 5394 8762 2200 100% 100% 100% 100%

Coffey, 2016 
SSA, 245000 
Aircraft Exhaust 1542 10305 4985 547 62% 86% 59% 93%
Motor Vehicles 445 239 2011 13 18% 2% 24% 2%
Other 485 1407 1469 26 20% 12% 17% 4%
TOTAL 2472 11951 8465 587 100% 100% 100% 100%
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The aircraft exhaust results for the 2016 (Case 3b) scenario have been com pared with those o f  

Carnovale et al. (1995) for Kingsford Smith airport in 1992, scaled according to the number o f  

annual m ovem ents expected at SSA  when operating at design capacity in 2016 . Results from this 

study for H C , N O x and CO are substantially different from the estimates o f  Carnovale et al. (1995), 

being 27% low er, 116% higher and 13% lower respectively. This variation is due primarily to the 

much larger proportion o f  heavy jets in the SSA fleet compared to the fleet m ix adopted for the 

KSA work. These observations are also consistent with studies w hich have reported that 

im provem ents in aircraft engine technology have led to lower HC and CO em issions whereas N O x 

em issions have stayed the same or increased (Grieb & Simon, 1990).

The projection work o f Stephenson and Associates (1993) for KSA in 2010  has also been compared  

with the results o f  this study. These projections w ere based on 3 0 3 ,000  aircraft m ovem ents per year 

and have been scaled according to the SSA 2016 design level o f  approxim ately 2 4 5 ,0 0 0  m ovem ents 

annually. Aircraft exhaust HC, N O x and CO em issions estimates o f  Stephenson and A ssociates 

(1993) are significantly different to those o f  this study, being approximately 56% low er, 63% higher 

and 36% low er respectively. The TIM estimates and details o f  the engine m ix adopted by 

Stephenson and A ssociates (1993) for the projections were not available so  com m ent cannot be 

made as to the reasons for this discrepancy. D ifferences o f  this m agnitude, how ever, can be 

expected given  the variation in em ission rates for the engines that can be chosen to represent 

m odern aircraft fleets.

3 .0  E M ISSIO N S O F  A IR  T O X IC S

Air toxics refer to those com pounds with known or suspected carcinogenic, m utagenic, teratogenic 

or other toxic effects. Em issions o f  the follow ing air toxics have been assessed:

•  Benzene;

•  Toluene;

•  Ethyl Benzene;

•  Xylene;

•  Formaldehyde;

•  Acetaldehyde; and

•  1,3 - Butadiene.

Benzene and 1,3-butadiene are o f  concern primarily because o f  their potential carcinogenic effects 

on humans. Benzene has been classified by the International A gency for Research on Cancer 

(IARC, 1989) as a known (Group 1) human carcinogen while 1,3-Butadiene is classified as a 

probable (Group 2A ) human carcinogen.
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Toluene, xylene and ethyl benzene are not classifiable as human carcinogens, how ever, their toxic 

effects include irritation o f the eyes and respiratory system . Chronic (long term) exposure to these 

substances can lead to lung and liver damage (IRIS, 1996). Carbonyl com pounds such as 

form aldehyde and acetaldehyde, in addition to their toxic effects, are o f  environm ental interest due 

to their high reactivity in the atmosphere and the role they play in the formation o f  photochem ical 

sm og.

Em issions o f  these toxic com pounds have been estimated from a consideration o f  volatile organic  

com pound (VO C) speciation profiles for each source. Note that VO C is generally defined as being 

equivalent to hydrocarbon (HC) em issions with the exclusion o f  methane and the inclusion o f  

substituted hydrocarbon com pounds such as carbonyls.

The speciation profile for aircraft exhaust is a w eighted average for a typical U .S . com m ercial 

aviation LTO cycle  (Profile 1098, SD S, 1993). This profile is assumed to apply to m aintenance and 

A PU  operation.

For the landside motor vehicle fleet, the benzene content o f  exhaust HC has been estimated using an 

equation established by the U SEPA  (1993) for petrol-fuelled catalyst equipped vehicles as follow s:

% Benzene =  1 .077 +  0 .7 7 3 2  x (V ol. % benzene) +  0 .0 9 8 7  x (V ol. % aromatics - V ol % benzene)

The benzene and total aromatic percentages (2% and 29% respectively) used in the above equation  

have been estimated for regular unleaded fuel produced in Sydney (A ssociated Octel Petrol Survey, 

W .T . Perreau, personal com m unication, 1996). Toluene, xylene, ethyl benzene and carbonyl 

profiles for m otor vehicles have been conservatively based on the 1992 N SW  motor veh icle  fleet as 

reported by C am ovale et al. (1995).

For the predominantly diesel airside vehicle and plant fleet, the aldehyde content o f  d iesel exhaust 

has been sourced from the U SE PA  (Profile 1201, SD S, 1993). The benzene content o f  diesel 

exhaust is taken to be 1.9% as reported by Environment Canada (1990).

The profile for surface coatings is also based on the work o f C am ovale et al. (1995). The VOC  

profile for solvents used at airports is difficult to estimate due to the range o f  com pounds used and 

has been approximated by an urban solvent m ix adopted in previous inventory work undertaken by 

C offey (M orell et a l., 1995). For natural gas com bustion, the profile for com m ercial natural gas 

boilers as reported by the U SEPA  has been adopted (Profile 0003 , S D S , 1993). A viation fuel 

contains negligible amounts o f  the air toxics considered in this study and for this reason no 

contribution to air toxics is included for evaporative fuel losses w hich would occur during aircraft
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refueling. A ir toxics emitted in exhaust from aircraft engines are discussed above and presented in 

Table 13.

The air toxics speciation profiles adopted for airport sources are presented in Table 13. N ote that 

aircraft exhaust VOC is calculated by m ultiplying the HC em ission values by 1 .0947 as 

recom m ended by the U SEPA (1992). Landside and airside motor vehicle and plant VOC em issions 

have been assum ed to be equivalent to 92% o f  HC (F. Carnovale, personal com m unication, 1996). 

For surface coatings, other solvents and natural gas combustion, VOC em issions have been assumed 

to be equivalent to HC em issions.

T A B L E  13

E S T IM A T E S O F A IR  T O X IC S SPE C IA T IO N  P R O F IL E S

1 Species A ircraft 

E xhaust 

(% V O C )

L andside  

V ehicles  

(% V O C )

A irside  

V eh ./P lan t  

(% VO C)

S u rface  

C oatings  

(% V O C )

Solvent 

U sage  

(% V O C )

B oiler  

(% V O C )

1 Benzene 1.94 4 .3 4 1.9 0 0 4
Toluene 0 .5 2 5 .75 0 25 14 2
Ethyl Benzene 0 .1 7 0 .8 6 0 0 0 0
X ylene 0 .48 5 .7 9 0 18 12 0
Form aldehyde 15.01 1.07 9.1 0 0 2
A cetaldehyde 4 .65 0.21 3.1 0 0 0
1,3-Butadiene 1.80 0 .3 7 0 0 0 0 1

Air toxic em issions are calculated using the follow ing formula: 

E T ijk =  EFj x  V O C jk 

where:

ETy =  total em issions o f  air toxic i for source j and scenario (season/year) k.

EFy =  em ission factor (% o f  VOC) for air toxic i and source j.

VOCjk =  em ission o f  VOC for source j and scenario k.

Estimates o f  daily em issions o f  air toxics for SSA at design level in 2016  scenario are presented in 

Table 14. Em issions estimates for the alternative scenarios appear in Section 8.
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T A B L E  14

F S T 1M A T E S .O F  A IR T Q Y IC S E M ISSIO N S FR O M  S S A . S C E  V A RIO 3B

|Species
= = ;= = = =

A ircraft
Exhaust
(kg/day)

L andside
V ehicles
(kg/day)

A irside
V eh./P Iant

(kg/day)

Surface
C oatings
(kg/day)

Solvent
U sage

(kg/day)

B oiler

(k g /d ay)

T O T A L

(kg/day)
Benzene 33 12 3 0 0 0.1 49
Toluene 9 23 0 5 32 0 .0 4 68
Ethyl Benzene 3 3 0 0 0 0 6
X ylene 8 23 0 4 27 0 62
Form aldehyde 258 3 17 0 0 0 .2 277
A cetaldehyde 80 1 6 0 0 0 87
1,3-Butadiene 31 1 0 0 0 0 31

4 .0  E M IS S IO N S  O F G R E E N H O U SE  G A SE S

G reenhouse gas em issions at airports consist primarily o f  carbon dioxide ( C 0 2) w hich is formed by 

the oxidation o f  fuel carbon during fuel combustion. Other greenhouse gases such as C H 4 and N 20  

are emitted from  the incom plete combustion o f  fuel and from reactions betw een fuel constituents and 

air during and after the com bustion process. Pollutants such as CO and NO* are not greenhouse  

gases as such but are indirect contributors to the greenhouse effect by influencing the rate o f  

formation and destruction o f  the greenhouse gases.

Em issions o f  C 0 2, CH4 and N 20  from airport related sources have been estim ated for SSA  at design  

capacity in 2016  using the Australian m ethodology specified by the National G reenhouse Gas 

Inventory C om m ittee (NG G IC, 1996a/1996b). This method, endorsed by the Intergovernmental 

Panel on Clim ate Change (IPCC) involves the estimation o f fuel consum ption by each source and 

application o f  em ission factors that relate the em ission o f  greenhouse gas to the energy content o f  

the fuel consum ed. A s for aircraft exhaust, em issions o f  these greenhouse gases have been assessed  

from ground level up to a height o f  1000 metres.

Em ission factors for C 0 2, C H 4 and N 20  for the fuel types considered in this analysis are show n in 

Table 15. N ote that the total carbon content o f  the fuel consumed is assigned to C 0 2 em issions and 

solid products such as soot. Under actual engine operating conditions, how ever, a small proportion 

o f  the fuel carbon is released as CH4, CO and other organic gases.
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T A B L E  15

G R E E N H O U S E  G A S E M ISSIO N  R A T E S AND FU E L  E N E R G Y  D E N S IT IE S

Fuel T yp e Energy' D ensity c o 2 c a , N ,0

(units) (g /M J) (units) (g /M J)

Aviation Turbine Fuel 36 .8  (g/M J) 6 9 .7 0 0 .0 0 9 4  (g/M J) 0 .0 0 2
Autom otive Gasoline 3 4 .2  (g/M J) 66 0 .2 5 12b (g/km ) 0 .1 2 2
Natural Gas 3 8 .8  (M J/m3) 5 1 .4 0.0011 (g/M J) 0.0001

a. NGGIC (1996a, 1996b)

b. Deterioration o f  CH4 em ission rate calculated on accumulated VKT o f  2 2 0 ,0 0 0  km.

The amount o f  fuel consum ed by the SSA aircraft fleet has been estimated from the TIM  and 

aircraft m ovem ent data used in the exhaust analysis together with fuel flow  rates associated with the 

m odes o f  the LTO cycle . Fuel flow  rates sourced from FAEED (1995) and fuel consum ption  

estimates for the engine types considered in the inventory are shown in Table 16. G reenhouse gas 

em issions are calculated by applying the em ission factors contained in Table 15 to these fuel 
consum ption estim ates. Sim ilarly, greenhouse em issions from aircraft engine maintenance have been  

estimated from the fuel flow s for a small number of representative engine types and typical 

maintenance periods as reported by Stephenson and Associates (1993). The fo llow ing steps enable 

the calculation o f  greenhouse gas em issions from aircraft engines during normal operation and 

maintenance:

Step 1. Calculate em issions for each aircraft/engine configuration according to the formula:

Ejj =  S u m [T IM k x  FRjjk x D  x  E R ; x Nj]

where:

Ey =  total em issions o f  greenhouse gas i emitted by aircraft/engine configuration j per LTO cycle. 

TIM k =  time in m ode for mode k.

FRjk =  fuel flow  rate for aircraft/engine configuration j and m ode k.

D =  energy density o f  fuel. Note that the sim plifying assumption has been made that all 

fuel consum ed is aviation turbine fuel.

ERj =  em ission  rate for greenhouse gas i.

Nj =  number o f  engines on aircraft/engine configuration j.
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Step 2. Calculate total greenhouse em issions for all aircraft according to the formula:

ETj =  SumfEjj x L T O ,] 

where:

ETj =  total em issions o f  greenhouse gas i produced by aircraft fleet.

LTOj =  the number o f  LTO cycles for aircraft/engine configuration j.

Annual greenhouse gas em issions from aircraft exhaust are estimated to be approxim ately 478000  

tonnes o f  C 0 2, 45 0 0  tonnes o f  C H 4 and 9 tonnes o f  N 20 .
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T A B L E  16: FU E L  FL O W  R A T E S A N D  FU E L  C O N SU M PT IO N  FO R  SSA  , SC E N A R IO  3B

AIRCRAFT ENGINE NO. OF NO. OF
TYPE TYPE ENGINES MOVEMENTS TKO CLBO APP TAX/ID TKO CLBO APP TAX/ID

(kg/min) (kg/min) (kg/min) (kg/min) (t/yr) (t/yr) (t/yr) (t/yr)
B-747s

RB211-524G 4 2.71E+04 1.57E+02 1.25E+02 4.19E+01 1.56E+01 5.95E+03 1.65E+04 9.93E+03 2.19E+04
RB211-524D4 Phi 4 4.76E+03 1.50E+02 1.20E+02 4.43E+01 1.80E+01 1.00E+03 2.81E +03 1.84E+03 4.44E+03

PW4056/4156 4 8.09E+03 1.41E+02 1.16E+02 3.95E+01 1.25E+01 1.59E+03 4.59E +03 2.79E+03 5.25E+03
CF6-80C2B4 4 7.61E+03 1.46E+02 1.19E+02 3.90E+01 1.19E+01 1.55E+03 4.43E +03 2.59E+03 4.72E+03

MD11
CF6-80C2D1F 3 2.91E+03 2.60E+00 2.07E+00 6.57E-01 1.96E-01 7.92E +00 2.21E+01 1.25E+01 2.22E+0I

DC 10
CF6-6D 3 5.69E+02 1.04E+02 8.59E+01 2.90E+01 1.04E+01 6.22E+01 1.79E+02 1.08E + 02 2.30E + 02

CF6-50E/E2 3 5.69E+02 1.46E+02 1.15E+02 3.99E+01 1.01E+01 8.70E+01 2.41E +02 1.49E+02 2.24E+02
NLA

TRENT 768 4 2.03E+04 3.87E+00 3.08E+00 1.03E+00 3.00E-01 1.10E+02 3.06E +02 1.83E+02 3.16E+02
B-767s

CF6-80C2B6 2 1.49E+04 1.55E+02 1.25E+02 4.12E+01 1.24E+01 1.61E+03 4.55E +03 2.68E+03 4.81E4-03
JT9D-7R4E1 2 7.90E+03 2.12E+00 1.72E+00 6.53E-01 2.21E-01 1.17E+01 3.34E+01 2.25E+01 4.54E+01

CF6-80A 2 6.38E+03 1.29E+02 1.08E+02 3.69E+01 9.00E+00 5.75E+02 1.68E+03 1.03E+03 1.49E+03
PW4056/4156 2 1.22E+03 1.41E+02 1.16E+02 3.95E+01 1.25E+01 1.20E+02 3.45E +02 2.10E+02 3.94E+02

A310
JT9D-7R4E1 2 3.63E+03 2.12E+00 1.72E+00 6.53E-01 2.21E-01 5.39E +00 1.54E+01 1.04E+01 2.09E+01

B-737s
CFM56-3B 2 3.42E+04 6.84E+01 5.58E+01 2.16E+01 7.80E+00 I.64E+03 4.68E +03 3.23E+03 6.94E+03
CFM56-3C 2 1.71E+04 7.08E+01 5.82E+01 2.04E+01 7.20E+00 8.48E+02 2.44E+03 1.53E+03 3.20E+03

A320
CFM56-5A1 2 1.22E+04 6.48E+01 5.28E+01 1.80E+01 6.60E+00 5.55E+02 I.58E+03 9.62E+02 2.10E+03

BAe-143
ALF502R-5 4 4.11E +03 2.15E+01 1.77E+01 6.21E+00 2.45E+00 1.24E+02 3.57E+02 2.23E+02 5.24E+02
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TA B L E  16 (ctd): FU E L  FL O W  R A TES A N D  FU E L  C O N SU M P T IO N  F O R  SSA , SC E N A R IO  3B

AIRCRAFT ENGINE NO. OF NO. OF
TYPE TYPE ENGINES MOVEMENTS TKO CLBO APP TAX/ID TKO CLBO APP TAX/II)

(kg/min) (kg/min) (kg/min) (kg/min) (t/yr) (t/yr) (t/yr) (t/yr)
500 Citation

JT15D-1A 2 1.14E+03 1.48E-01 1.24E-01 5.10E-02 2.30E-02 1.18E-01 3.46E-01 2.54E-01 6.82E-0I
JT15D-1B 2 1.14E+03 1.48E-01 1.24E-01 5.10E-02 2.30E-02 1.18E-01 3.46E-01 2.54E-01 6.82E-01

DH8
PW120

(PT6A-41)
2 4.57E+04 3.86E +00 3.57E +00 2.06E+00 1.11E+00 1.23E+02 4.00E +02 4.12E +02 I.32E+03

SH6
PT6A-27 2 5.71E+03 3.21E +00 3.03E+00 1.62E+00 8.71E-01 1.28E+01 4.23E+01 4.05E+01 1.29E+02
PT6A-41 2 5.71E+03 3.86E+00 3.57E +00 2.06E+00 1.11E+00 1.54E+01 5.00E+01 5.15E+01 1.65E+02

LT1
0200 2 2.13E+03 3.40E-01 3.40E-01 I.95E-01 6.35E-02 5.07E-0I 1.78E+00 I.82E+00 3.52E +00
0320 2 2.13E+03 6.71E-01 5.03E-0I 3.54E-0I 7.26E-02 I.00E +00 2.63E +00 3.29E +00 4.02E +00

PT6A-4I 2 2 .I3E +03 3.86E+00 3.57E+00 2.06E+00 l . l  IE +00 5.75 E+ 00 1.87E+OI I.92E+0I 6.16E +0I
LT1

0200 1 1.50E+02 3.40E-01 3.40E-01 1.95E-01 6.35E-02 1.78E-02 6.24E-02 6.38E-02 1.24E-01
0320 1 1.50E+02 6.71E-01 5.03E-01 3.54E-01 7.26E-02 3.52E-02 9.23E-02 1.16E-01 1.41E-01

PT6A-41 1 1.50E+02 3.86E+00 3.57E+00 2.06E +00 1.11E+00 2.02E-01 6.55E-01 6.75E-01 2.16E +00
JRH

T53-L-1ID 1 1.90E+03 5.22E +00 5.18E +00 4.88E +00 1.10E+00 3.47E +00 1.21E+01 2.02E + 01 2.71E+01
TOTAL 2.45E +05 TOTAL 1.60E+04 4.54E +04 2.81E +04 5.84E +04
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In the absence o f  detailed information relating to vehicle fleet projections at SSA , an approximate 

m ethodology has been adopted for the analysis o f  greenhouse gas em issions from landside motor 

vehicles at SSA  as detailed below.

It is assum ed that the 2016  landside motor vehicle fleet at the second airport is represented by a 

petrol-fuelled p ost-1985 vehicle with a 3-w ay exhaust catalyst. W hile it is recognised that other 

vehicle and fuel types may have significantly different greenhouse gas em ission profiles, the 

approach adopted is considered to be reasonable given that petrol fuelled passenger vehicles have 

been reported to account for approximately 85% o f the motor vehicle fleet at airports (V  & C 

Environm ent Consultants, 1955).

The average fuel consum ption rate for post 1985 petrol fuelled motor vehicles is reported to be 

0 .1 1 5  L/km  (N G G IC , 1996a). Assum ing this rate o f  consum ption for the 2016  fleet and 

considering the daily traffic volum es and trip length data as discussed in Section 3 , annual fuel 

consum ption is estimated to be approximately 375 TJ. An annual C 0 2 em ission o f  19 ,500  tonnes is 

then derived using the recommended em ission factor o f  66 g/M J as show n in Table 15.

The total distance travelled within SSA by landside motor vehicles in 2016  is estim ated to be 75 

m illion km (see Section 3). This figure has been applied to the CH 4 and N 20  em ission  factors in 

Table 15 to yield  an annual em ission o f  approximately 19 and 9 tonnes respectively.

G reenhouse em issions from airside service vehicles have been approximated by scaling landside 

vehicle greenhouse estimates according to the relative magnitudes o f  CO em issions from  landside 

and airside veh icles respectively. This yields an annual em ission o f  8 ,9 0 0  tonnes o f  C 0 2, 9 tonnes 

o f  C H 4 and 4  tonnes o f  N 20 .

G reenhouse em issions from the com bustion o f  natural gas in boilers are based on  1992 fuel 

consum ption estim ates presented in Stephenson and A ssociates (1993), scaled according to the 

expected level o f  activity at SSA  at design capacity in 2016. A consum ption estimate o f  4  x 105 GJ 

was applied to the em ission factors in Table 15 to yield an annual em ission o f  2 0 ,4 0 0  tonnes o f  

C 0 2, 0 .4  tonnes o f  C H 4 and negligible em issions o f  N 20 .  It has been assumed that the com position  

o f  natural gas presently consum ed in NSW  w ill be the equivalent to that in 2016 .

A summary o f  greenhouse gas em issions for the second airport operating at design capacity in 2016  

appears in Table 17. The estimates are presented as mass em issions and as C 0 2 equivalents which  

allow s m ore m eaningful com parison to be made between the greenhouse gases in relation to their 

relative effect on global warming. The global warming potential (GW P) o f  C H 4 and N 20 ,  

expressed as C 0 2 equivalents, is reported to be 21 and 290 respectively (NG G IC, 1996a/1996b). 

This m eans that, for exam ple, one tonne o f  CH4 has the same effect on global warming as 21 tonnes
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o f  CO z. It should be noted that C 0 2 equivalent factors are dependant on the time scale assumed as 

carbon em itted as CH4 and other gases eventually convert to C 0 2 in the atmosphere.

T A B L E  17

E S T IM A T E  X )E _G R E E N H Q T SE  G A S E M ISSIO N S (0 - 1000m l F R O M  SSA . S C F *  4 RIQJJB

C om pound ton n es/year C 0 2 E q u iv . 

(Gg)

C 0 2 530 ,000 530

I CH4 4 ,5 0 0 96

!! N 2 ° 22 7

Inventories o f  N SW  greenhouse gas em issions have been established for 1995 and 2000  (E PA N SW , 

1995). A  linear extrapolation o f  trends based on the 1995 and 2000 inventories yields an estimate o f

2 1 3 .0 0 0  G g in C 0 2 equivalents by 2016. This analysis indicates that em issions from the proposed  

second airport account for approximately 0.3%  o f  state greenhouse em issions.

5 .0  E M ISSIO N S O F  O Z O N E  D E P L E T IN G  SU B ST A N C E S

H alogenated com pounds containing chlorine or bromine, such as chloroflourocarbons (C FC s), 

hydrochloroflourocarbons (H CFCs) and halons are used as refrigerants, foam blowing agents, 

cleaning solvents and fire retardants. In the atmosphere, these com pounds are broken dow n by 

sunlight at high altitudes and the resulting products react with and destroy ozone. The depletion o f  

the stratospheric ozone layer has increased the amount o f  damaging U V  radiation reaching the 

Earth’s surface (A N ZEC C , 1994).

Australia is a signatory to the M ontreal Protocol on Substances that D eplete the Ozone Layer which  

is an international treaty that sets a timetable for the phasing out o f  these substances. For exam ple, 

the production and sale o f  C FC s and halons is now prohibited for non-essential uses. The use o f  

H C FC s is still permitted as a substitute for C FC s, how ever, the consum ption level has been frozen  

with a total phase-out planned for 2030. It should be noted that H C FC s have a lower ozone  

depleting potential than CFCs.

The major sources o f  em ission o f  these and other ozone depleting substances at airports are motor 

vehicle air conditioners, air conditioning/refrigeration systems in terminal buildings and solvents 

used for cleaning and degreasing in terminal workshops. Other sources include the use o f  fire 

extinguishers used in the event o f  fires and for training purposes.
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Due to the controls measures described above and the advent o f  ozone benign technologies, 

em issions o f  ozone depleting substances related to SSA operating at design level in 2016 are 

expected to be minimal (F. Kernabone, EPANSW , personal com m unication, 1996). An inventory 

o f  the release o f  these substances has not been undertaken for this reason.

6 .0  T E M P O R A L  R E SO L U T IO N  O F  E M ISSIO N S

The temporal em ission profile for the proposed second airport has been based on hourly activity  

profiles reported in recent studies for Tullamarine Airport (V & C Environment Consultants, 1995) 

and KSA (Stephenson and A ssociates, 1993). The profile, shown in Table 18, has been derived  

from a consideration o f hour by hour landings and takeoffs for the major aircraft categories. The 

temporal profiles considered are presented in Figure 1.

The temporal profile adopted for this study represents a 24 hour airport operation. Although no 

decision  has been made regarding whether or not SSA  should operate 24 hours a day, the use o f  a 

non-curfew profile is considered to be a reasonable approximation o f  an airport with a curfew given  

the low  level o f  activity between midnight and 5:00 am.

- VCEC, 1995 

■Stephenson, 1993

- - O  * - SSA, This Study

F IG U R E  1: T E M P O R A L  P R O F IL E S FO R  A IR PO R T  O P E R A T IO N S
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TABLE 18
SSA TEMPORAL EMISSIONS PROFILE

Hour ending (Eastern Standard Time) Percentage of daily emissions
0100
0200
0300

0400

0500

0600

0700

0800

0900

1000
1100
1200

1.3

1.3 

1.1 
0 .5  

1.0 
2.0

5 .0

7 .0

7 .0

6.0 
5 .5  

5 .0

1300

1400

1500

1600

1700

1800

5 .0

5 .0  

5.5

6.0 
6.0 
7 .0

1900

2000
2100
2200
2300

2400

7 .0

5 .0  

4 .5

3 .0

2.0 
1.3
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7 .0  S P A T IA L  R E SO L U T IO N  O F E M ISSIO N S

The air em issions estim ates have been distributed spatially over each o f  the proposed SSA  sites to 

allow subsequent m odelling and analysis. Each airport site has been divided up into thirteen areas 

covering ground level and elevated em issions to 1000m in height. Sketches contained in Appendix  

B indicate the location o f  each o f  the zones. A description o f  each o f  the zones appears in Table 19. 

Zones A l ,  B , C 1 ,D ,  E F 1 .G 1  and HI apply to the early operational phase in 20 0 6  w hile all zones 

apply for the fully operational conditions in 2016.

Note that these em ission zones do not consider cross wind runway operation as it is likely that such  

operation w ould be limited to periods o f  high wind speed and would tend to apply to a limited 

proportion o f  the landings and takeoffs, predominantly for smaller craft.

T A B L E  19

D E SC R IP T IO N  O F  E M ISSIO N  Z O N E S A T  SSA

Emission
Zone

Description Height

(m  A G L)
A l Term inal/apron area during early operational phase 2006 (Cases la , 2a, 3a) 0

A 1 + A 2 Term inal/apron area during fully operational phase 2016 (Cases lb , 2b , 3b) 0
B Airport access road 0

C l M aintenance area during early operational phase 2006 (Cases la , 2a, 3a) 0
C 1 + C 2 M aintenance area during fully operational phase 2016 (Cases lb , 2b, 3b) 0

D Fuel storage area 0
E Fire training area 0

FI 1st Runway aircraft em issions, consisting o f  : 
Taxi/idle T
T akeoff 7 - 2 0 0

F2 2nd Runway aircraft em issions, consisting o f  : 
Taxiing, idle 
T akeoff

7
7  - 200

G1 1st Runway aircraft climbout em issions 2 0 0 -  1000
G2 2nd Runway aircraft climbout em issions 200  - 1000
HI 1st Runway aircraft approach em issions 1000 - 7
H2 2nd Runway aircraft approach em issions 1000 - 7

a. Height o f  em ission from aircraft engine w hile aircraft is on the ground, taking into account the 

heat o f  the exhaust (V C EC , 1995).

As the direction o f  takeoff and landing w ill change depending on wind direction, the sketches in 

Appendix B also indicate the aircraft em issions distribution according to takeoff direction. It has
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been assum ed that landings and takeoffs w ill be in the same direction. A ssum ptions concerning  

parallel runway usage according to wind direction are shown in Table 20.

T A B L E  20

A SS U M E D  R U N W A Y  U SA G E  A T  SSA

O P T IO N W ind D irection  (degrees) R u n w ay

Badgerys Creek Option A 152 clockw ise to 332 062

332 clockw ise to 152 242

Badgerys Creek Option B 152 clockw ise to 332 062

332 clockw ise to 152 242

Badgerys Creek Option C 280 clockw ise to 100 190

100 clockw ise to 280 010

H olsw orthy - Northern Option 262 clockw ise to 82 172

82 clockw ise to 262 352

H olsw orthy - Southern Option 211 clockw ise to 031 121

031 clockw ise to 211 301

W ith respect to the horizontal distribution o f  aircraft exhaust em issions, the fo llow ing assum ptions 

have been made:

•  after discussions with industry representatives (Mr B. Bourke, Q A N T A S , personal 

com m unication, 1996) the rate o f  ascent has been taken as approxim ately 5 .7  d egrees for 

take o ff  and clim bout based on expected operation o f com m ercial aircraft; and

•  take o ff, landing and taxiing at ground level is expected to be predom inantly over 3km  o f  the 

upwind end o f  the runways.

For the early operational scenarios (2006), it has been assumed that only one runway w ill be open.

8 .0  S U M M A R Y  O F  E M ISSIO N S

Summaries o f  the inventory results for SSA  for the airport planning scenarios (2 0 0 6 /2 0 1 6 , 

sum m er/winter) are presented in Tables 21 through 32.
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T A B L E  21

D A IL Y  E M ISSIO N S FR O M  S S A . C A SE  1A -O V E R FL O W  SC E N A R IO . 2006 (63 .000  A N N U A L  M O V E M E N T S). SU M M E R  D A Y

Emission Source Height" N M H C N O , C O S02 P M 10 Benzene 1,3- Form- Acet- Toluene Xylene Ethyl

(in AGL) (ke /d a y) (kg/day) (kg /d »y) (k« /d a y) (kg/day) (kg/day)
Butadiene
(kg/day)

aldehyde
(kg/day)

aldehyde
(kg/day) (kg/day) (kg/day)

Benzene
(kg/day)

A1 +A2 Terminal/Apron. 0 5.86E+01 3.31E+02 3.63E+02 6.10E+00 1.85E+01 1.71E-01 1.40E-01 5.52E + 00 1.82E+00 1.34E+00 9.55E-01 1.32E-02
B Access Road 0 1.28E+02 8.23E + 01 6.53E + 02 3.46E + 00 6.40E+00 3.65E+00 1.78E-01 8.43E-01 3.75E-01 6.80E+00 6.87E+00 8.43E-01
Cl + C2 Aircraft Maint. 0 6.07E+01 3.26E + 01 1.63E+01 7.11E-01 O.OOE+OO 8.02E-02 7.44E-02 6.20E-01 1.92E-01 8.20E+00 7.03E + 00 7.02E-03
D Fuel Storage 0 6.06E+00 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E + 00 0.00E + 00 O.OOE + OO O.OOE+OO O.OOE + OO
FI 1st Runway 
Taxiing, idle 7 1.16E+02 4.57E+01 3.38E+02 1.11E+01 3.13E+01 2.47E + 00 2.29E+00 I.91E + 01 5.9 IE+ 00 6.61E-01 6.10E-01 2.16E-01
Takeoff 7-200 2.84E+00 1.80E+02 5.03E+00 4.85E+00 1.09E+01 6.02E-02 5.59E-02 4.66E-01 I.44E-01 1.61E-02 1.49E-02 5.28E-03
F2 2nd Runway 
Taxiing, idle 7 1.16E+02 4.57E+01 3.38E+02 1.11E+01 3.13E+01 2.47E+00 2.29E+00 1.91E + 01 5.91 E+ 00 6.61E-01 6.10E-01 2.16E-01
Takeoff 7-200 2.84E+00 1.80E+02 5.03E+00 4.85E + 00 1.09E+01 6.02E-02 5.59E-02 4.66E-01 1.44E-01 1.6IE-02 1 49E-02 5.28E-03
G1 1st Runway 
Climbout 200-1000 5.89E+00 3.79E+02 1.46E+01 1.38E+01 3.04E+01 1.25E-01 1.I6E-0I 9.68E-01 3.00E-01 3.35E-02 3.10E-02 1.I0E-02
G2 2nd Runway 
Climbout 200-1000 5.89E+00 3.79E+02 1.46E+01 1.38E+01 3.04E+01 1.25E-01 1.16E-01 9.68E-01 3.00E-01 3.35E-02 3.10E-02 1.10E-02
HI 1st Runway 
Approach 1000 - 7 1.05E+01 8.03E+01 3.84E + 01 8.63E+00 1.83E+01 2.22E-01 2.06E-01 1.72E + 00 5.33E-01 5.96E-02 5.50E-02 5.89E-02
H2 2nd Runway 
Approach 1000-7 1.05E+01 8.03E+01 3.84E+01 8.63E+00 1.83E+01 2.22E-01 2.06E-01 1.72E+00 5.33E-01 5.96E-02 5.50E-02 5.89E-02
TOTAL 5.24E+02 1.82E+03 1.82E+03 8.70E+01 2.07E+02 9.65E+00 5.73E+00 5.15E+01 1.62E+01 1.79E+01 1.63E+01 1.45E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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TA B L E  22

D A IL Y  EM ISSIO N S FRO M  SSA . C A SE IB -O V E R F L O W  SC E N A R IO . 2016  (185 .500  A N N U A L  M O V E M E N T S). SU M M E R  D A Y .
Emission Source Height" NMHC NO, CO S02 PM10 Benzene 1,3- Form- Acet- Toluene Xylene Ethyl

(m AGL) (kg /d a y) (kg/day) (k« /d «y) (kg/lay) (kg/day) (kg/day)
Butadiene
(kg/day)

aldehyde
(kg/day)

aldehyde
(kg/day) (kg/day) (kg/day)

Benzene
(kg/day)

A1 + A2 Terminal/Apron 0 1.71E+02 9.64E+02 1.06E+03 1.78E+01 5.39E+01 3.27E-01 2.49E-01 1.47E+01 4.89E+00 3.86E + 00 2.74E+00 2.35E-02
B Access Road 0 3.35E+02 1.80E+02 1.51E+03 1.01E+01 1.86E+01 8.92E+00 4.13E-01 1.96E+00 8.69E-01 1.70E+01 1.74E + 01 1.96E+00
Cl +C2 Aircraft Maint. 0 1.77E + 02 9.51E + 01 4.76E+01 2.07E+00 O.OOE+OO 1.42E-01 1.32E-01 1.10E + 00 3.41E-01 2.39E+01 2.05E+01 1.25E-02
D Fuel Storage 0 1.77E + 01 0.00E + 00 0.00E+00 O.OOE+OO 0.00E+00 0.00E + 00 0.00E + 00 O.OOE+OO O.OOE + OO O.OOE+OO O.OOE + OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 7 4.33E+02 2.28E+02 1.45E+03 5.35E+01 1.15E+02 9.20E + 00 8.53E + 00 7.12E+01 2.20E+01 2.47E+00 2.28E + 00 8.06E-01
Takeoff 7-200 1.10E + 01 7.61E+02 1.34E+01 1.97E+01 4.01E+01 2.33E-01 2.16E-01 1.80E+00 5.59E-01 6.25E-02 5.77E-02 2.04E-02
F2 2nd Runway 
Taxiing, idle 7 4.33E + 02 2.28E+02 1.45E+03 5.35E+01 1.15E+02 9.20E + 00 8.53E+00 7.12E+01 2.20E+01 2.47E+00 2.28E + 00 8.06E-01
Takeoff 7-200 1.10E+01 7.61E+02 1.34E+01 1.97E+01 4.01E+01 2.33E-01 2.16E-01 1.80E+00 5.59E-01 6.25E-02 5.77E-02 2.04E-02
01 1st Runway 
Climhoul 200-1000 2.22E + 01 I.59E + 03 3.82E + 0I 5.57E + 01 1.I1E + 02 4.71E-0I 4.37E-0I 3.64E + 00 1.13E + 00 I.26E-0I 1.17E-01 4.I3E-02
G2 2nd Runway 
Climbout 200-1000 2.22E+01 1.59E + 03 3.82E+01 5.57E+01 1.11E+02 4.71E-01 4.37E-0I 3.64E+00 1.13E+00 1.26E-01 1.17E-01 4.13E-02
HI 1st Runway 
Approach 1000 - 7 3.13E+01 3.30E+02 1.08E+02 3.45E+01 6.68E+01 6.64E-01 6.16E-01 5.14E+00 1.59E+00 1.78E-01 1.64E-01 1.76E-01
H2 2nd Runway 
Approach 1000-7 3.13E+01 3.30E+02 1.08E+02 3.45E+01 6.68E+01 6.64E-01 6.16E-01 5.14E+00 1.59E+00 1.78E-01 1.64E-01 1.76E-01
TOTAL 1.70E+03 7.06E+03 5.83E+03 3.57E+02 7.39E+02 3.05E+01 2.04E+01 1.81E+02 5.68E+01 5.04E+01 4.58E+01 4.08E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  23

D A IL Y  E M ISSIO N S FRO M  SSA . C A SE  2A -E O U A L  G R O W T H  SC E N A R IO . 2006 (117,000 A N N U A L  M O V E M E N T S!. SU M M E R

D A Y .
Emission Source Height NMIIC NOx CO S02 PM Benzene 1,3-

Butadiene
Formaldehy Acetaldehy 

de de
Toluene Xylene Ethyl

Benzene
(in AGL) (kg/d"y) (kg/d»y) (kg/day) (Wday) (kg/d»y) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/dav)

A1 +A2 Terminal/Apron 0 1.09E + 02 6.13E + 02 6.73E+02 1.13E+01 3.43E + 01 2.08E-01 1.58E-01 9.38E+00 3.11E + 00 2.46E+00 1.74E + 00 1.49E-02
B Access Road 0 2.38E+02 1.52E + 02 1.21E+03 6.42E+00 1.19E + 01 6.77E + 00 3.30E-01 1.56E+00 6.95E-01 1.26E+01 1.27E+01 1.56E + 00
Cl + C2 Aircraft Maint. 0 1.13E+02 6.05E + 01 3.02E + 01 1.32E+00 O.OOE + OO 9.06E-02 8.40E-02 7.01E-01 2.17E-01 1.52E+01 1.30E+01 7.94E-03
D Fuel Storage 0 1.12E+01 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 2.20E+02 9.44E+01 6.70E+02 2.28E+01 6.45E+01 4.67E+00 4.34E+00 3.62E+01 1.12E+01 1.25E+00 1.16E + 00 4.10E-01
Takeoff 0 - 200 5.77E+00 3.71E+02 8.16E+00 1.00E + 01 2.25E+01 1.22E-01 1.14E-01 9.48E-01 2.94E-01 3.28E-02 3.03E-02 1.07E-02
F2 2nd Runway 
Taxiing, idle 0 2.20E+02 9.44E+01 6.70E+02 2.28E+01 6.45E+01 4.67E+00 4.34E+00 3.62E+01 1.12E+01 1.25E+00 1.16E+00 4.10E-01
Takeoff 0 - 200 5.77E+00 3.71E+02 8.16E+00 1.00E+01 2.25E+01 1.22E-01 1.14E-01 9.48E-01 2.94E-01 3.28E-02 3.03E-02 1.07E-02
G1 1st Runway 
Climbout 200-1000 1.19E + 01 7.83E + 02 2.37E+01 2.84E+01 6.26E+01 2.53E-01 2.34E-01 1.95E + 00 6.05E-01 6.77E-02 6.25E-02 2.21E-02
G2 2nd Runway 
Climbout 200-1000 1.19E+01 7.83E+02 2.37E+01 2.84E + 01 6.26E+01 2.53E-01 2.34E-01 1.95E + 00 6.05E-01 6.77E-02 6.25E-02 2.21 E-02
HI 1st Runway 
Approach 1000 - 0 1.98E+01 1.66E+02 6.74E+01 1.78E+01 3.76E+01 4.20E-01 3.90E-01 3.25E+00 1.01E+00 1.13E-01 1.04E-01 1.11E-01
H2 2nd Runway 
Approach 1000-0 1.98E + 01 1.66E+02 6.74E + 01 1.78E+01 3.76E+01 4.20E-01 3.90E-01 3.25E+00 1.01E+00 1.13E-01 1.04E-01 1.11E-01
TOTAL 9.85E+02 3.65E+03 3.45E+03 1.77E+02 4.21E+02 1.80E+01 1.07E+01 9.63E+01 3.02E+01 3.32E+01 3.02E+01 2.69E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  24

D A IL Y  E M ISSIO N S FRO M  SSA . C A SE 2B -E O U A L  G R O W TH  SC E N A R IO . 2006 (233 .000 A N N U A L  M O V E M E N T S). SU M M E R

DAY
Emission Source Height* NMHC NO, CO S02 pivV Benzene L3- Form- Acet- Toluene Xylene Ethyl

(m AGL) (W foy) (kg/day) (Wday) (kg/day) (kg/day) (kg/day)
Butadiene
(kg/day)

aldehyde
(kg/day)

aldehyde
(kg/day) (kg/day) (kg/day)

Benzene
(kg/day)

A1 +A2 Terminal/Apron 0 2.15E+02 1.22E+03 1.33E+03 2.24E+01 6.79E+01 4.12E-01 3.14E-01 1.86E+01 6.16E+00 4.87E+00 3.45E+00 2.96E-02
B Access Road 0 4.22E+02 2.26E+02 1.91E+03 1.27E+01 2.35E+01 1.13E+01 5.21E-01 2.47E+00 1.10E+00 2.14E+01 2.19E+01 2.47E + 00
Cl +C2 Aircraft Maint. 0 2.23E+02 1.20E+02 6.00E+01 2.61E+00 0.00E+00 1.80E-01 1.67E-01 1.39E+00 4.31E-01 3.01E+01 2.58E + 01 1.57E-02
D Fuel Storage 0 2.23E+01 O.OOE+OO 0.00E+00 0.00E+00 0.00E + 00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
FI 1st Runway 
Taxiing, idle 7 5.41E+02 2.87E+02 1.82E+03 6.75E+01 1.45E+02 1.15E+01 1.07E+01 8.89E+01 2.75E+01 3.08E+00 2.84E+00 1.01E+00
Takeoff 7-200 1.36E+01 9.51E+02 1.64E+01 2.48E+01 5.07E+01 2.89E-01 2.68E-01 2.24E+00 6.94E-01 7.76E-02 7.16E-02 2.54E-02
F2 2nd Runway 
Taxiing, idle 7 5.41E+02 2.87E+02 1.82E+03 6.75E+01 1.45E + 02 1.15E+01 1.07E+01 8.89E+01 2.75E+01 3.08E+00 2.84E+00 1.01E+00
Takeoff 7-200 I.36E+01 9.51E + 02 1.64E+01 2.48E+0I 5.07E+0I 2.89E-OI 2.68E-01 2.24E + 00 6.94E-01 7.76E-02 7.16E-02 2.54E-02
G1 1st Runway 
Climbout 200-1000 2.76E+01 1.99E+03 4.66E+01 7.02E+01 1.41E + 02 5.86E-01 5.43E-01 4.53E+00 1.40E+00 1.57E-01 1.45E-01 5.13E-02
G2 2nd Runway 
Climbout 200-1000 2.76E + 01 1.99E + 03 4.66E+01 7.02E+01 1.41 E+ 02 5.86E-01 5.43E-01 4.53E+00 1.40E + 00 1.57E-01 1.45E-01 5.13E-02
HI 1st Runway 
Approach 1000 - 7 3.90E+01 4.15E+02 1.34E+02 4.35E+01 8.46E+01 8.28E-01 7.69E-01 6.41E+00 1.99E+00 2.22E-01 2.05E-01 2.19E-01
H2 2nd Runway 
Approach 1000 - 7 3.90E + 01 4.15E+02 1.34E+02 4.35E+01 8.46E + 01 8.28E-01 7.69E-01 6.41E+00 1.99E+00 2.22E-01 2.05E-01 2.19E-01
TOTAL 2.13E+03 8.86E+03 7.35E+03 4.50E+02 9.34E+02 3.82E+01 2.55E+01 2.27E+02 7.09E+01 6-34E+01 5.77E+01 5.12E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  25

D A IL Y  EM ISSIO N S FRO M  SSA . C A SE  3A -A D D IT IO N A L  N O ISE  SC E N A R IO . 2006 (131 .000  A N N U A L  M O V E M E N T S).

SU M M E R  D A Y .
Emission Source Height NMHC NOx CO S02 PM Benzene 1,3- Formaldehy Acetaldehy Toluene Xylene Ethyl

Butadiene de de Benzene
(m AGL) <kg /d «y) (kg /d «y) (kg 'd »y) (kg 'd »y) (Itg/day) (kg/dav) (kg/day) (kg/dav) (kg/dav) (kg/day) (kg/day) (kg/dav)

A1 +A2 Terminal/Apron 0 1.21E+02 6.82E+02 7.49E+02 1.26E+01 3.81E+01 2.78E-01 2.20E-01 1.08E+01 3.57E+00 2.75E+00 1.95E+00 2.07E-02
B Access Road 0 2.64E+02 1.70E+02 1.35E+03 7.14E + 00 1.32E+01 7.53E+00 3.68E-01 1.74E+00 7.73E-01 1.40E+01 1.42E+01 1.74E+00
Cl +C2 Aircraft Maint. 0 1.25E+02 6.73E + 01 3.36E+01 1.47E+00 O.OOE+OO 1.26E-01 1.17E-01 9.73E-01 3.01E-01 1.69E+01 1.45E+01 1.10E-02
D Fuel Storage 0 1.25E+01 0.00E + 00 0.00E+00 0.00E+00 O.OOE + OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
FI 1st Runway 
Taxiing, idle 0 3.38E+02 1.82E+02 1.08E+03 4.16E+01 1.16E+02 7.17E+00 6.65E+00 5.55E+01 1.72E+01 1.92E+00 1.77E+00 6.28E-01
Takeoff 0-200 1.44E+01 8.11E+02 1.20E+01 1.90E+01 4.04E+01 3.06E-01 2.83E-01 2.36E+00 7.32E-01 8.19E-02 7.56E-02 2.68E-02
F2 2nd Runway 
Taxiing, idle 0 3.38E + 02 1.82E+02 1.08E+03 4.16E + 01 1.16E + 02 7.17E+00 6.65E+00 5.55E+01 1.72E+01 1.92E+00 1.77E+00 6.28E-01
Takeoff 0-200 1.44E+01 8.1 IE +02 1.20E+01 1.90E+01 4.04E + 01 3.06E-01 2.83E-01 2.36E+00 7.32E-01 8.19E-02 7.56E-02 2.68E-02
G1 1st Runway 
Climboul 200-1000 2.81E+01 1.66E+03 3.32E+01 5.35E+01 1.12E+02 5.97E-01 5.54E-01 4.62E+00 1.43E + 00 1.60E-01 1.48E-01 5.23E-02
G2 2nd Runway 
Climbout 200-1000 2.81E + 01 1.66E+03 3.32E+01 5.35E + 01 1.12E+02 5.97E-01 5.54E-01 4.62E + 00 1.43E+00 1.60E-01 1.48E-01 5.23E-02
HI 1st Runway 
Approach 1000 - 0 3.05E+01 3.23E + 02 9.69E+01 3.28E+01 6.74E+01 6.47E-01 6.01E-01 5.01E+00 1.55E+00 1.74E-01 1.60E-01 1.72E-01
H2 2nd Runway 
Approach 1000 - 0 3.05E+01 3.23E+02 9.69E+01 3.28E+01 6.74E+01 6.47E-01 6.01E-01 5.01E+00 1.55E+00 1.74E-01 1.60E-01 1.72E-01
TOTAL 1.34E+03 6.88E+03 4.57E+03 3.15E+02 7.23E+02 2.54E+01 1.69E+01 1.48E+02 4.65E+01 3.83E+01 3.49E+01 3.53E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  26

D A IL Y  E M ISSIO N S FR O M  SSA . C A SE  3B -A D D IT IO N A L  N O ISE  SC E N A R IO . 2016 <245.000 A N N U A L  M O V E M E N T S).

SU M M E R  D A Y
Emission Source Height1 NMHC NO, CO S02 PM10 Benzene 1,3- Form- Acet- Toluene Xylene Ethyl

(in AGL) (kg/day) (k8/d«y) (k«/day) (kg/day) (kg/day) (kg/day)
Butadiene
(kg/day)

aldehyde
(kg/day)

aldehyde
(kg/day) (kg/day) (kg/dav)

Benzene
(kg/day)

A1 +A2 Terminal/Apron 0 2.27E+02 1.28E+03 1.41E+03 2.36E+01 7.16E+01 3.90E+00 3.30E-01 1.96E + 01 6.49E + 00 5.13E+00 3.64E + 00 3.12E-02
B Access Road 0 4.45E + 02 2.39E+02 2.01E+03 1.34E + 01 2.48E + 01 1.18E+01 5.49E-01 2.60E+00 1.15E+00 2.25E+01 2.31E + 01 2.60E + 00
Cl + C2 Aircraft Maint. 0 2.35E+02 1.26E+02 6.32E+01 2.75E+00 O.OOE+OO 1.89E-01 1.76E-01 1.46E+00 4.53E-01 3.17E+01 2.72E + 01 1.66E-02
D Fuel Storage 0 2.34E+01 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E + 00 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE + OO O.OOE + OO
FI 1st Runway 
Taxiing, idle 7 6.62E+02 3.89E+02 2.26E+03 8.87E+01 1.85E+02 1.41E+01 1.30E + 01 1.09E+02 3.37E+01 3.77E + 00 3.48E+00 1.23E + 00
Takeoff 7-200 2.06E+0I 1.37E+03 1.97E+01 3.33E+01 6.47E+01 4.37E-01 4.06E-01 3.38E+00 1.05E+00 1.17E-01 1.08E-01 3.83E-02
F2 2nd Runway 
Taxiing, idle 7 6.62E+02 3.89E+02 2.26E + 03 8.87E+01 1.85E + 02 1.41E+01 1.30E + 01 1.09E+02 3.37E+01 3.77E+00 3.48E+00 1.23E + 00
Takeoff 7-200 2.06E + 01 I.37E+03 1.97E + 01 3.33E + 01 6.47E + 01 4.37E-01 4.06E-01 3.38E + 00 I.05E + 00 1.17E-01 I.08E-01 3.83E-02
Gl 1st Runway 
Climboul 200-1000 4.06E+01 2.83E+03 5.47E+01 9.39E + 01 1.80E + 02 8.63E-01 8.01E-01 6.68E + 00 2.07E + 00 2.31E-01 2.14E-01 7.56E-02
G2 2nd Runway 
Climbout 200-1000 4.06E+01 2.83E + 03 5.47E+01 9.39E+01 1.80E+02 8.63E-01 8.01E-01 6.68E + 00 2.07E + 00 2.31E-01 2.14E-01 7.56E-02
HI 1st Runway 
Approach 1000 - 7 4.79E + 01 5.67E+02 1.59E+02 5.77E + 01 1.08E + 02 1.02E+00 9.44E-01 7.88E + 00 2.44E + 00 2.73E-01 2.52E-01 2.70E-01
H2 2nd Runway 
Approach 1000-7 4.79E+01 5.67E+02 1.59E+02 5.77E+01 1.08E + 02 1.02E + 00 9.44E-01 7.88E + 00 2.44E + 00 2.73E-01 2.52E-01 2.70E-01
TOTAL 2.47E+03 1.20E+04 8.47E+03 5.87E+02 1.17E+03 4.87E+01 3.14E+01 2.77E+02 8.66E+01 6.82E+01 6.20E+01 5.88E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  27

D A IL Y  EM ISSIO N S FR O M  SSA . C A SE  1A -O V E R FL O W  SC E N A R IO . 2006 (63 .000  A N N U A L  M O V E M E N T S). W IN T E R  D A Y .
Emission Source Height NMHC NOx CO S02 PM Benzene 1,3- Formaldehy Acetaldehy Toluene Xylene Ethyl

Butadiene de de Benzene
(m AGL) (kg/day) (kg/d«y) (kg/day) (kg/d«y) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)

A1 + A2 Terminal/Apron 0 5.86E+01 3.3 IE + 02 3.63E+02 6.10E+00 1.85E+01 1.71E-01 1.40E-01 5.52E + 00 1.82E+00 1.34E+00 9.55E-01 1.32E-02
B Access Road 0 1.03E + 02 8.83E+01 9.93E+02 3.46E+00 7.46E+00 3.65E+00 1.78E-01 8.43E-01 3.75E-01 6.80E+00 6.87E + 00 8.43E-01
Cl + C2 Aircraft Maint. 0 6.07E+01 3.26E+01 1.63E+01 7.11E-01 O.OOE+OO 8.02E-02 7.44E-02 6.20E-01 1.92E-01 8.20E+00 7.03E+00 7.02E-03
D Fuel Storage 0 6.06E+00 0.00E+00 0.00E + 00 0.00E+00 O.OOE+OO O.OOE+OO 0.00E + 00 0.00E + 00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 1.16E+02 4.57E+01 3.38E+02 1.11E+01 3.13E+01 2.47E+00 2.29E+00 1.91E+01 5.91E+00 6.61E-01 6.10E-01 2.16E-01
Takeoff 0-200 2.84E+00 1.80E+02 5.03E+00 4.85E+00 1.09E+01 6.02E-02 5.59E-02 4.66E-01 1.44E-01 1.61E-02 1.49E-02 5.28E-03
F2 2nd Runway 
Taxiing, idle 0 1.16E + 02 4.57E + 01 3.38E+02 1.11E+01 3.13E+01 2.47E+00 2.29E + 00 1.91E+01 5.91 E+ 00 6.61E-01 6.10E-01 2.16E-01
Takeoff 0-200 2.84E+00 1.80E + 02 5.03E+00 4.85E+00 1.09E+01 6.02E-02 5.59E-02 4.66E-01 1.44E-01 1.61E-02 1.49E-02 5.28E-03
G1 1st Runway 
Cliinbout 200-1000 5.89E + 00 3.79E + 02 I.46E + 0I 1.38E + 01 3.O4E+0I 1.25E-01 l.lfiE-01 9.68E-01 3.00E-0I 3.35E-02 3.10E-02 1.10E-02
02 2nd Runway 
Climbout 200-1000 5.89E+00 3.79E+02 1.46E+01 1.38E+01 3.04E + 01 1.25E-01 1.16E-01 9.68E-01 3.00E-01 3.35E-02 3.10E-02 1.10E-02
H1 1st Runway 
Approach 1000 - 0 1.05E+01 8.03E+01 3.84E+01 8.63E+00 1.83E+01 2.22E-01 2.06E-01 1.72E+00 5.33E-01 5.96E-02 5.50E-02 5.89E-02
H2 2nd Runway 
Approach 1000 - 0 1.05E+01 8.03E+01 3.84E+01 8.63E+00 1.83E+01 2.22E-01 2.06E-01 1.72E+00 5.33E-01 5.96E-02 5.50E-02 5.89E-02
TOTAL 4.99E+02 1.82E+03 2.16E+03 8.70E+01 2.08E+02 9.65E+00 5.73E+00 5.15E+01 1.62E+01 1.79E+01 1.63E+01 1.45E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  28

D A ILY  E M ISSIO N S FRO M  S S A . CASE IB -O V E R F L O W  SC E N A R IO . 2016 (185 .000  A N N U A L  M O V E M E N T S!. W IN T E R  D A Y .
Emission Source Height NMIIC NOx CO S02 PM Benzene 1,3- Forinaldehy Acetaldehy Toluene Xylene Ethyl

Butadiene de de Benzene
(m AGL) (kg/d»y) (k«(d«y) (ke'd"y) (kg/day) (kg/day) (kg/day) (kg/day) (leg/day) (kg/day) (kg/day) (kg/dav) (kg/day)

A1+A2 Terminal/Apron 0 1.71E + 02 9.64E+02 1.06E+03 1.78E+01 5.39E+01 3.27E-01 2.49E-01 1.47E + 01 4.89E+00 3.86E + 00 2.74E+00 2.35E-02
B Access Road 0 2.70E + 02 1.93E+02 2.60E+03 1.01E+01 2.17E+01 1.00E + 01 5.72E-01 2.70E + 00 1.20E+00 1.72E+01 1.66E+01 2.70E + 00
Cl +C2 Aircraft Maint. 0 1.77E + 02 9.51E+01 4.76E+01 2.07E+00 O.OOE + OO 1.42E-01 1.32E-01 1.10E+00 3.41E-01 2.39E+01 2.05E + 01 1.25E-02
D Fuel Storage 0 1.77E + 01 O.OOE+OO O.OOE+OO 0.00E+00 0.00E + 00 0.00E + 00 O.OOE + OO O.OOE + OO O.OOE + OO O.OOE+OO O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 4.33E+02 2.28E+02 1.45E+03 5.35E+01 1.15E+02 9.20E+00 8.53E + 00 7.12E+01 2.20E+01 2.47E+00 2.28E+00 8.06E-0I
Takeoff 0-200 1.10E+01 7.61E+02 1.34E+01 1.97E+01 4.01E+01 2.33E-01 2.16E-01 1.80E + 00 5.59E-01 6.25E-02 5.77E-02 2.04F.-02
F2 2nd Runway 
Taxiing, idle 0 4.33E+02 2.28E+02 1.45E+03 5.35E+01 1.15E+02 9.20E + 00 8.53E + 00 7.12E + 01 2.20E+01 2.47E+00 2.28E + 00 8.06E-01
Takeoff 0-200 1.10E + 01 7.61E + 02 1.34E+01 1.97E+01 4.01E + 01 2.33E-01 2.16E-01 1.80E + 00 5.59E-01 6.25E-02 5.77E-02 2.04E-02
G1 1st Runway 
Climhoul 200-1000 2.22E + 01 I.59E + 03 3.82E+01 5.57E+01 1.11E+02 4.7IE-01 4.37E-01 3.64E + 00 I.I3E + 00 1.26E-01 I.17E-0I 4.13E-02
G2 2nd Runway 
Climhout 200-1000 2.22E + 0I I.59E + 03 3.82E+OI 5.57E+0I I.I1E + 02 4.71E-0I 4.37E-0I 3.64E + 00 I.13E + 00 I.26E-01 I.17E-0I 4.I3E-02
HI 1st Runway 
Approach 1000 - 0 3.13E + 01 3.30E+02 1.08E+02 3.45E+01 6.68E+01 6.64E-01 6.16E-01 5.14E+00 1.59E + 00 1.78E-01 1.64E-01 1.76E-01
H2 2nd Runway 
Approach 1000-0 3.13E +01 3.30E + 02 1.08E+02 3.45E+01 6.68E+01 6.64E-01 6.16E-01 5.14E+00 1.59E+00 1.78E-01 1.64E-01 1.76E-01
TOTAL 1.63E+03 7.07E+03 6.92E+03 3.57E+02 7.42E+02 3.16E+01 2.06E+01 1.82E+02 5.71E+01 5.07E+01 4.50E+01 4.83E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  29

D A IL Y  E M ISSIO N S FROM  SSA , C A SE  2A -E O U A L  G R O W T H  SC E N A R IO . 2006 (117 .000  A N N U A L M O V E M E N T S). W IN T E R

D A Y

Emission Source Height NMHC NOx CO S02 PM Benzene 1,3- Formaldehy Acetaldehy Toluene Xylene Ethyl
Butadiene de de Benzene

(in AGL) (k g /d a y) (k« /d a y) (kg/dny) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)
A1 +A2 Terminal/Apron 0 1.09E+02 6.13E + 02 6.73E + 02 1.13E + 01 3.43E+01 2.08E-01 1.58E-01 9.38E+00 3.11E+00 2.46E+00 1.74E + 00 1.49E-02
B Access Road 0 1.90E+02 1.64E + 02 1.84E+03 6.42E + 00 1.38E+01 7.27E+00 4.20E-01 1.99E+00 8.84E-01 1.24E+01 1.19E+01 1.99E+00
Cl +C2 Aircraft Maint. 0 1.13E + 02 6.05E+01 3.02E+01 1.32E+00 O.OOE+OO 9.06E-02 8.40E-02 7.01E-01 2.17E-01 1.52E+01 1.30E+01 7.94E-03
D Fuel Storage 0 1.12E + 01 0.00E+00 0.00E+00 O.OOE + OO O.OOE+OO O.OOE+OO 0.00E+00 O.OOE + OO O.OOE + OO O.OOE+OO O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 2.20E+02 9.44E+01 6.70E+02 2.28E+01 6.45E + 01 4.67E + 00 4.34E+00 3.62E+01 1.12E+01 1.25E + 00 1.16E+00 4.10E-01
Takeoff 0-200 5.77E+00 3.71E+02 8.16E + 00 1.00E+01 2.25E + 01 1.22E-01 1.14E-01 9.48E-01 2.94E-01 3.28E-02 3.03E-02 1.07E-02
F2 2nd Runway 
Taxiing, idle 0 2.20E+02 9.44E + 01 6.70E+02 2.28E + 01 6.45E+01 4.67E + 00 4.34E+00 3.62E+01 1.12E+01 1.25E+00 1.16E+00 4.10E-01
Takeoff 0 - 200 5.77E + 00 3.71 E+ 02 8.I6E + 00 l.OOE + OI 2.25E + 0I 1.22E-01 I.I4E-0I 9.48E-0I 2.94E-01 3.28E-02 3.03E-02 1.07E-02
G1 1st Runway 
Climbout 200-1000 1.19E+01 7.83E+02 2.37E+01 2.84E + 01 6.26E + 01 2.53E-01 2.34E-01 1.95E + 00 6.05E-01 6.77E-02 6.25E-02 2.21E-02
G2 2nd Runway 
Climbout 200-1000 1.19E+01 7.83E+02 2.37E+01 2.84E+01 6.26E + 01 2.53E-01 2.34E-01 1.95E + 00 6.05E-01 6.77E-02 6.25E-02 2.21E-02
HI 1st Runway 
Approach 1000 - 0 1.98E+01 1.66E+02 6.74E + 01 1.78E+01 3.76E + 01 4.20E-01 3.90E-01 3.25E+00 1.01E+00 1.13E-01 1.04E-01 1.11E-01
H2 2nd Runway 
Approach 1000 - 0 1.98E+01 1.66E + 02 6.74E + 01 1.78E + 01 3.76E + 01 4.20E-01 3.90E-01 3.25E+00 1.01E+00 1.13E-01 1.04E-01 1.11E-01
TOTAL 9.37E+02 3.67E+03 4.08E+03 1.77E+02 4.23E+02 1.85E+01 1.08E+01 9.67E+01 3.04E+01 3.30E+01 2.93E+0I 3.12E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  30

D A ILY  EM ISSIO N S FR O M  SSA . CASE 2B -E O U A L  G R O W TH  SC E N A R IO . 2006  (233 .000  A N N U A L  M O V E M E N T S). W IN T E R

D A Y
Emission Source Height NMHC NOx CO S02 PM Benzene 1,3- Formaldehy Acetaldehy Toluene Xylene Ethyl

Butadiene de de Benzene
(m AGL) (kg/day) (k8 /d »y) (kg/d«y) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)

A1 +A2 Terminal/Apron 0 2.15E+02 1.22E+03 1.33E+03 2.24E+01 6.79E+01 4.12E-01 3.14E-01 1.86E+01 6.16E+00 4.87E+00 3.45E+00 2.96E-02
B Access Road 0 3.40E+02 2.44E+02 3.28E+03 1.27E+01 2.74E+01 1.26E+01 7.21E-01 3.41E+00 1.52E+00 2.17E+01 2.09E+01 3.41E+00
Cl +C2 Aircraft Maint. 0 2.23E+02 1.20E+02 6.00E+01 2.61E+00 0.00E + 00 1.80E-01 1.67E-01 1.39E+00 4.31E-01 3.01E+01 2.58E+01 1.57E-02
D Fuel Storage 0 2.23E+01 O.OOE + OO 0.00E+00 O.OOE+OO 0.00E + 00 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 5.41E+02 2.87E+02 1.82E + 03 6.75E+01 1.45E+02 1.15E+01 1.07E+01 8.89E+01 2 75E+01 3.08E+00 2.84E + 00 1.01E+00
Takeoff 0-200 1.36E+01 9.51E+02 1.64E+01 2.48E+01 5.07E+01 2.89E-01 2.68E-01 2.24E + 00 6.94E-01 7.76E-02 7.16E-02 2.54E-02
F2 2nd Runway 
Taxiing, idle 0 5.41E+02 2.87E+02 1.82E+03 6.75E+01 1.45E+02 1.15E + 01 1.07E + 01 8.89E+01 2.75E+01 3.08E+00 2.84E+00 1.01E+00
Takeoff 0-200 1.36E+01 9.51E+02 1.64E+01 2.48E+01 5.07E+01 2.89E-01 2.68E-01 2.24E+00 6.94E-01 7.76E-02 7.16E-02 2.54E-02
G1 1st Runway 
Climbout 200-1000 2.76E+01 1.99E + 03 4.66E+01 7.02E+01 1.41E + 02 5.86E-01 5.43E-01 4.53E + 00 1.40E+00 1.57E-01 1.45E-01 5.13E-02
G2 2nd Runway 
Climbout 200-1000 2.76E+01 1.99E+03 4.66E+01 7.02E+01 1.41E + 02 5.86E-01 5.43E-01 4.53E+00 1.40E+00 1.57E-01 1.45E-01 5.13E-02
HI 1st Runway 
Approach 1000 - 0 3.90E+01 4.15E + 02 1.34E+02 4.35E+01 8.46E+01 8.28E-01 7.69E-01 6.41E+00 1.99E + 00 2.22E-01 2.05E-01 2.19E-01
H2 2nd Runway 
Approach 1000-0 3.90E+01 4.15E+02 1.34E+02 4.35E+01 8.46E+01 8.28E-01 7.69E-01 6.41E+00 1.99E+00 2.22E-01 2.05E-01 2.19E-01
TOTAL 2.04E+03 8.87E+03 8.72E+03 4.50E+02 9.38E+02 3.96E+01 2.57E+01 2.28E+02 7.14E+01 6.38E+01 5.67E+01 6.06E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  31

D A IL Y  E M ISSIO N S FR O M  S S A . C A SE  3A -A D D IT 1Q N A L  N O ISE  SC E N A R IO . 2006 (131.000 A N N U A L  M O V E M E N T S!.

W IN T E R  D A Y

Emission Source Height NMHC NOx CO S02 PM Benzene 1,3- Formaldehy Acetaldehy Toluene Xylene Ethyl
Butadiene de de Benzene

(m AGL) (kg/day) (Wday) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)
A1 +A2 Terminal/Apron 0 1.21E+02 6.82E+02 7.49E+02 1.26E+01 3.81E+01 2.78E-01 2.20E-01 1.08E+01 3.57E+00 2.75E+00 1.95E+00 2.07E-02
B Access Road 0 2.11E+02 1.82E + 02 2.05E+03 7.14E + 00 1.54E+01 7.09E + 00 4.04E-01 1.9 IE +00 8.50E-01 1.22E+01 1.17E+01 1.91E + 00
Cl + C2 Aircraft Maint. 0 1.25E+02 6.73E+01 3.36E + 01 1.47E + 00 O.OOE + OO 1.26E-01 1.17E-01 9.73E-01 3.01E-01 1.69E+01 1.45E+01 1.10E-02
D Fuel Storage 0 1.25E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO 0.00E+00 0.00E + 00 0.00E + 00 O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 3.38E+02 1.82E+02 1.08E+03 4.16E+01 1.16E+02 7.17E + 00 6.65E+00 5.55E+01 1.72E+01 1.92E+00 1.77E+00 6.28E-01
Takeoff 0-200 1.44E+01 8.11E+02 1.20E+01 1.90E+01 4.04E + 01 3.06E-01 2.83E-01 2.36E+00 7.32E-01 8.19E-02 7.56E-02 2.68E-02
F2 2nd Runway 
Taxiing, idle 0 3.38E+02 1.82E+02 1.08E+03 4.16E+01 1.16E + 02 7.17E+00 6.65E+00 5.55E + 01 1.72E+01 1.92E+00 1.77E + 00 6.28E-01
Takeoff 0-200 1.44E + 01 8.11E + 02 1.20E + 01 1.90E + 01 4.04E+01 3.06E-01 2.83E-01 2.36E+00 7.32E-01 8.19E-02 7.56E-02 2.68E-02
G1 1st Runway 
Climbout 200-1000 2.81E+01 1.66E + 03 3.32E+01 5.35E + 01 1.12E+02 5.97E-01 5.54E-01 4.62E + 00 1.43E+00 1.60E-01 1.48E-01 5.23E-02
G2 2nd Runway 
Climbout 200-1000 2.81E+01 1.66E+03 3.32E+01 5.35E+01 1.12E+02 5.97E-01 5.54E-01 4.62E+00 1.43E+00 1.60E-01 1.48E-01 5.23E-02
HI 1st Runway 
Approach 1000 - 0 3.05E+01 3.23E+02 9.69E+01 3.28E+01 6.74E+01 6.47E-01 6.01E-01 5.01E + 00 1.55E+00 1.74E-01 1.60E-01 1.72E-01
H2 2nd Runway 
Approach 1000 - 0 3.05E + 01 3.23E + 02 9.69E+01 3.28E + 01 6.74E+01 6.47E-01 6.01E-01 5.01E+00 1.55E + 00 1.74E-01 1.60E-01 1.72E-01
TOTAL 1.29E+03 6.89E+03 5.27E+03 3.15E+02 7.25E+02 2.49E+01 1.69E+01 1.49E+02 4.65E+01 3.65E+01 3.25E+01 3.70E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).
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T A B L E  32

D A IL Y  EM ISSIO N S FR O M  SSA . C A SE  3B -A D D IT IO N A L  N O ISE  SC E N A R IO . 2016 <245.000 A N N U A L  M O V E M E N T S).

W IN T E R  D A Y

Emission Source Height NMHC NOx CO S02 PM Benzene 1,3-
Butadiene

Forinaldehy Acetaldehy 
de de

Toluene Xylene Ethyl
Benzene

(m AGL) (ks /d»y) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day)
A1 +A2 Terminal/Apron 0 2.27E+02 1.28E + 03 1.41E+03 2.36E+01 7.16E+01 3.90E+00 3.30E-01 1.96E+01 6.49E+00 5.13E+00 3.64E+00 3.12E-02
B Access Road 0 3.58E+02 2.57E+02 3.46E+03 1.34E+01 2.89E + 01 1.33E+01 7.59E-01 3.59E+00 1.60E+00 2.29E+01 2.20E+01 3.59E + 00
Cl +C2 Aircraft Maint. 0 2.35E+02 1.26E+02 6.32E+01 2.75E + 00 0.00E+00 1.89E-01 1.76E-01 1.46E+00 4.53E-01 3.17E+01 2.72E+01 1.66E-02
D Fuel Storage 0 2.34E+01 O.OOE+OO 0.00E+00 O.OOE+OO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+OO O.OOE+OO
FI 1st Runway 
Taxiing, idle 0 6.62E+02 3.89E+02 2.26E+03 8.87E+01 1.85E+02 1.41E+01 1.30E+01 1.09E + 02 3.37E+01 3.77E+00 3.48E + 00 1.23E+00
Takeoff 0-200 2.06E+01 1.37E + 03 1.97E + 01 3.33E+01 6.47E+01 4.37E-01 4.06E-01 3.38E + 00 1.05E + 00 1.17E-01 1.08E-01 3.83E-02
F2 2nd Runway 
Taxiing, idle 0 6.62E+02 3.89E + 02 2.26E+03 8.87E+01 1.85E+02 1.41E+01 1.30E+01 1.09E+02 3.37E+01 3.77E+00 3.48E+00 1.23E+00
Takeoff 0-200 2.06E+01 1.37E + 03 1.97E+01 3.33E+01 6.47E+01 4.37E-01 4.06E-01 3.38E + 00 1.05E+00 1.17E-01 1.08E-01 3.83E-02
G1 1st Runway 
Climbout 200-1000 4.06E+01 2.83E+03 5.47E+01 9.39E+01 1.80E+02 8.63E-01 8.01E-01 6.68E+00 2.07E+00 2.31E-01 2.14E-01 7.56E-02
G2 2nd Runway
Climbout 200-1000 4.06E+01 2.83E + 03 5.47E+01 9.39E+01 1.80E + 02 8.63E-01 8.01E-01 6.68E+00 2.07E+00 2.31E-01 2.14E-01 7.56E-02
HI 1st Runway 
Approach 1000-0 4.79E+01 5.67E+02 1.59E+02 5.77E+01 1.08E+02 1.02E+00 9.44E-01 7.88E + 00 2.44E + 00 2.73E-01 2.52E-01 2.70E-01
H2 2nd Runway 
Approach 1000 - 0 4.79E+01 5.67E+02 1.59E+02 5.77E+01 1.08E+02 1.02E+00 9.44E-01 7.88E+00 2.44E+00 2.73E-01 2.52E-01 2.70E-01
TOTAL 2.39E+03 1.20E+04 9.91E+03 5.87E+02 1.18E+03 5.02E+01 3.17E+01 2.78E+02 8.70E+01 6.85E+01 6.09E+01 6.87E+00
a. The height of aircraft exhaust emissions while the aircraft is on the ground is estimated to be 7m, allowing for the heat of the exhaust (VCEC, 1995).



Coffey Partners International Pty Ltd

E 2057/1-D A
2 June, 1997 _____________________________ 43.

9 .0  P H O T O C H E M IS T R Y  SP E C !A T IO N

The form ation o f  photochem ical sm og is a com plex and non-linear process involving volatile  

organic com pounds (VO C) and oxides o f  nitrogen (N O x, comprising NO and N 0 2 in the presence o f  

sunlight. Sm og production, generally assessed by modelling ozone-form ing reactions, requires the 

em issions o f  VO C and N O x to be further resolved (speciated) into their com ponent species. It has 

been assum ed that all N O x em issions consist o f  90% NO and 10% N 0 2 where N O x is expressed as 

N 0 2 w eight equivalents. The profiles adopted for VOC em issions from the various airport sources 

are discussed below  and are presented in Appendix C.

The VO C speciation profile for aircraft exhaust is based on a weighted average for a U .S . 

com m ercial aviation LTO cycle (Profile 1098, SD S, 1993). This profile is assum ed to apply to 

maintenance and A PU  operation.

The landside motor vehicle fleet exhaust VOC speciation is based on results for unleaded fuelled, 

catalyst equipped vehicles over the A D R  27A  cycle as reported originally by CSIRO (Galbally et 

al., 1991) and corrected for C 5/C 6 alkenes by C am ovale et al. (1991). Evaporative VO C is based 

on the profile for the NSW  motor vehicle fleet as reported by C am ovale et al. (1995). The 

calculated profile as show n in Appendix C represents the weighted contributions o f  exhaust and 

evaporative VO C em issions with the incorporation o f  an exhaust carbonyl com ponent o f  2% (F. 

C am ovale, personal com m unication, 1996). For the predominantly diesel airside veh icle and plant 

fleet, the VO C profile adopted is that recommended by the USEPA (Profile 1201, SD S, 1993). 90).

The VO C speciation profile for evaporative loss from aviation fuel storage tanks has been  

docum ented by U SEPA  (Profile 100, SD S, 1993). The surface coatings VOC profile is based on  

the w ork o f  C am ovale et al. (1995). The VOC profile for solvents used at airports is difficult to 

estimate due to the range o f  com pounds used and has been approximated by an urban solvent m ix 

adopted in previous inventory work undertaken by Coffey (M orrell et a l., 1995). For natural gas 

com bustion, the profile for com m ercial natural gas boilers recommended by the U SE PA  has been  

adopted (Profile 0003 , SD S, 1993).
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10 .0  F IR E  T R A IN IN G  E M ISSIO N S

Burn operations are undertaken at airports on a regular basis to train personnel in Fire fighting 

procedures. This generally involves igniting jet fuel/kerosene in a defined area set aside for such 

activity aw ay from the terminal and apron reserve. The frequency o f  such operations varies 

according to weather conditions and fire brigade activities.

The duration o f  a training burn is approximately 5 minutes and the amount o f  fuel consum ed per 

bum  has been reported to be in the vicinity o f  300  litres (Stephenson and A ssociates, 1993). Using  

em ission factors sourced from  the Emissions and Dispersion M odelling System  (E D M S, 1994) for 

the com bustion o f  jet fuel, it is estimated that a single training bum  will result in the em ission o f  

approxim ately 75 kg o f  H C , 1 kg o f  N O x, 130 kg o f  CO. 30 kg o f  S 0 2 and 0 .2 5  kg o f  particulate 

matter.

There is no set em ission pattern associated with fire training due to the relatively short duration o f  

burning and there are no defined times when burning will take place. D ue to the random nature o f  

the source and the fact that em issions are small w hen compared with other airport sources, fire 

training em issions have not been incorporated into the inventory.

1 1 .0  C O N C L U SIO N S

An air em issions inventory o f  airport related sources has been undertaken as part o f  the 

Environmental Impact Statement for the second Sydney airport. Aircraft exhaust em issions are 

estimated to be the largest source o f  air pollutants follow ed by em issions from  the landside motor 

vehicle fleet. Em issions from other airport sources w ere estimated from  available data or from a 

consideration o f  previous Australian airport em ission studies. The em issions scenarios presented 

have been assumed to be applicable to both the Badgerys Creek and H olsw orthy sites.

The lim itations o f  this study are as follow s :

•  seasonal variations in airport activity have not been considered. Annual em issions from  

aircraft exhaust have been apportioned evenly across the year.

•  em issions scenarios have been established for a typical day only. E pisodic events such as 

major aviation fuel spills or have not been m odelled.

•  the estim ates o f  particulate matter em issions from aircraft engines are based on a general 

em ission  factor from  the USEPA that has a significant level o f  uncertainty.
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The study recom m endations are as follow s :

•  estim ates o f  particulate matter em issions should be refined as more data becom es available.

•  in the event o f  future airport planning and design work identifying major operational 

differences betw een the Badgerys Creek and Holsworthv sites, various aspects o f  the 

em issions inventory should be revised to reflect these differences.
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F M IS S IO N  F A C T O R S F O R  A IR SID E  M O T O R  V E H IC L E  F L E E T  A N D  P L A N T

(E D M S, 1993)

E Q U IP M E N T  T Y P E HC
k g/h r

N O x
kg/hr

CO
kg/hr

SO x
k g /h r

P M 10
k g /h r

Tug 6 .929E -02 3.629E-01 3.469E-01 8.884E -03 2 .676E -02
Stairs 4 .423E -02 2.316E-01 2.214E-01 5.670E -03 1.708E -02
Air conditioner unit 5 .160E -02 2.702E-01 2.583E -01 6 .615E -03 1.992E -02
Air start 2 .418E -01 1 .2 6 6 E + 0 0 1 .2 1 0 E + 0 0 3.100E -02 9 .336E -02
Fuel truck 5 .012E -02 2.625E-01 2.509E-01 6.426E -03 1.936E -02
Cabin cleaning 4 .423E -02 2.316E-01 2.214E -01 5 .670E -03 1.708E -02
Lavatory truck 4.423E -02 2.316E-01 2.214E -01 5 .670E -03 1.708E -02
Service galley 5 .897E -02 3.088E-01 2.952E-01 7 .561E -03 2 .277E -02
Baggage loader 2 .064E -02 1.081E-01 1.033E-01 2.646E -03 7.970E -03
Baggage m obile 5 .307E -02 2.779E-01 2.657E -01 6 .804E -03 2 .049E -02
Water truck 4.423E -02 2.316E-01 2.214E-01 5 .670E -03 1.708E -02
Electricity generating unit 2.093E -01 1 .0 9 6 E + 0 0 1 .0 4 8 E + 0 0 2 .684E -02 8 .084E -02
Bulk cargo loader 4 .423E -02 2.316E-01 2.214E -01 5 .670E -03 1.708E -02
Bulk cargo train 4 .423E -02 2.316E-01 2.214E-01 5 .670E -03 1.708E -02

O P E R A T IO N A L  P A R A M E T E R S F O R  A IR SID E  M O T O R  V E H IC L E  F L E E T  A N D  P L A N T  

F O R  SSA  A T  D E SIG N  C A PA C IT Y  2016 (C A SE  3B )

E Q U IP M E N T  T Y P E O perating  tim e/L T O  
(m in)

L T O /year T ota l tim e (h r/yr)

Tug 8 .1 8 E + 0 0 8 .6 6 E + 0 4 1 .1 8 E + 0 4
Stairs 1 .5 7 E + 0 1 8 .6 6 E + 0 4 2 .2 7 E + 0 4
Air conditioner unit 6 .0 0 E + 0 1 1 .1 2 E + 0 5 1 .1 2 E + 0 5
Air start 3 .0 0 E + 0 0 1 .1 4 E + 0 5 5 .6 9 E + 0 3
Fuel truck 3 .3 3 E + 0 1 1 .2 5 E + 0 5 6 .9 2 E + 0 4
Cabin cleaning L 9 3 E + 0 1 1 .1 2 E + 0 5 3 .5 9 E + 0 4
Lavatory truck 1 .9 3 E + 0 1 1 .1 4 E + 0 5 3 .6 6 E + 0 4
Service galley 4 .4 3 E + 0 1 2 .1 4 E + 0 5 1 .5 8 E + 0 5
Baggage loader 4 .1 5 E + 0 1 1 .7 0 E + 0 5 1 .1 8 E + 0 5
Baggage m obile 3 .9 8 E + 0 1 2 .0 0 E + 0 5 1 .3 2 E + 0 5
Water truck 8 .8 4 E + 0 0 1 .1 2 E + 0 5 1 .6 5 E + 0 4
Electricity generating unit 6 .0 0 E + 0 1 1 .1 4 E + 0 5 1 .1 4 E + 0 5
Bulk cargo loader 9 .0 0 E + 0 1 5 .7 5 E + 0 4 8 .6 3 E + 0 4
Bulk cargo train 9 .1 0 E + 0 1 5 .6 9 E + 0 4 8 .63E  +  04
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FSJIMATIQ^IJFJMISSIQNSJ'RQM AIRSIDE MOTOR VEHICLE f l e e t  a n d  p l a n t  

FOR SS4 AT DESIGN CAPACITY 2016 (C ASF 38}

EQUIPMENT TYPE HC NOx CO SO x PM10

Tug 8.18E -01 4 .2 8 E + 0 0 4 .0 9 E + 0 0 1.05E-01 3.16E -01
Stairs 1 .0 0 E + 0 0 5 .2 6 E + 0 0 5 .0 2 E + 0 0 1.29E-01 3.87E -01
Air conditioner unit 5 .7 7 E + 0 0 3 .0 2 E + 0 1 2 .8 9 E + 0 1 7.39E -01 2 .2 3 E + 0 0
Air start 1 .3 8 E + 0 0 7 .2 1 E + 0 0 6 .8 9 E + 0 0 1.76E-01 5.31E -01
Fuel truck 3 .4 7 E + 0 0 1 .8 2 E + 0 1 1 .74E + 01 4 .45E -01 1 .3 4 E + 0 0
Cabin cleaning 1 .5 9 E + 0 0 8 .3 1 E + 0 0 7 .9 4 E + 0 0 2.03E -01 6.13E -01
Lavatory truck 1 .6 2 E + 0 0 8 .4 8 E + 0 0 8 .11E 1-00 2.08E -01 6.25E -01
Service galley 9 .3 1 E + 0 0 4 .8 7 E + 0 1 4 .6 6 E + 0 1 1 .1 9 E + 0 0 3 .5 9 E + 0 0
B aggage loader 2 .4 3 E + 0 0 1 .2 7 E + 0 1 1 .22E + 01 3.12E -01 9.39E -01
B aggage m obile 7 .0 3 E + 0 0 3 .6 8 E + 0 1 3 .52E  1-01 9 .01E -01 2 .7 1 E + 0 0
W ater truck 7.28E -01 3 .8 1 E + 0 0 3 .6 4 E + 0 0 9 .33E -02 2.81E -01
Electricity generating unit 2 .3 8 E + 0 1 1 .2 5 E + 0 2 1 .1 9 E + 0 2 3 .0 6 E + 0 0 9 .2 0 E + 0 0
Bulk cargo loader 3 .8 2 E + 0 0 2..00E + 01 1 .9 1 E + 0 1 4.89E -01 1 .4 7 E + 0 0
Bulk cargo train 3 .8 2 E + 0 0 2 .0 0 E + 0 1 1 .91E + 01 4.89E -01 1 .4 7 E + 0 0
TOTAL (t/yr) 6.66E+01 3.49E+02 3.33E+02 8.54E+00 2.57E+01
TOT \L  (kg/day) 1.82E+02 9.55E+02 9 .13E  +  02 2.34E+01 7.05E+01
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AIRCRAFT ENGINE EXHAUST VOC SPECIATION PROFII,F. 
SQSJRCELl̂ RDFILK 1098. SDS (1993). CORRECTED FOR MFTH4NF

S P E C IE S % V O C  (by w eight)
ISOM ERS O F D O D EC A N E 0.20
ISOM ERS O F TETR A D EC A N E 0.21
ISOM ERS O F PEN TA D EC A N E 0.19
ISOM ERS O F PEN TEN E 0.81
C16 BRA N CH ED  A LK A N E 0.15
C7-C16 PA R A FFIN S 0.33
ETH A N E 0.97
ETH Y LEN E 19.28
PR O PA N E 0.20
PR O PEN E 5.70
A C ETY LEN E 4.61
BU TEN E 2.18
C IS-2-B U TEN E 0.53
1,3 BU TA D IEN E 1.99
N -PEN TA N E 0.23
1-PEN TEN E 0.93
2-M ETH Y L-2-B U TEN E 0.22
2-M ETH  Y L PEN T A N E 0.43
H EPTA N E 0.07
O C TA N E 0.06
N O N A N E 0.14
N -D EC A N E 0.46
N -U N D EC A N E 0.59
1-H EX EN E 0.91
N -D O D EC A N E 1.18
N -TR ID EN C A N E 0.73
N -TETR A D EC A N E 0.64
N -PEN TA D EC A N E 0.29
H EPTEN E 0 .60
O C TEN E 0.31
1-NONENE 0.27
FO R M A LD EH Y D E 16.60
A C ETA LD EH Y D E 5.14
PR O PIO N A LD EH Y D E 1.05
A CRO LEIN 2.51
B U TY R A LD EH Y D E 1.33
H EX A N A L 0.23
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AIRCRAFT ENGINE EXHAUST VOC SPECIATION PROFILE front'd! 
SOURCE ; PROFILE 1098. SDS (1993). CORRECTED FOR METHANE

S P E C IE S % V O C  (by w eight)
G LY O X A L 2.81
M E TH Y L G LY O X A L 2.18
C R O TO N A LD EH Y D E 0.00
A C ETO N E 2.71
BEN ZEN E 2.15
TO LU EN E 0.58
ETH Y LB EN ZEN E 0.19
O -X Y LEN E 0.21
STY R EN E 0.43
PE N TY L B EN ZEN E 0.21
BU TY L B EN ZEN E 0.27
PH EN O L 0.27
B EN ZA LD EH Y D E 0.61
N A PTH A LEN E 0.63
M E TH Y L N A PH TH A LEN ES 0.54
M -X Y LEN E A N D  P-X Y LEN E 0.32
1-DECENE 0.19
C6H1803SI3 10.08
C6H2404SI4 3.23
H EX A D EC A N E 0.13
N -H EPTA D EC A N E 0.01
T O T A L 100
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M O T O R  V E H IC L E  VO C  SP E C IA T IO N  P R O F IL E  

SO U R C E  ; C SIR O  (G alballv . 1991) and C arnovale et a l. (1991)

E V A P  

% V O C

EX H

% VO C

SU M M E R  

2006  

% VO C

W E IG H T E D  P R O F . 

SU M M E R  W IN T E R  

2016 2006  

% V O C  % V O C

W IN T E R  

2016  

% VO C

A L K A N E S

ETH ANE 4 .8 1.9 1.7 3 .0 2 .9
PROPANE 1.2 0 .3 0 .8 0 .9 0 .6 0 .7
BU TA N E 23.7 4 .5 16.1 16.9 11.6 12.1
PEN TA N E 32 .0 15.0 2 5 .2 2 6 .0 21 .3 2 1 .7
C 6+ A L K A N E S 19.9 2 4 .0 21 .5 2 1 .4 2 2 .5 2 2 .4

SU B T O T A L 76.8 4 8 .6 6 5 .6 6 6 .9 5 9 .0 5 9 .7

A L K E N E S
ETH YLENE 7.1 2 .8 2 .5 4 .5 4 .3
PROPENE 2 .2 0 .9 0 .8 1.4 1.3
1-B U T E N E 1.3 0 .4 0 .9 1.0 0 .7 0 .8
2-B U T E N E 5.3 1.8 3 .9 4.1 3.1 3 .2
C 5/C 6 7 .7 1.4 5 .2 5.5 3 .7 3 .9

S U B T O T A L 14.3 12 .7 13 .7 13.8 13 .3 13 .4

A L K Y N E S

AC ETY LEN E 1.7 0 .7 0 .6 1.1 1.0

A R O M A T IC S

BEN ZEN E 1.3 6 .6 3 .4 3 .2 4 .6 4 .5
TO LU EN E 3.5 9.3 5 .8 5 .6 7 .2 7 .0
ETHYL BENZ 1.5 0 .6 0 .5 0 .9 0 .9
X Y LEN E 4 .2 8 .6 6 .0 5 .8 7 .0 6 .9
ETHYL

TO LUENE

2 .0 0 .8 0 .7 1.2 1.2

TRI-M ETHYL

BENZ

3.3 1.3 1.2 2.1 2 .0

OTHER 3.7 1.5 1.3 2 .4 2 .3

SU B  T O T A L 9 .0 35 .0 19.3 18.2 2 5 .4 2 4 .7
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MOTOR VEHICLE VOC SPECIATION PROFILE fctdl 
SQ IJR C F : CSIRQ jGalballv. 1991) and Carnovale et al. (1991)

CARBONYLS
FO R M A L D E H Y D E  EQUIV 2 .0 0 .8 0 .7 1.2 1.2

TOTAL 100 100 100 100 100 100

Summer Summer Winter Winter

2006 2016 2006 2016

exhaust 0 .9 6 0 .7 6 1.22 1.05
evaporation 1.45 1.40 0.71 0 .6 9

total 2.40 2.17 1.92 1.74
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A IR S ID E  M O T O R  V E H IC L E  F L E E T  A N D  PL A N T  VO C  SPF.C IA TIO N  PROFIT V 

SO U R C E  : PR O F IL E  1201. SDS U9931

SP E C IE S % VO C
FO R M A LD EH Y D E 9.14
A C ET A L D E H Y D E 3.09
PRO PIO N A LD EH Y D E 1.88
ACROLEIN 0 .00
H E X A N A L 0.0 8
C R O T O N A L D E H Y D E 1.07
B E N Z A L D E H Y D E 0.5 8
C-2 C O M PO U N D S 21.17
C-3 C O M PO U N D S 5.53
C-4 C O M PO U N D S 4.33
C-5 C O M PO U N D S 2.51
C-6 C O M PO U N D S 4 .57
C-7 C O M PO U N D S 3.07
C-8 C O M PO U N D S 1.20
C-9 C O M PO U N D S 0.8 0
C -10 C O M PO U N D S 3.74
C - l l  C O M PO U N D S 3.8 0
C-12 C O M PO U N D S 2.34
C-13 C O M PO U N D S 3.64
C-14 C O M PO U N D S 4 .72
C-15 C O M PO U N D S 4 .6 2
C -16 C O M PO U N D S 3.71
C -17 C O M PO U N D S 3.25
C -I8  C O M PO U N D S 2.1 7
C -I9  C O M PO U N D S 1.66
C -20 C O M PO U N D S 0.9 7
C-21 C O M PO U N D S 0.8 0
C-22 C O M PO U N D S 0.63
C-23 C O M PO U N D S 0.51
C-24 C O M PO U N D S 0.51
C-25 C O M PO U N D S 0.57
C -26 C O M PO U N D S 0.47
C -27 C O M PO U N D S 0.23
C-28 C O M PO U N D S 0 .34
C-29 C O M PO U N D S 0.15
C -30 C O M PO U N D S 0.34
C-31 C O M PO U N D S 0.31
C-32 C O M PO U N D S 0.29
C-33 C O M PO U N D S 0.23
C-34 C O M PO U N D S 0.25
C-35 C O M PO U N D S 0.17
C-36 C O M PO U N D S 0.21
C -37 C O M PO U N D S 0.08
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A IR S ID E  M O T O R  V E H IC L E  F L E E T  A N D  P L A N T  VO C  S P E C IA T IO N  P R O F IL E  fctd)

SO U R C E  : PR O F IL E  1201. SD S (1993)

C -38 C O M PO U N D S 0.0 5
C -39 C O M PO U N D S 0 .1 2
C ^O  C O M PO U N D S 0.0 2
C^U C O M PO U N D S 0.0 5
C -42 C O M PO U N D S 0 .0 2
C -43 C O M PO U N D S 0.01
T O T A L 1.0

A IR C R A F T  R E F U E L L IN G  A N D  1 - I f  S T O R A G E _L Q S S _Y Q (^ S P E C IA T IO N ^ R O F II E

SO U R C E  : P R O F IL E  100. SD S 119931

SP E C IE S %  VO C

H EPTA N E 0.1

O C TA N E 0.5

N O N A N E 4 .7

N -D E C A N E 19.6

N -U N D E C A N E 20.3

N -D O D E C A N E 18.2

N -TR ID EC A N E 17.7

N -T ETR A D EC A N E 11.7

N -PE N T A D E C A N E 7 .2

T O T A L 100

S U R F A C E  C O A T IN G S V O C  SP E C IA T IO N  PRQFfUF 
SO U R C E  : C arnovale et al. (1995)

SP E C IE S % V O C

ALK ANES 27
TO LU EN E 25

X Y LEN E 18

B U TA N O L 7

GLYCOL 6

A CETO NE 4

BU TY L ACETATE 4

OTHER 9

T O T A L 100
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SO L V E N T  V O C  S P E C IA T IO N  PR O F IL E  

SO U R C E  : M orrell et a l. (1995)

SP E C IE S % V O C

A LK ANES 18

ETH A N O L EQUIV 16

BU T A N E 15

TO LU EN E EQUIV 14

X Y LEN ES 12
OTHER 7

DICH LO RO M ETH ANE EQUIV 4

PE N T A N E  EQUIV 4

PERCHLOROETHYLENE 3

M ETH Y L ETH YL KETONE 3

ACETATES 2

PRO PANE 2

M ISC ETHERS, SILICONES, ESTERS 1

BU TEN ES 0.3

T O T A L 100

N A T U R A L  G A S C O M B U ST IO N  V O C  SPE C IA T IO N  P R O F IL E  

SO U R C E  : P R O F IL E  0003. SD S (1993)

SP E C IE S % V O C

ISOM ERS OF H EX A N E 2

ISOM ERS O F PEN TA N E 20

PRO PANE 9

N -B U T A N E 20

N -PE N T A N E 14

C Y C LO H EX A N E 2

FO R M A LD EH Y D E 18

BEN ZEN E 9

TO LU EN E 5

T O T A L 100
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1. Introduction

T h is report d escr ib es p h o to ch em ica l sm o g  s im u la tion s o f  the a ftern oon  im p act o n  
o z o n e  le v e ls  o f  p ro p o sed  e m iss io n s  from  three a lternative s ite s  for the S eco n d  S y d n e y  
A irport. T h e w ork  w a s d o n e  under contract to C o ffey  Partners International (C P I)  
u sin g  the L agrangian  A tm o sp h er ic  D isp ersio n  M od el (L A D M ) (s e e  P h y s ick  e t a l.,
1 9 94). M eteo ro lo g ica l m o d e llin g  w a s perform ed for tw o  su m m er d a y s b ased  o n  tw o  
o f  the h ig h  sm o g  d a y s id en tified  b y  H yd e e t al. (1 9 9 6 )  for the M etrop o litan  A ir  
Q u ality  S tu d y (M A Q S ). P h otoch em ica l d isp ersion  m o d e llin g  u sed  the p red icted  
m eteo ro lo g ica l f ie ld s  and background air representative o f  e x is t in g  c o n d itio n s  o n  
th ese  d ays.

2. Meteorological Modelling

M eteo ro lo g ica l m o d e llin g  u sin g  L A D M  has been  undertaken p r e v io u s ly  for the  
M A Q S  study fo r  a variety  o f  h igh  p o llu tio n  d ays (se e  H yd e e t a l., 1 9 9 6 ). H ere w e  
h ave b ased  our s im u la tio n s  o n  tw o  o f  the sam e sum m er h ig h  sm o g  d a y s co n sid ered  by  
M A Q S  (9  February 1 9 9 4  and 4  February 1991). T h ese  d ays are rep resen ta tive  o f  
w o rst-ca se  sm o g  d ays for the so u th w est reg ion  o f  the S y d n ey  B asin . T h ey  b oth  h a v e  
clear  sk ie s  and northerly  co m p o n en t sy n o p tic  w in d s over  the reg ion: the first is  
rep resen tative o f  north-northeasterly  co n d itio n s, lead in g  to  d a y tim e ea ster ly  sea  
b reezes th rou gh ou t the B asin ; the seco n d  is  characterised  b y  n orth -n orth w ester lies  
lea d in g  to  d a y tim e northeasterly  sea  b reezes. In th is study, the s im u la tio n s w ere  d o n e  
w ith  an im p ro v ed  v ers io n  o f  L A D M  (v ersio n  2 ) for 4 0 , 2 0 , 10, 5 , and 2 .5  k m  sp a ced  
grids o n  a 4 0 x 4 0  h orizon ta l grid, centred  on  the A ustralian  M ap G rid (x , y )  co o rd in a te  
(2 8 0  km , 6 2 2 0  k m ). F igure 1 sh o w s the tw o  inner grids u sed  in  th is study.

F igu re 1. S y d n e y  5 k m  sp aced  grid reg ion  ( le ft)  sh o w in g  the lo ca tio n  o u tlin e  o f  the  
S y d n ey  2 .5  k m  sp aced  grid  (right). G rid d im en sio n s are 4 0 x 4 0  p o in ts  w ith  a d o m a in  
w id th  o f  195 k m  and 9 7 .5  km  for the 5 km  and 2 .5  k m  sp aced  grid s re sp e c tiv e ly . 
Terrain con tou rs are sh o w n  at 100  m  h eigh t in tervals w ith  darker sh a d in g  
corresp on d in g  to  h igh er  terrain h eigh ts. P rop osed  A irport lo ca tio n s  are m arked  for  
H o lsw o rth y  N orth  (FIN), H o lsw o rth y  Sou th  (H S ), and B a d g ery ’s C reek  (B C ) s ite s .
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2.1 Summer Day 1: 9 February 1994

Analysis o f the synoptic; charts and the available upper wind data on 9 February 1994 
showed a high pressure system off the NSW coast directing northerly gradient winds 
over the Sydney region. Figure 2 shows simulated wind fields at 1200 hr and 1600 hr 
on the inner 2.5 km spaced grid at 10 m and 100 m above the ground. Before sunrise, 
predicted winds at the coast were moderate northeasterly, while with increasing 
distance inland, the winds were much lighter and turned to be southerly at the foot o f  
the Blue Mountains (western part o f the domain). Drainage flows occurred into the 
Sydney basin from surrounding slopes. In the morning after sunrise, surface heating 
reversed the overnight drainage flows, and the sea breeze began to form at the coast 
(1200 hr). By mid-afternoon (1600 hr) the sea breeze had travelled across most o f the 
grid area producing northeasterlies at the coast and easterlies inland.

Figure 2. Predicted wind vectors at 10 m (top) and 100 m above ground level (agl) 
(bottom) on the 2.5 km spaced grid at 1200 hr (left) and 1600 hr (right), on the 
9 February 1994. See Figure 1 for details o f the grid domain and topographic contour 
levels. A 5 m s'1 wind scale is also shown.
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2.2 Summer Day 2: 4 February 1991

Analysis o f the synoptic charts on the morning of 4 February 1991 showed generally 
north-northwesterly winds over the Sydney region. Figure 3 shows simulated wind 
fields at 1200 hr and 1600 hr on the inner 2.5 km spaced grid at 10 m and 100 m 
above the ground. Overnight, drainage flows developed around the edges o f the 
Sydney basin. With heating of the ground axter sunrise, the drainage flows were 
replaced by upslope flows around the basin, and the sea breeze began to form at the 
coast. At 1200 hr, the northeasterly sea breeze had formed along the coast and started 
to penetrate inland. By 1600 hr the sea breeze front had reached the foot-hills o f the 
Blue Mountains. The direction of the sea breeze was northeasterly at the coast and 
inland in the northern part o f the basin, and east-northeast in the southern part o f the 
basin.

Figure 3. Predicted wind vectors at 10 m (top) and 100 m above ground level (agl) 
(bottom) on the 2.5 km spaced grid at 1200 hr (left) and 1600 hr (right), on the 
4 February 1991. See Figure 1 for details o f the grid domain and topographic contour 
levels. A 5 m s'1 wind scale is also shown.
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Photochemical smog simulations were performed for emissions from each o f the three 
alternative Second Sydney Airport sites at Holsworthy North, Holsworthy South, and 
Badgery’s Creek (Option 2) for afternoon sea-breeze conditions on each o f the two 
high smog days described in Section 2. LADM was run on the 2.5 km spaced grid 
domain for six airport sources with representative background smog conditions 
characteristic o f the existing pollution levels (without the proposed airport), for 
Case 3b - additional noise scenario, 2016 (see CPI, 1997). The calculations used 
concentration grid dimensions o f 30x30 points with horizontal grid spacing o f 2.5 km 
(75 km x 75 km domain) and vertical grid box height of 50 m. The concentration grid 
was centred on the 2.5 km spaced meteorological grid. Emissions were released from 
1100 hr until 1700 hr, and results are presented only for the late afternoon (eg: 
1600 hr and 1700 hr), as concentrations at earlier times are not representative o f sea- 
breeze air polluted with Sydney emissions passing over the relevant sites. Existing 
background sources downwind o f the proposed sites could potentially interact with 
the airport emissions, particularly for the Holsworthy sites, and so a sensitivity run 
was performed in Section 3.3 which included an extra area source downwind o f the 
Holsworthy site.

3.1 Source characteristics and background conditions

Source characteristics for the six sources representing emissions from the Second 
Sydney Airport were based on information contained in the draft emissions inventory 
report (CPI, 1997). The temporal factor relevant to afternoon emissions is 0.055 
(ie: 5.5% of the total daily emissions were taken as being emitted each hour). Three o f  
the sources (A, C, and D) were represented by volume sources and the other three (B, 
R l, and R2) were represented by line sources (see Appendix 2, CPI 1997, for the 
source layout for each of the three sites, and Table 26 for the nitrogen oxides and 
hydrocarbon emissions relevant to each source or line segment). For the orientation of  
the approach and climb-out line segments, aircraft were assumed to take-off into the 
sea breeze. The emission rates for hydrocarbons and nitrogen oxides are summarised 
in Table 1, and the sources were represented by:
• Source A - the terminal/apron emissions as a Gaussian ellipsoid at a height o f 10 m 

with standard deviations o f (crx,cry ,<J.) =(400,400, 3) m.
• Source B - the access road emissions as a line of length ~3300 m, width 300 m, and 

depth 20 m.
• Source C - the emissions due to aircraft maintenance as a Gaussian ellipsoid at a 

height o f 10 m with standard deviations o f (cr;r,crv ,cr.) =(200, 200, 3) m.
• Source D - the fuel storage emissions as a Gaussian ellipsoid at a height o f 10 m 

with standard deviations of (crx,cr>,,crI)=(50, 50, 3) m.
• Source Rl - the first runway emissions as a line source with the first segment (HI) 

representing the approach (length -15 km, height decreasing from 1000 m to 10 m, 
width decreasing from 400 m to 300 m, and depth 20 m), the second segment (FI) 
representing the taxiing/idle/take-off (length ~3 km, height increasing from 10 m to 
100 m, width 300 m, and depth increasing from 20 m to 200 m), and the third

3. Dispersion M odelling
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segment (G l) representing the climb-out (length ~8 km, height increasing from 
100 m to 1000 m, width increasing from 300 m to 8000 m, and depth 20 m).

• Source R2 - the second runway emissions as a line source in a similar manner to 
the R1 distribution.

Table 1: Emission rates for the proposed airport sources.
Source Hydrocarbons (kg day'1) Nitrogen Oxides (kg day'1)

A 227.0 1280.0
B 445.0 239.0
C 235.0 126.0
D 23.4 0.0

RTF 682.6 1759.0
R1:G 40.6 2830.0
R1:H 47.9 567.0
R2:F 682.6 1759.0
R2:G 40.6 2830.0
R2:H 47.9 567.0

Note that we use non-methane hydrocarbons and 10 % of the nitrogen oxides are nitrogen dioxide.

The dispersion model was run using the Integrated Empirical Rate (IER) smog 
calculation procedure, which can predict the ozone ( 0 3) and nitrogen dioxide (N 0 2) 
concentration, given emissions of hydrocarbons and oxides of nitrogen. According to 
the IER procedure, there are two regimes in the formation of photochemical smog in 
an air parcel:
• a light-limited regime in which the smog produced is a function o f the cumulative 

product o f the rate coefficient for nitrogen dioxide photolysis, the hydrocarbon 
concentration, and temperature; while there is light, ozone will be produced;

• a NOx-limited regime in which sufficient light has been incident on the air parcel 
that photolysis effectively ceases. Additional NOx is needed for further ozone 
production.

The model uses a variable called Rsmog (ppb) which can be derived from 
hydrocarbon concentration (ppbC) in terms of the molecular weight o f CH2 and using 
an urban activity coefficient of 0.0067 (Johnson, personal communication, CSIRO, 
1997).

We have assumed that worst-case conditions occur following the sea breeze on the 
days being simulated. The sea breeze brings with it polluted air from Sydney sources. 
Monitoring data from MAQS stations on these days after the sea-breeze arrival has 
been used to characterise the background air. The modelling approach used is to 
simulate the proposed emissions in this background air. Background concentrations 
have been derived by Azzi and Johnson (1997) as:

Holsworthy: NOx-limited, SP=100 ppb, Rsm og=l.8 ppb;
Badgery’s Creek: NOx-limited, SP=140 ppb, Rsmog=3.2 ppb;
Holsworthy: NOx-limited, SP=130 ppb, Rsmog=2.4 ppb;
Badgery’s Creek: NOx-limited, SP=145 ppb, Rsmog=3.2 ppb.

• 9/2/94
• 9/2/94
• 4/2/91
• 4/2/91
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Figures 4, 5, and 6 show predicted hourly average ozone concentration (ppb) at 
1600 hr and 1700 hr on 9 February 1994, for each o f the Holsworthy North (FIN), 
Holsworthy South (HS), and Badgery’s Creek (BC) sites respectively. Note that the 
sea breeze reaches the Holsworthy sites by approximately 1300 hr, and it reaches the 
Badgery’s Creek site by approximately 1400 hr.

The results for emissions from the three proposed airport sites show an increase in 
ozone o f approximately 15-25 ppb above the Sydney background levels (see Table 2). 
The NOx-limited background air is temporarily transformed to light-limited 
conditions as fresh nitrogen oxide emissions from the airport site are added, but due to 
the high reactivity o f the plume, NOx-limited conditions soon re-establish within 
15-25 km downwind of the airport.

Plume impact on the Blue Mountains to the west has the potential to increase levels in 
localised places by even more than 15-25 ppb, particularly for the Badgery’s Creek 
site which is closer to the mountains.

The aircraft approach emissions (line segment H) and the ground and take-off 
emissions (sources A-D, and line segment F) have the major impact on ground level 
concentrations, compared to the climb-out emissions (line segment G). This is due to 
the highly dispersed nature o f the climb-out emissions when averaged over an hour. 
Note that the aircraft approach lines and climb-out region are shown on the Figures. 
For the Badgery’s Creek site, the alignment o f the aircraft approach direction with the 
wind direction on this day also serves to increase the impact o f the emissions on the 
mountains, whereas particularly for the Holsworthy North site the approach emissions 
form a separate (minor) plume to the south o f the plume resulting from the ground and 
take-off emissions.

Nitrogen dioxide concentrations were predicted to be less than 10 ppb, with maximum 
values predicted within 5 km of the source. However, due to the large box size used to 
calculate the concentrations, the near-source concentrations o f nitrogen oxides are 
under-predicted (although box size does not affect predictions further downwind). 
Predictions o f nitrogen dioxide rapidly decrease with downwind distance.

3.2 Results on Summer Day 1: 9 February 1994

Table 2: Summary o f the effect o f proposed airport emissions on ozone concentration.
9 Feb. 1994. (ppb) Holsworthy North Holsworthy South Badgery’s Creek

Sydney background. 
Increment in Basin

75 75 105

due to airport. 15-25 15-20 15-20
4 Feb. 1991. (ppb) Holsworthy North Holsworthy South Badgery’s Creek

Sydney background. 
Increment in Basin

98 98 109

due to airport. 15-25 15-20 5-10
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3.3 Results on Summer Day 2: 4 February 1991

Figures 7, 8, and 9 show predicted ozone concentration (ppb) at 1600 hr and 1700 hr 
on 4 February 1991, for each of the Holsworthy North (HN), Holsworthy South (HS), 
and Badgery’s Creek (BC) sites respectively. Note that the sea breeze reaches the 
Holsworthy sites by approximately 1400 hr, and it reaches the Badgery’s Creek site 
by approximately 1500 hr. The later arrival o f the sea breeze on 4 February (~1 hour), 
due to the westerly component of the synoptic wind holding back the sea breeze, 
means that less ozone could form in the time available until sunset, compared to 
9 February, particularly for the Holsworthy South and Badgery’s Creek sites further 
inland.

The increase in ozone varies for the proposed airport sites, ranging from 5-10 ppb at 
Badgery’s Creek to 15-25 ppb at Holsworthy North (see Table 2). Note that the 
second plume along the southern edge of the grid (particularly for the Holsworthy 
North simulation) should be ignored due to the break-down o f the modelling 
assumption that we have characterised the background as representative o f Sydney 
emissions arriving with the sea breeze - the southern plume has reacted in the model 
with emissions not emitted into the sea breeze.

Plume impact on the foot-hills of the Blue Mountains was not apparent on 4 February 
(up to 1700 hrs), due to the slower progression of the sea-breeze front across the 
domain. Nitrogen dioxide concentrations were similar to those for 9 February.

3.4 Sensitivity to downwind nitrogen oxide sources

In order to assess the impact o f existing downwind sources on the Holsworthy 
simulations, we have included a broad area source (emissions are uniformly 
distributed over 30 km x 30 km) based on the emissions o f nitrogen oxides and 
hydrocarbons in the region downwind o f Campbelltown and Holsworthy, and 
repeated the simulation for the Holsworthy North site on 9 February 1994. Emission 
rates and source characteristics were determined from information in Camovale et al. 
(1996). Note that for all Holsworthy simulations, the characteristics o f the background 
air used includes the effects of all nitrogen oxide emissions upwind of and including 
Campbelltown, which is located approximately 10 km to the west-northwest o f the 
Holsworthy North site (see Azzi and Johnson, 1997).

The maximum predicted concentration from this extra source was 1 -3 ppb o f nitrogen 
oxides. The addition of fresh nitrogen oxide emissions from the area source into the 
airport plume was only able to titrate 1-3 ppb of ozone from the plume (hardly 
noticeable in the plots). Increased ozone was formed in the plume further downwind 
due to the additional nitrogen oxides and high reactivity of the Sydney air. Figure 10 
shows predicted ozone concentration (ppb) at 1600 hr and 1700 hr on 9 February 1994 
for the Holsworthy North site, when this extra broad area source is included. The 
results may be directly compared to those in Figure 4. They show that ozone 
concentrations are increased near the foot-hills of the Blue Mountains, but are not 
significantly changed elsewhere.
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By analysis o f the results we are able to show that the additional ozone formed in this 
simulation is not attributable to the existence o f the airport. The high reactivity o f the 
background air is adequate to ensure the complete generation of the extra ozone - the 
hydrocarbon emissions from the airport have little effect. Therefore the incremental 
ozone due to the airport emissions on the days considered (see Table 2) would have 
been unchanged if  the extra downwind source had been included in all simulations. 
We have confirmed this conclusion by simulating the extra area source in the 
background conditions without any airport sources.

4. Conclusions

In this report, we have performed photochemical smog simulations examining the 
impact on late afternoon ozone levels of proposed emissions from three alternative 
sites for the Second Sydney Airport at Holsworthy North, Holsworthy South, and 
Badgery’s Creek (Option 2). Modelling was performed using LADM for the summer 
days 9 February 1994 and 4 February 1991, two of the high smog days identified by 
Hyde et al. (1996) for MAQS. Proposed Case 3b airport emissions (see CPI, 1997) for 
each site were simulated in background air characteristic o f the existing Sydney urban 
emissions arriving at each site in the afternoon sea breeze.

The results for emissions from the proposed sites show an increase in ozone o f up to 
5-25 ppb above the Sydney background levels (see Table 2 for more detail). These 
levels were predicted within the south-western part o f the Sydney basin, with lower 
levels produced for 4 February 1991. The later arrival o f the sea breeze on 4 February 
means that less ozone could form in the time available until sunset, compared to 
9 February, particularly for the Holsworthy South and Badgery’s Creek sites. In each 
case, the NOx-Iimited background air was temporarily transformed to light-limited 
conditions as fresh nitrogen oxide emissions from the airport site were added, but due 
to the high reactivity o f the plume, NOx-limited conditions re-established within 
15-25 km downwind of the airport. Higher concentration on parts o f the Blue 
Mountains to the west are predicted to occur due to terrain impacts. The inclusion o f  
existing sources downwind o f the Holsworthy site leads to similar effects, but the 
incremental increase in ozone due to airport emissions remains approximately the 
same.
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Figure 4. Predicted total ground level ozone concentration (including a background of 75ppb) at 1600 and 1700 hr on 9 February 1994, for the
proposed Holsworthy North site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked.
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Figure 5. Predicted total ground level ozone concentration (including a background of 75ppb) at 1600 and 1700 hr on 9 February 1994, for the
proposed Holsworthy South site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked.
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Figure 6. Predicted total ground level ozone concentration (including a background of 105ppb) at 1600 and 1700 hr on 9 February 1994, for the
proposed Badgery’s Creek site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked.
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Figure 7. Predicted total ground level ozone concentration (including a background of 98ppb) at 1600 and 1700 hr on 4 February 1991, for the
proposed Holsworthy North site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked. Note that the
southern part of the plume should be ignored, due to the inappropriateness of the background concentrations used for pre-sea-breeze emissions.
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Figure 8. Predicted total ground level ozone concentration (including a background of 98ppb) at 1600 and 1700 hr on 4 February 1991, for the
proposed Holsworthy South site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked. Note that the
southern part of the plume should be ignored, due to the inappropriateness of the background concentrations used for pre-sea-breeze emissions.
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Figure 9. Predicted total ground level ozone concentration (including a background of 109ppb) at 1600 and 1700 hr on 4 February 1991, for the
proposed Badgery’s Creek site. White contour lines are overlayed on colour shaded contour surfaces with contour levels marked. Note that the
southern part of the plume should be ignored, due to the inappropriateness of the background concentrations used for pre-sea-breeze emissions.
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Figure 10. Predicted total ground level ozone concentration (including a background of 75ppb) at 1600 and 1700 hr on 9 February 1994, for the
proposed Holsworthy North site, with extra downwind broad area source. White contour lines are overlayed on colour shaded contour surfaces
with contour levels marked.
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Executive Summary

1. The main regional air quality issues fo r a major airport concern the influence o f airport 
emissions on levels o f photochemical compounds and fine particulates. A literature 
survey and contact with North American aviation authorities have shown that these topics 
have not been addressed in any detail in recent environmental assessments o f major 
airports.

2. Available measurements o f ozone and nitrogen oxides (NOJ have been interpreted in 
terms o f the photochemical age o f the ambient air. High smog levels and aged air are 
necessary fo r  the airport emissions to have a  significant impact on ozone levels. Such 
days occur 5-15 times per year, with a greater frequency in the western suburbs o f 
Sydney. A coincidence o f suitable synoptic conditions, delayed seabreeze and high levels 
o f precursor emissions is necessary; this rarely occurs and on most days the 
photochemical impact o f the airport w ill not be significant.

3. I f photochemically-old air is incident on any o f the three prospective sites, the addition 
o f volatile organic compounds can accelerate the necessary chemical transformations 
to reach a N 0X -limited state. The airport NOx emissions can then give rise to additional 
ozone. The affected areas are predicted to be 5-20 km downwind (dependent on 
conditions); within the area covered by the airport emission plumes (typically 3-5 km 
wide), the increases o f hourly ozone levels forecast by the current chemistry scheme are 
in the range o f 5-15 ppb. The areas most frequently affected w ill be to the south-west to 
west o f each site.

4. Sensitivity tests have shown that, if  events are chosen from  the previous MAOS studies 
to estimate ozone impacts due to the airport, they will produce much higher results than 

fo r  most historical high ozone days. For Badgerys Creek, most adverse ozone impacts 
are expected to be in the range 5-10 ppb, with increases o f20-25 ppb expected under 
extreme conditions. Such increases would usually cause exceedances o f the hourly ozone 
threshold on more than the required maximum four days per year. For the Holsworthy 
North site, most ozone increments are expected to range from  3-7 ppb but with extremes 
o f 18-21 ppb. Very few  o f these events w ill cause exceedances o f  the hourly guideline. 
For the Holsworthy South site, similar increments to the Holsworthy North site are 
predicted, but will add to a slightly lower background level and total ozone levels are not 
expected to exceed the guideline.

5. The frequency o f ozone impacts will be higher fo r the Badgerys Creek site than the two 
Holsworthy sites, due to the more inland location and greater prevalence o f aged air. 
There are few  significant differences between the ozone impacts fo r the Holsworthy North 
and South sites. Emissions from  an airport a t any o f these three sites are likely to have 
more adverse smog consequences than the current emissions from  the coastal airport at 
Mascot.

Footprint analysis of the regional air quality impact of the proposed Sydney Airport.
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6. Downwind emissions from  residential and traffic activity can be quite important in 
reducing the initial ozone impact o f airport emissions, especially fo r  the Holsworthy 
sites. For the Badgerys Creek site, current downwind emissions are predicted to have 
only a minor influence; substantial increases in anthropogenic source emission rates to 
the west o f the airport would be required to cause any significant reductions in predicted  
ozone impacts.

7. Predictions o f ozone impacts are relatively sensitive to the adopted mixing depths fo r  
Seabreeze conditions, fo r  which there is little information at inland sites in the Sydney 
region. The Holsworthy sites are in the transition zone between inland and coastal areas 
and greater sensitivity at these sites is expected

8. Fine particulate emissions in airport exhausts are poorly detailed in world literature. 
Predictions o f  regional air quality impacts o f airport particulate emissions on a  short
term and annual average basis require a  better quantification o f aerosol form ation and 
retention within the boundary layer.

9. An investigation o f the detailed Sydney air quality database is necessary to determine the 
level o f confidence in these forecasts fo r  each prospective site.

10. The models used in this evaluation are idealisations o f the true processes and are likely 
to give conservative results, due to the approximate treatment o f deposition, wind-shear 
and short-term dispersion processes and chemical transformations. The results o f this 
study do suggest that regional air quality should be a significant factor in airport site 
selection and environment management.

11. Ozone impacts can be minimised by a  long-term program o f reducing N 0X and VOC 
emissions from  aircraft and ground vehicles.
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1. Overview

1.1 Background

The Sydney Second Airport master plan is for a runway configuration capable o f handling
360,000 aircraft movements and 30 million passenger movements per annum. The terms o f 
reference for the Environmental Impact Statement required a description of the existing 
environment and the principal impacts (both adverse and differential) on the community and the 
environment. Consideration was recommended of direct and indirect, short-term and long-term, 
temporary and irreversible and adverse and beneficial effects together with confidence limits for 
any forecasts and a description o f unlikely data and assumptions.

Amongst other items, the air quality component of the study was required to analyse and describe 
the impacts of the proposed airport development on air quality at the local, regional and Sydney 
basin scale, having regard for the results o f the Sydney Metropolitan Air Quality Study (MAQS). 
The effects o f the increase in ozone-producing compounds from the proposed airport operations 
on the areas downwind o f the development and on the Sydney air-shed are addressed in this 
report. Further sensitivity analysis would require the detailed use of the full Sydney air quality 
database and is not attempted in the current project.

The parameters set for the EIS note that there may be off-site or pollutant-related developments 
that are likely to be attracted to the airport sub-region, such as the increased use o f existing or 
new transport links and commercial and industrial development. These issues have been addressed 
elsewhere in the project but are not included in the current report. The issues considered in the 
selection o f the current short-listed sites have been summarised in a previous report (1985).

1.2 Project objectives and methodology

Katestone Scientific o f Brisbane was contracted to provide a summary o f the regional impact o f  
the three proposed airport sites, based on an analysis and interpretation o f the existing and 
available air quality information for the Sydney region. This work was carried out in association 
with the CSIRO Division o f Coal and Energy Technology in Sydney. The objectives o f the 
project were:

(a) A determination o f the basic photochemical characteristics o f the Sydney region from 
available air quality information and set in context o f previous studies conducted for the 
EPANSW and other bodies.

(b) The selection o f a suitable number o f events for more detailed analysis, based on an 
analysis o f pollutant trajectories for various hours o f the day and any known air quality 
characteristics.

(c) The estimation o f the likely footprint o f downwind ozone concentrations under a wider 
variety o f conditions than analysed elsewhere by more sophisticated techniques.
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The photochemical evaluation techniques o f CSIRO Division o f Coal and Energy Technology 
(e g. the Integrated Empirical Rate (IER) scheme) facilitate the interpretation of existing air 
quality information to characterise the photochemical nature o f various parts o f the air-shed. 
They also provide a'basis for the extrapolation of air quality information to locations well away 
from monitoring sites. The same chemical mechanism has been used here in a prediction scheme 
for forecasting the impact o f airport emissions on regional air quality.

Unlike most other previous airport studies, this project has incorporated the embedding o f a box 
model within a set o f trajectories constructed for days o f unusual photochemical activity. The 
box model allows a forecasting o f ground-level concentrations o f photochemical pollutants along 
these trajectories, taking into account both the subsequent emissions from urban and biogenic 
sources and the influence o f airport emissions. By looking at the differences in the results for 
simulations with and without the airport emissions, the mid-field impact o f airport operations can 
be assessed in detail for these days. The influence o f topography has not been included in the box 
modelling assessments.

The rest o f Section 1 summarises the physical and chemical processes involved, any previous 
work elsewhere on similar problems and the issues arising from the project community 
consultation.

Section 2 describes the airport emissions in a regional context and outlines the temporal and 
spatial variability o f the emissions from various activities. The air quality and meteorological 
information used in this assessment is discussed in Section 3.

Sections 4 and 5 summarise the main results concerning the impact o f airport emissions on smog 
levels for each of the three sites, together with an initial sensitivity analysis. The uncertainties in 
the analysis are reviewed in Section 6 and recommendations given as to the avenues for providing 
a more accurate description of both the magnitude and frequency of significant changes in ozone 
levels due to airport operations.

1.3 General concerns for regional air quality impact of a metropolitan airport.

Emissions inventories for Sydney and other metropolitan areas for Australia show that major 
airports contribute a small but relatively significant amount o f key pollutants to the regional air
shed (such as nitrogen oxides, volatile organic compounds and carbon monoxide). Unlike 
industrial sources, these emissions occur because o f a wide variety o f activity, resulting in a 
strong diurnal variation and a fairly complex distribution with height for key pollutants. They 
occur within an urban area which itself experiences sometimes considerable spatial and temporal 
variations in emission rates o f the same pollutants.

The impact o f  an existing or proposed airport on regional air quality will depend quite critically 
on the location o f the airport, the dominant transport mechanisms within this air-shed and the 
frequency o f occurrence o f conditions under which high rates o f photochemical pollutants may 
occur.
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The principal concerns for regional air quality identified from past studies in Australia and 
overseas, recent Sydney air-shed work and comments offered during the public consultation stage 
of the current study have been:-

(a) The levels o f  conservative pollutants (such as carbon monoxide and fine particulates) in 
the near (0-3 km) and mid (3-20 km) field regions downwind o f the airport;

(b) The impact o f airport emissions on the levels o f ozone and nitrogen dioxide on days with 
high background photochemical levels.

Near-field characteristics can be dealt with adequately by relatively conventional methodologies. 
Treating photochemical impacts is much more difficult as it requires a full understanding o f the 
various processes that occur within the air-shed. A literature survey o f past airport air quality 
work and informal contact with the Federal Aviation Authority in the United States have revealed 
that, although some monitoring o f photochemical variables has occurred close to airports in 
various countries, the only recent and systematic investigations o f the photochemical impacts o f 
aircraft operations have focused on stratospheric ozone.

1.4 Overview of chemical, transport and dispersion processes for airport emissions.

The emissions inventories for the existing Mascot Airport and for the proposed second airport 
have considered a wide variety o f sources. These include aircraft emissions from the terminal, 
runways and take-off paths, evaporative losses occurring during refuelling activities and the 
storage o f fuels, the various emissions from vehicles using the airport (both internally and by the 
public accessing from the airport) and other types o f industrial sources (e.g. boilers and surface 
coatings).

The location of aircraft emissions is dependent on wind direction (i.e. via the choice o f  runway 
and flight paths) and the relative amounts emitted at various heights will depend on the aircraft 
congestion at take-off. The main pollutants are likely to be volatile organic compounds (VOC) 
emitted by motor vehicles, evaporation losses and aircraft, nitrogen oxides (mainly from aircraft 
and motor vehicles) and carbon monoxide (mainly from vehicles). There will be a gradual mixing 
of the pollutants downwind from the various types o f sources and the local pollutant footprint for 
a given hour will reflect this complex source structure. The longer-term averages o f  pollution 
concentrations will reflect more the local wind distribution and the main flight paths.

These ground-level concentrations will vary considerably with time of day as the emissions and 
dispersion conditions undergo a fairly regular diurnal cycle. Poor dispersion conditions are likely 
in the early morning, evening and night unless strong winds occur. The low windspeeds and 
shallow mixing depths caused by radiation inversions will lead to poor dilution o f near-surface 
emissions (e.g. traffic and refuelling losses). Aircraft emissions will occur mainly above the 
inversion base during take-off and landing (TOL) phases and will only be important during on
ground operations during these periods.
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During daytime the situation is likely to be quite different. As temperatures increase, evaporative 
losses become significant. The much deeper boundary layer has several effects; more o f the TOL 
emissions are retained below the inversion and mixed to ground. There is likely to be a better 
local dispersion o f the various emissions. Sunlight is likely to encourage the chemical 
transformations possible with such a mix of pollutants; the urban air quality upwind o f the airport 
also has an important bearing on these reaction rates.

The airport emissions o f nitrogen oxides (NOJ are likely to contain less than 10% nitrogen 
dioxide, as found in the exhausts o f most combustion sources. The subsequent oxidation o f nitric 
oxide to nitrogen dioxide requires free oxygen radicals made available by the action o f sunlight 
on ozone molecules or by the wider range o f photochemical reactions that occur in urban air. 
Close to the airport, the nitric oxide concentrations are high enough to consume most o f the 
ambient ozone - the air is likely to be rich in nitrogen oxides and VOCs. As the airport plume 
travels downstream, it will expand vertically (to the inversion base) and horizontally and will 
undergo significant dilution. Eventually (5 km downstream), there will be only minor 
concentration gradients in the vertical direction - the plume will be well-mixed. The airport VOCs 
will mix with the urban VOCs (of a different constitution) and probably increase the rate at which 
photochemical reactions can proceed. Nitrogen dioxide concentrations can then increase as a 
result o f these oxidation processes but also decrease because of ongoing photolytic disassociation. 
Eventually some form o f equilibrium will be established.

On days when the urban air is photochemically old the addition of airport NO„ emissions may lead 
to the generation of additional ozone if the sunlight intensity is sufficient to make the chemistry 
o f the ambient air limited by availability o f nitrogen oxides. This ozone generation is likely to 
occur many kilometres downwind of the airport and will depend on whether the combined airport 
and urban plumes have passed over any further significant sources o f precursor emissions.

For some trajectories, the picking up of nitrogen oxide emissions from traffic or industrial sources 
will keep the air NOx -rich and the ambient ozone levels low. For other trajectories (e g. over 
essentially rural land), there will be only biogenic emissions and the generation o f excess ozone 
becomes a possibility. Even as additional ozone is generated, the horizontal mixing processes act 
to reduce this impact.

As sunset approaches, the photochemical reactions shut down and other transformation processes 
become important. Ozone can be deposited on ground surfacet: or lost to the “upper atmosphere” 
as the shallow radiation inversions reform. The air is likely to become NOx -rich at the surface 
as a result o f ongoing traffic emissions and more restricted dispersion. Ozone levels are likely to 
decrease, nitrogen dioxide levels may peak in the evening rush hour. As the night progresses, 
the airport emission rates will decrease, with aircraft TOL emissions again being inhibited from 
entering the surface boundary layer.

Similar complexities may occur for particulate emissions as these small-sized pollutants become 
involved in the various chemical reactions. Visibility may be affected both by the presence o f very 
fine particles and by the absorption o f sunlight by nitrogen dioxide. These impacts are likely to 
be particularly evident in the early morning and evening periods.
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1.5.1 North American studies.

The Federal Aviation Administration has sponsored several studies o f the emissions and 
consequent local air quality impact (including odour) for several major airports (Wayson 1996, 
Anderson et al 1997). Regional analysis has centred mainly on emission inventories as the use o f  
urban air-shed models was considered “beyond the scope of most projects”.

Emission controls are thought likely to reduce VOC impact although NO, emissions may still 
present problems. There is no current direct research or measurement programme to investigate 
the photochemical impact o f a major airport on a regional air-shed.

The Airports Group o f Canada has conducted multi-parameter monitoring studies at various 
airports since 1980 (Taylor 1996). This monitoring has usually been at sites on or close to the 
airport. Ozone levels at these sites were generally decreased by the presence o f combustion gases 
from airport activities. It was concluded that “airports did not appear to be the local source o f 
this pollutant”. None of the recommended actions from a review o f existing knowledge was 
concerned with regional impacts.

The North American experience is therefore o f little guidance to the present study.

1.5.2 European studies.

Recent British studies (HMSO 1994, Raper et al 1995, Longhurst et al 1996, Stevenson 1996, 
Somerville 1997) have emphasised the evaluation o f local air quality at several British airports. 
Nitrogen dioxide has been considered the major problem area and attributed mainly to local 
motor vehicle emissions. On a regional scale, airport emissions are considered to be small 
compared to those o f urban and industrial sources usually found next to airports. Ozone impacts 
have been mainly considered by the Stratospheric Ozone Review Group.

Monitoring close to Gatwick Airport has facilitated the estimation o f source contributions to 
modelled ground-level concentrations o f NOx. Outside the boundaiy, the airport is thought to 
contribute up to 10-13% o f the total ground-level concentrations. Aircraft are considered to be 
“a relatively small contributor to ambient NO, concentrations outside o f the airport boundary, 
compared to regional and background sources.”

Moussiopoulos et al (1997) have investigated the impact of airport operations on ozone levels in 
Athens, using a set o f contemporary air pollution models and two alternative airport operations 
for the year 2002 and one photochemical event day. Only limited reporting is available and 
suggests increases in total oxidant ( 0 3 + N 0 2) close to the airport, but with a reduction in ozone 
levels at these locations due to titration reactions. This study gives little detail on the impact on 
regional ozone for this event or the sensitivity to ambient conditions.

1.5 Relevant previous work for regional impacts
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Recent German studies (e g. Ebel and Petry 1995) have used a mesoscale model to look at the 
impact o f  aircraft emissions on ozone concentrations at the tropopause. Available results are 
ambiguous. The recent AERONOX project (Schumann 1997) was set up to determine the 
emissions o f NOx from aircraft engines and global air traffic at cruising altitudes, the resultant 
increase in NO, concentrations and the effects on the composition o f the atmosphere. These 
studies included measurements o f engine exhaust emissions (Kohler et al 1997), the physics and 
chemistry in the aircraft wake (Gamier et al, 1997) and global modelling (e.g. Stevenson et al, 
1997). None o f this work has applied the results to regional air quality.

The literature search found only one European example o f the estimation o f the impact on 
regional photochemistry due to airport operations but this has too little detail to be o f use in 
evaluating the current project results.

1.5.3 Australian studies.

The emission inventories recently constructed for various Australian cities have included the 
contributions o f airports (e.g. Table 1.1). Regional air-shed modelling for most o f the cities has 
included these sources but has rarely identified explicitly the individual impact o f airport 
operations. The simulations o f high ozone days at each city have emphasised the importance of  
Seabreeze circulations, high temperatures and biogenic emissions on levels o f photochemical 
pollutants. One o f the sensitivity runs for the photochemical modelling o f the Sydney air-shed 
(Cope and Ischtwan 1996(a)) estimated that Mascot 1993 airport emissions were likely to 
increase the peak ozone level in the region by an insignificant amount (less than 1% and below 
the model resolution). Local ozone levels could be changed by 5%, dependent on location and 
conditions. These are likely to be underestimates (mainly because o f the model resolution and 
technical difficulties in treating seabreeze conditions). The location o f Mascot Airport within the 
industrial area o f Botany Bay and close to the urban areas diminishes the applicability o f these 
preliminary results to a second inland airport.

Recent impact assessments for Brisbane, Mascot and Melbourne airports have predicted local air 
quality impact but have not considered regional matters.

Air quality monitoring is currently taking place at Mascot Airport (two sites) and, to a lesser 
extent, near Brisbane Airport. Continuous monitoring of NO„ ozone and PM10 levels at these 
sites gives the potential for evaluating the impact o f airport operations - no formal assessments 
have yet been published.

Table 1.1 Daily air-shed 1 emissions (kg/day) from international/domestic Australian 
airports

NO, v o c S 0 2 CO

Melbourne2 1,953 1,565 131 6,817

Sydney3 5,785 4.271 388 17.511

Perth A 410 120 51 2,340

Brisbane 5 2,064 759 129 2.207
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Notes: 1 Sum of emissions from all airports (domestic/intemational) in the air-shed.
2 Year 1990: Camovale et al. (1991).
3 Year 1992: Camovale et al. (1996). i
4 Year 1985: Australian Environment Council (1985).
3 Year 1993: Coffey Partners International (1995).

1.5.4 Relevant regional studies for the Sydney air-shed.

For Sydney the past air quality and meteorological studies (both measurement and predictive 
schemes) are summarised in Appendix 1. For this study, the key points are:-

• the development o f a smog mechanism for Sydney air, laying the foundation for the 
current EER scheme;

• the classification of past high ozone days and associated meteorological conditions;

• the differentiation between conditions at the coast, near-coast, metropolitan and inland 
parts o f the Sydney basin;

• the high degree o f interannual variability in occurrences o f high smog levels;

• the appreciation that VOC emissions accelerate smog formation potential whilst NOx 
emissions determine the ultimate impact on ozone levels, once the air is no longer NOx - 
rich;

• concern that any major industrial developments in the western suburbs should incorporate 
considerable investigation o f air quality impacts; and

• a high quality emission database is available for modelling photochemical impacts.

1.5.5 Ozone impact of industrial sources in Sydney

The impact of some non-airport sources o f precursor emissions on regional photochemistry have 
been assessed in previous Sydney studies, including both point source emissions o f NOx (such as 
power stations) and various generic types o f emissions (e.g. motor vehicles, all industrial 
emissions, biogenic sources). Power station or cogeneration plant sources o f  strength 10-100 g/s 
NOx (and 1-5 g/s VOC) have been forecast to give rise to 2-15 ppb o f additional ozone for some 
hours o f high photochemical activity in Sydney and Brisbane. Motor vehicle sources are predicted 
to contribute 35-70% o f the anthropogenically-produced ozone on such days. Biogenic sources 
may not increase maximum ozone levels but will increase the total air-shed dosage (Cope and 
Ischtwan 1996(a)).
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These considerations are o f particular interest to locations such as Mascot where industrial and 
urban emissions are high. For fringe urban areas such as Badgerys Creek and Holsworthy, the 
recent simulations for the methane recovery and combustion plants at Tower and Appin may be 
of more relevance (Katestone Scientific'1995, CSIRO 1995). For those few hours per year with 
high ozone levels and photochemically-old air from Sydney and Campbelltown passing through 
the region, sources with NOx emissions o f 20-35 g/s emitted at effective heights o f 100 m above 
ground-level were predicted to give an ozone impact o f 5-15 ppb. Maximum ozone increments 
were predicted for 5-15 km downwind, depending on meteorological and source emission 
conditions.

1.6 Summary of relevant studies and recent community concerns

Previous work elsewhere gives little guidance to the regional significance o f emissions from the 
Second Sydney Airport. For nitrogen dioxide and carbon monoxide, there have been local 
impacts noted at several airports, with the major contributor being the airport and local motor 
vehicle fleets. There is little quantitative evidence for the direct regional impact o f these 
pollutants - these are expected to be much less than local effects and therefore o f minor concern

For ozone, there is evidence o f an overall reduction close to airports due to the titration by airport 
NOx emissions but little evidence of what happens on high smog days. Recent numerical 
modelling for Mascot Airport and more industrial sources suggests that the maximum impact on 
ozone due to airport activities is likely to be much less than 5% on high ozone days.

For fine particulates, there is little direct evidence for any significant impacts. Accurate emission 
estimates and dispersion estimates are necessary on for evaluating the changes in regional air 
quality. Recent studies have noted the difficulties in measuring the aircraft exhaust emission rates 
of fine particulates and the aerosol formation that occurs well downwind o f an aircraft in flight.

During community consultation and in the discussions o f many of the community organisations, 
it has been asserted that airports are major contributors to poor urban air quality and that 
increases in regional levels o f fine particulates (for example) are likely to give rise to a significant 
health and economic impact. A report by the Natural Resources Defense Council (1996) noted 
that many airports rank in the top 10 air pollution sources in their studies and that planes at 
airports emitted about 1% of smog-forming gases. Such statements concerning the ranking o f  
industrial smog sources for various airports have been based on the emission rates, rather than the 
actual impacts o f pollutants. The resulting concern about the growth o f air transport and the 
consequences on public health is thereby probably overstated.
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2.1 Emission scenario for current study

The Coffey Partners International report (1997) on airport-related emissions contains the 
estimated emissions inventory for various years and flight path scenarios. For this footprint study, 
the emission scenario for case 3(b) (the additional noise scenario, the 2016 summer day with
245,000 annual aircraft movements) has been adopted. These emissions have been used directly 
in the box modelling in association with the urban emissions inventory provided from the MAQS 
study. It is noted that this urban emissions inventory is for the year 1992 and is likely to undergo 
significant changes by the year 2016, both because of a change in land use and regional population 
and an expected considerable reduction in per-vehicle traffic emission rates due to the introduction 
of new emission control technology from 1997 onwards.

2.2 Comparison of airport emissions with other sources in the Sydney region

Table 2.1 compares the total airport emissions for the major pollutants with those from other 
generic type sources in the Sydney region, as deduced from the MAQS emission inventory. It is 
apparent that the airport is a moderately significant source of nitrogen oxides and hydrocarbons.

2. Airport emissions in a regional context

Table 2.1 Estimated daily emissions from the Second Sydney Airport and air-shed 
emissions from motor vehicles, domestic/commercial area sources, industrial 
sources and biogenic sources on a summer day.

Source v o c
(kg/day)

NO,
(kg/day)

CO
(kg/day)

s o 2
(kg/day)

PM Ifl
(kg/day)

SSA: case 1A 1 524 1,820 1,820 87 107

SSA: case 2 A 3 985 3,650 3,450 177 421

SSA: case 3A 3 1,340 6,880 4,570 315 732

SSA: case 3 B 4 2,470 12,000 8,470 587 1,170

Motor vehicles5 368,000 270,000 1,792,000 7,000 19,000

Domestic/comm. sources3 186,000 15,000 22,000 15,000 12,000

Industrial sources 3 50,000 39,000 38,000 36,000 25,000

Biogenic sources3 885,000 20,000 - - -

Notes 1 Overflow scenario year 2006 (63,000 annual movements).
3 Equal growth scenario year 2006 (117,000 annual movements).
3 Additional noise scenario year 2006 (131,000 annual movements).
4 Additional noise scenario year 2016 (245,000 annual movements).
5 Year 1992 high oxidant day (Camovale et al. 1996)
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2.3 Reactivity of airport emissions

Only limited information is available from past studies on the reactivity o f aircraft emissions. This 
work is summarised in the Coffeys report. Aircraft emissions are likely to be slightly more 
photochemically reactive than those o f the normal urban plume. For the box modelling, it has 
been assumed that the overall photolytic reaction coefficient for the airport emissions is similar 
to that for the urban plume. This assumption is unlikely to have a major impact on the subsequent 
predictions.

2.4 General behaviour of airport emissions

2.4.1 Temporal variation

The temporal profile o f  airport operations has been given in the Coffeys report. Most activities 
occur between 0700-2100 hours with 20% greater emissions in the morning and evening peak 
hours and a relatively uniform profile between these hours. The box modelling has assumed that 
similar temporal profiles can be applied to the different types o f airport activity.

2.4.2 Retention of emissions within the boundary layer

Near-field studies have shown that, during those hours when dispersion is poorest, the amount 
of pollutants retained within the surface boundary layer will contain few contributions from take
off and landing. This is important for predicting near-field pollutant concentrations but less 
important when considering impacts on ozone levels. As the major photochemical activity usually 
occurs in the mid-morning to early evening period when the mixing heights may be over 1,000 m 
(prior to the seabreeze arrival), or in the region 400-600 m (during seabreeze conditions), there 
will be a significant variability in the amount o f TLO emissions contained within the mixed layer 
and becoming available for photochemical production. For subsequent work, it has been assumed 
that only those emissions from TLO that occur below the mixing height are important to 
subsequent photochemical generation.

2.4.3 Spatial extent of the airport plume

The airport emissions extend over a considerable area, with a maximum extent at the source o f  
around 3.5 km. For the Holsworthy North site (for example), Figure 2.1 shows the vertical 
concentration profiles at various downwind distances, as forecast by the ISC3 dispersion model 
and using a spatial allocation o f the airport emissions for an hourly time period. An inversion 
height o f  500 m has been assumed. By 3 km downwind in a variety o f conditions, the airport 
emissions are likely to be well-mixed below the assumed inversion. By 6 km downstream the 
vertical concentrations are very uniform and the horizontal extent of the plume is o f the order o f  
5 km.

From this analysis it has been concluded that:

(a) An assumption o f good vertical mixing by a distance o f 3-6 km downsteam is well 
justified, and
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(b) Any box model used for regional impact prediction should not use a horizontal scale 
smaller than 6 km, since the plume width is initially over 3 km and expands to 6 km by a 
downwind distance o f 6 km.

3. Available information for project

3.1 Air quality

Relevant air quality information (Table 3.1) is collected by the Environmental Protection Agency 
o f New South Wales (EPANSW) and the Federal Airports Commission (FAC). The FAC 
information consists o f extensive air quality monitoring at two locations close to Mascot Airport. 
Previous reports on industrial source impacts have used the detailed records from various 
EPANSW sites to investigate the statistics o f photochemical characteristics.

There is, as yet, little information on the photochemical reactivity o f the Sydney air-shed. 
Relevant Airtrak measurements have been conducted recently (Johnson 1997); guidance has been 
obtained from the MAQS emissions inventory and past Airtrak studies.

Table 3.1: Detailed air quality information used in this and previous relevant projects.

Station From o 3 n o /n o 2 C O Particulates

Lidcombe EPA 1970-92 1970-92 N/A N/A

Campbelltown EPA 77-80;82-88;91-94 80/81,91-94 N/A N/A

Mascot FAC 94-95 94-95 94-95 94-95

Botany FAC 94-95 94-95 94-95 94-95

3.2 Meteorology

A considerable body of meteorological information was made available for this project and is 
summarised in Table 3.2. Wmd information from a significant number of weather stations run by 
the Sydney Water Board (SWB) has been augmented by data from the automatic weather stations 
run by the Bureau of Meteorology (BM) and the FAC and by detailed monitoring conducted over 
many years at Lucas Heights by the Australian Nuclear Science and Technology Organisation 
(ANSTO). For Badgerys Creek, a limited amount o f on-site information was available.

Upper-level wind and temperature information has been obtained from the two radiosonde flights 
per day conducted on a routine basis at Mascot Airport. These have been used in constructing 
hourly estimates o f mixing height at various locations within the region.
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Table 3.2: Available meteorological information for this project.

Station From Wind Direction 
Wind Speed

Temperature Radiation Relative
humiditv

Bondi SWB 94/95 94/95 N/A 94/95

Malabar SWB 94/95 N/A N/A N/A

Northern Head SWB 94/95 N/A N/A N/A

Quakers Hill SWB 94/95 N/A N/A N/A

West Camden SWB 94/95 N/A N/A N/A

Castle Hill SWB 94/95 N/A N/A N/A

Liverpool SWB 94/95 N/A N/A N/A

Penrith SWB 94/95 N/A N/A N/A

Rouse Hill SWB 94/95 N/A N/A N/A

South Creek SWB 94/95 N/A N/A N/A

Lucas Heights ANSTO 94/95 94/95 94/95 N/A

Badgervs Creek Project 90/92 90/92 90/92 N/A

Mascot FAC 94/95 94/95 N/A 94/95

Botanv FAC 94/95 94/95 N/A 94/95

Mascot BM 94/95 94/95 N/A 94/95

Richmond BM 94/95 94/95 N/A 94/95

3.3 Regional emissions inventory.

The EPANSW has made available the emissions inventory for 1992, as determined in the MAQS 
studies. The provided information consists of gross values for the key pollutants differentiated 
into traffic sources, area sources, biogenic emissions and industrial emissions at a spatial 
resolution of 3 km. The detailed buoyancy characteristics o f the industrial plumes have not been 
utilised as the plumes have been assumed to be well-mixed within a chosen 6 x 6 km box. The 
emissions inventory was constructed for a summer day with temperatures sufficiently high to 
ensure that smog formation can be quite rapid.

For other types o f summer day and for winter days, the emission rates are likely to be significantly 
different. Table 3.3 gives approximate estimates o f the likely emissions on three types o f  day. On 
high smog days, evaporative losses and biogenic emissions are significantly greater than on more 
normal days.
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Table 3.3(a): Daily emissions (tonnes per day) in the Greater Sydney Region (year 1992) 
for a high oxidant summer week day and an average summer week day.

Source category v o c NOx C O S O , TSP

Mobile Sources 3 6 8 /2 1 7 2 7 0 /2 2 7 1 ,7 9 2 /1 5 0 9 8 /8 2 1 /1 2

Domestic/Commercial Activity 1 8 6 /1 8 6 15 /1 5 2 2 /2 2 1 5 /1 5 1 2 /1 2

Industrial 5 0 /5 0 3 9 /3 9 3 8 /3 8 3 6 /3 6 2 5 /2 5

Biogenic 8 8 5 /4 4 2 2 0 /9 - - -

Total 1 ,4 8 9 /8 9 5 3 4 4 /2 9 0 1 5 7 0 /1 5 7 0 5 9 /5 9 5 8 /5 8

Note: First figures give the values for the high oxidant day, the second for an average weekday.

Table 3.3(b): Daily emissions in the Greater Sydney Region (year 1992) for a average 
winter week day.

Source category VOC NOx CO SO, TSP

Mobile sources 240 245 2,569 8 23

Domestic/Commercial Activity 219 19 269 17 47

Industrial 50 39 38 36 25

Biogenic 78 2 - - -

Total 587 305 2,875 61 95

3.4 Emissions upwind and downwind of the three airport sites

For the year 2016 scenario, maximum hourly emission rates and average values (in brackets) from 
the airport are 135 (103) kg/hr o f ROC and 658 (498) kg/hr o f NOx. Table 3.4 lists estimated 
average hourly emissions at various locations upwind and downwind o f the airport sites, within 
distances which can be traversed by parcels o f  air 1-2 hours after emission during normal 
seabreeze and synoptic events. The emissions are given for unit areas o f 36 km2. Depending on 
the meteorological conditions, these emissions may produce smog within 1-2 hours and may also 
realise their full potential to form smog. These emissions can therefore be considered as the main 
contributors to background air quality at the proposed airport sites and at locations downwind 
o f the airport sites.

For the Badgerys Creek site the largest emission sources are located to the east and north-east 
at a distance o f25-30 km. To the west of Badgerys Creek, only emissions from biogenic sources 
would make a significant contribution to smog development.
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For the Holsworthv North site, the largest emission sources are located to the north-east and east 
of the airport site at distances 15-30 km. These emissions would normally be transported to the 
airport site within less than one hour. The NOx sources to the west and north-west o f Holsworthy 
North have emission strengths o f approximately 25-50% of the sources to the east. They may 
contribute to smog formation at the same times as the airport emissions.

The nearby upwind emission sources for the Holsworthy South site for north-easterly and easterly 
winds are much lower than for the Holsworthy North site.

Table 3.4: Estimated hourly emission rates (kg/hr) at 15 km and 30 km upstream and
downstream of each site for various wind directions.

Wind direction Upwind VOC Upwind NO, Downwind VOC Downwind NO,

BC HN HS BC HN HS BC HN HS BC HN HS

15km
North-east 218 387 230 36 105 20 143 161 177 10 1 16
East 452 644 300 143 275 33 146 190 150 1 18 14
South East 213 220 227 32 31 40 190 243 371 1 64 122

30 km
North-east 466 895 362 164 366 90 143 165 184 10 1 4
East 625 446 446 249 117 224 0 147 207 0 22 53
South-east 286 50 0 43 1 0 167 197 141 1 27 19

3.5 Wind analysis

The provided wind and temperature information has been used in a simple interpolation procedure 
to estimate wind speed and direction and temperature for key locations throughout the air-shed. 
The density o f  wind observation stations is sufficient that the influences o f  topography can be 
neglected to a first approximation. Figure 3.1 shows the interpolated daytime wind roses for key 
locations within the air-shed, including the three airport sites. Although there is considerable 
variability for nighttime flows (dominated by cold air drainage), there is a general uniformity o f  
daytime wind directions throughout the region. On days with high photochemical activity, most 
important trajectories are almost linear.

3.6 Dispersion analysis

Radiosonde information for Mascot (6 am and 2 pm) has been processed to retrieve the 
temperature and mixing ratio profiles and to determine the mixing height at these times. The 
afternoon flights for on-shore winds show good evidence of Seabreeze flows (typically 400-600 
m in depth) and occasionally thermal internal boundary layers (TIBL depths usually 200-300 m). 
The seabreeze depths will be applicable to sites further inland; the TIBL will grow with inland 
distance. The afternoon information confirms the conclusions o f Clark (1982) on seabreeze 
depths at Lucas Heights and has been to foiecast TIBL depths for the airport sites, where 
necessary.
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The morning temperature profile has been used in conjunction with the available wind, 
temperature and net radiation data to forecast hourly mixing heights, using the energy budget 
method o f Clarke (1990).: For seabreeze and on-shore flows these mixing heights (and 
corresponding convective velocities) have been modified, using the seasonal depths recommended 
by Clark (1982) from acoustic sounder measurements at Lucas Heights, and a standard square 
root dependence o f TEBL height on overland distance. The seabreeze depths are assumed to 
decay with time (ie incoming radiation) as found by Pitts and Brown (1992) at a flat near-coastal 
site in Western Australia. Seabreeze occurrence has been based on the surface wind data (ie a 
given direction sector and speed history).

Atmospheric stability estimates have been based on the ratio o f convective velocity to windspeed 
(for daytime) and windspeed and net radiation (at night). The stability distributions have been 
checked with those determined by Clark (1982), and Petersen and Clark (1986), using a variety 
of other methods.

For the scenario analysis the values o f the wind speed, mixing height and temperature have been 
chosen from the available information to represent the conditions likely to be experienced along 
the chosen trajectories.

4. Assessment of existing air quality at the airport sites

4.1 Air quality guidelines and measures

The main focus o f this report is the likely increase in short-term ozone concentrations on days o f  
high smog levels. National guidelines currently exist for one hour and four hour averaging periods 
and state that threshold levels o f 100 ppb and 80 ppb respectively should not be exceeded more 
than a specified number of times per year. Current considerations are to allow up to 4 
exceedances per year o f the hourly guideline but to restrict exceedances o f the four hourly 
guideline to one event every 5 years. The results below have been reviewed mainly in terms o f  
the hourly guideline. It is noted that the current air quality in the vicinity o f the proposed airport 
sites may already exceed these national guidelines. The key aspect is therefore the likelihood o f  
significantly increasing the exceedance rate (e.g. how many events are there just below the 
threshold that may give rise to exceedances when including the predicted impact o f the airport 
emissions).

The severity o f the airport impact is very dependent on these choices for threshold concentrations. 
It is noted that the national hourly guideline was recently revised downwards from 120 ppb to 100 
ppb.

4.2 Background air quality at the airport sites

The estimation of the existing air quality upwind and downwind of each perspective airport site 
has used a box model on generic types of days to forecast the ozone levels along key trajectories. 
These have been interpreted in the light o f the known exposures at the nearest air quality 
monitoring site, as quoted in recently published reports and supplemented by EPANSW monthly 
summaries o f  average and extreme conditions from the expanded Sydney air quality network.
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For the Badgerys Creek site, the nearest air quality stations are those o f Bringelly (for the recent 
information) and the Campbelltown site for longer-term monitoring. The main characteristics on 
high ozone days for this region occur as photochemically-old air arrives from the eastern suburbs 
Under these conditions, the ambient air arriving at the airport site is likely to have ozone levels 
in the range 80-120 ppb and to be NO,-limited.

For the Holsworthy sites, the nearest air quality information is from Woolooware, Liverpool and 
Campbelltown for the recent monitoring data and from Campbelltown and Lidcombe on an 
historical basis. An analysis o f the Lidcombe information (Katestone Scientific 1995, Lunney
1995) showed that high smog events can occur from midday onwards, with air which is often still 
in the light-limited regime (e.g. NO, -rich). The transition to NO, -limited conditions occurs for 
the inland region between Lidcombe and Campbelltown. The Holsworthy sites are generally 
upwind o f Campbelltown on high smog days and are expected to be at the beginning o f this 
transition point.

The available exceedance statistics for published information are shown in Table 4.1.

Previous investigations for the Lidcombe and Campbelltown sites have derived the frequency o f 
occurrence o f high smog conditions with NO, -limited conditions being approached or achieved. 
Similar information for the recent Mascot Airport information confirms that the photochemical 
regimes change markedly between the three sites (Figure 4.1).

Table 4.1: Number of exceedences of hourly average ozone concentrations over 8 pphm
and 12 pphm during the summers of 1993/94 and 1994/95.

Site Exceedances of 8 pphm Exceedances of 12 pphm

93/94 94/95 93/94 94/95

Bringelly 17 35 2 3

St Marys 16 17 1 1

Liverpool 14 13 0 0

Richmond 9 4 0 0

Woolooware 3 10 0 3

Earlwood 0 0 0 0

Kensington 0 0 0 0

Lidcombe n/a 0 n/a 0

Smithfield 8 n/a 0 n/a

Campbelltown 10 n/a 2 n/a

Douglas Park 11 n/a 1 n/a
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4.3 Inter-annual variability

Previous studies o f air quality at Lidcombe have shown a considerable variation in exceedance 
statistics between the years (Table 4.2). The published long-term information on maximum hourly 
concentrations per month is available for all monitoring sites but is o f limited use to look at 
photochemical characteristics. The frequencies o f days with high levels o f smog (over 80 ppb) 
and relatively old air (extent parameter above 0.7) for Lidcombe and Campbelltown as given in 
previous reports suggests that the highest photochemical activity is likely to have occurred in the 
1982, 1987 and 1991, with significantly lower levels o f activity in the period 1993-95. These 
results compare fairly well with the available information from the Bureau o f Meteorology (Sparks 
and Leighton 1994) on the relative occurrence o f days o f high anti-cyclonicity.

Table 4.2(a): Number of exceedances per year of ozone hourly thresholds for the 
Lidcombe data (1980-1992 (after Lunney 1995)).

Year Number of exceedances over hourly level (pphm) of ozone

>6 >8 >10 >12

1980 146 42 15 6

1981 48 15 5 0

1982 135 47 25 5

1983 102 38 17 9

1984 68 18 6 0

1985 45 14 3 1

1986 48 16 1 0

1987 45 13 6 1

1988 38 11 1 0

1989 29 15 2 1

1990 31 8 0 0

1991 29 12 5 1

1992 18 1 0 0

Table 4.2(b): Monthly variation of ozone hourly exceedances, 1972-1992 for Lidcombe site.

Ozone thresholds J F M A M J J1 A S O N D

6 pphm 391 316 296 158 45 8 22 26 126 169 317 336

8 pphm 173 128 111 54 14 2 6 7 39 62 125 107

10 pphm 84 62 49 13 5 1 3 2 16 31 62 40

12 pphm 39 30 23 4 2 0 2 0 4 16 24 12
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4.4 Classification of high ozone days

The MAQS study concentrated on the available monitoring information up to the middle o f  1994. 
Building on this and previous meteorological studies o f the air-shed, an ozone classification was 
given concerning the likely diurnal profiles at inland sites. These profiles are shown in Figure 4.2

The main types o f days are when a sea breeze front advances into the western suburbs in the early 
afternoon bringing with it the recirculated emissions from the main Sydney region. The air 
following this seabreeze front consists o f much cleaner air with a consequent drop in ozone 
concentrations.

A second important type o f day is that where photochemical levels are high in the morning, 
decrease in the midday period (as the mixing height in the inland region increases dramatically) 
and reach a second peak as the sea breeze front passes through the regions. The MAQS studies 
discuss the likely reasons for the early morning ozone concentrations and conclude that they are 
most likely due to a trapping o f the previous day’s smog in the air above the overnight inversions. 
This smog is then mixed down to ground as the morning mixing height reaches these levels.

Most o f  this analysis o f monitoring information and the numerical simulations themselves have 
looked at essentially single event days. In addition, no evidence was available o f the likely 
intrusion of emissions from the Dlawarra region into the western suburbs, as might be expected. 
The MAQS numerical simulations do, however, show a clear transport o f  pollutants from the 
main Sydney CBD area into the western suburbs on the afternoons o f high oxidant days.

5. Ozone impacts from Lagrangian box modelling and footprint analysis

5.1 Selection of scenarios

In the absence o f detailed air quality information, the following approach has been undertaken:

(a) The available wind information has been used to estimate particle trajectories passing 
through the airport sites for the main types o f high smog days. The initial conditions for 
forecasting downwind concentrations has been based on an interpretation o f information 
from the various MAQS studies and professional judgement. Sensitivity testing for 
different initial conditions has been undertaken.

(b) The main downwind trajectories have been used to forecast the development o f smog in 
the presence o f the airport emissions. Alternative cases have been chosen where different 
types o f downwind land use (corresponding to changes in wind directions) have resulted 
in different emission profiles. This allows the sensitivity testing o f results to changes in 
wind direction and future enhancement o f urban emissions in the relevant locations.
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(c) The above work produces a range of likely ozone impacts and an indication o f those 
conditions under which any significant increase in ozone levels is likely to occur. The 
increment for these generic cases, the wind data for each site and an appreciation of the 
likely widths o f the airport plumes for various downwind distances have then been 
synthesised to provide approximate footprints o f likely ozone impact.

Two types o f  generic events have been considered for the current analysis. The first is a day 
without a seabreeze but with north-easterly winds throughout the day. The second event 
corresponds to a fairly common ozone day when a north-easterly seabreeze arrives at the 
Holsworthy site in the mid-afternoon and at Badgerys Creek one hour later. In both cases the 
incident air will contain moderate to high concentrations of emissions from the main metropolitan 
region.

5.2 General discussion of Lagrangian IER Box Model

Detailed modelling was performed for those types of days when ozone concentrations close (80 
ppb have been observed in the Greater Sydney region. Concentrations o f smog produced along 
the trajectories were estimated both with and without the airport emissions. The present model 
consists o f a single cell whose y-z plane is oriented perpendicular to the mean wind direction, thus 
establishing a two-dimensional grid system. The width and depth o f the single cell are chosen to 
be 6 km while the height is defined by the mixing depth. As the calculation proceeds the box 
moves with the mean wind like a parcel o f air; the ground-level emissions are added to the cell. 
The pollutants in the box are distributed uniformly and instantaneously within the box and are 
allowed to interact and change chemically according to the EER model.

There are some major idealisations in the approach:

(a) The wind velocity is constant through the depth of the mixed layer (so that the box retains 
its integrity); this is suspect in a situation where there are sea breezes at low levels and 
return flows at high levels;

(b) Emissions are spread uniformly throughout the box; this implies that lateral dispersion is 
immediate over a width o f a few kilometres and does not continue thereafter.

Such a model may be most suitable for a situation where the box is trapped within a convergence 
zone, although in that case there are unresolved questions about ventilation through the sides and 
top of the box (Wratt et al. (1990)).

Other assumptions made in the modelling work include an EER hydrocarbon reactivity coefficient 
o f0.0067 (the value given by Johnson (1984) for ambient Sydney hydrocarbons, and close to the 
value expected for vehicle exhaust emissions). The NO/NOx ratio for the precursor emissions is 
assumed to be 0.9, as commonly used for automobile emissions (Schere and Demeijian, 1978). 
The model does not cater for deposition or the entrainment of the airmass from the top o f the box 
as the mixed layer grows.
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The area o f  the b o x  w a s chosen  to  be 6 x  6  km . A t th e  location s o f  the p ro p o sed  airport sites  an 
area o f  this size w ou ld  encom pass the major ground-level sources (ca teg o r ies  A ,B ,C ,D ,E ,F  o f  the  
C offey report). T he horizontal d im ension  o f  th ese  so u rces is approxim ately  4 x 5  km . E m ission s  
from line sou rces su ch  as th o se  o f  aircraft approach ing  the airport or  tak ing  o f f  from  th e  airport 
in a d istan ce  o f  6 -1 5  km  from  th e airport cen tre poin t w ou ld  not b e included  in the b o x , u n less  
the trajectory o f  the air parcel passes the region o f  th ese corridors. T he horizonta l s iz e  o f  th is b ox  
w a s c h o se n  such  that:

(i) T he photochem ical im pacts o f  area sources (such  as m otor veh ic les , d o m estic /co m m ercia l  
area  so u rces , surface-level industrial sou rces, b iogen ic so u rces) are invariant to  small 
ch a n g es o f  th is dom ain; and

(ii) A  uniform  d isp ersion  o f  the airport em issio n s can be assum ed.

The results are g iven  b e lo w  for given  values o f  sm og  produced (S P ) o z o n e  and th e  p h o to ch em ica l 
nature (ex ten t param eter) o f  the incident air.

5.3 Ozone impacts on generic high smog days

5.3.1 Badgerys Creek site

O n high sm o g  days, th e  adverse a sp ects o f  th e  B ad gerys C reek site arise b eca u se  o f  th e  greater  
age (and m ore N O x -lim ited) nature o f  the incident air. O zo n e  generation  can  then  o c c u r  as lo n g  
a s th ere  is  su ffic ien t tim e and sunlight en ergy  available before sunset for th e  p h o to ch em ica l 
reaction s to  p ro ceed  to  this stage.

For the seab reeze  day, th e  incident air is assu m ed  to  have o zo n e  lev e ls  o f  1 0 .4  pphm  behind the  
seabreeze front (T ab le  5 .1 ). A fter an initial period  o f  titration by th e  airport em iss io n s  o f  N O x , 
a return to  N O x -lim ited conditions is predicted within on e  hour and o z o n e  g en era tio n  o ccu rs  w ith  
a m axim um  dow nw ind increment o f  2 .4  pphm. This is a very significant in crease  but, a s  is  sh o w n  
b e lo w , is  at the u p p er end o f  th e  range o f  rea listic  estim ates o f  im pact fo r  d ifferent se ts  o f  
con d ition s.

Table 5.1: Sensitivity analysis for the impact of a Badgerys Creek airport (levels in
pphm).

Event type Initial conditions Upwind Downwind Change Time

SP o 3 Extent
sources sources in ozone (hrs)

1. Post seabreeze 13.3 10.4 1 Urban Urban 2.4 3
13.3 10.4 1 Urban Rural 2.4 3
12.1 9.2 0.9 Urban Rural 0.9 3

2. Synoptic 16.2 12.6 1 Urban Urban 0.6 6
16.2 12.6 1 Urban Rural 0.5 6
13.1 9.5 0.8 Urban Rural 0.6 6

3. Rural only trajectories 8.6 6.7 1 Rural Rural 2.2 3
9.1 7.1 1 Rural Rural 0.6 6
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For the post-seab reeze even t th e  ca lcu la tion s are sum m arised in F igure 5 .1 . E m ission s from  the  
m etropolitan region  lead  to  the build-up in sm o g  concentrations o f  approxim ately  9 .0  pphm  at a 
distance o f  3 0  km  upw ind o f  B adgerys C reek. This sm o g  w ou ld  have increased  to  12.5 pphm  at 
16 km  dow n w in d  o f  the airport. D uring th is build-up, the sm og  form ation  w o u ld  rem ain light- 
lim ited . W ith ou t airport em ission s, sm o g  production  w ou ld  ce a se  at th e  airport s ite  and 
(neglecting deposition  effects) sm og  levels w ou ld  rem ain constant as the air characteristics w ou ld  
h a v e  p rogressed  to  th e  N O x -lim ited  regim e. F or this trajectory there are no significant 
an thropogen ic N O x so u rces d ow n w in d  o f  B a d g ery s C reek.

I f  airport em issions are n o w  added, sm og form ation is initially pushed further in to  the light-lim ited  
regime. W ithin on e  hour dow nw ind o f  the airport, the air parcel w ill have travelled  approxim ately  
18 km , sm o g  p rod u ction  w o u ld  con tin u e to  rise and the N O x -lim ited  regim e w ou ld  again be  
reached. T he net in crease o f  ph otoch em ica l products during this period  w o u ld  result from  an 
initial titration o f  o zo n e  in the vicinity o f  th e  airport and o z o n e  prod u ction  further d ow n w in d  due  
to  the reactiv ity  o f  th e  airport hydrocarbons.

Figure 5 .2  sh ow s the concentrations o f  N O x and photochem ical reactivity (R ^og) for the trajectory  
and in clu d in g  airport em ission s. T he air parcels arrive at the airport site  w ith  an 
concentration  o f  1.8  ppb and a V O C /N O x em issio n s ratio o f  7 .5 .

For the synoptic event, the significantly h igher m ixed  layer leads to  o z o n e  lev e ls  o f  12 .6  pphm  at 
the B ad gerys C reek  site, w ith  th e  m ain contributors being again th e  m ainly m otor  veh ic le  
em issions from  the m etropolitan and central-western regions. This sm o g  w o u ld  arrive early in the  
afternoon  w ith  th e  m ixing  depth  in the range 2 ,0 0 0 -2 ,5 0 0  m. T he add ition  o f  airport em ission s  
w o u ld  in crea se  sm o g  and o z o n e  con cen tration s by 0 .7  pphm  in an area 3 -5  km  w id e  and 
stretching from  7 -1 5  km  dow nstream .

T h e im p act o f  th e  airport should  not dep en d  sign ificantly on  the a g e  o f  th e  urban sm og . T he  
increment in o zo n e  levels is relatively in sen sitive  to  th e  m agnitude o f  d o w n w in d  urban em issions. 
Sm og production dow nw ind o f  B adgerys C reek w ou ld  ach ieve the N O x -lim ited  regim e after on e  
hour since there are n o  sign ificant an th rop ogen ic  N O x em ission s to  the w e s t  o f  B ad gerys C reek.

Sen sitiv ity  te s ts  h ave a lso  con sid ered  air p arcels for w h ich  the p h otoch em ica l a g e  o f  the instant 
air is  m uch less . F o r  th e  p o st-sea b reeze  case , th e  o z o n e  im pacts w ill b e  reduced  by 63% , 
com pared to  the situation  o f  p h o toch em ica lly -o ld  air. S m o g  p roduction  d ow n w in d  o f  B ad gerys  
C reek w o u ld  again  reach  the N O x -lim ited  reg im e after o n e  hour o f  travel tim e.

A n  additional sim ulation  has lo o k ed  at a m ore  rural em ission  scenario  d ow n w in d  o f  B ad gerys  
Creek (basically rem oving the contribution from  m otor veh ic les  in the p rev io u s scen arios). L o w er  
o z o n e  lev e ls  are p red icted  as th e  sm o g  w ill b e  dep leted  o f  additional N O x em ission s.
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5.3.2 Holsworthy North site

O n high sm o g  days, adverse a sp ects  for th e  H o lsw o rth y  N orth  loca tion  arise from  b oth  (a )  the  
urban sm o g  p lu m e im pacting at H o lsw o rth y  N o rth  in the afternoon and com b in in g  w ith  airport 
em issions and (b ) the im pacts o f  airport em ission s o n  populated  areas to  th e  w e st o f  H o lsw o rth y  
North. T he urban plum e can be either light-limited or  N O x-lim ited and little inform ation  available  
to  determ ine th e  frequency o f  occu rren ce o f  such  conditions. I f  the incident air is  N O x-lim ited , 
the increm ents from  th e  airport em ission s in th e  afternoon can b e as large as th o se  fo r  B a d g ery s  
Creek.

The urban sm og  levels for parcels o f  air traversing the H olsw orth y  N orth  s ite  in the a ftern oon  are 
g en era lly  sign ifican tly  lo w er  that th o se  at B ad gerys Creek. T he H o lsw o rth y  N orth  airport 
em ission s w o u ld  rarely increase the total sm o g  lev e ls  ab ove 10 pphm.

F ig u re  5 .3  d isp lays th e  estim ates o f  sm o g  p rod u ced , o z o n e  con cen tration s and ex ten t fo r  the  
gen eric  p o st-se a b r e e z e  event. O n arrival at H o lsw o rth y  N orth , the sm o g  p rod u ction  w o u ld  b e  
just in the light-lim ited regim e (extent o f  0 .9 ) . T he concentrations o f  are a ssu m ed  to  b e  1.6  
ppb. A t the airport site, the airport em issions w o u ld  reduce o z o n e  con cen tration s and push  sm o g  
prod u ction  further in to  the light-lim ited  regim e, w ith  N O x -lim ited  co n d itio n s on ly  occu rrin g  at 
3 0  km  dow nw ind  o f  the site. In this area (basically  th e  rural area loca ted  sou th  o f  C am p b elltow n  
and C am den) th e  airport em ission s are predicted  to  increase hourly o z o n e  lev e ls  b y  1.8 pphm .

F or the sy n o p tic  ev en t, the hourly o z o n e  in creases are confined  to  0 .7  pphm  as th e  urban sm o g  
has already reached  th e  N O x -lim ited  regim e o n  its arrival at the airport.

T h e resu lts o f  th e  sen sitiv ity  analyses are sh o w n  in T able 5.2 .

Table 5.2: Sensitivity analysis for the impact of the Holsworthy North airport (levels in
pphm).

Event type Initial condition Upwind
sources

Downwind
sources

Change 
in ozone

Time
(hrs)

SP o . Extent

1. Post seabreeze 11.0 8.5 0.9 Urban Rural 1.8 3
11.0 8.5 0.9 Urban Urban 1.1 3
7.8 5.7 0.8 Urban Rural 0.3 3

2 . Synoptic 8.5 6.6 1 Urban Rural 0.7 6
8.5 6.6 1 Urban Urban 0.6 6
6.5 5.3 0.8 Urban Rural 0.6 6

3 . Rural only 8.4 6.5 1 Rural Rural 2.1 3
trajectories 8.2 6.4 1 Rural Rural 0.6 6
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5.3.3 Holsworthy South site

On high sm og days, the adverse aspects for the H o lsw orth y  South  site  arise from  the urban sm o g  
plum e being brought in by the seabreeze, as for the H o lsw orth y  N orth  site. T h e  m ain d ifferen ces  
are that sm og form ation w ill be slightly lurther in the NO* -limited regim e and th e  d ow n w in d  areas  
d o  n ot include as m any population  centres. T he resu lts are sh ow n  in T ab le  5 .3  and F igure 5 .4  
w h ere the con cen tration s have been  assum ed  to  be 1.4 ppb.

Table 5.3: Sensitivity analysis for the impact of a Holsworthy South airport (levels in
pphm).

Event type Initial condition Upwind Dow nw ind Change Time

SP o , Extent
sources sources in ozone (hrs)

1. Post seabreeze 9.6 7.5 1 Rural Rural 1.8 3
9.6 7.5 1 Urban Urban 1.5 3
7.8 5.7 0.8 Rural Rural 0.2 3

2. Synoptic 8.3 6.4 1 Urban Rural 0.7 6
8.3 6.4 1 Urban Urban 0.6 6
6.2 4.9 0.8 Urban Rural 0.5 6

3. Rural only 8.5 6.9 1 Rural Rural 2.2 3
trajectories 8.2 6.3 1 Rural Rural 0.6 6

5 .4  F o o tp r in t  c o n s id e r a t io n s

T h e a b o v e  resu lts fo r  im pacts o n  particular hours o f  high sm o g  days n eed  to  b e v ie w e d  w ith  
resp e c t to  th e  likely  areas a ffected , the p eo p le  likely  to  b e ex p o sed  and th e  m agnitude and 
freq u en cy  o f  occu rren ce  o f  th ese  exp osu res. T he loca tion s o f  the a ffected  areas h ave been  
estim ated  from

(a) A v a ila b le  co in c id en t air quality and m eteoro log ica l data (B a d g ery s C reek  m eteo ro lo g y  
w ith  C am p b elltow n  air quality  for 1992 , L u cas H eigh ts m e te o r o lo g y  w ith  B o ta n y  B a y  
(u p w in d  o f  M a sco t A irport) for 1 9 9 4 /95 ;

(b ) A n assum ption that the main im pact w ill occur for areas on e hour d o w n w in d  o f  th e  airport 
for all relevant con d ition s w h en  additional sm o g  form ation is likely .

(c )  A n assum ption o f  a 3 -6  km  w id e airport p lum e in w hich  the additional im pact is p ossib le .

(d ) For each site, a significant im pact m ay occu r i f  upw ind am bient o z o n e  le v e ls  are 7  pphm  
or ab ove, the exten t param eter is a b o v e  0 .6  and daytim e co n d itio n s apply.

Figures 5.5 -  5 .7  sh ow  the centroids o f  the im pact z o n e s  for the available 12 m on th s in form ation  
at each  set o f  sites.
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5.4.1 Badgerys Creek site

Nearly all o f  the 2 6  hourly  o z o n e  ev en ts  have p h otoch em ica l exten ts c lo se  to  1, w ith  h a lf  h avin g  
ozone levels over 8 pphm  (and therefore possibly c lo se  to  the gu ideline i f  an airport im pact o f  1-2  
pphm (w orst-case) is u sed). Apart from  4  an om alou s even ts, all occu r for n orth -n orth -easterly  to  
easterly w inds and u su a lly  in sea b reeze  con d ition s. T h e im pact zo n es  (F igure 5 .5 )  are c lu stered  
to  the south-w est to  w e st o f  the airport, and m ainly in th e  less populated  areas. T h e th ree p o in ts  
on  the airport s ite  are d u e to  very  light w ind  con d ition s and are not high o z o n e  ev en ts  (a s  
described in T ab le 5 .4 ) . T h e  tw o  poin ts to  th e  north-east are m orning ev en ts  and n o t properly  
treated by this analysis. T he remaining points, generally have o zon e lev e ls  in th e  range 7 - 9  pphm  
with 4  events over 10 pphm  for th is dataset. T able 5 .4  sh o w s that, i f  th e  airport o z o n e  im pact is  
taken to  b e 1 pphm , an extra 2  ex ceed a n ces  per year w ill occu r (and thereby th e  area w ill not  
attain the o z o n e  g u id e lin e  for  th e  year).

The published B r in g e lly  data fo r  1 9 9 4 /9 5  su g g est m ore frequent ex ceed a n ces  than g iv en  b y  th e  
Cam pbelltown data. T h e bracketed figures in Table 5 .4  g iv e  estim ates o f  the ex c e e d a n c e  sta istics  
for the m ore recen t data.

Table 5.4: Exceedance statistics for hourly ozone guideline of 10 pphm, for the
Badgerys Creek site and various ozone increments due to the airport 
operation. Bracketed values are estimates for the Bringelly air quality 
measurements.

Airport impacts (pphm) Exceedances

0 (existing) 4 (6 )

1.0 6(13 )

1.5 8(19 )

2.0 13 (28)

5.4.2 Holsworthy North site

The B otany B ay  high o z o n e  dataset for 1994/95 con sists  o f  13 days, w ith  3 8  hourly o z o n e  ev e n ts  
over 7  pphm. M o st o f  th ese  events are before the arrival o f  the seab reeze and w ith  w in d  d irection  
from  th e  w e s t  to  n o rth -w est. T h ese  data m ay n ot apply w ell to  th e  H o lsw o rth y  s ite s  and m ay  
o v erestim a te  th e  freq u en cy  o f  im pact to  the so u th -ea st (and underestim ate th o se  to  th e  so u th 
w est). T h e tw o  ev e n ts  to  th e  north  o f  th e  site are m orning even ts w ith  lo w er  o z o n e  le v e ls  (and  
thereby o f  less concern). O f  m ore concern are the three events on  2 7  D ecem b er  1 9 9 4  w ith  so u th 
easterly w inds in th e  a ftern oon  and o z o n e  lev e ls  o v er  8 .5  pphm. T h ese  are p h o to ch em ica lly -o ld  
air parcels probably orig in atin g  from  th e Illawarra region.

T h e lik e ly  o z o n e  e x c e e d a n c e  sta tistics  sh o w n  in T ab le 5 .5  m ay be overestim ates , b ased  o n  th e  
ab ove considerations.
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5.4.3 Holsworthy South site

W ith th e  ad op ted  assu m p tion s and available data, th e  results for the H o lsw o r th y  S ou th  s ite  are 
very similar (Table 5 .5  and Figure 5 .7 ) to  th e  H o lsw o rth y  N orth  site. T he m ain d ifferen ce is  that 
th e  m ain pop u lation  cen tres are le ss  a ffected , ex cep t for th ose  in the S tan w ell Park area. It is 
again noted that the impact o f  the airport in n orth -w esterly  w inds in the p re -sea b reeze  period  has 
not been  treated by th e  adopted  approach and th e  indicated im pact m ay b e  to o  con servative .

Table 5.5: Exceedance statistics for hourly ozone guideline of 10 pphm for the
Holsworthy North and South sites and various ozone increments due to the 
airport operations.

Airport impacts (pphm) Exceedances

0 (existing) 5

1.0 9

1.5 10

2.0 16

Figure 5 .6  show ing the likely impact zon es suggest that only a few  events w ill im pact o n  the m ajor 
residential area at C am pbelltow n.

5.5 Implications for locating airports

T h e air q u a lity  at th e  p rop osed  airport site  at B ad gerys C reek on  days o f  h igh p h otoch em ica l 
activity is determ ined by em issions released in th e  central and eastern S yd n ey  reg ion . S m o g  from  
th o se  urban areas w o u ld  im pact at B ad gerys C reek  w h en  approaching or h av in g  reached their 
m axim um  levels. M oreover  m ost o f  the urban sm og  w o u ld  be aged; the im pact o f  N O x and V O C  
em ission s from  airport activ ities w o u ld  then b e  m axim ised.

The proposed H olsw orthy N orth  site w ould  b e located  c lo se  to  the major urban em issio n s so u rces  
and th e  air o v er  H o lsw o r th y  N orth  w o u ld  in m ost ca ses  b e N O x-rich. H o w e v e r , aged  sm o g  
resu lting from  em issio n s released  in  the W o llo n g o n g  region  m ay a lso  im pact o n  H o lsw o rth y  
North. Photochem ical sm o g  im pacts from  airport activ ities can therefore b e b o th  (a )  m axim ised  
in  th e  p r e se n c e  o f  a g ed  urban sm o g , and (b ) m inim ised through th e  p resen ce  o f  high N O x 
con cen tration s from  urban em ission s sou rces.

The considerations to  date suggest that th e  im pact o n  ex istin g  populations fo r  H o lsw o r th y  S ou th  
is likely to  b e th e  least o f  th e  three sites  ( lo w e r  im pact, less often , low er  ex p o su res) . T he other  
tw o  sites  are re latively  similar. F or B ad gerys C reek , it is  exp ected  that a sligh tly  h igher im pact 
and m ore frequent occurrence will be m oderated by a low er population  likely  to  b e  ex p o sed . For  
th e  H o lsw o r th y  N o r th  site, the sligh tly  lo w er  im pact and low er frequency is  cou n tered  by the  
higher d ow n w in d  population .
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5.6 Consideration of other emissions scenarios

In the sim ulations the year 1993 M A Q S  em ission s inventory  w a s u sed . F uture V O C  em ission s  
from  the m otor vehicle fleet are ex p ected  to  decrease . A s  urban em ission s p lay an im portant ro le  
in th e  sm o g  im pacts o f  airport em ission s, th e  sm o g  im pacts o f  airport so u rces are lik ely  to  be 
reduced  in th e  future, u n less there is  a significant in crease in v eh ic le  f lo w  rates.

V O C  em ission s from  b io g en ic  em ission s p lay a v ery  im portant ro le  for th e  im pacts o f  airport 
em ission s from  B ad gerys Creek.

5.7 Other pollutants

T he b ox  m odel has also been used to  estim ate changes in regional air quality  fo r  carbon m o n o x id e  
and fine particulates. T h e predicted  increm ents are sm all for th e  co n sid ered  scen arios ( le s s  than
0 .5  ppm  for  carbon m on oxid e, b e lo w  5 yug/m3 fo r  fine particulates). T h e  fine particulate  
increm ents can only be con sid ered  first estim ates in  th e  light o f  recent m easu rem en ts o f  ultrafine  
particulates b ein g  form ed in the near-field  o f  the airport (probably due to  n u cleation  p r o c e sse s  - 
see  H ager et al (1 9 9 6 ).

6. Uncertainties and potential resolution

T he resu lts presented  a b o v e  h ave been  based  on  g en er ic  air quality in form ation  for th e  Syd n ey  
region and estim ates o f  the im pacts o f  the preferred airport for a s in g le  ch o sen  em issio n  scenario. 
The predicted im pacts are dependent on: (a) the characteristics o f  th e  urban p h o to ch em ica l sm og , 
(b ) th e  ch o sen  m eteo ro lo g ica l param eters, and (c )  em ission s. T h e m od el p red iction s are based  
o n  available grou n d -leve l m eteo ro lo g ica l data, the 1993 em ission s estim ates and estim ated  air 
quality inform ation.

T he uncertainties in th e  predicted  increases in reg ion al air quaLty include th e  fo llow in g:

(a ) The estim ation o f  the m agnitude and freq u en cy  o f  occu rren ce o f  o z o n e  im pacts, and the  
likely area to  b e a ffected , w o u ld  b e  m ade m ore  accurate i f  air quality  in form ation  for  the  
n ea rest E P A N S W  air m onitoring s ites w a s  available. A s  there is a con sid erab le  inter
annual variability in concentration  statistics, at least three years o f  in form ation  sh ou ld  be  
utilised .

(b ) T he prediction o f  o z o n e  im pact for  the H o lsw o r th y  sites is q u ite  sen sitiv e  to  th e  ex istin g  
am b ien t air quality. I f  an accurate a ssessm en t is  required, o n -s ite  m on itorin g  is  
recom m en ded . T his shou ld  include a determ ination  o f  th e  reactiv ity  o f  am bient air and 
should  extend  o v er  at least o n e  sum m er season .

(c )  The predicted o zo n e  im pacts are sensitive to  the values chosen  for th e  m ixing h eigh t. F ew  
m ea su rem en ts  are available for th e  m ore inland B ad gerys C reek  site. R e m o te  sen sin g  
equipm ent (e.g . electrom agnetic radar and/or rad io -acou stic  sou n d in g  sy stem s) operated  
for a 12 m onth  period w o u ld  rem ove th is uncertainty.
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(d ) The predicted air quality im pacts from the airports are confined  to  afternoon  sm o g  even ts, 
w hen the height o f  the m ixed  layer has usually  reached its m axim um ; for m orning ev en ts  
em ission s m ay b e ad v ected  o v er  S y d n ey ’s w e s t  under quite d ifferent m eteo ro lo g ica l 
c o n d itio n s . T h e p h otoch em ica l im pacts o f  th e  airport m ay b e qu ite d ifferent in th ese  
circum stances.

(e )  M o st  con sid eration s to  date have b een  based  on  th e  evaluation  o f  p h otoch em ica l lev e ls  
along a trajectory to  the end o f  a g iven day. The Sydney air quality m easurem ents to  date  
su g g e s t  that th ere  are several ep iso d es  o f  a m ulti-day nature. E x istin g  m eth o d o lo g ie s  
e x p e r ie n c e  d ifficu lties in forecastin g  th e  overnight d ep osition  rate o f  o z o n e  lev e ls  and  
cannot be used  confidently in predicting o z o n e  lev e ls  o f  the seco n d  day. From  an overall 
air-sh ed  v iew p o in t, su ch  m ulti-day ep iso d es  should  b e in vestigated  via  a variety  o f  
m ethods.

(f)  C o n sid era tio n  has b een  g iv en  in th is report on ly  to  the u se  o f  the 1993 Syd n ey  
m etropolitan em issions inventory together w ith on e  scenario for th e  airport em ission s. B y  
th e  years 2 0 1 0  -  2 0 1 6 , th e  m etropolitan  area w ill have expanded considerab ly  but the  
introduction o f  b etter em ission  con tro ls w ill have reduced  the p er-veh ic le  em issio n  rates  
substantially. Further w ork  is recom m ended to  quantify the net resu lt by in vestigatin g  th e  
m etrop olitan  em issio n s for  the future years and repeating the a b o v e  ca lcu la tion s for  
severa l airport em issio n  scenarios.

(g )  Sen sitiv ity  an a lyses su g g est  that any m ajor ch an ges in land-use co u ld  have a significant 
im pact on  the pred icted  o z o n e  concentrations. D o w n w in d  o f  B a d g ery s C reek, b io g en ic  
so u rces contribute m ost to  th e  R O C  concentrations. C hanges in land-use m ay increase  
th e  sign ifican ce o f  m o to r  veh ic le  em ission s there and a lso  th e  am bient R O C :N O x 
concentration ratio. The non-linear nature o f  the chem ical transform ations co m p lica te  the  
assessm ent o f  w h eth er  th e  e ffec ts  w o u ld  be beneficia l or not, w ith o u t d o in g  th e  detailed  
m odelling.

(h ) A s noted  in the term s o f  referen ce and as is th e  case  fo r  the ex istin g  M a sco t A irport, the  
airport is lik ely  to  attract a sign ificant am ount o f  com m ercial and industrial activ ity  w ith  
additional sign ificant so u rces o f  sm o g  precursors to  th o se  co n sid ered  in th is report. T he  
estim ation  o f  th e  im pact o f  th ese  so u rces w o u ld  require m ore in form ation  o n  th e  likely  
industries and a  re-m od ellin g  o f  k ey  sm o g  even ts. T he u se  o f  the 1993  M A Q S  em ission  
in ven tory  d o e s  n o t cater for th e  increased  traffic a lon g  transport rou tes to  th e  seco n d  
Airport. T he airport em issions inventory constructed for the E IS  co n sid ers on ly  em ission s  
from  roads lead in g  in to  th e  airport. T he airport cou ld  increase th e  transport em ission s  
w ith in  the nearby part o f  th e  transport netw ork .

( i)  The M A Q S  inventory d o es not include the em ission s from  th e T o w er  and A ppin  m ethane  
drainage and co m b u stio n  facilities to  the so u th -w est o f  C am pbelltow n. T h ese  are 
significant point sources o f  nitrogen oxides that m ay exert a sign ificant in fluence o n  o z o n e  
form ation  for trajectories that have already passed  o v er  the airport site.
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(j) It has been assumed that the aircraft emissions above the mixing layer will not 
subsequently be available downwind for smog production. There may be some events 
where this assumption breaks down and the general level of aircraft-related pollutants may 
be an important factor for forecasting ozone levels during prolonged pollution episodes.

(k) A relatively small number o f ozone events has been considered, very few if any o f which 
involve the interaction o f the second airport emissions with that part o f the urban plume 
that contained Mascot airport emissions. The consideration o f the combined impact o f  
operations o f the two airports would require the identification o f those events on 
moderate to high ozone days for which the airport emissions may overlap and interact 
significantly.

(l) The predictions o f this report utilised a VOC/NOx ratio based on the Sydney urban 
emissions inventory. Future work could utilise recent Airtrak measurements o f the 
photochemical reactivity within the Sydney air-shed to determine the sensitivity o f  ozone 
production to variations in photochemical background.

(n) Technology is now available for estimating the ozone impacts o f a major facility such as
Mascot Airport from historical information o f ground-level concentrations o f nitrogen 
oxides and ozone. The information collected to date at Mascot and at sites up to 20 km 
downstream could be used to determine any evidence for Mascot airport having a 
significant impact on regional ozone levels. Such work would allow some validation o f 
the methodologies used in the air quality assessments for a second airport.

7. Conclusions

(a) A literature survey and contact with North American aviation authorities have shown that 
the impact of airport emissions on regional photochemistry has rarely been addressed in 
any detail in recent environmental assessments o f major airports.

(b) For the Sydney air-shed, high smog levels and aged air are necessary for the airport 
emissions to have a significant impact on ozone levels. Such days occur 5-15 times per 
year, with a greater frequency in the western suburbs o f Sydney. A coincidence o f 
suitable synoptic conditions, delayed seabreezes and high levels o f precursor emissions is 
necessary, this rarely occurs and on most days the photochemical impact o f the airport will 
not be significant.

(c) When photochemically old air is incident on any of the three prospective sites, the addition 
o f volatile organic compounds can accelerate the necessary chemical transformations to 
reach a NOx -limited state. The airport NOx emissions can then give rise to additional 
ozone. The affected areas are predicted to be 5-20 km downwind (dependent on 
conditions); within the area covered by the airport emission plumes (typically 3-5 km 
wide), the increases o f hourly ozone levels forecast by the current chemistry scheme are 
in the range of 0.5-1.5 pphm. The areas most frequently affected will be to the south-west 
to west of each site.
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(d) The number o f significant events is small. From the available air quality information, there 
appear to be few events for the Holsworthy sites where the airport emissions can cause 
exceedances o f the hourly ozone guideline. For the Badgerys Creek site, predictions using 
the available data suggest 5-10 episodes per year of guideline exceedances may be caused 
by the airport emissions.

(e) Sensitivity tests have shown that if events are chosen from the previous MAQS studies 
to estimate ozone impacts due to the airport, they will produce much higher results than 
for most historical high ozone days. For Badgerys Creek, most adverse ozone impacts are 
expected to be in the range 0.5-1.0 pphm, with increases o f 2.0-2.5 pphm expected under 
extreme conditions. Such increases would usually cause exceedances o f the hourly ozone 
threshold on more than the required maximum four days per year. For the Holsworthy 
North site, most ozone increments are expected to range from 0.3-0.7 pphm but with 
extremes of 1.8-2.1 pphm. Very few o f these events will cause exceedances o f the hourly 
guideline. For the Holsworthy South site, similar increments to the Holsworthy North site 
are predicted, but will add to a slightly lower background level and total ozone levels are 
not expected to exceed the guideline.

(f) The frequency o f ozone impacts will be higher for the Badgerys Creek site than the two 
Holsworthy sites, due to the more inland location and greater prevalence o f aged air. 
There are few significant differences between the ozone impacts for the Holsworthy North 
and South sites. Emissions from an airport at any of these three sites is likely to have 
more adverse smog consequences than the current emissions from the coastal airport at 
Mascot.

(g) Downwind emissions from residential and traffic activity can be quite important in 
reducing the initial ozone impact of airport emissions, especially for the Holsworthy sites. 
For the Badgerys Creek site, current downwind emissions are predicted to have only a 
minor influence; substantial increases in anthropogenic source emission rates to the west 
o f the airport would be required to cause any significant reductions in predicted ozone 
impacts.

(h) Predictions o f ozone impacts are relatively sensitive to the adopted mixing depths for 
seabreeze conditions, for which there is little information at inland sites in the Sydney 
region. The Holsworthy sites are in the transition zone between inland and coastal areas 
and greater sensitivity at these sites is expected.

(i) Fine particulate emissions in aircraft exhausts are poorly detailed in world literature. 
Predictions o f regional air quality impacts o f airport particulate emissions on a short-term 
and annual average basis require a better quantification o f aerosol formation and retention 
within the boundary layer.

(j) The results of this study do suggest that regional air quality should be a significant factor 
in airport site selection and environmental management.

(k) Ozone impacts can be minimised by a long-term program o f reducing NOx and VOC 
emissions from aircraft and ground vehicles.
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Figure 2.1: Cross-sections of airport pollutant plumes at various distances downwind of
the Holsworthy North airport site computed with the ISC3 dispersion model 
for a worst-case meteorological scenario; (a) downwind distance: 500 m, (b) 
downwind distance: 3 km, (c) downwind distance: 5 km.
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Figure 3.1: Windroses for daytime in spring and summer for (a) Mascot Airport, (b)
Lucas Heights, (c) South Creek and (d) Badgerys Creek.
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Figure 3.1 Continued,
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Figure 4.1: Bivariate histograms of hourly average values of smog produced (SP) and
photochemical age (EXTENT) for high smog events, (SP > 8 pphm) for (a) 
Campbelltown (1990-1994), (b) Lidcombe (1980-1992) and (c) Botany Bay 
(1994-1995), as derived from available data.
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Figure 4.2: C haracteristic patterns o f  time profiles o f ozone concentrations for various
types o f  high ozone days in the Sydney Region, based on available (to 1994) 
m onitoring inform ation (from M AQ S, M eteorology -  A ir M ovem ents, 
Section 13-22).
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Figure 5.1: IER estimates o f concentrations (ppb) of Smog Produced (SP), ozone ( 0 3)
and photochemical extent for a generic post-seabreeze event at Badgerys 
Creek for trajectories with and without airport emissions. The distances 
upwind of Badgerys Creek are indicated as negative numbers, the downwind 
distances as positive numbers.
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Figure 5.2: IER estimates of concentrations (ppb) of NOx and for the trajectories
with airport emissions describing generic post-seabreeze events at 
Holsworthy North, Holsworthy South and Badgerys Creek. The distances 
upwind of the proposed airport sites are indicated as negative numbers, the 
downwind distances as positive numbers.
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Figure 5.3: IER estimates of concentrations (ppb) of Smog Produced (SP), ozone ( 0 3)
and photochemical extent for a generic post-seabreeze event at Holsworthy 
North for trajectories with and without airport emissions. The distances 
upwind of Holsworthy North are indicated as negative numbers, the 
downwind distances as positive numbers.

2 June, 1997 P:\Sydney_Airport\Short_Rep\Fig.Doc Kalestone Scientific



Figure 5.4: IER estimates o f concentrations (ppb) of Smog Produced (SP) and ozone
( 0 3) and of photochemical extent for a generic post Seabreeze event at 
Holsworthy South for trajectories with and without airport emissions. The 
distances upwind of Holsworthy South are indicated as negative numbers, 
the downwind distances as positive numbers.
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Figure 5.5: Estimated centroids of zones of maximum ozone impact for airport emissions
from Badgerys Creek on days o f high photochemistiy, as judged from 
Campbelltown air quality data and Badgerys Creek wind information for 
1992. Each point is one hour downwind of the airport.
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Figure 5.6: Estimated centroids of zones of maximum ozone impact for airport emissions 
from Holsworthy North judged from Botany Bay air quality and Lucas
Heights wind data for 1994/1995. Each point is one hour downwind of the 
airport
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Figure 5.7: Estimated centroids of zones of maximum ozone impact for airport emissions
from Holsworthy South judged from Botany Bay air quality and Lucas 
Heights wind data for 1994/1995. Each point is one hour downwind of the 
airport.
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Appendix 1

A l.l  Pre-1990 (Sydney Oxidant Study, Hyde and Johnson).

There is a lo n g  history o f  am bient air quality m onitoring in the Syd n ey air-shed, stretching back  
to  the early 19 7 0 ’s. T his m onitoring occurred  at a num ber o f  sites and sh o w ed  that, even  in the  
m id -1 9 7 0 ’s, sign ificant concentrations o f  ph otoch em ica l ox idants w ere  occurring in the central 
Sydney area and at locations further w est. A  series o f  associated  m eteo ro lo g ica l stu d ies at a w id e  
variety o f  sites w as also being conducted  by research w ork ers at M acquarie U n iversity  and other  
o rg a n isa tio n s. T h ese  stud ies culm inated in the Syd n ey O xidant Study w h ich  w a s reported  in 
1982. This study identified som e o f  the main processes and cond itions n ecessary  fo r  the form ation  
o f  p h otoch em ica l sm o g  in the regions. T he im portance o f  Seabreeze and drainage f lo w  
circu lations w a s em phasised  and prelim inary w ork  con d u cted  on  th e  likely  ca u ses  o f  such  high  
sm o g  events.

D uring the sam e period  detailed  m eteoro log ica l m onitoring (b oth  surface and u p p er-leve l) w a s  
b e in g  co n d u cted  by A N S T O  at their L u cas H eig h ts  site (e  g. Clark 1 9 8 6 ). T his w ork  is  o f  
particu lar interest to  th e  current study as it included a c lim ato log ica l study o f  seab reeze  
o c c u r r e n c e  and m ixing  depths. T he L u cas H eigh ts site is  a lso  fairly c lo se  to  the p rop osed  
H olsw orth y  sites.

O th er m eteo ro lo g ica l assessm en ts have been  carried out for the N e w  S ou th  W ales region , 
including a series o f  balloon fligh ts con d u cted  by M alfroy et al (1 9 8 5 )  at four sites, including the  
Hunter Valley, the Sydney area and a site  near W ollon gon g . T h ese  stu d ies co n sisted  o f  surface  
and tethered balloon m easurem ents o f  temperature and wind. From  their results, a clear ind ication  
is given o f  the d epths o f  m orning drainage f lo w s, th e  o ften  quite co m p lex  w ind  p rofiles that can  
occur in such conditions, and th e  relatively lo w  m ixing depths that can o ccu r  during the p assage  
o f  a seabreeze.

O f  particu lar sign ifican ce to  the Sydney air-shed are the stud ies o f  th e  group  at the C SIR O  
D ivision  o f  C oal and Energy T echnology during the 19 8 0 ’s. This group con stru cted  and operated  
a sm og cham ber in w hich  m easurem ents co u ld  b e m ade o f  the p h otoch em ica l p ro cesse s  that can  
o c c u r  fo r  su n light co n d itio n s and using  background air sam ples from  th e site  at N orth  R yde. 
Controlled injections o f  various typ es and quantities o f  vo la tile  organ ic co m p o u n d s and n itrogen  
o x id es  a llo w ed  a determ ination  o f  the im portant chem ical p ro cesse s  and a param eterisation  o f  
the rate o f  sm og  form ation under a w ide range o f  cond itions. T his sm o g  cham ber stu d ies resu lted  
in b o th  th e  sem i-em p irica l IE R  m odel that has b een  used  in the current project and in a m ore  
com plex but still relatively straightforward set o f  chem ical k inetic eq u ation s to  describe the sm o g  
d evelop m en t. T his w o rk  em phasised  the d iv ision  o f  p h otoch em ical form ation  in to  tw o  phases, 
th e  first w ith  hydrocarbons controlling  th e  rate o f  sm o g  form ation and a seco n d  phase w h ere  
sm og  form ation  is lim ited  by th e  am ount o f  n itrogen  o x id es in the air.
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As a result of the above monitoring and laboratory work, a team of workers was able to produce 
an assimilation of the available Sydney information and provide an interpretation o f the 
importance o f photochemical smog and air quality in general. This was used for identifying 
potential air quality constraints on the development o f the western Sydney suburbs. This work 
emphasised that, although the ozone levels in the near-coastal and central Sydney sub-regions had 
not risen over the past decade, the smog levels in the western suburbs have remained at their 
relatively high levels and were likely to worsen as urbanisation increased, despite the forecast 
decrease in per capita and per vehicle emission rates. This work led to a wider appreciation o f  
the differences between controlling NOx and VOC emissions in a large metropolitan air-shed such 
as Sydney. This work was subsequently extended to estimating the relative impacts o f  
cogeneration facilities located at various locations in the Sydney air-shed (Johnson et al. 1993).

A1.2 Metropolitan Air Quality Study

As a result o f public concern on particular days o f poor air quality and more recent air quality 
monitoring, the New South Wales Government commissioned a set o f air quality projects for the 
period 1992-1996. This Metropolitan Air Quality Study (MAQS) consisted o f four components. 
Firstly, the continuous air quality monitoring network was expanded considerably with an 
emphasis on providing more information in the inner suburbs o f Sydney and those areas close to 
the Great Divide.

The second component consisted o f an assimilation o f the knowledge o f meteorology o f the 
region, together with various numerical simulations o f windfields on days o f particular interest. 
These days included the high oxidant days o f the Sydney region, days for which the Sydney 
emissions might be carried to nearby districts such as the Hunter Valley and the Illawarra regions 
and other days on which an import o f emissions into the Sydney air-shed could be substantiated.

The third component consisted o f the construction of a detailed emissions inventory for the region 
for the year 1993. This emission inventory (Camovale et al. 1995) used a variety o f techniques, 
and provided a much sounder, more elaborate and comprehensive basis for determining the 
relative impact o f various emissions sources in the Sydney air-shed than previous studies.

The fourth component (Cope and Ischtwan 1996(a)) consisted of the use o f the photochemical 
modelling scheme developed by the Victorian EPA. For several days chosen from the windfield 
work, this detailed scheme was used to track the air parcel movement and chemical 
transformations that take place within the air-shed. The model utilised both a detailed (LCC) 
photochemistry scheme developed in the United States and the local GRS/IER description and 
accessed directly the detailed emissions inventory. The model could predict well several o f the 
types of ozone exposures monitored at the various sites and showed that the Sydney air-shed in 
its western part was likely to experience NOx -limited conditions on high ozone days. Under these 
conditions the addition o f additional NOx sources could give rise to higher concentrations o f  
ozone downstream of the source.
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T he three-d im ensional m o d el w a s  not particularly su ccessfu l in forecastin g  th e  early-m orning  
o z o n e  even ts at var iou s inland S yd n ey sites or in predicting the deta ils o f  o z o n e  con cen tra tion s  
during seabreeze conditions. Preliminary w ork  with a one-dim ensional L agrangian b o x  m od el and  
the EER chem istry  sh o w ed  en cou rag in g  agreem ent fo r  this im portant set o f  events.

A1.3 Other EPANSW - commissioned studies.

The Lidcom be m onitoring station  represents o n e  o f  th e  lon gest con tin u ou s se ts  o f  record s in th e  
Sydney region. A n analysis o f  the long-term  trends in various p o llu tion  param eters, con cen tratin g  
o n  the p h otoch em ica l nature, su g g ested  that there w a s a very  large d eg ree  o f  inter-annual 
variab ility  in m axim um  o z o n e  con cen tration s that w a s unlikely to  be exp la ined  by ch a n g es in 
em issions. T he feasib ility  o f  a short-term  (4  hour) and day-ahead o z o n e  forecastin g  system  w a s  
investigated  (L u n n ey 1 9 9 6 , K a testo n e  S cien tific  1995).

T h e  B u reau  o f  M e te o r o lo g y  u n d ertook  a c lassification  o f  th e  w eath er ty p es  for S yd n ey  to  
determine w hether the high interannual variability o f  o zo n e  concentrations w a s likely  to  b e related  
to  a similar variability in sy n o p tic  cond itions.

A  long-term  survey o f  fine particulate and aerosol levels at m any loca tio n s th rou gh ou t the S yd n ey  
air-shed has b een  co n d u cted  b y  A N S T O  o v er  the past 5 years. M easu rem en ts for  o n e  in every  
6 days o n  a con tin u in g  b asis  and a chem ical analysis o f  th ese  sam p les have a llo w ed  a 
determination o f  the im portant so u rces o f  fine particulates throughout th e  reg ion . T w o  o f  th ese  
sites have been  re latively  c lo s e  to  th e  ex istin g  M a sco t Airport. T he records fo r  th ese  sites  h ave  
sh ow n  the im portance o f  m o to r  v eh ic le  em issions.

A1.4 Recent EPANSW internal studies.

Current interests w ithin the E P A N S W  con cern  the d iv ision  o f  th e  S yd n ey and a sso c ia ted  reg io n s  
in to  air quality z o n e s  and th e  d evelop m en t o f  a forecastin g  system  for particulate and  
p h o to ch em ica l lev e ls , b o th  o n  a regional basis and for  the air quality zo n e s . H eip  and A nh  
(1 9 9 5 ,1 9 9 6 ) have u sed  a re latively  sim ple statistical analysis o f  th e  lon g-term  air quality  record s  
to  obtain a fairly sim ilar c la ssifica tion  to  that obtained from  th e IE R  ch em ica l sch em e, as  
previously determ ined by the C SIR O . S om e o f  this w o rk  has been  co n d u cted  in a sso c ia tio n  w ith  
the C SIR O  D iv is io n  o f  C oa l and E n ergy T ech n o lo g y  and has a lon g-term  aim  to  p rov id e  a n ew  
ty p e  o f  air-shed m od ellin g  for th e  region.

A1.5 Other transport related studies (RTA, Mascot Airport).

In reco g n itio n  o f  th e  im p ortan ce o f  determ ining th e  loca l air quality  im pact o f  m ajor transport 
rou tes, the R oad  T raffic A u th ority  o f  N e w  Sou th  W ales has undertaken a ser ies o f  m on itorin g  
studies at key locations throu gh ou t the Syd n ey region. C ontinuous m onitoring  o f  k ey  p o llu tan ts  
and m eteorological variables has been undertaken at seven  sites, each ch osen  to  represent a typ ical 
m ain road situation  (e .g . c lo se  to  a freew ay, an arterial road, a co n g ested  area su ch  as a to ll 
b ooth ). T his in form ation  has sh o w n  that the leve ls  o f  nitrogen d iox id e, a lth ou gh  gen era lly  
relatively lo w , can, on  o c c a s io n s , approach the national gu idelines for s ites w ith in  15 m etres o f  
the road. A  m odel validation  study has sh ow n  that th e  predicted g rou n d -level co n cen tra tio n s o f  
n itrogen  d iox id e  are lik e ly  to  b e over-pred icted  by the currently recom m en d ed  C A L IN E -4
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scheme. Similar results might be expected for other similar regulatory models such as the 
AUSPLUME and ISC3 models used in the current study.

The Federal Airport Commission has conducted a number of studies at Mascot area, including the 
air quality monitoring previously referenced, an evaluation of the odour characteristics o f the 
ambient air near airport operations and a detailed emission inventory.

This brief review o f relevant studies for the Sydney air-shed shows that there is now a sufficient 
database o f monitoring information and knowledge o f the main characteristics o f the region to 
assess individual sub-regions for suitability of accommodating major new emission sources. Much 
is known about the necessary conditions for high smog days in Sydney but a set o f  sufficient 
conditions has yet to be demonstrated (in common with other Australian cities). The 1993 
emissions inventory is a very useful tool for indicating the overall scale o f airport emissions and 
for use in a detailed assessment.
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Part A: Introduction



O verview of the Proposal - Chapter 1

O v e r v ie w  o f  F i n d i n g s

An overview  of the findings of this study is as follows:

■ This paper provides an analysis of health impacts which could be 
expected to occur as a result of projected increases in ozone, nitrogen 
dioxide and particulate air pollution attributable to the Second Sydney 
Airport proposal.

■ Asthma and chronic obstructive pulmonary disease are the two illnesses 
most relevant to concerns about air pollution. Asthma is an inflammatory 
disease of the airways characterised by episodes of airway narrowing 
causing wheeze, chest tightness and shortness of breath. Environmental 
exposure to allergens (such as house dust mite) is important in initiating 
and aggravating this disease. Chronic obstructive pulmonary disease 
(emphysema) is the end result of an accelerated decline in lung function 
over many years. Sufferers experience breathlessness on exertion. 
Cigarette smoking is the most important cause.

■ W ith in  the study area Campbelltown, Penrith and W o llond illy  have the 
highest proportion of children and Hurstville has the most elderly 
residents.

■ Overall asthma is not more common in Western and South Western 
Sydney than in other parts of Sydney and N SW . However, w ithin this 
area, Campbelltown has a slightly higher proportion of adults who say 
they have asthma than other areas in South Western Sydney. 
Hospitalisation rates for lung disease are higher than average for Sydney 
in Blacktown, Auburn, Bankstown and Campbelltown, and hospital 
admission rates for children with asthma are higher in Bankstown and 
Blacktown. Death rates for lung and heart disease are higher than the 
N SW  average in Hurstville but not in other parts of the study area.

■ Exposure to ozone causes a transient reduction in breathing capacity, the 
extent of which is related to the ozone concentration, the duration of 
exposure and the level of activity undertaken during exercise. In many 
cases reduction in lung function is not accompanied by any symptoms, 
but some people (more commonly adults rather than children) 
experience chest discomfort or difficulty in taking a deep breath in. 
Individuals vary in their sensitivity to ozone but the elderly and those 
w ith pre-existing respiratory diseases (including asthma) are not more 
susceptible than others. The population sub-group most likely to be 
affected by ozone exposure are those whose work or recreation entails 
strenuous outdoor physical activity.
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■ There is evidence from some studies but not others that slightly more 
people die or are hospitalised for lung problems on high ozone pollution 
days than low ozone days. This seems to m ainly affect the elderly and 
those w ith pre-existing heart or lung problems. It is not known whether 
these events (deaths or hospitalisations) are truly premature or they occur 
just a few  days earlier than they otherwise would.

■ Exposure to nitrogen dioxide at levels seen under ambient conditions 
does not cause any change in lung function in healthy people and 
probably only causes concern in people with asthma or other respiratory 
disease at levels above those found in outdoor air in Australia. The 
available data do not allow  quantification of the relation between 
nitrogen dioxide exposure and changes in lung function at levels below 
0.30 parts per m illion. Evidence that variation in nitrogen dioxide 
exposure is associated with risk of hospitalisation for respiratory disease 
is conflicting and there is evidence that nitrogen dioxide exposure is not 
linked to daily death rates.

■ Increased exposure to particulate exposure is associated w ith increased 
symptoms and a small decrease in lung function. This has been most 
clearly shown in children and the effect is more marked in children w ith 
pre-existing respiratory disease such as asthma.

■ It seems likely that mortality rates and hospitalisation rates for lung 
disease are slightly higher on high particulate pollution days than low 
pollution days. As stated above, it is not certain whether this represents a 
shift in these events from one day to another, nearby day, or it signals are 
true increase in premature deaths and hospitalisations.

■ The air quality impact of the proposed Sydney Airport is expected to be a 
very small increase in ozone, nitrogen dioxide and particulate pollution 
on a few  days each year (at either site). The estimated health effects 
associated with these small changes must be interpreted w ith caution.

■ It is estimated that, on days when particulate (PMio) exposure increases 
by 3 micrograms per cubic metre the prevalence of cough w ill increase 
by 2.4 percent compared to lower pollution days. It is calculated that, 
across the study area, this may cause up to 300 people to report a single 
extra day of cough per year or one person to report an additional 300 
days of cough per year (or any combination in between). This is most 
likely to affect children and people w ith pre-existing lung disease. The 
expected increases in ozone and nitrogen dioxide levels are unlikely to 
cause any additional symptoms.

■ No clin ica lly significant changes in lung function are anticipated.
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It is estimated that ozone events associated w ith the Second Sydney 
Airport may increase hospital admissions for respiratory disease by up to 
a total of 0.02 to 0.9 admissions per year and the mortality rate by up to 
0.01 to 0.34 deaths per year. Particulate events may result in an 
additional 0.034 to 0.068 hospital admissions for respiratory disease 
each year and an additional 0.006 to 0.012 deaths per year. However, it 
is likely that even these very small numbers are an over-estimate of the 
effect over one year. This is because many admissions and deaths w ill 
sim ply be transferred from one day to an earlier day in the same year and 
this w ill not increase the total number occurring over one year. It is 
possible that the pollution exposures associated w ith the Second Sydney 
Airport w ill have no overall effect on hospital admission or death rates.

It is concluded that the health impact of the infrequent, small increases in 
ozone, nitrogen dioxide and particulate pollution which are expected to 
occur cannot be estimated with certainty. However, it seems likely that 
very few, if any, people w ill experience serious acute adverse health 
effects which can be attributed to these pollution changes. For this reason 
it is difficult to distinguish between the site options on the basis of the 
health impact of changes in these pollutants.
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S c o p e  o f  S t u d y

The Institute of Respiratory M edicine at the University of Sydney and Royal 
Prince Alfred Hospital was commissioned by PPK Environment & 
Infrastructure to undertake a study of potential effects of air pollution on 
respiratory health. The report was prepared by Dr G uy B Marks, Senior 
Research Fellow  at the Institute.

This was in response to issues raised in the November 1996 Guidelines for 
conducting the Draft EIS which were developed by Environment Australia 
(formerly the Commonwealth Environment Protection Agency). The 
Guidelines (p. 14) stated that the specific air quality issues to be considered 
and assessed included:

' impact o f changes to air quality on the health of potentially affected 
populations, including long and short term effects, impacts on especially 
sensitive groups (for example, children, the elderly, sufferers o f respiratory 
illnesses such as asthma), and on childhood developments and learning"

Thus the scope of this study was to:

■ conduct a literature review; and

■ assess potential adverse health effects, for example asthma, resulting from 
reduced air quality associated with each of the airport options.

W h ile  effects on childhood development and learning have not been 
specifically addressed, they have been assumed to be related both to asthma 
(which is covered in this study), and to the effects of airborne lead, which are 
discussed within Technical Paper No. 6 - A ir Quality.

D epartm ent  o f T ran spo rt  a n d  Reg io n a l  D ev elo pm en t  Pag e  2-1



Ba c k g r o u n d  - C hapter  3

B a c k g r o u n d

This paper provides an analysis of health impacts which can be expected to 
occur as a result of projected increases in ozone, nitrogen dioxide and 
particulate air pollution attributable to the Second Sydney Airport proposal.

An introduction to asthma and chronic obstructive pulmonary disease, the 
illnesses most relevant to concerns about air pollution, is followed by a 
description of some relevant health characteristics of the population in the 
EIS study areas. This is followed by a review  of the range of health impacts 
which can be attributed to air pollution. The types of evidence linking air 
pollution to adverse health effects, the ways in which this evidence can be 
used to quantify the expected effects of changes in pollution, and the pitfalls 
and limitations of this approach are described.

For each pollutant the evidence linking exposure to adverse health effects is 
evaluated and used to quantify the expected effects in the EIS study areas. 
Conclusions are then drawn on the probability and extent of adverse health 
effects due to airport-associated air pollution and differences in these values 
between the proposed options.

3.1 Specific Diseases Relevant to A ir Pollution

3.1.1 Asthma

Asthma is a chronic disorder of the airways which causes them to narrow too 
easily and too much in response to a w ide range of stimuli. It is manifest as 
episodes of wheeze, chest tightness, shortness of breath and, sometimes, 
cough which are accompanied by reduced lung function. Airways of people 
w ith asthma usually exhibit a special form of inflammation which is present 
even when the person has no symptoms (Djukanovic, 1990). It is this 
inflammation which predisposes to episodic airway narrowing and hence 
symptoms (James, 1989). One of the key factors promoting inflammation is 
exposure to allergens (Custovic, 1996) although other factors probably also 
play a role. In Sydney most patients with asthma are allergic to house dust 
mite but many are also allergic to animal danders, pollens and moulds (Peat, 
1995).

Asthma commonly starts in early childhood but may occur for the first time at 
any age. Being allergic to environmental allergens (such as house dust mite 
etc) is the strongest risk factor for having asthma (Peat, 1995). The most 
clearly identified environmental risk factors for the onset of asthma are the 
level of house dust mite allergen exposure in early life, maternal smoking 
during pregnancy, and, in adults, certain occupational exposures (Peat,
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1996). There is no evidence that exposure to pollutants is important in the 
onset of asthma. Indeed there is contrary evidence. Comparison of more and 
less polluted cities in Europe demonstrates more cough and bronchitis 
symptoms among people living in the polluted cities but more allergy and 
asthma in the less polluted cities (Braback, 1994, von Mutius, 1994). W ith in  
New  South W ales variation between communities in the prevalence of 
asthma in children was not related to ambient pollution levels (Peat, 1995).

Among people who have asthma various stimuli may cause exacerbations of 
the disease. These exacerbations may range from long-lasting and severe 
events to mild, transient events. The long-lasting exacerbations are 
com m only attributed to viral infections (Johnston, 1995), allergen exposure 
(Platts-Mills, 1995), or adverse reactions to certain medications. On the other 
hand transient airway narrowing is seen in response to a w ide range of 
stimuli including: exercise, laughter, crying and coughing, ingesting certain 
food additives, inhaling strong smells and irritants such as perfumes, fly 
sprays, cigarette smoke, and sulphur dioxide, and breathing cold, dry air. Air 
pollutants probably play a role in the exacerbation of asthma. This is 
discussed further in Sections 3.3 and 3.4.

3.1.2 Chronic O bstructive Pulmonary D isease

Chronic obstructive pulmonary disease refers to a group of diseases 
characterised by an irreversible reduction in expiratory airflow. Included in 
this disease category are patients with emphysema, many of those with 
chronic bronchitis and some with chronic asthma. Chronic obstructive 
pulmonary disease is the end result of an accelerated age-related decline in 
lung function over many years (Fletcher, 1976). Patients with chronic 
obstructive pulmonary disease have impaired lung function and complain of 
exertional breathlessness. In severe cases patients w ith this disease may be 
breathless even w hile resting. The end result of the slow progression of 
chronic obstructive pulmonary disease is death due to respiratory failure (ie 
lung function is insufficient to support life).

The most clearly established risk factor for the developm ent of chronic 
obstructive pulmonary disease is smoking which both increases the rate of 
decline in lung function (for example, Fletcher, 1976) and induces an earlier 
onset of decline (Tager, 1988). The risks of symptoms (Lebowitz, 1981) and 
death (Doll, 1976) due to chronic obstructive pulmonary disease are strongly 
related to smoking. Occupational exposure to dust and fumes (Kauffmann, 
1982) may also be a risk factor. It has recently been shown that early life, 
and even ante-natal, factors influence the risk of having impaired lung 
function in later life (Barker, 1991). The role of air pollution as a risk factor 
for chronic obstructive pulmonary disease w ill be discussed in Sections 3.3 
and 3.4.
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3.2 Susceptible Populations in the EIS Study Areas

There is concern in the community that certain sub-groups may be more at 
risk to adverse health effects due to exposure to air pollutants. In this section 
the distribution of people at the extremes of age and those w ith pre-existing 
respiratory or cardiac illness is described. In the subsequent sections the 
special risk, if any, faced by these sub-groups is examined.

3.2.1 Ace Structure

Local government areas in western and south western Sydney were analysed 
for demographic variations. Several of the local government areas w ithin the 
EIS study area have a greater number of children as a proportion of their total 
population than the Sydney average. The highest proportion of children is 
found in the Campbelltown, Penrith and W o llond illy  local government areas 
(Figure 3.1). Hurstville has the lowest proportion of children and the highest 
proportion of people aged 65 years and over (Figure 3.2). Campbelltown, 
Penrith, Blacktown and Liverpool local government areas have a relatively 
low proportion of elderly residents.

Proportion of population under the age of 15
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Blue Mountains - 
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------ ------- ... ..... — ;
. . ........g j g g 1 ........... i

Holroyd -< B  ___________
Hurstville
Liverpool “  

Parramatta -j 
Penrith 

Sutherland -j 
Wollongong 
Wollondilly -|

| B IB

Sydney • Z
—[- 
10

---r~
15

Percent

—i- 
20

—[— 
25

—I- 
30

Figure 3.1 Proportion of People aged less than 15 Years by local Government 
Area
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Proportion of population 65 years or older

Percent

Figure 3.2 Proportion of People age 65 Years a n d  Over b y  local Government area 

3.2.2 P r ev a len c e  o f  A st h m a

Measurement of the prevalence of disease in the community requires 
population surveys in which a randomly selected sample of people are 
examined. W h ile  many such surveys have been conducted in local areas in 
Australia and overseas there are no data which allow  precise estimation of 
the prevalence of asthma in the EIS study areas.

Peat et a l examined the prevalence of asthma among primary school children 
in seven areas of New  South W ales, including the western Sydney corridor 
(Peat, 1995). Importantly they used exactly the same methods in all seven 
areas (including objective tests for airway abnormality and allergy) and hence 
their results allow  a valid comparison to be made. Data for the western 
Sydney area were collected during 1993 from children attending schools in 
St Clair, Blacktown, Parramatta, Regents Park, Lurnea, and Cam pbelltown. 
Figure 3.3 shows the proportion of children in each area whose parents 
reported they had experienced symptoms of asthma (wheeze or cough at 
night) in the preceding 12 months.
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Prevalence of wheeze, night cough and 
current asthma in seven regions of NSW
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F ig u r e  3.3 P r ev a len c e  o f  Rep o r t ed  W h e ez e , N ig h t  C o u c h  a n d  C u r r e n t  a s t h m a  
a m o n g  8 t o  11 y e a r  O ld  C h il d r e n  in  Seven  a r e a s  o f  n e w  So u t h  W a l e s .

Lines represent 95 percent confidence intervals.
Source: Peak J.K, et al, Medical Journal of Australia, 1995.

The term 'current asthma' in Figure 3.3 refers to those children who reported 
wheeze in the last 12 months and who also had airway hyperresponsiveness, 
an objectively measurable abnormal irritability of the airways which is 
characteristic of asthma. It is clear that, as a whole, the EIS study area does 
not have a higher prevalence of asthma than other areas in N SW .

Some questionnaire-based health surveys have been conducted in the study 
area by government agencies. These surveys have collected information on 
subject-reported diagnoses of asthma. Unfortunately, this information is 
greatly influenced by the inclination of doctors to diagnose asthma and 
likelihood that patients w ill recall this diagnosis (Burney, 1992). Regional 
variation in these attributes may be as large as variation in the actual 
prevalence of asthma, making the results of surveys based on doctors' 
diagnoses of asthma difficult to interpret.

During 1994, N SW  Health conducted a State-wide Health Promotion Survey 
among adults (aged 18 and over). Figure 3.4 shows the proportion of people 
in each N SW  Health Area who stated that they had been diagnosed with 
asthma and still had it. There is little variation across the State and no 
evidence that the prevalence is higher in western, south western or southern 
Sydney. (Health Promotion Survey 1994, Health Promotion Branch, N SW  
Health Department)
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Diagnosed asthma - still present
NSW Health Promotion Survey 1994
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Figure 3.4 Prevalence of Diagnosed asthma w hich  W as Still Present among  
adults Surveyed in the 1994 N SW  Health Promotion Survey (N SW  Health).

The South Western Sydney Area Health Service Public Health Unit 
conducted a more detailed survey, using a similar methodology, in their Area 
in 1995. The prevalence of a reported diagnosis of asthma in health sectors 
equivalent to local government areas is shown in Figure 3.5.

The numbers are not directly comparable with those from the 1994 Survey 
(Figure 3.4) because they include people who have ever been diagnosed 
with asthma (ie not just those who still have asthma). There is significant 
variation among the health sectors (P - 0.004) w ith Fairfield having a 
prevalence below the Area average (P - 0.006) and Cam pbelltown having a 
prevalence above the Area average (P - 0.03). The prevalence in the other 
sectors was not significantly different from the Area average. (South Western 
Sydney Health Prom otional Survey 1995, Epidem iology and Health 
Promotion Units, South Western Sydney Area Health Service).
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Ever diagnosed asthma
South Western Sydney Health Promotion Survey 1995

Fairfield
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Figure 3.5 Prevalence of Diagnosed Asthma (ever) among adults in South 
W estern Sydney by Health Sector (equivalent to Local Government area).

Error bars represent the 95 percent confidence interval. CW W  refers to combined data for Camden, 
W o llo n d illy  and W ingecarribee local governm ent areas.
Source: Health Promotion Unit and Epidemiology Unit, South Western Sydney Area Health Service.

Taken as a whole the areas of western and south western Sydney do not have 
more asthma or respiratory illness than the rest of Sydney. However, within 
south western Sydney, Campbelltown has a slightly higher proportion of 
adults who report a diagnosis of asthma than other local government areas.

3.2.3 H o s p it a l is a t io n  a n d  D ea th  Ra t es  fo r  A s t h m a , O t h er  
R e s p ir a t o r y  D isea se  a n d  H eart  D isease

Since detailed prevalence data are not available for most local areas, it is 
common practice to examine hospitalisation rates for asthma, respiratory 
disease and heart disease. However, these data really provide information on 
a combination of factors including the prevalence of the disease, the 
frequency of severe exacerbations, and the inclination of doctors in the area 
to hospitalise patients.

Local death rates for specific diseases give some information about the 
problem caused by those diseases. This rate is influenced by the prevalence 
and severity of the disease, factors which cause severe or fatal exacerbations 
of the disease and the standard of medical care which is available.

Data on hospital separation rates (NSW Inpatients Statistics Collection and 
Australian Bureau of Statistics population estimates (HOIST), Epidemiology
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and Surveillance Branch, NSW Health) and death rates (Australian Bureau of 
Statistics mortality data and population estimates (HOIST), Epidemiology 
and Surveillance Branch, NSW Health Department) for respiratory and 
circulatory disease among people living in each local government area in the 
study area were obtained from the NSW Health Department. Separation rates 
refers to the number of people admitted to hospital and then discharged with 
a specific diagnosis. The rates were adjusted to take into account differences 
in age distribution between local government areas. Data for the Sydney 
metropolitan area and for NSW as a whole were also obtained.

These data show that, within the study area, only Blacktown had admission 
rates for respiratory disease which were higher than the State average 
(Figure 3.6).

Separation rates for Respiratory Diseases - all ages
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Figure 3.6 age Standardised Hospital Separation (admission) Rates for Respiratory 
D isease by Local Government area, in the Sydney area (1990 to 1994)

Error bars represent the 95 percent confidence interval.
Source: NSW  Inpatients Statistics Collection and Australian Bureau of Statistics population estimates 
(HOIST), Epidemiology and Surveillance Branch, NSW Health.
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In addition, rates in Auburn, Bankstown and Campbelltown were higher than 
the average for metropolitan Sydney. For circulatory diseases (mainly 
affecting the heart and blood vessels), admission rates were higher than 
average in Bankstown, Wollongong and Auburn (Figure 3.7). Hospitalisation 
rates for asthma among children were significantly higher than the Sydney 
average in Blacktown and Bankstown (Figure 3.8).

Separation rates for D iseases of the Circulatory System
- all ages

Rate per 100,000

F ig u r e  3.7. a g e  s t a n d a r d i s e d  h o s p it a l  s e p a r a t io n  (a d m i s s i o n ) r a t e s  f o r  d is e a s e s  o f

THE CIRCU LA TO RY SYSTEM BY LO CA L GOVERNM ENT AREA, IN THE STU DY AREA (1994 TO  
1995).

Error bars represent the 95 percent confidence interval.
Source: NSW  Inpatients Statistics Collection and Australian Bureau of Statistics population estimates 
(HOIST), Epidemiology and Surveillance Branch, NSW Health.
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Separation rates for Asthma - 0 to 14 year olds
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Figure 3.8. Hospital separation (admission) rates for asthma amonc 0 to 14 year 
olds by Local Government area in the study area (1994 to 1995).

Error bars represent the 95 percent confidence interval.
Source: NSW Inpatients Statistics Collection and Australian Bureau of Statistics population estimates 
(HOIST), Epidemiology and Surveillance Branch, NSW  Health.

Death rates for diseases of the respiratory system were significantly higher 
than the State and metropolitan Sydney average in Hurstville (Figure  3.9). 
Death rates for diseases of the circulatory system were higher than average in 
Hurstville and Parramatta (Figure 3.10). Deaths due to asthma were too rare 
to make meaningful comparisons between local government areas.
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Deaths due to Respiratory Diseases - all ages
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Figure 3.9. age standardised death rates for respiratory disease by local 
Government Area in the study area (1990 to 1994).

Error bars represent the 95 percent confidence interval.
Source: Australian Bureau of Statistics mortality data and population estimates (HOIST), Epidemiology and 
Surveillance Branch, NSW Health.
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Deaths due to Diseases of the Circulatory System
- all ages

Rate per 100,000
Figure 3.10 age standardised death rates for diseases of the circulatory system by 
Local Government area in the study area (1990 to 1994).

Error bars represent the 95 percent confidence interval.
Source: Australian Bureau of Statistics mortality data and population estimates (HOIST), Epidemiology and 
Surveillance Branch, NSW Health.

3.3 W ays in W hich A ir Pollutants Can Affect Health

Gases, vapours and particles in the air can cause problems for people when 
they come into contact with relatively unprotected parts of the body. The 
skin is well protected and generally not susceptible to air pollution effects. 
Most effects of air pollutants occur on the surfaces of the eyes, nose, mouth 
and throat and in the lungs. It is possible that some reactions occurring deep 
in the lungs may have more widespread effects on the body. The site within 
the body which is most at risk depends on physical and chemical 
characteristics of the specific pollutant: for example, particle size, gas 
solubility and chemical reactivity. The characteristics of ozone, nitrogen
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dioxide and particulates, and the way in which they can cause adverse 
health effects, are described in Chapter 5.

The potential short-term adverse effects of exposure to air pollutants include 
the occurrence of discomforting symptoms and a decrease in the ability to 
perform tasks. The symptoms may be irritation of the eyes, nose, mouth and 
throat, breathlessness, wheeze or chest tightness and discomfort. The main 
disability seen is reduced exercise capacity. Transient impairment of the lung 
function may occur and is relevant mainly as an objective indicator of risk of 
respiratory symptoms or disability. The spectrum of severity of possible 
health impacts ranges from mild symptoms or disability through to illness 
episodes severe enough to warrant medical attention or hospitalisation, to 
rare episodes resulting in premature death.

The evidence linking these adverse health impacts with exposure to ozone, 
nitrogen dioxide and particulate air pollution is discussed in Sections 5,6  and 
7.

3.4 Types of Evidence Linking A ir Pollution to 
Health O utcomes

There are several different lines of experimental and observational evidence 
linking exposure to air pollutants to adverse health effects. Each type of 
investigation has strengths and weaknesses and no single study can be 
interpreted as conclusive.

Experimental studies in humans entail exposing volunteers to a specified 
pollutant or combination of pollutants while measuring their response. This 
type of study is commonly used to investigate the short term effects of ozone, 
which is a single chemical entity, but is not feasible for particulates since 
they occur as a heterogeneous mixture which varies from place to place. The 
possible impact of external factors is removed by the use of a randomised 
controlled trial format. With this experimental design the investigator can be 
certain that any observed effect is attributable to the pollutant being tested. 
However, this is also a disadvantage of these exposure chamber studies since 
the other environmental factors may be important in enhancing (or 
ameliorating) the pollutant effect in real life. Experimental studies in humans 
can only be used to study transient effects of pollutants.

Animal experiments enable mechanisms of adverse effects to be shown and 
may be used to investigate long term effects (Chitano, 1995). However, it is 
very difficult to relate levels of exposure in animals to those which are 
relevant to humans and hence these data are not reviewed within this report.

A common form of observational study is the short-term panel or cohort 
study. A group of volunteers (for example, at a summer camp or a school)
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record symptoms and lung function measurements every day over a period of 
weeks or months during which time air pollutants and other environmental 
variables are measured at the site. This is a more powerful way of assessing 
air pollution effects but it is often difficult to separate out the relative 
importance of specific pollutants.

Investigations of the types described above provide valuable information on 
the relation between exposure to pollutants and human physiology and can 
detect subtle effects. However, it can be difficult to extrapolate the 
information that they provide to health effects which are of public health 
importance. For example, risks for new onset of asthma, severe exacerbations 
of respiratory disease, hospitalisation and death cannot be evaluated in these 
small populations of volunteers. Data on these important outcomes can only 
be obtained by observing large populations. Unfortunately, there are many 
extraneous factors, for example socio-economic factors, distribution of 
occupations, ethnic mix, and current and previous smoking prevalence, 
which cannot be adequately measured or adjusted for in these observational 
studies. It is often impossible to tell whether the health effect is actually 
attributable to exposure to the pollutant or rather to one of these extraneous 
factors (confounders). Furthermore, the actual pollution intake of individuals 
cannot be directly measured. Hence, the limitation of such studies is that the 
link between the air pollutant exposure and a corresponding health outcome 
is less certain.

In summary, understanding the adverse health effects of air pollutants 
requires the evaluation of range of different types of evidence: each of which 
has important advantages and limitations. Conclusions must be drawn from 
the synthesis of these sources.

3.4.1 In t e r p r e t in g  C h a n g e s  in  Lu n g  Fu n c t io n

The rate and total volume of air which can be forcibly exhaled after a full, 
deep inhalation can, be measured and is used as an index of the state of a 
person's airways. The rate of exhalation is quantified as the volume expired 
in the first second, known as the forced expiratory volume-one second 
(FEVi), or as the peak expiratory flow rate (PEFR), and the total volume is 
referred to as the forced vital capacity. (FVQ

Many studies use changes in the rate of exhalation (measured as FEVi) as an 
outcome variable to assess the impact of exposure to pollutants. Interpreting 
these studies requires knowledge of what represents a clinically important 
transient change in lung function. There is evidence of asymptomatic 
variability in lung function over the course of the day in healthy subjects 
(Higgins, 1989) and, in clinical practice, induced or spontaneous changes in 
FEVi of the order of 15 to 20 percent are needed to support the diagnosis of 
asthma. The US Environment Protection Agency expert panel concluded that
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a greater than 10 percent fall in FEVi should be regarded as an adverse effect 
(United States Congress Office of Technology Assessment, 1989). A FEVi 
reduction of less than five percent is clearly not clinically important; 
however, there is some uncertainty about the importance of a transient five 
to 10 percent fall in FEVi.

3.4.2 H o sp it a l  U t il isa t io n  a n d  D ea t h s

Patients with severe exacerbations of illness may require hospital care. 
Hence, day to day fluctuations in hospital attendance rates are a useful 
marker of short term variation in factors contributing to exacerbations of 
illness. Time series analysis, with adjustment for variation in other possibly 
related factors such as temperature, humidity, day of the week, season, 
influenza epidemics and hospital strikes, is used to test the relation between 
the level of pollution on a given day and the risk of hospital attendance for 
respiratory illness on that day. A similar method is used to examine the effect 
of air pollution on the risk of dying on a given day.

The problem in interpreting these data is that they only tell us about the 
events occurring on a single day. We have no way of knowing whether the 
air pollution event caused a hospitalisation or death which would not 
otherwise have occurred (at least not for a long time) or simply caused it to 
happen a day or two earlier than it otherwise would. The public health 
importance of these two alternative scenarios is substantially different.
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M e t h o d o l o g y

4.1 Literature Review and Q uantifying Risks

A previous review of the literature concerning adverse respiratory health 
effects of ozone and particulate pollution (Marks, 1994) was updated. The 
1992 to 1997 Medline database was searched for human studies dealing 
with the adverse effects of particulate pollution, ozone and nitrogen dioxide 
exposure.

Evidence for associations between pollutant exposures and health outcomes 
was reviewed and regression coefficients and rate ratios quantifying these 
relations were tabulated.

Where it could be concluded that an association between a pollutant 
exposure and an adverse health outcome does exist, a summary measure of 
that association was selected. In cases where a comprehensive meta-analysis 
or a single very large study had been conducted, the summary estimate from 
that analysis was selected. In other cases, where the data were in such a form 
that a weighted average of individual study's measures of association could 
be calculated, this was done. For each calculated summary measure of 
association the range of values for that measure which could be consistent 
with the data (the 95 percent confidence interval), was also calculated. 
Unfortunately, in some cases there was no obvious way to combine the data 
from several studies which used quite different methods to derive their 
principal outcome measures. In these instances, a reasonable summary 
measure has been selected by inspection of the tabulated data.

4.2 Application of Literature Findings to the EIS 
Study Areas

Estimation of the adverse health impact of the five alternative airport options,
proceeded in the following steps:

■  the magnitude of lung function changes and frequency (or risk) of 
symptoms, hospitalisation and death was calculated for a 3 micrograms 
per cubic metre increase in PMio pollution and 0.01 parts per million 
increases in one hour ozone levels;

■  The populations affected by 3 micrograms per cubic metre increases in 
PMio pollution, 0.01 parts per million increases in one hour ozone 
levels, and 0.05 parts per million increases in one hour nitrogen dioxide 
levels were estimated for each of the five airport scenarios;
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■  the impact on these populations of projected changes in air pollution, 
due to each of the Second Sydney Airport options, was calculated.
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Ozone

5.1 Physicochemical Features Relevant to Health 
Effects

Ozone is an insoluble gas which means it can exert effects throughout the 
airways from the mouth to the periphery of the lung (Sandstrom, 1995). As a 
highly reactive chemical with potent oxidant activity, it produces direct and 
indirect toxic effects on cell constituents (Sandstrom, 1995).

There are few domestic indoor sources of ozone. Furthermore, ozone which 
enters the house from outdoors is quickly inactivated by a chemical reaction 
with household surfaces. Hence ozone is predominantly an outdoor 
pollutant.

5.2 Current A ir Q uality Goals

The current Australian air quality goals for ozone are 0.10 parts per million 
averaged over one hour and 0.08 parts per million averaged over four hours.

5.3 Short-Term Health Effects

5.3.1 R esu lt s  o f  Ex p er im en t a l  St u d ie s  in  H u m a n s

The short-term effects of ozone on lung function have been extensively 
investigated in exposure chamber studies. Detailed reviews of this research 
have been published previously (Lippmann, 1989; Marks, 1994; Koenig, 
1995; Sandstrom, 1995; Woodward, 1995). The key conclusions from this 
research are summarised as follows:

■  the impact of ozone on lung function is dependent on the concentration 
of ozone and the duration of exposure. Prolonged exposures to levels as 
low as 0.08 parts per million during exercise can be associated with 
clinically relevant reductions in FEVi (forced expiratory volume-one 
second) (Horstman; 1990, McDonnell, 1991). For example, among 
young adults exercising for 6.6 hours during exposure to 0.12 parts per 
million ozone, 47 percent can be expected to experience a 10 percent or 
greater decrease in FEVi (Figure 5 .7) (McDonnell, 1995). However, brief 
exposures are much less likely to induce such changes (Avol, 1984, 
Kulle, 1985, Linn, 1986);
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Effect of ozone exposure
Proportion experiencing > 10% decrease in FEV,

%

Ozone concentration 
(ppm) McDonnell et aL, AJRCCM 1995; 152:589-96

F ig u r e  5.1 P r o p o r t i o n  o f  A d u l t  S u b je c t s  Ex p e r i e n c in g  a  G r e a t e r  t h a n  1 0  p e r c e n t  
F a l l  in  FEV i b y  D u r a t i o n  a n d  l e v e l  o f  O z o n e  Ex p o s u r e .

Source: M cDonnell e t al, AJRCCM 1995; 152:589-96

■  the lung function response to ozone exposure is proportional to the level 
of exercise (and hence the ventilation, or breathing rate) being 
undertaken during the exposure (McKittrick, 1995);

■  lung function changes may persist for 24 hours after the episode of 
exposure (Weinmann, 1995b). Furthermore, repeated exposure to ozone 
after 24 hours leads to an enhanced lung function response (Bedi, 1985; 
Brookes, 1989; Schonfeld, 1989). However, these prolonged effects 
have only been demonstrated after relatively high level exposures;

■  the effect of ozone is not substantially enhanced by exposure to sulphur 
dioxide or nitrogen dioxide at the same time (Folinsbee, 1981; Bedi, 
1982; Hazucha, 1994);

■  increases in airway responsiveness to non-specific inhaled stimuli (ie 
airway 'twitchiness' or irritability) have been seen in healthy subjects 
during or after exposure to ozone at levels above 0.35 parts per million 
for one or two hours (Seltzer, 1986; Kreit, 1989; Lippmann, 1989). 
Under conditions of strenuous exertion or prolonged exposure this effect 
is seen at lower levels of ozone (Gong, 1986; Horstman, 1990; 
McDonnell, 1991). While substantially increased airway responsiveness 
(or airway hyperresponsiveness) is a characteristic feature of asthma, the
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clinical significance of minor increases in airway responsiveness is 
unknown;

■  coughing, pain on taking a deep breath, chest discomfort, shortness of 
breath and chest tightness have all been observed after exposure to 
ozone concentrations equal to or greater than 0.15 parts per million. 
Symptoms are more likely to occur in adults than children;

■  there is marked variability among individuals in responsiveness to ozone 
(Weinmann, 1995a) but this does not seem to be related to pre-existing 
disease or age (Sandstrom, 1995).

people with asthma, chronic obstructive pulmonary disease or pre
existing respiratory symptoms do not have an enhanced lung function 
response to ozone (Linn, 1982; Solic, 1982; Koenig, 1987; Koenig, 
1988a; Koenig, 1988b; Koenig, 1990; Hoek, 1993; Scannell, 1996). 
However, in one study patients with chronic obstructive pulmonary 
disease demonstrated a small reduction in arterial oxygen saturation 
(Solic, 1982) the clinical significance of which is uncertain; and

older adults are less responsive to ozone exposure than younger 
adults (Drechsler-Parks, 1989). Within the adult age range, the 
response to ozone decreases with increasing age (Seal, 1996);

smokers are less responsive to ozone than non-smokers, both in terms 
of symptoms and reduction in lung function (Frampton, 1997)

■  ozone does not enhance the susceptibility of people with asthma to 
experience transient airway narrowing after exercise (Fernandes, 1994, 
Weyner, 1994) but it does enhance the response to subsequent 
inhalation of sulphur dioxide (Koenig, 1990) and allergens (Molfino, 
1991, Jorres, 1996). It is clear that this increased allergen responsiveness 
occurs after high level exposures to ozone but it is not yet established 
whether it occurs with low level exposure; and

■  exposure to a high concentration of ozone (0.4 parts per million) 
increases the extent of airway narrowing which can be induced by other 
non-specific inhaled stimuli (Hiltermann, 1995). This effect is observed 
both in people with asthma and in non-asthmatic subjects. The effect of 
exposure to lower levels of ozone is not known.

5.3.2 Q u a n t if y in g  t h e  R ela t io n  B et w een  O z o n e  C o n c e n t r a t io n  
a n d  C h a n g e  in  Lu n g  Fu n c t io n

McDonnell and colleagues measured change in FEVi (litres) in 290 healthy,
non-smoking males aged 18 to 35 exposed to clean air or one of several
concentrations of ozone (0.12 parts per million to 0.40 parts per million) for
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two hours during moderate, intermittent exercise (McDonnell, 1993). They 
estimated that the expected decrease in FEVi (in litres) over the exposure 
period would be:

Q  772 /  [1 |_ g  -20.35(ozone-0.178)j

Over the age range included in this study the expected decrease in FEVi 
(litre) diminished with age:

[0.855 - 0.053(age - 23.17)] / [1 + e -i«3«»n.-o.ist̂

In a similar study of 372 men and women, it was estimated (Seal, 1996) the 
percentage change in FEVi from baseline would be:

28.5/[1 + e-10.5(ozone-0.275)]

or, with adjustment for age:

-10.6(ozone-.27l)
[27.7-1.12(age - 23.9)] / [1 + e ] .

In both instances ozone concentration and age only explained 35 percent of 
the variation in change in FEVi. Even after allowing for the decrease in 
responsiveness with increasing age, this is a large degree of unexplained 
variation between individuals in responsiveness to ozone.

5.3.3 Cohort or Panel Studies

A number of panel or short-term cohort studies have evaluated the relation 
between day-to-day variation in pollutant levels and changes in lung 
function. This relation is summarised for each child as a regression 
coefficient which is then averaged across the study population. The mean 
regression coefficient represents the change in FEVi predicted to occur with a 
given change in ozone exposure. Several such studies are summarised in 
Table 5.1.

Table 5.1 Findings of Short-Term Panel (cohort) Studies of the Relation Between 
Daily Peak Ozone Levels (ppm) and Lung Function (FEVi, L)

Each study is summarised by a mean regression coefficient for subjects studied '

Age Group Country Max. 
Hourly 
Ozone 

(parts per 
million)

Number of 
Subjects

Mean
Regression
Coefficient

(B)

STD
Error

Citation

children USA < 0.11 58 -0.78 - (Lippman, 1983)
children USA < 0.185 39 -0.28 - (Lioy, 1985)
children USA 0.12 91 -1.42 0.17 ((Spektor, 1988a)
adults USA 0.12 30 -1.35 0.35 (Spektor, 1988b)
children USA 0.08 154 -0.99 0.36 (Kinney, 1989)
children USA 0.25 43 -0.59 0.13 (Higgins, 1990)
children USA 0.15 46 -1.6 0.3 (Spektor, 1991)
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Age Croup Country Max. 
Hourly 
Ozone 

(parts per 
million)

Number of 
Subjects

Mean
Regression
Coefficient

(B)

STD
Error

Citation

adults USA 0.2 10 -0.57 0.36 (Berry, 1991)
children USA 0.2 14 -0.82 0.33 (Berry, 1991)
children Netherlands 0.12 553 -0.42 0.08 (Hoek, 1993)
children Netherlands 0.11 208 -0.223 0.244 (Cuijpers, 1995)
Notes: a. An additional study, not shown here because it used FEVo.75 rather than FEVi as an outcome

measure, was conducted among 154 primary schoolchildren in the United Kingdom (Scarlett, 
1996). It showed no evidence of an association between daily peak ozone concentration and 
FEV0.75 (8 -  0.018, 95 percent confidence interval -0.089 to 0.13).

The effect of ozone on lung function was greater in the North American 
studies than in the two European studies. Combining the information from 
the nine studies which report variance estimates, it is calculated that FEVi 
decreases by 0.649 litres (95 percent confidence interval 0.387 to 0.912 
litres) every part per million increase in ozone. For example, a 0.02 part per 
million increase in hourly maximum ozone concentration on one day would 
be estimated to cause a 0.013 litre (95 percent confidence interval 0.008 to 
0.018 litres) decrease in FEVi on that day.

A recent one year cohort study among children with asthma in western 
Sydney has shown a relation between variation in daily mean ozone 
concentration and lung function, although the effect was smaller than that 
seen in other studies. Change from the minimum (near zero) to the maximum 
observed daily average ozone concentration (0.05 parts per million) was 
associated with a two percent reduction in evening peak expiratory flow rate 
(Jalaludin, 1996).

The estimated effects in some of the panel studies are larger than those seen 
in the exposure chamber studies. In part, this is due to the interacting and 
confounding effects of other environmental exposures, the longer duration of 
exposure, and the fact that exposure occurs on successive days.

5.3.4 Symptoms

The main symptoms observed after ozone exposure arise in the lower 
respiratory tract although eye irritation may also occur. Cough, pain on 
taking a deep breath, chest discomfort, and shortness of breath have all been 
observed after exposure to ozone at concentrations of 0.15 parts per million 
for one to two hours and after exposure for six hours to concentrations as 
low as 0.08 parts per million. Panel studies have demonstrated either no 
significant association between symptoms and ozone levels fSpektor, 1988a; 
Spektor, 1991; Schwartz, 1994e; Hoek, 1995) or an association only above 
0.12 parts per million (Berry, 1991). Low or moderate levels of ozone 
appear to cause symptoms more frequently in adults than children
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(Lippmann, 1989). However, it is possible that this difference is due to the 
difficulty in measuring respiratory symptoms in children.

Panels of people with asthma have also been studied. Ozone exposure is 
one of many irritants which can induce lung function change and symptoms 
in people with asthma but the effects are probably small (Higgins, 1995; 
Delfino, 1996; Romieu, 1996). For example, in a study of 71 children with 
asthma in Mexico City, a 0.05 parts per million increase in ozone was 
associated with a nine percent increased risk of respiratory symptoms on that 
day (Romieu, 1996).

5.3.5 H o s p it a l is a t io n s  a n d  Em e r g e n c y  D epa r t m en t  V is it s

In Ontario, Canada, Bates et al were the first to suggest that the rate of 
hospital admission for respiratory disease may be correlated with the peak 
hourly ozone level on the preceding two days as well as with the air 
temperature, sulphur dioxide and sulphate levels (Bates, 1983; Bates, 1989). 
There was a seven percent increase in respiratory admissions if the ozone 
level was above 0.08 parts per million. However, in the month with the 
greatest number of high ozone days, the admission rate was not particularly 
high. This observation, together with the correlation between the exposure 
variables, led the authors to question whether ozone was the cause of 
increased hospitalisations.

Table 5.2  presents the results of several time series studies which have 
quantified the relation between peak daily ozone levels and daily rates of 
hospital admission or Emergency Department attendance for asthma or 
respiratory diseases. The effect of ozone was larger among children in 
Mexico City and among the elderly in several US cities, than in series in 
Europe and other US cities which covered all ages. For the studies 
summarised in Table 5.2  the average rate ratio for hospitalisation or 
Emergency Department attendance for a 0.01 part per million increase in 
ozone was 1.014.
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Table 5.2 Effect of Chances in Daily Peak Ozone Concentration on Rates of 
Emergency Department Attendance and Hospital admission for Respiratory 
Diseases

Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1, means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Outcome Lag Increment 
(days) (parts per 

m illion)b

Rate
Ratio

95 percent 
Confidence 

Interval

Citation

Mexico City* ED for 
asthma

1 0.05 1.43 1.24 to 1.66 (Romieu, 1995)

Ontario respiratory
admission

1 0.05 1.05 p < 0.001 (Burnett, 1994)

Amsterdam asthma
admission

1 0.05 1.06 0.92 to 1.21 (Schouten, 1996)

Amsterdam COPD
admissions

0 0.05 1.02 0.92 to 1.13 (Schouten, 1996)

Rotterdam COPD
admissions

2 0.05 1.03 0.93 to 1.14 (Schouten, 1996)

Paris asthma
admission

1 0.05 0.97 0.90 to 1.04 (Dab, 1996)

Paris COPD
admissions

1 0.05 1.04 0.96 to 1.14 (Dab, 1996)

London respiratory
admission

1 0.003 to 
0.029 c

1.03d 1.01 to 1.05 (Ponce de Leon, 1996)

Tacoma (USA) respiratory
admission*

2 0.025 1.21 1.06 to 1.38 (Schwartz, 1995)

New Haven 
(USA)

respiratory
admission*

2 0.025 1.06 0.99 to 1.13 (Schwartz, 1995)

Spokane (USA) respiratory
admission*

0 0.025 1.38 1.09 to 1.75 (Schwartz, 1996)

Detroit pneumonia
admission*

0 0.005 1.026 1.01 to 1.04 (Schwartz, 1994b)

Detroit COPD
admission*

0 0.005 1.028 1.01 to 1.05 (Schwartz, 1994b)

Minneapolis pneumonia
admission*

1 0.05 1.15' 0.97 to 1.36 (Schwartz, 1994c)

ED: Emergency Department attendance
Notes: a. January to June only. Adjusted for effect of sulphur dioxide. This study is in children; all

others include all ages.
b. Increment in one hour ozone concentration tested
c. Represents change from 10* to 90* percentile of 8 hour ozone
d. Effect is stronger in the warm season and weaker in the cool season.
e. People aged 65 and over
f. Adjusted for effect of particulates.

Some further studies, which could not be summarised by a rate ratio, have 
also been performed. In London a rather confusing picture emerged with
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high presentation rates for asthma among ch.ldren on high and low ozone 
days (Buchdahl, 1996). A more recent study in Ontario confirmed that, in 
that section of the country, daily ozone concentration was related to risk of 
hospitalisation, even after taking sulphate, acidity and particulates into 
account (Thurston, 1994). In nearby Quebec it was estimated that, in 
summer, an increase in one hour maximum ozone concentration equal to 
the mean level, that is 0.036 parts per million, was associated with a 21 
percent increase in Emergency Department presentations for respiratory 
illness on the following day (Delfino, 1997). In New Jersey, Emergency 
Department visits for asthma occurred 28 percent more frequently when 
mean ozone levels were above 0.06 parts per million than when they were 
less than this (Weisel, 1995). Other investigators in America, Europe and 
Australia (Richards, 1981; Bates, 1990; Rennick, 1992; Delfino, 1994; 
Castellsague, 1995) have not found an association between ozone exposure 
and the rate of hospitalisation for respiratory disease.

In summary, there is conflicting evidence on the role of ozone in causing 
severe exacerbations of asthma and respiratory illness. In some settings, 
notably among children in Mexico City (where ozone levels are high) and 
among the elderly in Washington State, USA (where ozone levels are 
relatively low), there is a strong effect of ozone on respiratory admissions. In 
other settings the effect is much less or not apparent at all.

5.3.6 Mortality

Daily levels of ambient ozone in Los Angeles and New York are correlated 
with daily all cause mortality and cardiovascular mortality but not respiratory 
mortality (Kinney, 1991; Kinney, 1992). This observation implies that ozone 
may have effects beyond the lung. A number of studies from Europe and 
America have now reported the relation between ozone exposure and risk of 
death (refer Table  5.3). For these studies, the average rate ratio for risk of 
death for a 0.01 part per million increase in ozone was 1.0097.
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Table 5.3 Effect of chances in daily peak ozone concentrations on daily death 
RATES.

Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1, means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Lag
(days)

Increment 
(parts per 
million)

Rate
ratio

95 percent 
Confidence 

Interval

Citation

Sao Paulo2 0 0.015 1.006* 0.993 to 1.108 (Salvida, 1995)
Lyon 0 0.025 1.04 0.94 to 1.16 (Zmirou, 1996)
Barcelona 0 0.05 1.05 d 1.01 to 1.09 (Sunyer, 1996)
Paris 0 0.05 1.04 c 0.93 to 1.16 (Dab, 1996)
Philadelphia 1 0.1 1.15 *f 1.07 to 1.24 (Moolgavkar, 1995a)
London 0 0.005 to 0.036

b
1.026 d 1.013 to 1.039 (Anderson, 1996)

Notes: a. People aged 65 +
b. Representing range from 10"’ to 90th percentile
c. Respiratory mortality
d. Stronger effect seen in summer
e. Summer only
f. Remains significant after adjustment for other pollutants.

These studies yield conflicting results with some finding significant 
associations and others not doing so.

5.4 Long-Term Health Effects

Studies of the effects of long term ozone exposure in animals have 
demonstrated localised abnormalities in the deep parts of the lungs (small 
airways and air spaces). These changes are at least partly reversible when 
exposure stops and there is no evidence of lung destruction (that is no 
evidence of emphysema) (Chitano, 1995).

Evidence from human studies is limited. Several epidemiological studies 
have compared the occurrence of respiratory symptoms and/or impaired lung 
function in communities with varying levels of long-term (annual average) 
ozone exposure (for example, Schwartz, 1989; Abbey, 1993). While some 
of these studies have claimed to show an association, it is very difficult to be 
confident about this conclusion in view of the number of additional 
extraneous factors which could be involved.
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5.5 Conclusions and Summary of Indices

Exposure to ozone causes a transient reduction in lung function, the extent of 
which is related to the ozone concentration, the duration of exposure and 
the level of activity undertaken during exercise. In many cases reduction in 
lung function is not accompanied by any symptoms, but some people (more 
commonly adults rather than children) experience chest discomfort or 
difficulty in taking a deep breath in. Individuals vary in their sensitivity to 
ozone but the elderly and those with pre-existing respiratory diseases 
(including asthma) are not more susceptible than others. The population 
sub-group most likely to be affected by ozone exposure are those whose 
work or recreation entails strenuous outdoor physical activity.

Three indices, two derived from exposure chamber studies and the other 
from short-term cohort studies, will be used to quantify the lung function 
changes in response to ozone (measured in parts per million):

a) change in FEVi from baseline (in litres) -  0.773 / [1 + e -203S<ozone-° ’78>]

b) change in FEVi from baseline (percent) -  28.5/[1 + e ',0S(ozon*'°-275)]

c) change in FEVi (in litres) -  0.649 x change in ozone (parts per million)

Based on these equations, the exposure chamber studies predict that a 0.01 
part per million increase in ozone for one hour will be associated with a 
0.024 litre or 1.7 percent reduction in FEVi (forced expiratory volume - one 
second). The cohort studies predict that a similar change in ozone 
concentration will lead to a 0.0065 litre reduction in FEVi.

At this stage the available data do not allow us to conclude whether there is 
a relation between day-to-day variation in ozone levels and risk of hospital 
admissions or attendance for respiratory disease. If there is an effect it is 
likely to be small. For the purposes of this analysis it is assumed that an 
increment of 0.05 parts per million is associated with a 1.4 percent increased 
risk of admission for respiratory disease.

There is similar uncertainty about the effect of ozone concentrations on risk 
of death. However, since most estimated rate ratios are greater than one it is 
safest to assume there is an association. For this analysis it is assumed that a 
0.01 part per million increase in peak daily ozone is associated with a one 
percent increased risk of death on any given day.
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N i t r o g e n  D i o x i d e

6.1 Physico-Chemical Features Relevant to Health 
Effects

Nitrogen dioxide is a poorly water soluble gas which reaches the small 
airways of the lungs. Like ozone, it is highly reactive and causes damage by 
oxidising cell membranes (Sandstrom, 1995).

Nitrogen dioxide is a by-product of combustion of fossil fuels and is also 
generated in the atmosphere by reaction among other pollutant gases. The 
major outdoor source is the motor vehicle. Gas heaters and stoves are 
important indoor sources of nitrogen dioxide. Indoor concentrations of 
nitrogen dioxide in some homes are higher than those found in outdoor air.

6.2 Current A ir Q uality Goals

The current National Health and Medical Research Council goal for nitrogen 
dioxide is a one hour maximum of 0.16 parts per million.

6.3 Short-Term Health Effects

6.3.1 L u n g  Fu n c t io n

The effect of short-term exposure to nitrogen dioxide on lung function have 
been reviewed previously (Sandstrom, 1995). Some of the ensuing data are 
conflicting but the key findings can be summarised as:

1. there is no evidence of that exposure to nitrogen dioxide at levels seen 
under normal outdoor conditions affects lung function in healthy people 
(for example, Koenig, 1988a; Frampton, 1991; Kim, 1991; Scarlett, 1996) 
although effects are seen at very high levels of exposure (reviewed in 
Sandstrom, 1995),

2. in people with asthma, exposure to nitrogen dioxide at a moderate 
concentration (eg greater than 0.25 parts per million) during exercise is 
capable of inducing minor airway narrowing (for example Koenig, 
1988a; Avol, 1989) and enhanced airway responsiveness to other, non
specific stimuli (Bauer, 1986; Strand, 1996). There appears to be a wide 
range of susceptibility among people with asthma to the adverse effects 
of exposure to nitrogen dioxide;
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3. in subjects with asthma exposure to 0.4 parts per million, nitrogen 
dioxide can cause a significant increase in allergen responsiveness, that is 
the tendency of the airways to narrow when they are subsequently 
exposed to allergen (Devalia, 1994; Tunnicliffe, 1994); and

4. in one study, elderly subjects with chronic obstructive pulmonary disease 
experienced a decline in lung function after exposure to 0.3 parts per 
million of nitrogen dioxide for four hours during intermittent exercise 
(Morrow, 1992). However, the difference was not statistically significant 
and there were conflicting findings in another study in which similar 
subjects exposed to much higher levels of nitrogen dioxide for a shorter 
period (one hour) did not demonstrate any significant change in lung 
function (Linn, 1985).

6.3.2 H o s p it a l is a t io n s  a n d  Em e r g e n c y  D epa r t m en t  A t t en d a n c es

Evidence for an association between outdoor nitrogen dioxide exposure and 
the risk of hospitalisation for respiratory disease is conflicting (refer Table  
6.1). In addition to the studies summarised as rate ratios, other studies, using 
different methodologies, have not shown any association between nitrogen 
dioxide and admission rates in Vancouver (Bates, 1990) or in Toronto 
(Thurston, 1994).

However, a recent study covering the Sydney metropolitan area has shown 
that an increase in daily nitrogen dioxide levels from 10th centile (nearly the 
lowest) to the 90,h centile (nearly the highest) was associated with 7.2 
percent increase in hospitalisations for asthma in children and a 6.4 percent 
increase in admissions for heart disease (Morgan, 1996b).

Table 6.1 Effect of Changes in hourly m aximum  Nitrogen Dioxide Concentration 
on Rates of Hospital admission for Respiratory D iseases.
Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1 means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Outcome Lag
(days)

Increment 
(parts per 
million)

Rate
ratio

95 percent 
Confidence 

interval

Citation

Barcelona ED for 
asthma

0 -3 0.014 1.07 1.01 to 1.13 (Castellsague, 1995)

Amsterdam asthma
admissions

2 0.056 1.035 0.92 to 1.17 (Schouten, 1996)

Amsterdam CO PD 
admissions

1 0.056 0.95 0.86 to 1.04 (Schouten, 1996)

Rotterdam CO PD 
admissions

2 0.056 1.16 1.07 to 1.27 (Schouten, 1996)
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City Outcome Lag
(days)

Increment 
(parts per 
million)

Rate
ratio

95 percent 
Confidence 

interval

Citation

Paris asthma
admissions

Oto 1 0.056 1.08 1.02 to 1.15 (Dab, 1996)

Paris COPD
admission

2 0.056 0.96 0.92 to 1.01 (Dab, 1996)

London respiratory
admissions

2 0.024 to 
0.051 *

1.011 1.001 to 
1.022

(Ponce de Leon, 1996)

Notes: a. 10th versus 90th percentile

Comparison among localities in the Midlands of England showed that cross- 
sectional differences in admission rates were correlated with differences in 
outdoor nitrogen dioxide exposure (Walters, 1995). This may be evidence 
for longer term effects of nitrogen dioxide exposure on severity of respiratory 
illness. However, as mentioned previously, it is difficult to exclude the 
possibility that the apparent association is due to extraneous factors.

6.3.3 M o r t a l it y

In contrast to the findings for hospitalisations, there is consistency among 
several studies which have demonstrated that variation in outdoor nitrogen 
dioxide levels is not related to daily death rates (refer Table  6.2).

T a b l e  6 .2  Ef f e c t  o f  C h a n c e s  in  H o u r l y  M a x im u m  N i t r o c e n  D io x id e  
C o n c e n t r a t i o n s  o n  D a i l y  D e a t h  Ra t e s  in  S e v e r a l  Eu r o p e a n  C it ie s .

Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1 means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Lag
(days)

Increment 
(parts per 
million)

Rate
ratio

95 percent 
Confidence 

Interval

Citation

Sao Paolo ‘ 0 0.15 1.03 0.95 to 1.10 (Sal vida, 1995)
Lyon 1 0.028 1.01 0.99 to 1.02 (Zmirou, 1996)
Barcelona 1 0.056 1.03 1.01 to 1.06 (Sunyer, 1996)
Paris b 1 0.056 1.02 0.94 to 1.13 (Dab, 1996)
Cologne 1 0.025 to 

0.079 c
1.000 0.9998 to 

1.0004
(Spix, 1996)

London 0 0.038 to 
0.081 d

1.004 0.997 to 
1.012

(Anderson, 1996)

Notes: a. Aged 65 +
b. Deaths from respiratory causes only
c. 5th versus 95th percentile
d. 10th versus 90th percentile.

D epartm ent  o f T ranspo rt  a n d  Reg io n a l  D evelo pm en t  Pa c e  6-3



Sec o n d  Sy d n ey  A irpo rt

6.4 Long-Term Health Effects

Evidence concerning the long-term consequences of nitrogen dioxide 
exposure is lacking. A ten year follow-up of Seventh Day Adventists living in 
various localities in California failed to show any relation between average 
nitrogen dioxide exposure levels and the development of respiratory illness 
(Abbey, 1995b). The two-fold increased risk of asthma symptoms among 
women (but not men) in East Anglia, United Kingdom, who lived in houses 
with gas stoves is indirect evidence that indoor exposure to nitrogen dioxide 
may be a risk factor for respiratory disease. Interestingly, another recent study 
has also shown a gender difference in risk. Among young children (aged up 
to four years) in Stockholm the risk for wheezing illness due to nitrogen 
dioxide exposure was apparent in girls but not boys (Pershagen, 1995).

The importance of these findings for assessing the impact of outdoor 
exposure to nitrogen dioxide remains very uncertain. In particular, these data 
are not helpful in drawing any conclusions about the quantitative relation 
between nitrogen dioxide exposure and risk of respiratory illness.

6.5 Conclusions and Summary of Indices

Exposure to nitrogen dioxide at levels seen under ambient conditions does 
not cause any change in lung function in healthy people and probably only 
causes concern in people with asthma or other respiratory disease at levels 
above 0.25 to 0.30 parts per million. This accords with the conclusion of an 
expert review commissioned by the UK Department of Health which 
recommended that health advice should be given to people with asthma 
when levels of nitrogen dioxide were above 0.30 parts per million (Advisory 
Group on the Medical Aspects of Air Pollution Episodes, 1993)

The available data do not allow quantification of the relation between 
nitrogen dioxide exposure and changes in lung function at levels below 0.30 
parts per million.

Evidence that variation in nitrogen dioxide exposure is associated with risk of 
hospitalisation for respiratory disease is conflicting and there is evidence that 
nitrogen dioxide exposure is not linked to daily death rates. For both these 
outcomes it is not appropriate to attempt to quantify an association with 
nitrogen dioxide exposure levels.
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P a r t i c u l a t e s

7.1 Physico-Chemical Features Relevant to Health 
Effects

Particulate pollution is a mixture of everything in the air which is not a gas. 
The size, solubility and hydroscopicity of atmospheric particles are 
heterogeneous and these characteristics influence the biological 
consequences of exposure. Only those particles which are small enough to 
enter the lungs are clinically important. Particles with a mass median 
aerodynamic diameter greater than ten micrometres are filtered out by the 
upper respiratory tract. Particles with a mass median aerodynamic diameter 
near five micrometres tend to deposit in the airways of the lower respiratory 
tract and particles less than two micrometres reach the alveoli (Heyder, 
1986). Some ultra-fine particles, which reach the periphery of the lung, are 
capable of inducing an inflammatory reaction which may have effects within 
and beyond the lung.

For many years, the assessment of particulate pollution, quantified as 'Black 
Smoke' or Total Suspended Particulates, did not include the measurement of 
particle size. More recently, dosimetry which takes account of particle size 
has improved the assessment of biologically-relevant particulate exposure. 
PMio, the concentration of particles with a mass median aerodynamic 
diameter less than 10 micrometres, is the most commonly cited index but 
PM2.5 and other size thresholds have been used.

7.2 Current A ir Quality Goals

There is no Australian National Health and Medical Research Council 
guideline for particulates at present. The US Environment Protection 
Agency's goals for particulate matter with mass median aerodynamic 
diameter less than 10 micrometres (PMio) are an annual mean less than 50 
micrometres per cubic metre and a 24 hour mean less than 150 micrograms 
per cubic metre. The UK Department of Environment Expert Panel of Air 
Quality standards for Particles has recommended a standard of 50 
micrograms per cubic metre as a 24 hour running average.

7.3 Short-Term Health Effects

7.3.1 Lu n g  Fu n c t io n

Panel studies in children living in the Utah Valley, USA, and in the 
Netherlands, have shown that changes in peak expiratory flow rates were
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correlated with changes in daily average particulate levels (Figure 7.1) (Pope, 
1991b; Pope, 1992a; Roemer, 1993).
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Figure 7.1 Cohort (Panel) Study of the Relation between Daily PM io (see text for 
definition) Level and Respiratory Symptoms and Lung Function in Children

Source: Pope and Dockery, 1992

Difference from individual's average peak expiratory flow rate (lines) and percentage reporting 
lower respiratory tract symptoms (bars) are plotted by quartiles of daily PMio levels among 
children with a history of asthma-like symptoms (sold line and dark bars) and other children 
(Pope, 1992a).

The effect was cumulative and in Utah it was estimated that three successive 
days with 24 hour PMio levels greater than 150 micrograms per cubic metre 
would result in a six percent decrease in peak flow (Pope, 1991b). There 
was also evidence that increases in PMio below the threshold of 150 
micrograms per cubic metre had an adverse effect on lung function (Pope, 
1992a). In children attending a primary school adjacent to a major 
motorway near London, daily measures of lung function were correlated with 
daily PMio levels (Scarlett, 1996). However, the effect was very small, 
equivalent to a one percent change in forced vital capacity across the range 
of PMio levels observed (20 to 150 micrograms per cubic metre). Similarly, 
the western Sydney cohort study in children with asthma also demonstrated 
a small effect: a change in daily average PMio from the lowest to the highest 
value over the one year period was associated with a one percent reduction 
in evening peak expiratory flow rate (jalaludin, 1996). A recent study in 
Pennsylvania revealed a non-significant reduction in peak flow associated 
with increases in fine particulates (Neas, 1995).
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7.3.2 Sy m p t o m s

Short-term effects of particulate pollution on the prevalence of respiratory 
symptoms have been observed. Using data from the United States Health 
Interview Survey, Ostro found that respiratory-related restricted activity days 
over a two week period correlated with particulate levels in the preceding 
two week period (Ostro, 1989, Ostro, 1990).

Panel studies in the USA (Whittemore, 1980; Love, 1981; Pope, 1991b; 
Schwartz, 1994e; Neas, 1995), Germany (von Mutius, 1995), Sweden 
(Forsberg, 1993) and the Netherlands (Roemer, 1993) have shown an 
association between fluctuations in the level of particulate pollution and the 
prevalence of respiratory symptoms (cough, wheeze etc) and/or medication 
use in adults and children. For example, for one study that examined six 
United States cities (Schwartz, 1994e) it was estimated that a 30 micrograms 
per cubic metre increase in PMio was associated with a 27 percent increase 
in incidence of reported cough (95 percent confidence interval: six to
52 percent). In Uniontown, Pennsylvania, a 15 micrograms per cubic metre 
increase in fine particulate levels was associated with a 25 percent increase 
in risk of evening cough (95 percent confidence interval: 1.04 to 1.50) (Neas, 
1995). Children with chronic respiratory symptoms were found to be more 
likely to experience the adverse effects of particulate pollution than 
asymptomatic children (Figure 7.1) (Pope, 1992a).

7.3.3 H o s p it a l is a t io n s  a n d  Em e r g e n c y  D epa r t m en t  A t t en d a n c es

The correlation between daily hospital admission rates for respiratory disease 
and particulate (PMio) levels was first shown in Utah (Pope, 1989). This part 
of the United States of America has low levels of sulphur dioxide and aerosol 
acidity: a pattern of pollutants is similar to that seen in Australia. Admission 
rates for children in months when the maximum 24 hour PM io concentration 
was greater than 150 micrograms per cubic metre were three-fold higher than 
in months when there were no days greater than 150 micrograms per cubic 
metre. The adverse effect of high PM io levels on admission rates carried over 
from one month to the next (Pope, 1991a).

Similar associations between hospital admission or emergency room 
attendance have been observed in Canada (Bates, 1983; Bates, 1989, but not 
in Thurston, 1994), the United States (Richards, 1981; Schwartz, 1993), 
Australia (Churches, 1991; Rennick, 1992) and Spain (Sunyer, 1993). 
Recently, a series of European and American studies have been performed 
using a sophisticated time series regression approach (Refer Table 7.1). 
Interestingly, the European studies did not demonstrate the association 
between particulate pollution and an increased risk of hospitalisation which 
was seen in the American studies. However, the confidence limits on these
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negative studies are broad and they do not exclude the results seen in the 
other, positive studies.

T a b l e  7.1 E f f e c t  o f  C h a n c e s  in  D a i l y  a v e r a g e  P a r t ic u l a t e  C o n c e n t r a t i o n  o n  Ra t e s

O F H O SPITA L ADM ISSIO N FOR RESPIRATORY DISEASES

Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1 means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Exposure Type of 
admission

Lag Increment 
(days) (micrograms 

per cubic 
metre)

Rate
ratio

95 percent 
Confidence 

Interval

Citation

Amsterdam Black
smoke

asthma 0 100 0.80 0.44 to 1.48 (Schouten, 1996)

Amsterdam Black
smoke

COPD 0 100 1.13 0.73 to 1.74 (Schouten, 1996)

Rotterdam Black
smoke

CO PD 2 100 0.93 0.72 to 1.19 (Schouten, 1996)

Paris PM13 asthma 2 100 0.975 0.90 to 1.05 (Dab, 1996)
Paris PM 13 COPD 2 100 0.95 0.87 to 1.04 (Dab, 1996)
London Black

smoke
respiratory 1 8 to 23 a 0.997 0.99 to 1.01 (Ponce de Leon, 

1996)
Milan Total

suspended
particulates

respiratory 2 25 to 125 1.05
b

1.00 to 1.10 (Vigotti, 1996)

New Haven PMio respiratoryc 0 50 1.06 1.00 to 1.13 (Schwartz, 1995)
Tacoma (USA) PMio respiratoryc 0 50 1.10 1.03 to 1.17 (Schwartz, 1995)
Spokane (USA) PMio respiratoryc 0 50 1.083 1.03 to 1.14 (Schwartz, 1996)
Detroit PMio pneumonia" 0 10 1.012 1.00 to 1.02 (Schwartz, 1994b)
Detroit PMio COPD c 0 10 1.02 1.00 to 1.03 (Schwartz, 1994b)
Minneapolis PMio pneumonia" 0 100 1.17" 1.02 to 1.33 (Schwartz, 1994c)
Minneapolis PMio COPD" 1 100 1.34 1.08 to 1.67 (Schwartz, 1994c)
Barcelonae Black

smoke
ED for 
asthma

0 -3 25 1.11 1.01 to 1.16 (Castellsague, 1995)

Birmingham
(UK)

PMio respiratory 0 10 1.024 1.01 to 1.04 (Wordley, 1997 
#2263)

Notes: a. Represents change from 10th to 90th percentile
b. There was a stronger effect in the warm season am ong 15 to 64 year olds and a stronger 

effect in cold season in over 64 year olds.

c. People aged 65 and over
d. Adjusted for effect of ozone
e. Summer only

7.3.4 M o r t a l i t y

The relation between daily particulate levels and daily death rates has been 
extensively investigated. Schwartz and colleagues have analysed a series of 
data from London and several American cities (Schwartz, 1990; Schwartz,
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1991; Pope, 1992b; Schwartz, 1992b; Schwartz, 1992a; Schwartz, 1994a; 
Salvida, 1995) using a similar methodology in all studies. This is a 
sophisticated time series regression technique which takes into account a 
variety of seasonal and other factors which may be related to both daily 
death rate and pollution levels.

Schwartz has conducted a meta-analysis of data from several cities (Refer 
Figure 7.2) and has estimated that a 100 micrograms per cubic metre 
increase in total suspended particulates is associated with a 1.06 relative risk 
of death on that day (95 percent confidence interval 1.05 to 1.07) (Schwartz, 
1994a).

Particulates 
Excess mortality

Schwartz, 1994

F ig u r e  7 .2  Es t im a t e d  Ex c e s s  in  D a i l y  D e a t h  R a t e  in  S e v e r a l  C it ie s  A t t r ib u t a b l e  t o  a  
100 M ICROGRAM S PER CU BIC METRE INCREASE IN TO TA L SU SPEN DED PARTICULATES 
(SCH W ARTZ, 1994a)

Source: Schwartz, 1994

For a more realistic change of 30 micrograms per cubic metre (an increase 
above average which might be seen on a high pollution day in Sydney) this 
corresponds to a relative risk of 1.018, that is a 1.8 percent increase in the 
risk of dying on that day.

A number of similar studies have been conducted in Europe. All used similar 
regression techniques and adjusted for external factors such as the season of 
the year, day of the week, meteorological factors, holidays, influenza 
epidemics, and other unusual events. The results which are summarised in 
Table 7.2, are broadly in accord with the findings of Schwartz' meta-analysis.
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Table 7.2 Effect of Chances in Daily average Particulate Concentrations on Daily 
Death Rates in Several European Cities.

Lag refers to number of days between the ozone measurement and the associated outcome measurement 
(for example lag -  1 means ozone measurement predicts hospitalisations on the following day). Rate ratios 
for a given change in ozone concentration are shown. The rate ratio is the ratio of the admission rate on 
two days separated in ozone concentration by the amount shown in the increment column. The value 
shown in the rate ratio column is the estimated (most likely) value based on the outcome of the regression 
analysis. The 95 percent confidence interval is the range of values within which the actual rate ratio may lie 
and still be consistent with the data. Where the confidence interval excludes the value 1 we can be fairly 
certain that ozone exposure is related to admission rates in that study (that is P is less than 0.05).

City Exposure Lag
(days)

Increment 
(micrograms 

per cubic 
metre)

Rate
ratio

95 percent 
Confidence 

Interval

Citation

Lyon PM13 0 50 1.01 0.97 to 1.05 (Zmirou, 1996)
Barcelona Black

smoke
1 100 1.07 1.03 to 1.11 (Sunyer, 1996)

Bratislava Total
suspended
particulates

0 100 1.008 0.96 to 1.04 (Bacharova, 1996)

Paris * PM13 0-1 100 1.17 1.04 to 1.31 (Dab, 1996)
Athens Black

smoke
1 100 1.05 c 1.03 to 1.08 (Touloumi, 1996)

Cologne PM7 1 20 vs 82b 1.02 1.00 to 1.04 (Spix, 1996)
Milan * Total

suspended
particulates

0 25 vs 125 1.12 1.02 to 1.23 (Vigotti, 1996)

London Black
smoke

1 8 vs 22 d 1.017 1.01 to 1.03 (Anderson, 1996)

Birmingham PMio 1 10 1.011 1.00 to 1.02 (Wordley, 199/ 
#2263)

Notes: a. Deaths due to respiratory causes only
b. Represents change from 5th to 95th percentile
c. Rate ratio is 1.03 (1.01 to 1.06) on low 5 0 2  days
d. Represents change from 10th to 90th percentile

It is important to point out that many of these studies also showed risks 
attributable to other pollutants. Levels of these other pollutants, in particular 
sulphur dioxide and nitrogen dioxide, tend to be strongly correlated with 
particulate levels and there appears to be some dispute in the literature as to 
whether the mortality effects can be correctly attributed to particulates 
(Moolgavkar, 1995a; Moolgavkar, 1995b).

In a recent study of deaths in the Sydney metropolitan area during the period 
1989 to 1993, the number of deaths on days with high levels of particulate 
pollution was 2.6 percent higher when compared to low particulate 
pollution days (Morgan, 1996a). In this case the conclusion was not changed 
when the results were adjusted for the effect of other pollutants (ozone and 
nitrogen dioxide).
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The reason that particulate pollution causes increased mortality is not 
known. Most deaths occur in the elderly and in those with pre-existing 
cardiac or respiratory disease (Schwartz, 1994d). One hypothesis is that very 
fine particles provoke an inflammatory reaction deep in the lung tissue 
releasing substances into the blood which may have deleterious effects on 
the circulation (Seaton, 1995). The mechanism underlying the adverse effect 
of particulates is the subject of intense current scientific interest.

7.4 Long-Term Health Effects

Epidemiological studies such as those referred to in the section of this report 
on long-term health effects of ozone have found small increases in risks for 
symptoms of respiratory illness attributable to particulate exposure (for 
example Abbey, 1995a). The same difficulties in interpreting these studies 
apply, we cannot be certain that the effects are not explained by one of the 
many other factors that differ between the communities studied.

7.5 Conclusions and Summary of Indices

Increased exposure to particulate exposure is associated with increased 
symptoms and decreased lung function. This has been most clearly shown in 
children and the effect is more marked in children with pre-existing 
respiratory disease such as asthma. Based on the results of a single study, it 
is assumed here that a 30 micrograms per cubic metre increase in PMio is 
associated with a 27 percent increase in risk of cough. This equates to a 2.4 
percent increased risk for a three microgram per cubic metre increase in 
PMio. It seems that the effect on lung function is small however there are 
insufficient data to reliably quantify this effect.

Despite some inconsistencies in the data it seems highly likely that 
particulate pollution is associated with an increase in hospitalisation rates for 
respiratory disease. In this analysis it is assumed that a 50 micrograms per 
cubic metre increase in PMio is associated with an eight percent increase in 
hospitalisation. A three microgram per cubic metre increase in particulate 
pollution would be expected to be associated with a 0.46 percent increase in 
risk of hospitalisation.

Day to day variation in particulate levels is correlated with variation in daily 
death rates. The correlations are strongest for deaths in the elderly and 
deaths due to cardiac and respiratory diseases. Here it is predicted that on a 
given day, a 30 micrograms per cubic metre increase in particulate exposure 
(a large increase) is predicted to cause, on average, a 1.8 percent increase in 
the risk of dying on that day. A three microgram per cubic metre increase
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particulate exposure will be expected to be associated with a 0.17 percent 
increase in risk of death on that day.
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Est im at io n  o f H ealth  Effects A ttributable to  Pred icted  C h a n c es  - C hapter  8

8  Es t i m a t i o n  o f  H e a l t h  E f f e c t s  A t t r i b u t a b l e  t o  
P r e d i c t e d  C h a n g e s

Health effects attributable to predicted changes in air quality are based upon 
the outcomes of air quality modelling studies, which are presented in 
Technical Paper No.6 - Air Quality. This technical paper should be referred 
to for additional information.

8.1 Ozone

The number of person-days of exposure to a 0.01 part per million or greater 
increase in ozone concentration resulting from the Second Sydney Airport for 
the year 2016 was calculated by multiplying the predicted number of 
exposure days per year by the number of people exposed to this hazard 
(Table 8.1). Although these figures refer to populations exposed to a greater 
than 0.01 parts per million increase in ozone, examination of the ozone 
contour plots (Figures 7.1, 8.2 and 8.3 in Technical Paper No. 6 - Air 
Quality) demonstrates that 0.01 parts per million is a reasonable 
approximation of the increased exposure these people are predicted to 
experience on the ozone event days. This section describes the likely health 
consequences of these episodes of exposure.

Table 8.1 Estimated Person Days (for year 2016) Exposure to 0.01 Parts Per million
in c r e a s e  in  M a x im u m  O n e  h o u r  O z o n e  C o n c e n t r a t i o n .

Site-Option Number of days 
per year *

Population Person days 
exposure / year

Badgerys Creek Option A 6 7,500 45,000

Badgerys Creek Option B 6 7,500 45,000

Badgerys Creek Option C 6 8,000 48,000

Holsworthy Option A 9 185,000 1,665,000

Holsworthy Option B 9 28,000 252,000

* Number of days per year with increments greater than or equal to 0.01 parts per million ozone

The exposure chamber studies predict that a person exercising for two hours 
during a 0.01 parts per million increase in ozone exposure would be 
expected to experience a 1.7 percent decline in lung function (FEVi). This
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change in lung function is at least three fold lower than that which would be 
perceived by the individual and hence be clinically significant.

It is uncertain whether increases ozone pollution cause severe exacerbations 
of illness. If we assume that they may, then the time series data analyses 
predict that, on the days when these populations are exposed to a 0.01 part 
per million increase in ozone concentration the hospitalisation rate for 
respiratory disease will be 1.4 percent higher and the mortality rate will be
1.0 percent higher than on other days.

The baseline annual hospital admission rate for respiratory disease in Sydney 
is 1400 per 100,000 (Figure 3.6) or 3.83 per 100,000 per day. The projected 
ozone events associated with the Second Sydney Airport would increase this 
to 3.89 per 100,000 per day; an increase of 0.054 per 100,000 per day. In 
the study area this corresponds to less than one hospital admission episode 
annually for all site options (Table 8.2). The actual increase in hospital 
admissions over one year would be less than shown here. This is because 
some admissions attributed to ozone events may have been going to occur 
anyway and were simply brought forward a few days by the ozone event.

Table 8.2 Projected Number of additional hospital admissions for Respiratory
D isease Per Year on Ozone Event Days (in 2016) Compared to Other Days

Badgerys Creek Option A 0.024

Badgerys Creek Option B 0.024

Badgerys Creek Option C 0.026

Holsworthy Option A 0.9

Holsworthy Option B 0.14

The crude annual mortality rate for NSW is 740 per 100,000; a daily rate of
2.02 per 100,000. A one percent increase in this represents an absolute 
increase of 0.02 deaths per 100,000 per day. Table 8.3 shows the absolute 
difference in daily deaths which this represents over one year. It should be 
noted that the actual increase in deaths each year is probably much less than 
this since deaths attributed to the ozone event may have occurred on another 
day in the year, in the absence of the ozone event.
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The operation of the proposed airport would generate motor vehicle traffic and 

stimulate airport associated commercial and urban development. It is expected 

that emissions of air pollutants from these activities would be similar to the 

emissions produced by other similar scale Sydney urban/commercial areas.

The location of these emissions would be near the airport but also would extend 

many kilometres away from the airport site, mainly along the routes of the major 

airport access roads. As heavy industry is an unlikely airport associated 

development, the composition of the emissions is expected to be closely similar to 

that of suburban/commercial districts. The emissions composition would be 

dominated by motor vehicle exhaust.

The airshed dynamics of Sydney are complex, however the meteorology 

pertaining to daytime air pollution can be categorised into two cases:

(1) conditions with sea breeze airflows and,

(2) non-sea breeze airflows.

In both cases there a significant gaps in the current state of knowledge of the 

dynamics of air movements and this limits the usefulness of attempts to 

quantitatively predict pollutant concentrations that may arise from proposed 

developments. However, the general patterns of the progress of the sea breeze 

front across the region and the associated transport of pollution from eastern 

districts of Sydney inland to the west and south west is well established.

On the other hand, at present there is no generally accepted characterisation of 

the dynamics of pollution events that occur in the mornings or before the arrival of 

the sea breeze front. For non-sea breeze conditions therefore, the effects on air

SUMMARY of FINDINGS: Regional Impacts of Airport Associated

Developments
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quality of airport associated developments are very uncertain. As a substantial 

proportion of the observed occurrences of ozone concentrations greater than 

0.08ppm in the greater Sydney region occur as non-sea breeze pollution events, 

this gap in knowledge is a limitation on the assessment of the impacts of airport 

associated developments.

The emissions emitted by developments associated with an airport will 

predominantly arise from motor vehicle traffic and include carbon monoxide, fine 

particulate matter, nitrogen oxides and reactive organic compounds (which are 

mostly hydrocarbons). Concentrations of these pollutants near to their sources of 

emission are expected to be comparable to source areas with similar emissions 

strengths and at present these occur widely in the Sydney Region.
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Regional Air Quality

The Holsworthy and Badgerys Creek localities have many similarities with respect 

to regional air quality. Both Regions receive air containing pollutants from major 

Sydney urban, industrial and motor vehicle emissions source areas. Winds from 

the coast are a common occurrence. Frequently the trajectories of these winds 

pass over Sydney’s emissions source areas prior to their arrival at the proposed 

airport development sites.

This source — receptor relationship is demonstrated by the results of the NSW 

Metropolitan Air Quality Study (MAQS) Consultancy. That study interpreted 

extensive, recent years, NSWEPA air monitoring records and showed that when 

ambient ozone concentrations were greater than 0.08 ppm, then characteristically 

it was the case that the air had received pollutant emissions at least a few hours 

or more earlier.

The geographical distribution of ozone pollution events recorded in the Greater 

Sydney Region are mapped in the MAQS Consultancy; Air Chemistry Task, Final 

Report (Johnson et al, 1996). Although currently both the Holsworthy and 

Badgerys Creek Regions have relatively small emissions fluxes of ozone 

precursors, these ozone maps show that, like all the outlying ring of Sydney 

districts, Holsworthy and Badgerys Creek are on occasions receptor regions for 

Sydney emissions. This data is consistent with advection of Sydney pollution into 

these regions being a primary cause of adverse air quality

There are substantial and diverse data to support the above conclusion for 

Badgerys Creek, while the data sources for Holsworthy are more limited. This is 

because Holsworthy lies somewhat beyond the south eastern edge of the main 

band of air quality monitoring stations. However, data from the NSWEPA 

monitoring records for monitoring sites around Holsworthy, namely at
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Woolooware, Liverpool, Bringelly, Camden, Campbelltown, Douglas Park and 

Albion Park support the conclusion.

A second type of air pollution event occurring in western Sydney areas is also 

described in the findings of the MAQS Consultancy. This type of pollution event 

is not clearly due to advection from the more densely developed regions of 

Sydney. This second type occurs both in winter and summer. In winter the main 

pollutant is particles. In summer the events are characterised by the occurrence 

of significant concentrations of ozone occurring before the arrival of easterly 

sector (sea breeze) winds.

This second type of pollution dynamic is a significant consideration for both 

Badgerys Creek and Holsworthy developments. At present the dynamics of air 

movements for these conditions are not well characterised. Also strong local 

sources of pollutant emissions do not currently occur near the proposed airport 

locations and therefore at present sources of emissions are not available to give 

an indication of the sensitivity of these localities to emissions from the proposed 

developments. The combination of these two circumstances means that for non

sea breeze conditions the currently existing air quality does not provide a useful 

guide to the potential effects of proposed new developments.
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Areas adjacent to the proposed Airport are likely to undergo development during 

the operational life of the airport. The probable types of developments are those 

stimulated by the commercial opportunities of a 24 hours per day international 

transport node. Typical of these are road transport, freight handling and 

administration, communications, general business, tourism, retailing and 

residential and hotel accommodation. This mix is not atypical of Sydney 

generally.

For sea breeze type air flows (described in the section above), the subject air can 

receive pollutant emissions from across the broad sweep of Greater Sydney 

before arriving at the proposed airport development sites. For this type of case 

one might expect air quality impacts analogous to that experienced from recent 

green field urban developments in the west of Greater Sydney, for example say 

like from recent urban development of semi rural land in the South Penrith or 

Campbelltown South districts.

For the Second Type of airshed dynamic, impact assessments are more 

uncertain. This is because the dynamics of these non sea breeze types of events 

have not as yet been proven and the current hypotheses are highly speculative.

( See MAQS Consultancy; Final Report, Coffey Partners International, 1996 for 

discussions of this matter. ).

Currently pollutant emissions are small at both the proposed airport site localities 

because these regions are largely undeveloped. Nevertheless, at times during 

the Second Type of airshed dynamic conditions, the Badgerys Creek district is 

sometimes subject to significantly degraded air quality. From this observation it 

follows that the regions near and downwind of the proposed sites may have a 

relatively small capacity to assimilate air pollutant emissions.

Likely Effects of Airport Associated Developments on Air Quality
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Note: There are no air quality monitoring data available for the Holsworthy district. 

Also there are major differences between Badgerys Creek and Holsworthy. 

Holsworthy has steeper terrain and is closer to the coast than is Badgerys Creek. 

It is possible that the Holsworthy area is differently and possibly better ventilated 

than Badgerys Creek during Second Type meteorological conditions.

Evaluation of Potential Air Quality Impacts Arising from Associated 

Developments

For sea breeze type conditions, methods are available to estimate the likely 

magnitude of the effects of airport associated developments on downwind 

ambient ozone concentrations. To facilitate comparison with the effects predicted 

for airport and aircraft operations, the approach adopted was to follow the 

approach used to model the impacts of airport emissions on regional air quality,

( see: 'Footprint analysis of the regional air quality impact of the proposed

Sydney airport’, Katestone Scientific Pty Ltd., 1997 ). This was accomplished by 

selecting a relevant example sea breeze air trajectory. The emissions predicted 

for airport associated developments along this trajectory were included in the 

model formulation. The changes in predicted air quality along the path of the 

trajectory due to the associated emissions were evaluated. The results obtained 

are presented below.

Air Pollutants of Relevance to Airport Associated Developments 

An inventory of emissions for the proposed airport and associated developments 

was made by Coffey Partners International and is reported elsewhere ( Working 

paper, Sydney Second Airport EIS, 1997 ). As it would take some time for the 

range of associated developments to become established, the inventory for the 

year 2016 is used.
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For the present work the most significant emissions are judged to be non methane 

hydrocarbons and nitrogen oxides, these species are precursors for 

photochemical smog production. The inventory also included carbon monoxide. 

Particulate emissions may also be relevant to airport associated developments, 

but these impacts cannot be reliably predicted because particulate matter tends to 

reach its highest concentration under non-sea breeze conditions and these 

conditions are not sufficiently well characterised to warrant modelling.

An inventory has been made of emissions for the airport and airport associated 

developments (Coffey, 1997). The results for operations in year 2016 are 

summarised in Table 1, based on Air Traffic Forecast 3, Airport Operation 2.

TABLE 1

Inventory Estimates of Air Pollutant Emissions Predicted for Operations 

in 2016 from Proposed Airport and Airport Associated Developments, 

including Motor Vehicle Traffic

( kilograms per day, data from Coffey, 1997 )

AIRPORT ASSOCIATED DEVELOPMENTS

Badgerys Holsworthy Holsworthy

Creek Option A Option B

Hydrocarbons 2,470 10,300 8,860 13,000

Nitrogen Oxides 12,000 9,580 8,440 12,500

Carbon Monoxide 8,400 48,000 42,400 62,600

Table 1 shows that emissions of nitrogen oxides from associated developments, 

including motor vehicle traffic occurring outside of the airport site, are estimated 

to be approximately of the same magnitude as emissions from the airport itself. 

Hydrocarbon emissions from associated developments are predicted to be about
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four times greater and carbon monoxide emissions about six times greater than 

those from the airport.

These increases in emissions from regions around the airport are primarily 

(greater than 90%) due to increases in motor vehicle traffic. These emissions 

would be diffuse and be distributed across a wide land area with the main focus 

being along the main roads servicing the airport. The differing emission rates for 

airport associated developments obtained for the three airport options is mainly 

due to the expected differences in the trip distance required for vehicle journeys 

to each proposed site.

The air emissions inventory (Coffey 1997) showed that compared with a ‘do 

nothing’ base case, vehicular traffic flows can be influenced by a second airport 

for distances greater than 30km from the airport site. These changes can be 

increases or decreases in traffic volume, depending on road location and the 

airport option being considered. The expected geographical distribution of 

vehicle traffic is given in Coffey 1997 for the cases of.

(a) 'Do nothing’, second airport not established

(b) Badgerys Creek option

(c) Holsworthy A option

(d) Holsworthy B option

The emissions from airport associated developments are expected to occur 

predominantly near the ground. Therefore they would firstly mix in the lowest 

layer of the atmosphere and be advected along the trajectory of the surface wind. 

Because airport associated developments occur over a wide area, the plume of 

these emissions would be broad and diffuse.

Table 1 shows the greatest emission flux to be that of carbon monoxide. However 

carbon monoxide pollution is unlikely to become a pollution problem because the 

air can assimilate substantial quantities without breaching the ambient air carbon
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monoxide guideline. For the atmospheric conditions prevailing in Sydney, inner 

city street canyons are recognised as being the only type of locality where carbon 

monoxide concentrations can approach the guideline value. This situation is 

unlikely to result from airport associated developments.

Emissions of NOx and Hydrocarbons

Nitrogen oxides are emitted predominantly (ca 95%) as nitric oxide (NO). In pure 

air NO reacts very slowly with oxygen to produce nitrogen dioxide (N02), although 

for most ambient air situations this reaction is too slow to be of practical 

consequence. In sunlight however other oxidation processes can convert emitted 

NO to N02 in less than an hour. These photochemical reactions require both the 

presence of reactive organic hydrocarbons (ROC), which are emitted to the air 

predominantly as hydrocarbons, and sunlight. The N02 produced can undergo 

further photochemical reaction to produce ozone gas (03), and give rise to 

episodes of photochemical smog.

There are no ambient air quality criteria for nitric oxide concentrations and the 

present National Health and Medical Research Council guideline for nitrogen 

dioxide is 0.16ppm. In the Sydney region the maximum nitrogen dioxide 

concentrations reported by the NSW EPA in Quarterly Air Quality Monitoring 

Reports have for the period since 1990 rarely exceeded 0.16ppm. There are no 

current air quality goals for ambient concentrations of hydrocarbons.

The rates predicted for nitrogen oxides and hydrocarbon emissions from airport 

associated developments are listed in Table 1. For nitrogen oxides, the airport 

associated emissions are of similar magnitude to those from airport operations; 

for hydrocarbons, emissions arising from airport associated developments are 

predicted to be about four times greater than those from airport operations. 

Airport associated developments are expected to be distributed over a wide 

geographical area and the concentrations of nitrogen dioxide that are likely to 

result are expected to be analogous to those currently experienced in districts of
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Sydney that have traffic densities similar to those predicted for the various Airport 

Options. Therefore, on the basis of nitrogen dioxide concentrations currently 

occurring across the Greater Sydney region, the proposed airport associated 

developments are unlikely to cause ambient nitrogen dioxide concentrations to 

exceed 0.16ppm.

Prediction of Photochemical Smog Impacts

Ozone concentrations are widely used as an indicator of photochemical smog. 

However, understanding of the determinates of ozone concentrations in the 

region of and downwind of the proposed airport sites is largely qualitative. 

Prediction of the impacts of precursor emissions by the usual types of airshed 

modelling cannot at present be considered quantitative because of several 

unknowns, especially the lack of detailed knowledge of the vertical structure of 

the atmospheric boundary layer for the range of meteorological conditions 

conducive to the occurrence of photochemical smog events.

To minimise the limitations of these unknowns on the present assessment, the 

approach adopted was as follows. Results of the airport emissions ‘footprint 

analysis’ (Katestone Scientific, 1997) was used as a base case. The Integrated 

Empirical Rate (IER) method of describing photochemical smog production 

(Johnson 1984, Johnson and Quigley 1989) was then applied to estimate the 

resulting changes in predicted ozone concentrations when additional emissions 

due to airport associated developments occur along the path of relevant air 

trajectories that cross the proposed airport sites. The emissions fluxes employed 

are for a summer weekday, year 2016 and represent the predicted changes in 

population and motor vehicle travel for the airport site options. The emissions 

inventory has a 3x3 km grid and covers 7,200 square kilometres (Coffey, 

23May,1997).
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Assessment of Potential Effects on Photochemical Smog of Emissions from 

Airport Associated Developments

Air flow trajectories representative of sea breeze, ozone event days were mapped 

onto the inventory and emissions from associated developments in a six kilometre 

wide band were evaluated. The results of the IER calculations given in the report, 

Katestone June 1997 were then adjusted to take account of these changes in 

emissions fluxes. The results give a viable estimate of the effects of associated 

emissions on air quality upwind and downwind of the proposed airports for sea 

breeze photochemical smog situations.

Badgervs Creek Option

For the Badgerys Creek options, motor vehicle emissions would be significantly 

increased to the north along the main access road to the M4 motorway. These 

would tend to increase the effects of emissions from the airport by 20 to 30 

percent over that of the airport alone.

The effect would be greatest when north easterly winds pass over the major 

access road to the M4 and bring these emissions to pass over the airport. In 

addition to this trajectory passing over the airport there would also be more 

widespread impacts of lower magnitude due to other, broadly distributed airport 

associated emissions.

In the area immediately downwind of the sources of emissions, the general effect 

of hydrocarbon emissions is to move the boundary of the onset of increased 

ozone concentrations towards the source of the hydrocarbon emissions. 

Conversely, the effect of nitrogen oxides emissions is to extend downwind the 

zone of ozone suppression caused by the presence of nitric oxide (Johnson, 

1984). In summary, these near field effects due to hydrocarbon and nitrogen 

oxides emissions have opposite effects and, depending on the relative 

magnitudes of the emission strengths can be self compensating. However, at
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distances further downwind the effects are different, with both hydrocarbons and 

nitrogen oxides increases tending to increase ozone concentrations.

For the Badgerys Creek airport options, emissions of nitrogen oxides and 

hydrocarbons from airport associated developments would tend to occur upwind 

of the airport for events leading to significant ozone concentrations. Taking into 

account the opposing effects in the near field of hydrocarbon and nitrogen oxides 

emissions, emissions from airport associated developments would tend to give no 

great change in the location of the upwind boundary of ozone increases due to 

emissions from the airport. The location of impacts would be similar to that 

predicted in Katestone, June 1997, for the cases of airport emissions alone.

Holsworthv Options

For Holsworthy Option A, increased emissions due to associated development 

tend to be concentrated to the north of the airport along the main transport 

corridors. Under meteorological conditions where increases in ozone 

concentrations as a result of airport operations are predicted (Katestone, 

June1997), the impacts would tend to add to impacts from airport ground based 

and aircraft operations. The increase in emissions was estimated for a six 

kilometre wide band along a sea breeze wind trajectory. This amounted to a 34% 

increase in N04 emissions over airport emissions alone. This would produce 

increases in the ozone impacts of the airport development of a similar magnitude. 

Because of the wind trajectories impacts of this magnitude are likely only to the 

south east of the airport site. On the other hand little impact is expected to the 

south west of the airport as these trajectories do not result in the associated 

emissions being received by the same air as the airport emissions. The location 

of airport impacts is predicted not to change substantially.

For Holsworthy Option B increased ozone impacts of up to 28% are predicted 

compared to that of the airport alone. The locations affected are to the south east
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and south west of the airport, where airport emissions are predicted to impact. 

The zone of impact to the south west would tend to shift downwind as a result of 

the associated emissions sources being concentrated to the west of the airport.
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1 .0  IN T R O D U C T IO N

This report presents an assessment o f  air quality impacts due to construction works associated with 

the Second Sydney Airport (SSA). The report represents one o f  the air quality tasks o f  the SSA  

Environmental Impact Assessm ent (EIS) and has been undertaken by Coffey Partners International 

Pty Ltd (C offey) on behalf o f  Rust PPK Pty Ltd.

The aim o f  this work was to identify and quantify the major em ission sources that would be 

associated with the construction o f  a major international airport at Badgery’s Creek or Holsworthy. 

The main pollutant o f  concern is particulate matter (PM) or dust which is generated by the action o f  

mechanical apparatus and wind on exposed surfaces. Dust particles that are fine enough to remain 

suspended in the atmosphere constitute a health risk and have aesthetic effects such as reducing 

visib ility . Larger particles that are deposited can reduce amenity o f  an area by soiling surfaces and 

materials. D iesel and petrol-fuelled construction equipment also emit pollutants such as oxides o f  

nitrogen (N O x) and carbon monoxide (CO), how ever, the magnitude o f  these em issions is not 

expected to be large enough to warrant inclusion in the inventory.

Estim ates o f  construction em issions were made for airport construction to Stage 1 and Master Plan 

configurations. Construction em issions from the Badgery’s Creek and H olsworthy sites show  

significant variation due to the difference in the magnitude o f  earthworks required at the respective 

sites.

The local scale impacts o f  these dust em issions were assessed using the Fugitive Dust Model 

(F D M ), which is a Gaussian model specifically designed for computing concentration and 

deposition impacts from fugitive dust sources. FDM  is the m odelling tool recommended by the 

U SEPA  for use in regulatory applications.

2 .0  C O N ST R U C T IO N  O P E R A T IO N S

D etails o f  the construction operations at the proposed sites w ere provided by Airplan (1997). 

Construction activities would include building dem olition and construction, pavement construction, 

removal o f  structures such as fences and bridges, vegetation clearance and excavation/earthworks. 

The main impacts o f  dust em issions on air quality would be expected to occur during topsoil 

stripping, excavation/earthworks and concrete batching/transport. Dust em issions during other 

phases o f  construction would be expected to be much smaller in magnitude and were not considered 

in the inventory.
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Construction work at the airport site would generally occur between 7am and 5pm from Mondav to 

Saturday. Som e out o f  hours work may be required according to construction schedules and 

concreting operations may be undertaken 24 hours per day.

3 .0  E M ISSIO N  FA C TO R S

Atm ospheric dust is produced from the action o f  mechanical implements on surface materials or 

from the erosion o f  exposed surfaces by the action o f  wind. A number o f  studies have attempted to 

relate dust em issions to various construction activities and associated wind erosion (SPCC, 1983 & 

1988; U SE P A , 1995; Axetell & Cowherd, 1981). Australian studies undertaken in the Hunter 

V alley have developed em ission factors for the types o f  operations that would be part o f  the airport 

construction. Agreement between em ission factors developed in Australia and those developed  

elsew here are generally good, giving confidence in their use (H olm es, 1993).

Dust em ission factors for the various construction activities are show n in Table 1. These factors 

have been sourced from the Australian and US studies referenced above. It should be noted that the 

em ission  factors represent average conditions whereas the amount o f  dust produced can vary 

significantly according to a number o f  factors such as wind speed, rainfall, surface moisture and 

temperature.

T A B L E  1: D U ST  E M ISSIO N  F A C T O R S FOR C O N ST R U C T IO N  O P E R A T IO N S

O P E R A T IO N E M ISSIO N
FA C TO R

U N IT S SO U R C E

V egetation  C learance  
T opsoil removal (scraper)3 28 .5 kg/hr U SEPA  (1995)
T opsoil removal (dozer) 14 kg/hr SPCC (1983)
Haulage 2 kg/km S P C C 0 9 8 8 )
E xcavation /E arthw orks
D rilling 0 .6 kg/hole U SE PA  (1995)
Blasting6 19.7 kg/blast Axetell &  Cowherd (1981)
Loading 0.025 kg/t SPC C (1988)
Removal (scraper) 28 .5 kg/hr U SE PA  (1995)
Haulage 2 kg/km SPC C (1988)
Dum ping 0 .012 kg/t SPC C (1988)
Spreading (dozer) 4 .3 kg/hr SPC C (1988)
Grading 6 kg/hr U SE P A (1995)
E xposed A reas 
Wind Erosion 0 .4 kg/ha/hr SPCC (1983)

a. A verage speed o f  travel assumed to be 5 km/hr.

b. Average area o f  blast assumed to be 2000  m“.
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4 .0  SO U R C E S O F  D U ST  EM ISSIO N

4.1 T opsoil Stripping

The proposed sites would be cleared o f  vegetation to allow  subsequent airport developm ent. The 

major source o f  dust em ission during the clearing operations would be the topsoil stripping phase, 

which will involve removal o f  soil by bulldozers/scrapers and transport o f  soil to storage stockpiles.

Dust em issions for both the Badgery’s Creek and H olsworthy sites w ere estimated on the 

assumption that topsoil stripping would involve the use o f  2 dozers and 2 scrapers for a typical 10 

hour day shift. Applying the relevant em ission factors as shown in Table 1, this level o f  activity 

results in a daily em ission o f  approximately 850 kg. Haul trucks transporting topsoil and other 

material on unsealed roads are assumed to travel a combined distance o f  100 km per day, resulting 

in the daily em ission o f a further 200 kg o f  dust.

4 .2  E xcavation /B ulk  Earthw orks

Excavation and earthworks would be required at the proposed airport sites to produce the graded 

areas suitable for construction and create trenches for various services and conduits. The 

equipment used for these operations would include bulldozers, scrapers, excavators, graders and 

haul trucks.

There would be significant differences in the magnitude o f  earthworks required at the respective 

sites. D evelopm ent o f  the Holsworthy sites would involve drilling and blasting o f  the underlying 

sandstone formation and w ill require more extensive earthworks than Badgery’s Creek due to the 

com plex topography o f  the Holsworthy plateau. In addition, it would be necessary to create large 

borrow areas on the Holsworthy sites to supply the amount o f  fill material required.

Expected volum es o f  earthworks for each o f  the proposed airport sites are show n in Tables 2 and 3. 

The construction equipment inventories for the earthworks phase o f  construction appear in Tables 4  

and 5.
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T A B L E  2: V O L U M E  A N D  D U R A T IO N  O F  E A R T H W O R K S AT B A D G E R Y ’S C R E EK 8

O ption A O ption B O ption C

Stage 1 M aster

Plan

Stage 1 M aster

Plan

Stage 1 M aster

Plan

Cut (106 m3) 11 24 26 35 .5 13 26.5
Fill (106 m3) 13.5 27 7 36 15 29
Spread/Stockpile (106 m3) 1.9 - 19 - - -

Borrow Pit (106 m3) 2 .5 3 - 0 .5 2 2.5
Excavation rateb (103m3/day) 20 30 45 41 20 30
Years 1.5 2 .2 2 .2 2 .8 1.5 2.3

a. Reproduced from Airplan (1997)

b. Based on a 20  hour work day.

T A B L E  3: V O L U M E  A N D  D U R A T IO N  O F  E A R T H W O R K S  

AT H O L SW O R T H Y  (10* m ¥

O ption A O ption  B

Stage 1 M aster Plan S tage  1 M aster P lan

Cut (106 m3) 30 102.5 110 170
Fill (106 m3) 115 205 95 180.5
Spread/Stockpile (106 m3) - - 15 -

Borrow Pit (106 m3) 85 102.5 - 10
Excavation rateb(103m3/day) 110 110 110 96
Years 3 .5 6 .5 3 .8 6 .5

a. Reproduced from Airplan (1997)

b. Based on a 20  hour work day.
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T A B L E  4: C O N ST R U C T IO N  E Q U IP M E N T  IN V E N T O R Y  (E A R T H W O R K S)

FO R  B A D G E R Y ’S C R EEK

E quipm ent

O ption A O ption B O ption  C

Stage 1 M aster

P lan

Stage 1 M aster

P lan

Stage 1 M aster

Plan

Scrapers 8 10 10 12 8 10
Bulldozers 2 2 2 2 2 2
14 m3 Haul Trucks 8 10 12 14 8 10
Excavators 1 1 1 1 1 1
Loaders 1 1 1 1 1 1
Graders 1 1 1 1 1 1

a. Reproduced from Airplan (1997)

T A B L E  5: C O N ST R U C T IO N  E Q U IPM E N T  IN V E N T O R Y  (E A R T H W O R K S)

FO R  H O L SW O R T H Y

E quipm ent

O ption A O ption B

Stage 1 M aster Plan Stage 1 M aster P lan

25m 3 Haul Trucks 14 24 14 20
Dragline 2 3 2 3
Loaders 1 1 1 1

a. Reproduced from Airplan (1997)

To estimate the average daily em issions during the excavation/earthworks phase o f  construction, it 

was assumed that the entire equipment plant as specified in Tables 4  and 5 would be operating on 

the site during a worst case 20 hour working day. Detailed assum ptions relating to the em issions 

calculations w ere based on information contained in the draft construction report (Airplan, 1997) and 

are as fo llow s :

• drilling operations (Holsworthy only) would be undertaken 24  hours per day with 600  holes 

being drilled each day.

blasting (Holsworthy only) would occur at dawn and/or dusk, with eight separate blast 

events required at 4 locations. Each blast will cover an area o f  approximately 2000  m2.
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• loading/dum ping em issions w ere calculated on the expected daily excavation rates for the 

proposed sites as shown in Tables 4 and 5;

• scrapers (Badgery’s Creek only) would be the single largest source o f  dust em issions and for 

this reason, control measures such as wetting o f  work surfaces would be most intense for 

these units. A control efficiency o f  50% is assumed.

•  trucks transporting fill material over the site were assumed to cover a haul distance o f  1 km 

(round trip) 5 times per hour.

Estimates o f  daily dust em issions from earthworks operations at Badgery’s Creek and Holsworthy  

are shown in Tables 6 and 7.

T A B L E  6: D A IL Y  D U ST  EM ISSIO N S (kt»l FR O M  E A R T H W O R K S O P E R A T IO N S

AT B A D G E R Y ’S C R EEK

O ption A O ption B O ption  C
S tage 1 M aster Plan Stage 1 M aster Plan S tage 1 M aster Plan

Scrapers 2 ,280 2 ,8 5 0 2 ,280 3 ,420 2 ,2 8 0 2 ,8 5 0
Bulldozers 172 172 172 172 172 172
Haulage 1,600 2 ,000 1,600 2 ,800 1,600 2 ,0 0 0
Loading 750 1,125 750 1,538 750 1,125
Dumping 360 540 360 738 360 540
Graders 120 120 120 120 120 120

ITOTAL 5.282 6 ,807 5 .282 8.788 5 ,2 8 2 6 ,8 0 7

T A B L E  7: D A IL Y  D U ST  EM ISSIO N S fkgl FR O M  E A R T H W O R K S O P E R A T IO N S

AT B A D G E R Y ’S C R EEK

O ption A O ption  B
Stage 1 M aster P lan Stage 1 M aster P lan

Haulage 2800 4800 2800 4000
Dragline 618 618 618 618
Loading 3726 3726 3726 3201
Dumping 1788 1788 1788 1536
D rilling 360 360 360 360
Blasting 157 157 157 157
TO TAL 9450 11450 9450 9873
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4 .3  W ind Erosion

Dust would be generated from the action o f  wind on exposed earth. It has been assumed that the 

area left bare at any tim e during airport developm ent w ill be approximately 100 hectares. U sing the 

recommended em ission factor o f  0 .4  kg/ha/hr (Table 1), an area o f  this size subject to wind erosion 

would generate 960 kg per day. This should be regarded as a conservative estimate given that dust 

reduction strategies would be utilised on the sites, including regular wetting o f  cut surfaces with 

water or biodegradable wetting agents.

4 .4  C oncrete B atching and Transportation

Large volum es o f  concrete would be used for structures and pavements during the development o f  

SSA . Concrete batches would be prepared in batching plants located on the proposed sites. It is 

anticipated that the total volum e o f  concrete required for building and pavement construction at the 

Badgery’s Creek and Holsworthy sites to Stage 1 configuration would be in the order o f  

850 ,000m 3. More than double these quantities would be required for developm ent up to the Master 
Plan configuration (Airplan, 1997).

Sources o f  dust em ission associated with concrete preparation include transfer o f  raw materials 

(cem ent, sand and aggregate), truck loading, mixer loading, veh icle traffic and erosion o f  sand and 

aggregate piles (U SE PA , 1995). The m ovem ent o f  trucks over unpaved surfaces could be the major 

em ission source without control measures such as wetting o f  the road surface.

Em ission factors published by the USEPA (1995) w ere adopted in this study and are shown in 

Table 8. Note that cem ent unloading to the storage silo  is assumed to be via an uncontrolled 

pneumatic conveyor.

T A B L E  8: E M ISSIO N  FA C T O R S FO R  C O N C R E T E  B A T C H IN G  P R O C E SSE S

E m issions Source E m ission  F actor unit

Sand/A gg transfer 0 .0 1 4 kg/t
Cement unloading (pneumatic) 0 .1 3 kg/t
W eigh hopper loading 0.01 kg/t
Mixer loading 0 .0 2 kg/t
Truck mix loading 0.01 kg/t
Truck haulage (unpaved) 2a kg/km
Wind erosion (storage piles) 3 .9 kg/ha/day
a. SPCC (1988).
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E m issions from concrete preparation and transporting were estimated according to the follow ing  

assum ptions :

• density o f  concrete =  2 ,373  kg/m 3;

• equal volum e o f  concrete used for each year o f  airport developm ent;

• concrete formulation com prising 12.5% cem ent, 31% sand, 47.5%  aggregate and 9% water;

• storage piles covering an area o f  1 ha;

•  truck loading capacity o f  6m 3 and round trip haul distance o f  I km; and

• volum e o f  concrete required for the master plan configuration would be 2 .5  tim es that 

required for stage 1 construction.

Estimates o f  dust em issions from concrete for Stage 1 and Master Plan construction are presented in 
Tables 9 and 10.

T A B L E  9: D U ST  E M ISSIO N S FR O M  C O N C R E T E  

P R E P A R A T IO N /T R A N S P O R T A T IO N  AT B A D G E R Y ’S C R E E K

O peration
O ption A O ption  B O ption C

Stage 1 M aster
Plan

Stage 1 M aster
Plan

Stage 1 M aster
Plan

Sand/A gg transfer 13.50 2 3 .3 6 12.15 2 3 .3 6 13.50 25.31
Cement unloading - pneumatic 19 96 34 .54 17.96 3 4 .5 4 19.96 37.42
W eigh Hopper load 11.18 19.34 10.06 19.34 11.18 20 .95
mixer load 12.28 2 1 .2 5 11.05 2 1 .2 5 12.28 23 .03
truck mix load 6 .14 10.63 5 .53 10.63 6 .1 4 11.51
truck haulage 172.50 298 .5 6 155.25 2 9 8 .5 6 172.50 32 3 .4 4
wind erosion 3 .90 3 .9 0 3 .90 3 .9 0 3 .9 0 3 .90
TO TAL 239 .45 411 .58 215 .89 4 1 1 .5 8 239 .4 5 445 .55

T A B LE 10: D U ST  E M ISSIO N S fk g/d avl FR O M  C O N C R E T E  

P R E P A R A T IO N /T R A N SP O R T A T IO N  A T  H O L SW O R T H Y

O ption A O ption B
Stage 1 M aster Plan S tage 1 M aster P lan

Sand/A gg transfer 10.12 16.87 9 .3 4 15.18
Cement unloading - pneumatic 14.97 2 4 .9 4 13.82 22 .45
W eigh Hopper load 8.38 13.97 7 .7 4 12.57
mixer load 9.21 15.35 8 .50 13.82
truck mix load 4.61 7 .68 4 .2 5 6.91
truck haulage 129.38 215 .63 119.42 194.06
wind erosion 3 .90 3 .9 0 3 .9 0 3 .90
TO TAL 180.56 2 9 8 .3 4 166.97 268 .89



Coffey Partners International Pty Ltd

E 2 0 5 7 / 1 - C T  

1 9  M a y ,  1 9 9 7 -9 ,

5 . 0  C O N S T R U C T I O N  E M I S S I O N S  S U M M A R Y

A  s u m m a r y  o f  d a i ly  e m is s io n s  fo r  e a c h  o f  th e  s c e n a r io s  a n d  s i t e s  c o n s id e r e d  a r e  p r e s e n te d  in  T a b le s  

11 a n d  12.

T A B L E  1 1 : D U S T  E M I S S I O N S  ( k g /d a v )  F R O M  A L L  E A R T H W O R K S  

O P E R A T I O N S  A T  B A D G E R Y ’S  C R E E K

E m is s io n  S o u r c e

O p t i o n  A O p t i o n  B O p t io n  C

S t a g e  1 M a s t e r

P la n

S t a g e  1 M a s t e r

P la n

S t a g e  1 M a s t e r

P la n

T o p s o i l  S tr ip p in g 1 .9 0 0 1 ,9 0 0 1 ,9 0 0 1 ,9 0 0 1 .9 0 0 1 ,9 0 0
E x c a v a t io n /e a r t h w o r k s 5 .2 8 2 6 ,8 0 7 5 ,2 8 2 8 ,7 8 8 5 .2 8 2 6 ,8 0 7
W in d  E r o s io n 9 5 7 9 5 7 9 5 7 9 5 7 9 5 7 9 5 7
C o n c r e te  B a tc h in g 2 3 9 4 1 2 2 1 6 4 1 2 2 3 9 4 4 6
T O T A L 8 .3 7 9 1 0 .0 7 6 8 .3 5 5 1 2 ,0 5 6 8 ,3 7 9 10,110

T A B L E  1 2 :  D U S T  E M I S S I O N S  ( k g /d a v )  F R O M  A L L  E A R T H W O R K S  

O P E R A T I O N S  A T  H O L S W O R T H Y

E m is s io n  S o u r c e

O p t io n  A O p t io n  B

S t a g e  1 M a s t e r  P la n S t a g e  1 M a s t e r  P la n

T o p s o i l  S tr ip p in g 1 ,9 0 0 1 ,9 0 0 1 ,9 0 0 1 .9 0 0

E x c a v a t io n /e a r t h w o r k s 9 , 4 5 0 1 1 ,4 5 0 9 , 4 5 0 9 ,8 7 3
W in d  E r o s io n 9 5 7 9 5 7 9 5 7 9 5 7
C o n c r e t e  B a tc h in g 181 2 9 8 1 6 7 2 6 9

I T O T A L 12,488 14,605 12,474 12,999

6 . 0  D I S P E R S I O N  M O D E L L I N G  O F  P A R T I C U L A T E  M A T T E R  E M I S S I O N S

T h e  F u g i t iv e  D u s t  M o d e l ( U S E P A ,  1 9 9 2 )  w a s  u s e d  fo r  th e  d is p e r s io n  m o d e l l in g  o f  d u s t  e m is s io n s  

a s s o c ia t e d  w ith  th e  c o n s tr u c t io n  o f  S S A  fo r  th e  v a r io u s  s c e n a r io s .  F D M  is  an  a ir  q u a lity  m o d e l  

d e s ig n e d  fo r  c o m p u t in g  c o n c e n tr a t io n  a n d  d e p o s it io n  im p a c ts  f r o m  f u g i t iv e  d u s t  s o u r c e s .  T h e  

m o d e l is  b a se d  o n  th e  G u a s s ia n  p lu m e  f o r m u la t io n  w ith  g r a d ie n t  t r a n s fe r  d e p o s i t io n  a lg o r ith m .

6 .1  M e t e o r o l o g ic a l  D a t a

W in d  s p e e d  an d  d ir e c t io n  m o n ito r in g  r e c o r d s  g a th e r e d  b e t w e e n  M a r c h  1 9 9 0  a n d  A p r il  1 9 9 2  at a 

M a c q u a r ie  U n iv e r s i t y  m o n ito r in g  s ta t io n  n ea r  B a d g e r y ’s  C r e e k  w e r e  c o m p ile d  fo r  d is p e r s io n  

m o d e l l in g  o f  p a r t ic u la te  m a tte r  e m it te d  f r o m  th e  B a d g e r y ’s  C r e e k  a ir p o r t  s i t e s .  D a ta  fr o m  th e
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L u c a s  H e ig h t s  m o n it o r in g  s ta t io n  ( 1 0  m e tr e  m a st)  g a th e r e d  b e t w e e n  J a n u a r y  1 9 9 4  an d  D e c e m b e r  

1 9 9 5  w e r e  u se d  to r  th e  p r o p o s e d  a ir p o r t  s i t e s  at H o ls w o r t h y .  P r o c e s s in g  o f  m e t e o r o lo g ic a l  d a ta  

c a r r ie d  o u t  in  p r e p a r a t io n  fo r  d is p e r s io n  m o d e l l in g  w a s  a s f o r  lo c a l  s c a l e  m o d e l l in g  o f  o p e r a t io n a l  

im p a c ts  an d  is  d is c u s s e d  in  th e  A ir  Q u a lity  W o r k in g  P a p e r  f o r  th e  S y d n e y  S e c o n d  A ir p o r t  D r a ft  

E I S .

6 . 2  M o d e l l i n g  A s s u m p t i o n s

F o r  t h e  p u r p o s e s  o f  m o d e l l in g ,  c o n s t r u c t io n  e m is s io n  s o u r c e s  c o m p r is in g  t o p s o i l  s t r ip p in g ,  

e a r th w o r k s  an d  w in d  e r o s io n  w e r e  r e p r e s e n te d  a s an  a rea  s o u r c e  in  th e  c e n t r e  o f  th e  a ir p o r t  s i t e  

c o v e r in g  an  a rea  o f  2 s q u a r e  k ilo m e tr e s .

C o n c r e t e  b a tc h in g  p la n t  e m is s io n s  w e r e  a s s u m e d  to  b e  w it h in  th e  v ic in i t y  o f  th e  c o n tr a c to r s  

c o m p o u n d  a s s p e c i f i e d  o n  p la n s  s u p p lie d  b y  A ir p la n  w ith  s p a c e  a l lo w a n c e  fo r  tr u c k  h a u la g e  

e m is s io n s .  L o c a t io n  o f  b o r r o w  a re a s  fo r  t h e  B a d g e r y ’s  C r e e k  a n d  H o ls w o r t h y  s i t e s  w e r e  b a se d  o n  

m a p s  s u p p lie d  b y  A ir p la n  ( 1 9 9 7 ) .  E m is s io n s  fr o m  b o r r o w  a r e a s  a r e  b a s e d  o n  th e  p r o p o r t io n  o f  

b o r r o w  v o lu m e s  c o m p a r e d  to  to ta l e a r th w o r k s  v o lu m e s .

M o s t  o f  th e  v e g e t a t io n / t o p s o i l  s t r ip p in g  a n d  o v e r b u r d e n  r e m o v a l w o r k  w o u ld  o c c u r  b e t w e e n  7 a m  

a n d  5 p m  fr o m  M o n d a y  to  S a tu r d a y . W o r k  m a y  a ls o  b e  u n d e r ta k e n  o n  S u n d a y  d e p e n d in g  o n  th e  

c o n s t r u c t io n  s c h e d u le  o r  o th e r  fa c to r s .  W o r s t  c a s e  c o n d it io n s  w o u ld  i n v o lv e  a 2 0  h o u r  w o r k  d a y  

( d o u b le  s h if t )  6 d a y s  p e r  w e e k .  T h is  w a s  a p p r o x im a te d  in  t h e  d is p e r s io n  m o d e l l in g  b y  

c o n s e r v a t iv e ly  a s s u m in g  a  2 4 - h o u r  o p e r a t io n .  S im i la r ly ,  o p e r a t io n s  in v o lv in g  th e  p o u r in g  o f  

c o n c r e t e  c o u ld  o c c u r  2 4  h o u r s  p er  d a y .

T h e  a s s u m p t io n s  c o n c e r n in g  k e y  m o d e l l in g  p a r a m e te r s  a r e  a s  f o l l o w s  :

•  te r r a in  e f f e c t s  h a v e  b e e n  ig n o r e d  fo r  th e  p r o p o s e d  a ir p o r t  s i t e s  a s  F D M  d o e s  n o t  s im u la te  

r o u g h  te r r a in . F o r  b o th  B a d g e r y ’s  C r e e k  an d  H o ls w o r t h y ,  h o w e v e r ,  th e  a ir p o r t  s i t e s  a re  

e le v a te d  in  c o m p a r is o n  to  s u r r o u n d in g  a r e a s  s o  th at it is  c o n s id e r e d  c o n s e r v a t iv e  to  a s s u m e  

f la t  ter ra in  in  th e  d is p e r s io n  m o d e l l in g .  B a d g e r y ’s  C r e e k  h a s  a r e d u c e d  le v e l  o f  

a p p r o x im a t e ly  9 0 m  A H D  c o m p a r e d  w ith  a  le v e l  o f  a b o u t  4 0 m  A H D  f o r  th e  s u r r o u n d in g  

te r r a in . T h e  d i f f e r e n c e  is  m o r e  m a r k e d  fo r  th e  H o ls w o r t h y  s i t e s  w ith  a ir p o r t  s i t e  at 1 5 0 m  to  

1 9 0 m  A H D  a n d  s u r r o u n d in g  ter ra in  b e in g  at a b o u t  5 0 m  A H D ;

•  th e  la n d u s e  c a t e g o r y  fo r  a ll s i t e s  w a s  d e s c r ib e d  b y  a  s u r f a c e  r o u g h n e s s  h e ig h t  o f  0 .6  m e tr e s ;  

an d
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•  th r e e  p a r t ic le  s i z e  c la s s e s  w e r e  a d o p te d  to  r e p r e s e n t  f in e ,  in h a la b le  a n d  c o a r s e  p a r t ic u la te  

m a tte r  f r a c t io n s .  T h e  m ea n  d ia m e te r s  fo r  t h e s e  fr a c t io n s  w e r e  g iv e n  v a lu e s  o f  1 .0 ,  6 .1  and

2 1 .1  m ic r o n s  a s  a d o p te d  b y  S P C C  ( 1 9 8 8 ) .

6 .3  R e s u l t s

G r o u n d  le v e l  p a r t ic u la te  m a tter  c o n c e n tr a t io n s  an d  d e p o s i t io n  r a te s  w e r e  c o m p u te d  fo r  th e  M a s te r  

P la n  c o n s t r u c t io n  s c e n a r io  o n ly .  G iv e n  th e  r e la t iv e ly  sm a ll d i f f e r e n c e  in  to ta l d u s t  e m is s io n s  fo r  th e  

S ta g e  1 a n d  M a s te r  P la n  in v e n to r ie s ,  th e  M a s te r  P la n  r e s u lt s  a r e  c o n s id e r e d  to  g i v e  a  r e a s o n a b le  

in d ic a t io n  o f  S ta g e  1 c o n s t r u c t io n  im p a c ts .  R e s u lt s  a r e  p r e s e n te d  a s d a i ly  m a x im a  (d u st  

c o n c e n t r a t io n )  an d  lo n g  te r m  a v e r a g e s  (d u s t  d e p o s i t io n )  to  e n a b le  c o m p a r is o n s  to  b e  m a d e  w ith  th e  

r e le v a n t  a ir  q u a li ty  c r ite r ia  a d o p te d  b y  E P A N S W  an d  o th e r  a u th o r it ie s .

T h e  d is p e r s io n  m o d e l l in g  o f  P M  e m is s io n s  u s in g  F D M  y ie ld s  r e s u lt s  in  t e r m s  o f  T o ta l S u s p e n d e d  

P a r t ic u la te s  ( T S P )  w h ic h  r e fe r s  to  d u s t  p a r t ic le s  o f  s i z e  r a n g in g  f r o m  z e r o  to  a p p r o x im a t e ly  3 0  

m ic r o n s .  T o  c o m p a r e  th e  le v e l s  o f  s m a lle r  s i z e  fr a c t io n s  s u c h  a s  P M 10 w ith  th e  r e c o m m e n d e d  

l im it s ,  th e  p r o p o r t io n  o f  s u c h  fr a c t io n s  in  T S P  m u s t  b e  c o n s id e r e d .  T h is  a n a ly s is  s u g g e s t s  that 

P M 10 a c c o u n t s  fo r  b e t w e e n  5 0  a n d  6 0 %  o f  T S P . S u c h  fa c to r s  w e r e  a p p lie d  to  t h e  T S P  r e s u lts  to  

d e r iv e  e s t im a t e s  o f  P M 10.

T h e  lo c a t io n  o f  th e  e a r th w o r k s  e m is s io n  s o u r c e s  w ith in  th e  a ir p o r t  s i t e s  a n d  in  b o r r o w  a r e a s  w il l  

v a r y  o v e r  th e  d u r a tio n  o f  th e  c o n s tr u c t io n  p h a s e .  T h is  v a r ia t io n  in  s o u r c e  lo c a t io n  w a s  s im u la te d  

b y  s u p e r im p o s in g  a n d  m o v in g  th e  c o n to u r s  o f  p a r t ic u la te  m a tte r  im p a c ts  o v e r  p la n s  o f  th e  a irp o r t  

s i t e s .  T h e  u s e  o f  th is  m e th o d  m e a n s  th a t th e  lo n g  ter m  a v e r a g e  d u s t  c o n c e n t r a t io n  c o u ld  n o t  b e  

r e l ia b ly  e s t im a te d .

D is p e r s io n  m o d e l l in g  r e s u lt s  fo r  d u s t  c o n c e n tr a t io n  an d  d e p o s it io n  a r e  p r e s e n te d  in  F ig u r e s  1 an d  2 .

6 .4  D i s c u s s i o n

T h e  r e c o m m e n d e d  m a x im u m  c o n c e n tr a t io n  o f  T o ta l S u s p e n d e d  P a r t ic u la te  ( T S P )  in  r e s id e n t ia l  a re a s  

is  9 0  a  p g / m 3 a n n u a l a v e r a g e .  A d d it io n a l c r ite r ia  f o r  p a r t ic le s  s m a lle r  th a n  1 0  m ic r o n s  ( P M 10) are  

c u r r e n t ly  5 0  p g /m 3 (a n n u a l a v e r a g e )  an d  1 5 0  p g /m 3 ( 2 4  h o u r  a v e r a g e ) .

T h e  c r it e r ia  fo r  a tm o s p h e r ic  p a r t ic u la te  m a tte r  c o n c e n tr a t io n  in  th e  U . S .  is  c u r r e n t ly  u n d e r  r e v ie w ,  

w ith  m u c h  s tr ic te r  s ta n d a r d s  p la n n e d  fo r  f in e  p a r t ic u la te  m a tter  u p  t o  2 . 5  p g  in  d ia m e te r  (P M 2.5). 

T h e  p r o p o s e d  s ta n d a r d s  c o m p r is e  an  a n n u a l P M 15 s ta n d a rd  s e t  a t 15  p g / m 3 a n d  a  2 4 - h o u r  P M 2 s 

s ta n d a r d  s e t  at 5 0  p g / m \  It s h o u ld  b e  n o te d , h o w e v e r ,  th a t th e  f r a c t io n  o f  f in e  p a r t ic u la te  in  d u st  

e m is s io n s  fr o m  c o n s t r u c t io n  o p e r a t io n s  is  g e n e r a l ly  l e s s  th a n  10% .
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D e p o s i t io n  s ta n d a r d s  fo r  p a r t ic u la te  m a tter  v a r y  a c c o r d in g  to  th e  e x i s t in g  d e p o s i t io n  l e v e l s  in  th e  

a re a  o f  c o n c e r n .  T h e  s ta n d a r d s  a r e  e x p r e s s e d  in  te r m s  o f  th e  m a x im u m  a c c e p t a b le  in c r e a s e  in  

d e p o s i t io n  ra te  an d  r a n g e  fr o m  0  to  2 g /m 2/m o n th .

A  s u m m a r y  o f  th e  a ir  q u a li ty  g u id e l in e s  r e la t in g  to  t h e  c o n c e n t r a t io n  a n d  d e p o s i t io n  o f  p a r t ic u la te  

m a tte r  is  s h o w n  in  T a b le  1 3 .

T A B L E  13

A I R  Q U A L I T Y  C R I T E R I A  F O R  P A R T I C U L A T E  M A T T E R  ( P M )

P M  F R A C T I O N C R I T E R I A A G E N C Y

T o ta l  S u s p e n d e d  P a r t ic u la te  ( T S P ) 9 0  p g / m ‘ (a n n u a l m a x im u m ) N H M R C

P M 10 ( <  1 0  u m ) 5 0  p g /m 3 (a n n u a l a v e r a g e ) U S E P A

P M 10 ( <  1 0  u m ) 1 5 0  p g / m 3 ( 2 4  h o u r  a v e r a g e ) U S E P A

P M 2.5 ( <  2 . 5  u m )  -  u n d e r  r e v ie w 15 p p h m  (a n n u a l a v e r a g e ) U S E P A

P M 2 5 ( <  2 . 5  u m )  -  u n d e r  r e v ie w 5 0  p p h m  ( 2 4  h o u r  a v e r a g e ) U S E P A

T h e  sh a d e d  a r e a s  o n  F ig u r e s  1 a n d  2  in d ic a te  w h e r e  th e r e  is  p o te n t ia l  fo r  b r e a c h e s  o f  th e  

c o n c e n t r a t io n  an d  d e p o s it io n  g o a ls .  F o r  th e  p u r p o s e s  o f  t h is  a n a ly s is  it w a s  a s s u m e d  th a t a  d a ily  

a v e r a g e  m a x im u m  c o n c e n tr a t io n  o f  m o r e  th a n  1 0 0  p g /m 3 P M ,0 c o n s t itu te d  a  b r e a c h  o f  th e  

r e c o m m e n d e d  l im it  o f  1 5 0  p g /m 3, w h ic h  a l lo w s  f o r  a  b a c k g r o u n d  P M |0 l e v e l  o f  5 0  p g / m 3. F o r  

d e p o s i t io n ,  a  b r e a c h  is  c o n s id e r e d  to  o c c u r  w h e r e  t h e  lo n g  te r m  a v e r a g e  d e p o s i t io n  r a te  e x c e e d s  2 
g /m " /m o n th .

A s  n o  a d v ic e  w a s  r e c e iv e d  r e g a r d in g  th e  l ik e ly  a r e a  u n d e r  c o n s t r u c t io n  at a n y  o n e  t im e ,  an  a r e a  o f  1 

s q u a r e  k i lo m e t r e  r e p r e s e n t in g  e m is s io n s  f r o m  t o p s o i l  r e m o v a l a n d  e a r t h w o r k s  w a s  u s e d  in  th e  

d is p e r s io n  m o d e l l in g .  C o n to u r s  d e r iv e d  fr o m  th is  r e p r e s e n ta t io n  w e r e  s u p e r im p o s e d  o n  a ir p o r t  s i t e  

m a p s  at v a r io u s  lo c a t io n s  a ro u n d  th e  a ir p o r t  s i t e  to  a s c e r ta in  at w h ic h  lo c a t io n s  t h e  c o n s t r u c t io n  

o p e r a t io n s  w o u ld  h a v e  s ig n if ic a n t  im p a c t  o n  s u r r o u n d in g  a r e a s . It w a s  a s s u m e d  th a t t h e  m a jo r  

c o n s t r u c t io n  a c t iv i t ie s  e x te n d e d  to  th e  e d g e s  o f  r u n w a y s  an d  to  t h e  l im it s  o f  a r e a s  d e s ig n a t e d  fo r  

c le a r in g  a s in d ic a te d  o n  A ir p la n  s i t e  m a p s .

T h e  d is p e r s io n  m o d e l l in g  r e s u lt s  fo r  2 4  h o u r  m a x im u m  P M 10 c o n c e n t r a t io n s  in d ic a te  th a t th e r e  is  

p o te n t ia l fo r  s ig n i f ic a n t  a ir  q u a li ty  im p a c ts  at th e  B a d g e r y s  C r e e k  an d  H o ls w o r t h y  s i t e s  ( F ig u r e  1 ). 

T h e  p o te n t ia l  im p a c t  is  g r e a te r  at th e  B a d g e r y s  C r e e k  s i t e s  g iv e n  th e  p r o x im it y  o f  r e s id e n t ia l  a re a s



Coffey Partners International Pty Ltd

E 2 0 5 7 / 1 - C T  

19 M a y .  1 9 9 7 n

a n d  th e  fa c t  th a t  c e r ta in  a r e a s  o f  th e  H o ls w o r t h y  R a n g e  p r o v id e s  a  b u f fe r  z o n e  fo r  t h e  H o ls w o r t h y  

a ir p o r t  o p t io n s .

F ig u r e  1 s h o w s  th e  la r g e s t  2 4  h o u r  d u s t  c o n c e n tr a t io n  im p a c ts  at B a d g e r y s  C r e e k  O p t io n s  A  an d  B  

to  b e  to w a r d s  t h e  n orth  w e s t  an d  n o rth  e a s t  o f  th e  r e s p e c t iv e  s i t e s .  In  t h e s e  a r e a s  th e  1 0 0  p g /m 3 

c o n t o u r  e x t e n d s  u p  to  4  k m  fr o m  th e  a ir p o r t  b o u n d a r ie s .  B a d g e r y s  C r e e k  o p t io n  B  h ad  t h e  la r g e s t  

to ta l d u s t  e m is s io n  a s s h o w n  in  T a b le  11 w h ic h  is  r e f le c te d  in  th e  d u s t  c o n c e n t r a t io n  r e s u lt s  w ith  th e  

1 0 0  p g / m 3 c o n t o u r  e x te n d in g  5  k m  p a s t  th e  a ir p o r t  b o u n d a r y  to  th e  n o r th  e a s t .

T h e  2 4  h o u r  d u s t  c o n c e n tr a t io n s  fo r  H o ls w o r t h y  O p tio n  A  in d ic a te  th a t  th e  H o ls w o r t h y  R a n g e  

g e n e r a l ly  h a s  th e  e f f e c t  o f  b u f fe r in g  th e  p o te n t ia l  im p a c ts  o n  a r e a s  to  t h e  n o r th  an d  w e s t  o f  th e  s it e .  

S ig n i f ic a n t  im p a c ts  a r e  s h o w n  to  o c c u r  4  to  5  k m  fr o m  t h e  s i t e  b o u n d a r y  o n  th e  e a s te r n  an d  

s o u th e r n  s id e s  o f  t h e  s it e .  T h e  r e s u lts  fo r  H o ls w o r t h y  O p tio n  B  s h o w  th a t  la r g e  d u s t  im p a c ts  c o u ld  

o c c u r  to  th e  e a s t  an d  a ro u n d  t h e  s o u th e r n  h a l f  o f  th e  s i t e .  Im p a c ts  to  t h e  n o r th  a r e  s h o w n  to  o c c u r  

w it h in  th e  H o ls w o r t h y  r a n g e  w ith  l im ite d  p o te n t ia l  f o r  e x c e e d e n c e  to  t h e  n o r th  w e s t .

T h e  r e s u lt s  fo r  lo n g  ter m  a v e r a g e  d u s t  d e p o s i t io n  at t h e  a ir p o r t  s i t e s  a r e  s h o w n  in  F ig u r e  2 .  T h e y  

in d ic a te  th a t  b r e a c h e s  o f  th e  2 g / m 2/m o n th  d e p o s i t io n  lim it  w i l l  o c c u r  a lth o u g h  s u c h  b r e a c h e s  w il l  

b e  s m a ll  in  c o m p a r is o n  to  t h e  d a i ly  r e s u l t s .  G e n e r a l ly ,  im p a c ts  c o u ld  b e  e x p e c t e d  to  o c c u r  u p  to  1 

k m  fr o m  th e  r e s p e c t iv e  a ir p o r t  b o u n d a r ie s .  T h e  r e s u lt s  fo r  th e  H o ls w o r t h y  o p t io n s  in d ic a t e  th a t th e  

H o ls w o r t h y  R a n g e  w il l  b u f fe r  t h e  d e p o s i t io n  im p a c ts  t o  s o m e  e x t e n t .

T h e  c o n s e r v a t iv e  n a tu re  o f  t h e s e  e s t im a t e s  s h o u ld  b e  n o te d . In  p a r t ic u la r ,  t h e  u s e  o f  2 4  h o u r ly  

m a x im u m  c o n c e n tr a t io n s  s h o w  th e  w o r s t  o u t c o m e s  p o s s ib le  an d  d o  n o t  in d ic a te  a v e r a g e  d a i ly  

c o n d it io n s .  A l s o ,  th e  m e th o d  a d o p te d  to  m o d e l th e  m o v e m e n t  o f  th e  d u s t  e m is s io n s  s o u r c e s  o v e r  

th e  a ir p o r t  s i t e s  a s s u m e s  th at c o n s t r u c t io n  o p e r a t io n s  o c c u r r in g  n ea r  th e  b o u n d a r ie s  o f  t h e  s i t e s  w il l  

c o in c id e  w ith  th e  w o r s t - c a s e  m e t e o r o lo g ic a l  c o n d i t io n s ,  w h ic h  w il l  n o t  n e c e s s a r i ly  b e  t h e  c a s e .  In  

a d d it io n ,  e f f e c t s  s u c h  a s r e te n t io n  o f  d u s t  fo r  e x c a v a t io n  u n d e r ta k e n  in  p it s  b e lo w  g r o u n d  le v e l  h a v e  

n o t b e e n  m o d e l le d .  F in a l ly ,  t h e  a s s u m p t io n  o f  an  e x i s t in g  d a i ly  a v e r a g e  P M ,0 c o n c e n t r a t io n  o f  5 0  

p g /m 3 m a y  b e  o v e r ly  c o n s e r v a t iv e .

T h e  c o n c e n t r a t io n  an d  d e p o s i t io n  r e s u lt s  a t te s t  to  th e  im p o r ta n c e  o f  a d e q u a te  d u s t  c o n t r o ls  d u r in g  

th e  e a r th w o r k s  p h a s e  o f  a ir p o r t  c o n s t r u c t io n .  U n d e r  a d v e r s e  m e t e o r o lo g ic a l  c o n d i t io n s ,  t h e  u s e  o f  

m o r e  in t e n s iv e  c o n tr o l  m e a s u r e s  m a y  b e  r e q u ir e d  o r  in  e x t r e m e  c a s e s  it m a y  b e  a p p r o p r ia te  to  h a lt  

c o n s t r u c t io n  o p e r a t io n s  w ith  th e  h ig h e s t  p o te n t ia l fo r  d u s t  g e n e r a t io n .  E s t a b l i s h e d  d u s t  m a n a g e m e n t  

p r a c t ic e s  in c lu d e  t h e  f o l lo w in g  :

•  u s e  o f  w a te r  s p r a y s  to  r e d u c e  d u s t  e m is s io n s  d u r in g  e a r th w o r k s ,

•  s e a l in g  a n d  r e v e g e ta t io n  o f  f in is h e d  s u r f a c e s  a s  s o o n  a s  p r a c t ic a b le ;  a n d
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•  m in im is in g  o f  th e  a re a s  w h e r e  e a r th w o r k s  a r e  a c t iv e ly  b e in g  c a r r ie d  o u t .

T h is  a n a ly s is  a s s u m e d  a  s in g le  la r g e  a r e a  s o u r c e  fo r  th e  b u lk  o f  th e  e a r t h w o r k s  a c t iv i t ie s .  Im p a c ts  

w e r e  fo u n d  to  b e  s ig n if ic a n t  in  a r e a s  s u r r o u n d in g  th e  s i t e s ,  p a r t ic u la r ly  to r  2 4  h o u r  P M 10 

c o n c e n t r a t io n s .  A n o th e r  fo r m  o f  d u s t  m a n a g e m e n t  c o u ld  b e  th e  s c h e d u l in g  o f  w o r k  s o  th at s p r e a d s  

w o u ld  n o t  b e  c o n c e n tr a te d  in  o n e  a r e a . S p r e a d s  o p e r a t in g  at d if f e r e n t  a r e a s  o n  th e  s i t e s  w o u ld  h a v e  

th e  e f f e c t  o f  s p r e a d in g  th e  d u s t  b u r d e n  a r o u n d  th e  s i t e  an d  d e c r e a s in g  o v e r a l l  im p a c t .

7.0 CONCLUSION

I n v e n to r ie s  o f  p a r t ic u la te  m a tter  (P M )  e m is s io n s  w e r e  e s ta b lis h e d  fo r  th e  p r o p o s e d  a ir p o r t  s i t e s  at 

B a d g e r y s  C r e e k  an d  H o ls w o r t h y .  E m is s io n  e s t im a t e s  w e r e  b a se d  o n  e a r th w o r k s  v o lu m e s  an d  

r e la te d  in fo r m a t io n  s u p p lie d  b y  A ir p la n  ( 1 9 9 7 )  a n d  e m is s io n  f a c to r s  fo r  th e  v a r io u s  c o n s t r u c t io n  

a c t iv i t ie s  s o u r c e d  f r o m  A u s tr a lia n  an d  U S  w o r k .  T h e  lo c a l  s c a le  im p a c t  o f  t h e s e  P M  e m is s io n s  

w e r e  a s s e s s e d  th r o u g h  th e  u s e  o f  th e  F u g i t iv e  D u s t  M o d e l ( F D M )  G a u s s ia n  d is p e r s io n  s o f t w a r e  

p a c k a g e .

T h e  lo c a l  s c a l e  im p a c t  a n a ly s is  s u g g e s t s  th a t p o te n t ia l  e x i s t s  fo r  s ig n i f i c a n t  a ir  q u a li ty  im p a c ts  d u e  

to  P M  e m is s io n s  o n  a r e a s  s u r r o u n d in g  t h e  a ir p o r t  s i t e s .  In p a r t ic u la r ,  r e s u lt s  f o r  2 4  h o u r  m a x im u m  

c o n c e n t r a t io n s  s h o w  th a t u n a c c e p t a b le  P M k> im p a c ts  ca n  o c c u r  la r g e  d is t a n c e s  fr o m  th e  a ir p o r t  

b o u n d a r ie s .  In g e n e r a l ,  p o te n t ia l im p a c ts  a r e  m o r e  s e v e r e  fo r  th e  B a d g e r y s  C r e e k  a ir p o r t  s i t e s  d u e  

to  th e  b u f fe r in g  e f f e c t  o f  th e  H o ls w o r t h y  R a n g e  o n  P M |0 e m is s io n s  f r o m  t h e  H o ls w o r t h y  a ir p o r t  

s i t e s .

T h e  s tu d y  l im it a t io n s  a r e  a s  f o l l o w s  :

•  Y e a r ly  a v e r a g e  c o n c e n t r a t io n s  w e r e  n o t  c o m p u te d  b y  r e a s o n  o f  th e  m e th o d  u s e d  to  s im u la te  th e  

m o v e m e n t  o f  c o n s t r u c t io n  o p e r a t io n s  a c r o s s  th e  s i t e .  It w o u ld  b e  e x p e c t e d ,  h o w e v e r ,  th a t  

p o te n t ia l w o u ld  e x i s t  fo r  b r e a c h e s  o f  t h e  a p p l ic a b le  lo n g  te r m  c o n c e n t r a t io n  c r ite r ia ;

•  A r e a  s o u r c e s  w e r e  u se d  to  r e p r e s e n t  c o n s t r u c t io n  a c t iv i t ie s  a t t h e  a ir p o r t  s i t e s .  A c tu a l  

e m is s io n s  w i l l  in c lu d e  p o in t ,  l in e  a n d  a re a  s o u r c e s  o f  v a r y in g  s t r e n g th  a n d  d u r a t io n ;  an d

•  T h e r e  is  c o n s id e r a b le  u n c e r ta in ty  in  th e  u s e  o f  e m is s io n  fa c t o r s  p r e s e n te d  a s  t h e y  h a v e  b e e n  

e s ta b lis h e d  fo r  ty p ic a l  c o n d it io n s .

T h e  a n a ly s is  s u g g e s t e d  th at p o te n t ia l  e x i s t s  f o r  s ig n i f ic a n t  im p a c ts  o n  a ir  q u a l i ty  f r o m  c o n s t r u c t io n  

o p e r a t io n s  a s s o c ia t e d  w ith  th e  s e c o n d  a ir p o r t . In a d d it io n  to  in c o r p o r a t in g  s t r in g e n t  d u s t  c o n tr o l  

m e a s u r e s  in to  th e  c o n s tr u c t io n  p la n ,  it is  r e c o m m e n d e d  th a t d u s t  s a m p l in g  e q u ip m e n t  b e  in s ta lle d  a s



Coffey Partners International Pty Ltd

E 2 0 5 7 / 1 - C T

± 9 _ M a y ,  1 9 9 7 ________________________  _  ____ L5

p a rt o f  th e  c o n s t r u c t io n  e f f o r t  to  m o n ito r  th e  a m o u n t  o f  d u s t  g e n e r a te d  an d  ta k e  p r e v e n t a t iv e  a c t io n s

w h e r e  n e c e s s a r y .

7 . 0  R E F E R E N C E S

A ir p la n  ( 1 9 9 7 ) .  C o n s tr u c t io n  P la n  fo r  S e c o n d  S y d n e y  A ir p o r t .

A x t e l l  &  L o w h e a r d  ( 1 9 8 1 ) .  Im p r o v e d  E m is s io n  F a c to r s  fo r  W e s te r n  S u r fa c e  C o a l M in in g  S o u r c e s ,  

V o l 1 -  S a m p lin g  M e t h o d o lo g y  a n d  T e s t  R e s u lt s ,  E P A  C o n tr a c t  N o .  6 8 - 0 3 - 2 9 2 4 .

C o f f e y  P a r tn e r s  In te r n a tio n a l P ty  L td  ( 1 9 9 7 ) .  S y d n e y  S e c o n d  A ir p o r t  E n v ir o n m e n ta l  Im p a ct  

S ta te m e n t  -  A ir  E m is s io n s  I n v e n to r y  W o r k in g  P a p e r . R e p o r t  N o r  E 2 0 5 7 / 1 - A Y .  C o f f e y  

P a r tn e r s  In te r n a tio n a l P ty  L td .

H o m e s ,  N . ( 1 9 8 3 ) .  “ D u s t ”  in  C le a n  A ir ,  V o lu m e  2 7 / 4 .  N o v e m b e r  1 9 9 3 ,  C a p e  S c h a n k  W o r k s h o p  

o n  A ir  P o l lu t io n  P r o b le m s  and M o d e l l in g .

S P C C  ( 1 9 8 8 ) .  A ir  P o l lu t io n  F r o m  S u r fa c e  C o a l M in in g :  V o lu m e  II , E m is s io n  F a c to r s  an d  M o d e l  

R e f in e m e n t .  D a m e s  a n d  M o r e , J o b  N o .  1 0 6 3 6 - 0 0 3 .

S P C C  ( 1 9 8 3 ) .  A ir  P o l lu t io n  F r o m  C o a l M in in g  an d  R e la te d  D e v e lo p m e n t s .  S ta te  P o llu t io n  

C o n tr o l C o m m is s io n .

U S E P A  ( 1 9 9 2 ) .  U s e r ’s  G u id e  to  t h e  F u g i t iv e  D u s t  M o d e l ( F D M )  ( r e v i s e d ) . ,  V o l  1: U s e r ’s

I n s tr u c t io n s ,  E P A - 9 1 0 /9 - 8 8 - 2 0 2 R .

U S E P A  ( 1 9 9 5 ) .  C o m p ila t io n  o f  A ir  P o llu ta n t  E m is s io n  F a c t o r s ,  V o l  1 , S ta t io n a r y  P o in t  an d  A r e a  

S o u r c e s ,  F if th  E d it io n ,  R e se a r c h  T r ia n g le  P a r k , N o r th  C a r o l in a ,  U S A .
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R U S T  P P K  P ty  L td  

9  B la x la n d  R o a d  

R H O D E S  N S W  2 1 3 8

142 W icks Road
North Ryde N SW  2113
Australia

PO  Box 125
North Ryde N SW  2113 
Australia

Fax (02) 9888 9977
Telephone (02) 9888 7444

A tte n t io n :  M r D a v id  G a m b le  

D e a r  S ir ,

R E :  S Y D N E Y  S E C O N D  A I R P O R T  E 1 S  -

O D O U R  I M P A C T S  O F  S E W A G E  T R E A T M E N T  P L A N T

1 .0  I N T R O D U C T I O N

T h is  r e p o r t  p r e s e n ts  an  a s s e s s m e n t  o f  a ir  q u a lity  im p a c ts  d u e  to  t h e  o p e r a t io n  o f  a  s e w a g e  tr e a tm e n t  

p la n t ( S T P )  at th e  s i t e s  u n d e r  c o n s id e r a t io n  fo r  th e  S e c o n d  S y d n e y  A ir p o r t  ( S S A ) .  T h e  re p o r t  

r e p r e s e n ts  o n e  o f  th e  a ir  q u a li ty  ta s k s  o f  th e  S S A  E n v ir o n m e n ta l  I m p a c t  A s s e s s m e n t  (E I S )  a n d  h a s  

b e e n  u n d e r ta k e n  o n  b e h a l f  o f  R u s t  P P K  P ty  L td .

T h e  a im  o f  t h is  w o r k  w a s  to  id e n t i fy  a n d  q u a n t ify  th e  o d o u r  s o u r c e s  th a t  w o u ld  b e  a s s o c ia t e d  w ith  

an  S T P  a t th e  B a d g e r y s  C r e e k  an d  H o ls w o r t h y  a ir p o r t  s i t e s .  E s t im a t e s  o f  o d o u r  e m is s io n s  are  

m a d e  f o r  S S A  f o r  S ta g e  1 a n d  M a s te r  P la n  c o n f ig u r a t io n s .

T h e  lo c a l  s c a l e  im p a c ts  o f  t h e s e  o d o r o u s  e m is s io n s  h a v e  b e e n  a s s e s s e d  u s in g  t h e  A U S P L U M E  

G a u s s ia n  p lu m e  d is p e r s io n  m o d e l .  O d o u r  s tr e n g th  c o n to u r s  w e r e  c o m p a r e d  w it h  th e  d e s ig n  

c r it e r io n  a d o p te d  b y  th e  E n v ir o n m e n t  P r o te c t io n  A u th o r ity  o f  N S W  ( E P A N S W ) .

2 . 0  D E M A N D  F O R  S E R V I C E S

P r e l im in a r y  e s t im a t e s  o f  th e  d e m a n d  fo r  s e w e r a g e  s e r v ic e s  h a v e  b e e n  p r o v id e d  b y  A ir p la n  ( 1 9 9 7 ) .  

It is  e s t im a te d  th a t th e  S ta g e  1 d e v e lo p m e n t  w o u ld  h a v e  an  E q u iv a le n t  P o p u la t io n  ( E P )  lo a d in g  o f

2 8 . 0 0 0  ( 7 .5  M L /d a y )  w h i l e  th e  M a s te r  P la n  d e v e lo p m e n t  w o u ld  h a v e  a n  E P  lo a d in g  o f  8 4 ,0 0 0  

( 2 2 .5  M L /d ) .

Offices and NATA Registered Laboratories located throughout Australia and South East Asia
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3 . 0  E V A L U A T I O N  C R I T E R I A

O d o u r  c o n c e n t r a t io n  is  e x p r e s s e d  in  th e  fo r m  o f  s e v e r a l  ty p e s  o f  o d o u r  u n i t s .  O d o u r  d e t e c t io n  u n its  

r e p r e s e n t  th e  n u m b e r  o f  d i lu t io n s  o f  o d o u r o u s  a ir  w h ic h  a re  r e q u ir e d  to  r e d u c e  th e  o d o u r  to  a  le v e l  

at w h ic h  it is  a t th e  th r e s h o ld  o f  d e t e c t io n  b y  an  e x p e r t  p a n e l o f  s n i f f e r s .  O d o u r  c a n  b e  d e te c te d  in  

th e  t im e  it ta k e s  to  s n i f f  t h e  a ir  w h ic h  is  o f  th e  o r d e r  o f  o n e  s e c o n d .  N S W  E P A  h a v e  id e n t i f ie d  a 

d e s ig n  c r it e r io n  o f  2 o d o u r  u n it s  u s in g  th e  th r e s h o ld  o f  d e t e c t io n  f o r  th e  9 9 .5 th  p e r c e n t i le  

c o n c e n t r a t io n s  o f  3 - m in u te  a v e r a g e s  f r o m  p r e d ic t iv e  m o d e l l in g  ( D e a n ,  1 9 9 5 ) .  T h is  is  a  le v e l  at 

w h ic h  a n n o y a n c e  fr o m  n e a r b y  r e s id e n ts  s h o u ld  b e  lim ite d  to  a n  a c c e p t a b le  l e v e l .  S y d n e y  W a te r  

C o r p o r a t io n  s t ip u la t e  4 0 0 m  b u f fe r  z o n e s  a r o u n d  s e w a g e  t r e a tm e n t  p la n ts  fo r  p r o t e c t io n  a g a in s t  

a d v e r s e  o d o u r  im p a c ts .

4 . 0  O D O U R  E M I S S I O N S

It is  e x p e c t e d  th a t th e  S T P  w o u ld  tre a t  s e w a g e  o n  s i t e  w ith  d is p o s a l  o f  tr e a te d  e f f lu e n t  to  n e a r b y  

c r e e k s .  S e w a g e  tr e a tm e n t  to  te r t ia r y  le v e l  in c o r p o r a t in g  n u tr ie n t  r e m o v a l  w o u ld  b e  r e q u ir e d  to  

p r o d u c e  a n  e f f lu e n t  w ith  a  q u a li ty  s u it a b le  fo r  th is  m e th o d  o f  d is p o s a l .  A n  a r e a  o f  5  h a  w a s  a d a p ted  

fo r  th e  S T P .

R e c e n t  w o r k  b y  R a m s e y  an d  T h ie le  ( 1 9 9 5 )  w a s  so u r c e d  to  e s t im a t e  o d o r  e m is s io n  r a te s  f r o m  th e  

S T P  fo r  t h e  S t a g e  1 d e v e lo p m e n t .  T h e  S p r in g v a le  F a rm  S T P  c o n s id e r e d  in  th e ir  a n a ly s is  c u r r e n t ly  

h a s  a  s e r v ic e  c a p a c i ty  o f  3 0 , 0 0 0  E P  a n d  p r o d u c e s  a  h ig h  q u a li ty  e f f lu e n t  s u i t a b le  f o r  d is c h a r g e  in to  

a c r e e k .  It is  a s s u m e d  th a t S p r in g v a le  F a rm  is  an  a p p r o p r ia te  s u r r o g a te  f o r  t h e  S t a g e  1 S T P  

p r o p o s e d  fo r  S S A  an d  t h e  o d o u r  e m is s io n  r a te s  d e r iv e d  b y  R a m s e y  an d  T h i e l e  ( 1 9 9 5 )  w e r e  a d o p te d  

f o r  th e  p u r p o s e s  o f  t h is  s t u d y .

O d o u r  e m is s io n  r a te s  fo r  t h e  s e c o n d  a ir p o r t  S T P  a r e  p r e s e n te d  in  T a b le  1. E m is s io n  r a te s  a r e  fo r  

b o th  n o r m a l o p e r a t io n .  R a m s a y  an d  T h ie le  p r in t  o u t  th at in  t h e  e v e n t  o f  d is r u p t io n  to  n o r m a l  

o p e r a t io n s  S T P  o d o u r  e m is s io n  c o u ld  in c r e a s e  d r a m a tic a lly  an d  in c r e a s e  o d o u r  s tr e n g th  b y  a  fa c to r  

o f  7  w e r e  p r e d ic te d  u n d e r  s u c h  c o n d it io n s .  O d o u r  s tr e n g th s  f o r  t h e  M a s te r  P la n  d e v e lo p m e n t  h a v e  

b e e n  d e r iv e d  b y  s c a l in g  t h e  S ta g e  1 e m is s io n  r a te s  b y  th e  e x p e c t e d  in c r e a s e  in  p la n t  c a p a c i ty .

T A B L E  1

O D O U R  E M I S S I O N  R A T E S  F O R  T H E  S E W A G E  T R E A T M E N T  W O R K S  A T  S S A

O d o u r  E m is s io n  R a t e  ( O U .v o l / s e c )

S t a g e  1 D e v e lo p m e n t M a s te r  P la n  D e v e lo p m e n t

6,000 1 8 ,0 0 0

4 3 , 0 0 0 1 3 0 ,0 0 0
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5 . 0  D I S P E R S I O N  M O D E L L I N G

5 .1  M e t e o r o l o g ic a l  D a t a

M e t e o r o lo g ic a l  d a ta  f i l e s  w e r e  p r e p a r e d  u s in g  a ir  q u a li ty  d a ta  s o u r c e d  f r o m  M a q u a r ie  U n iv e r s i t y  

a n d  A N S T O  m o n it o r in g  s t a t io n s .  D a ta  g a th e r e d  b e tw e e n  M a r c h  1 9 9 0  an d  A p r il  1 9 9 2  at a 

M a c q u a r ie  U n iv e r s i t y  m o n it o r in g  s ta t io n  n ea r  B a d g e r y s  C r e e k  w a s  c o m p i le d  fo r  d is p e r s io n  

m o d e l l in g  o f  o d o u r  e m it te d  f r o m  t h e  B a d g e r y s  C r e e k  S T P . D a ta  fr o m  t h e  L u c a s  H e ig h t s  

m o n it o r in g  s ta t io n  ( 1 0  m e tr e  m a s t)  g a th e r e d  b e t w e e n  J a n u a r y  1 9 9 4  a n d  D e c e m b e r  1 9 9 5  w e r e  u se d  

fo r  th e  p r o p o s e d  a ir p o r t  s i t e s  at H o ls w o r t h y .

5 .2  M o d e l l in g  A s s u m p t i o n s

A U S P L U M E  v e r s io n  3 .3  ( E P A  V ic t o r ia ,  1 9 9 6 )  w a s  u s e d  f o r  t h e  d is p e r s io n  m o d e l l in g .  T h e  

a s s u m p t io n s  c o n c e r n in g  m a jo r  m o d e l l in g  p a r a m e te r s  a r e  a s  f o l l o w s  :

•  te r r a in  e f f e c t s  h a v e  b e e n  ig n o r e d  fo r  th e  p r o p o s e d  a ir p o r t  s i t e s .  F o r  b o th  B a d g e r y s  C r e e k  

a n d  H o ls w o r t h y  t h e  a ir p o r t  s i t e s  a r e  e le v a te d  in  c o m p a r is o n  t o  s u r r o u n d in g  a r e a s  m e a n in g  

th a t  it is  c o n s id e r e d  c o n s e r v a t iv e  to  a s s u m e  f la t  te r r a in  in  t h e  d is p e r s io n  m o d e l l in g .  

B a d g e r y s  C r e e k  h a s  a  r e d u c e d  le v e l  (R L ) o f  a p p r o x im a t e ly  9 0 m  c o m p a r e d  w ith  an  R L  o f  

4 0 m  fo r  th e  s u r r o u n d in g  t e r r a in . T h e  d i f f e r e n c e  is  m o r e  m a r k e d  f o r  th e  H o ls w o r t h y  s i t e s  

w ith  a ir p o r t  s i t e  R L  a n d  s u r r o u n d in g  ter ra in  R L  b e in g  1 5 0 - 1 9 0 m  a n d  5 0 m  r e s p e c t iv e ly ;

•  a  c o m p le t e  s e t  o f  h o u r ly  d a ta  d e s c r ib in g  th e  s ta n d a r d  d e v ia t io n  o f  w in d  d ir e c t io n  f lu c tu a t io n s  

( s ig m a - t h e ta )  w e r e  n o t  a v a i la b le  in  th e  m e t e o r o lo g ic a l  f i l e s .  P lu m e  d im e n s io n s  h a v e  

t h e r e fo r e  b e e n  b a se d  o n  P a s q u il l -G if f o r d  d is p e r s io n  c u r v e s ;

•  th e  la n d u s e  c a t e g o r y  fo r  a ll s i t e s  is  d e s c r ib e d  b y  a s u r f a c e  r o u g h n e s s  h e ig h t  o f  0 .6  m e tr e s ;  

an d

•  t h e  w in d  p r o f i le  e x p o n e n ts  a r e  b a s e d  o n  th e  Ir w in  u rb a n  s c h e m e .

In  th e  a b s e n c e  o f  a  la y o u t  d e s ig n  f o r  th e  S T P  e m is s io n s  w e r e  tr e a te d  a t o c c u r r in g  u n i f o r m ly  o v e r  an  

a re a  o f  5  h a  c o n s id e r e d  to  b e  a p p r o p r ia te  g iv e n  th a t  th e  lo c a l  s c a l e  d is p e r s io n  m o d e l l in g  ta sk  fo r  

S S A  is  to  in v e s t ig a t e  a ir  q u a li ty  im p a c ts  o u t s id e  th e  a ir p o r t  b o u n d a r y .

T h e  r e c e p to r  g r id  s i z e  a n d  d e n s i t y  c h o s e n  fo r  e a c h  o f  th e  a ir p o r t  s i t e s  w a s  c h o s e n  b a s e d  o n  th e  

p r o x im it y  o f  r e s id e n t ia l  a r e a s .  T h e  r e c e p to r  g r id  fo r  th e  B a d g e r y s  C r e e k  s i t e s  c o n s i s t s  o f  3 0 0 0  

r e c e p to r  lo c a t io n s  s p a c e d  1 0 0 m  a p a r t , c o v e r in g  an  a re a  o f  a p p r o x im a t e ly  1 0  s q u a r e  k i lo m e t r e s .  T h e
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g r id s  f o r  t h e  H o ls w o r t h y  s i t e s  c o m p r is e  1 6 0 0  r e c e p to r s  s p a c e d  1 0 0 0 m  a p a r t , c o v e r in g  an  a rea  o f  

a p p r o x im a t e ly  1 5 2 0  s q u a r e  k i lo m e t r e s .

6 . 0  R E S U L T S

C o n t o u r  p lo t s  s h o w in g  t h e  p e r c e n t a g e  e x c e e d e n c e  o f  2  O U  fo r  S t a g e  1 a n d  M a s te r  P la n  

d e v e lo p m e n t  s c e n a r io s  a r e  p r e s e n te d  in  F ig u r e s  1 an d  2 . C o n t o u r s  w ith  v a lu e s  g r e a te r  th a n  0 .5 %  

h a v e  b e e n  sh a d e d  to  in d ic a t e  w h e r e  p r e d ic te d  o d o u r  f r e q u e n c y  e x c e e d s  t h e  E P A N S W  o d o u r  c r ite r ia .  

D is p e r s io n  m o d e l l in g  r e s u lt s  w e r e  g e n e r a te d  in  th e  fo r m  o f  f r e q u e n c y  o f  e x c e e d e n c e  o f  2  o d o u r  

u n it s  ( O U ) .  A c c o r d in g  to  c u r r e n t  E P A N S W  d e s ig n  c r ite r ia  f o r  n o n - s c h e d u le d  p r e m is e s ,  th e  2  O U  

l e v e l  m u s t  n o t  b e  e x c e e d e d  f o r  m o r e  th a n  0 .5 %  o f  th e  y e a r  ( a p p r o x im a t e ly  4 4  h o u r s )  to  e n s u r e  th at  

a n n o y a n c e  l e v e l s  a r e  k e p t a t an  a c c e p t a b le  l e v e l .

7 . 0  D I S C U S S I O N

F ig u r e  1 in d ic a t e s  th a t  th e r e  is  a n e g l ig i b l e  o d o u r  im p a c t  f r o m  th e  p r o p o s e d  S T P  fo r  th e  S ta g e  1 

d e v e lo p m e n t  s c e n a r io  u n d e r  n o r m a l o p e r a t in g  c o n d it io n s .  F r e q u e n c y  o f  e x c e e d e n c e  c o n t o u r s  that  

r e a c h  to  t h e  a ir p o r t  b o u n d a r ie s  a r e  b e lo w  0 .5 % .

F ig u r e  2  s h o w s  a  p o te n t ia l  im p a c t  a r i s in g  f r o m  th e  S T P  at t h e  S S A  s i t e s  f o r  t h e  M a s te r  P la n  

d e v e lo p m e n t  u n d e r  n o r m a l o p e r a t in g  c o n d it io n s .  T h e  0 .5 %  f r e q u e n c y  o f  e x c e e d e n c e  c o n to u r  

e x t e n d s  u p  to  a p p r o x im a t e ly  0 . 5  k m  o u t s id e  o f  th e  a ir p o r t  b o u n d a r ie s .  F o r  H o ls w o r t h y  o p t io n  A ,  

th e  o d o u r  im p a c t  is  c o n ta in e d  w it h in  th e  H o ls w o r t h y  M ilita r y  R e s e r v e .  T h e  f r e q u e n c y  c o n t o u r s  fo r  

H o ls w o r t h y  B  in d ic a te  p o te n t ia l  o d o u r  im p a c ts  o n  s u r r o u n d in g  a r e a s  a t t h e  s o u th  w e s t  c o r n e r  o f  th e  

a ir p o r t  b o u n d a r y  th a t  a r e  o u t s id e  o f  th e  H o ls w o r t h y  M ilita r y  R e s e r v e .

8 . 0  C O N C L U S I O N

E s t im a t e s  o f  o d o r o u s  e m is s io n s  w e r e  m a d e  f o r  th e  p r o p o s e d  s e w a g e  t r e a tm e n t  w o r k s .  E m is s io n  

r a te s  e s t im a t e s  f o r  th e  S t a g e  1 d e v e lo p m e n t  s c e n a r io  w e r e  b a s e d  o n  t h o s e  o f  a  m o d e m  p la n t  

in c o r p o r a t in g  s im ila r  l e v e l s  o f  s e w a g e  tr e a tm e n t  a s  s p e c i f i e d  f o r  t h e  S S A  tr e a tm e n t  w o r k s .  

E m is s io n s  f o r  la te r  y e a r s  c o n s e r v a t iv e ly  b a s e d  o n  th e  in c r e a s e  in  d e m a n d  f o r  s e r v ic e s  ra th e r  than  

t a k in g  in to  a c c o u n t  l ik e ly  c h a n g e s  in  p la n t  t e c h n o lo g y  a n d  o p e r a t in g  p r o c e d u r e s .

T h e  c o n c lu s io n s  o f  t h is  s tu d y  a r e  a s  f o l l o w s  :

S t a g e  1 d e v e lo p m e n t  -  th e  p o te n t ia l  o d o u r  im p a c ts  a r e  a c c e p t a b le  a c c o r d in g  to  t h e  c r it e r ia  a d o p te d  

b y  h e  E P A N S W . T h a t  i s ,  t h e  o d o u r  l e v e l s  im p a c t in g  o n  s u r r o u n d in g  a r e a s  a r e  a b o v e  2  O U  f o r  le s s  

th a n  4 4  h o u r s  p e r  y e a r .
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M a s te r  P la n  d e v e lo p m e n t  -  th e r e  is  p o te n t ia l fo r  s m a ll  o d o u r  im p a c ts  s h o r t  d is t a n c e s  fr o m  th e  

a ir p o r t  b o u n d a r ie s  a t c e r ta in  p o in t s  a lo n g  th e  a ir p o r t  b o u n d a r ie s .  F o r  t h e  H o ls w o r t h y  s i t e s ,  th e s e  

im p a c ts  a r e  m o s t ly  c o n f in e d  to  th e  H o ls w o r t h y  M il i t a r y  R a n g e .

T h e  m a in  l im it a t io n  o f  th e  s tu d y  is  th at d e ta ile d  in fo r m a t io n  o n  t h e  l ik e ly  c o n f ig u r a t io n  o f  t h e  S T P  

w a s  n o t  a v a i la b le .  P la n t  e m is s io n  ra te s  fo r  t h e  M a s te r  P la n  d e v e lo p m e n t  w e r e  b a se d  o n  s e r v ic e  

c a p a c i ty  in c r e a s e s  ra th e r  th a n  o n  a  d e ta ile d  in v e s t ig a t io n  o f  th e  v a r io u s  o p t io n s  fo r  fu tu r e  tr e a tm e n t  

p la n t d e s ig n .  It s h o u ld  b e  n o te d , h o w e v e r ,  th a t t h e  a c tu a l d e v e lo p m e n t  o f  an  S T P  fo r  S S A  w o u ld  

b e  s u b je c t  to  a  s e p a r a te  e n v ir o n m e n ta l  r e v ie w .

F o r  an d  o n  b e h a l f  o f

C O F F E Y  P A R T N E R S  I N T E R N A T I O N A L  P T Y  L T D

R O S S  B E S T

R E F E R E N C E S

A ir p la n  1 9 9 7  S y d n e y  S e c o n d  A ir p o r t  - P la n n in g  a n d  D e s i g n  S tu d y .

D e a n ,  M . ,  1 9 9 5  O d o u r  R e g u la t io n s  in  N e w  S o u th  W a le s ,  C le a n  A ir  V o lu m e  2 9 ,  N o .  4 ,  N o v e m b e r  

1 9 9 4 ,  p p  2 8 - 2 9 .

R a m s a y , P .J .  an d  T h ie l e ,  G . A .  1 9 9 5  A s s e s s m e n t  o f  O d o u r  B u f fe r  Z o n e s  f o r  W a s te w a te r  T r e a tm e n t  

P la n ts ,  C le a n  A ir  V o lu m e  2 9 ,  N o  2 ,  M a y  1 9 9 5 .

A T T A C H M E N T S

F ig u r e  1 % fr e q u e n c y  o f  e x c e e d e n c e  o f  2 0 U  ( S t a g e  1)

F ig u r e  2  % f r e q u e n c y  o f  e x c e e d e n c e  o f  2 0 U  ( M a s te r  P la n )
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Table 8.3 Projected Number of Additional Deaths per year on Ozone Event Days 
(in 2016) Compared to Other Days

Badgerys Creek Option A 0.009

Badgerys Creek Option B 0.009

Badgerys Creek Option C 0.01

Holsworthy Option A 0.34

Holsworthy Option B 0.05

8.2 N itrogen Dioxide

Table 8.4 Populations (for year 2016) Projected to be Exposed to Increases in 
maximum  One hour  Nitrogen dioxide Concentration Once per Year

>0.055 parts per million >0.03 parts per million

Badgerys Creek Option A 1,300

Badgerys Creek Option B 700

Badgerys Creek Option C < 200

Holsworthy Option A 17,000

Holsworthy Option B 7,000

Table 8.4  shows the populations predicted to be exposed, once a year, to 
increases in outdoor nitrogen dioxide exposure. It is not possible to quantify 
health effects which could be attributed to changes of this magnitude. For 
the Badgerys Creek options the sum of the maximum background levels and 
the predicted maximum increase is less than the National Health and 
Medical Research Council air quality guideline of 0.16 parts per million 
(refer Techn ica l Paper N o.b). In the event that the maximum background 
level at the Holsworthy site coincided with the predicted maximum increase 
in nitrogen dioxide at that site, a one hour nitrogen dioxide concentration of 
0.18 parts per million may occur (refer Tech n ica l Paper N o .6). This exceeds 
the National Health and Medical Research Council air quality goal but the 
evidence cited above suggests that adverse health effects are unlikely to 
occur at this level.

D epartm ent  of T ran spo rt  a n d  Reg io n a l  D ev elo pm en t  Pa c e  8-3
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8.3 Particulates

Table 8.5  shows the frequency with which various populations will be 
exposed to a three micrograms per cubic metre increase in PMio particulate 
pollution. By assuming members of each group were exposed on 3, 12, 35 
and 70 days per year, respectively, approximate person-days of exposure to a 
three micrograms per cubic metre increase in PMm pollution were calculated 
for each site option. These are shown in Table 8.6

Table 8.5 populations (for year 2016) Projected to be Exposed to a Greater Than 3 
microcrams per cubic metre increase in 24 hour  Pmio by number of occasions per 
Year

1 to 5 days 
per year

5 to 20 
days per 

year

20 to 50 
days per 

year

>  50 days 
per year

Badgerys Creek Option A 4,800 2,000 900 600

Badgerys Creek Option B 5,200 1,900 1,000 300

Badgerys Creek Option C 6,600 3,000 1,200 300

Holsworthy Option A 25,000 5,000 0 0

Holsworthy Option B 55,000 1,500 150 0

Table 8.6 Person-Days (for year 2016) Projected for a Greater than 3 microcrams 
per Cubic metre increase in 24 hour p m «>

Badgerys Creek Option A 111,900

Badgerys Creek Option B 94,400

Badgerys Creek Option C 118,800

Holsworthy Option A 135,000

Holsworthy Option B 188,250

The expected impact of these episodes of increased PMio exposure was 
estimated by multiplying the number of person-days of exposure by the three 
micrograms per cubic metre effect estimate for symptoms of cough, risk of 
hospitalisation and risk of death. However, some of these person-days of 
exposure will actually be to PMio increases greater than three micrograms per

Pa c e  8-4 PPK En v ir o n m en t  &  In frastruc ture  Pty Ltd
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cubic metre. Smaller populations will be exposed less frequently to higher 
levels: the maximum increase is estimated to be 1 0  micrograms per cubic 
metre. Examination of the contour plots for PMio (refer Techn ica l Paper 
N o .6) suggests that multiplying the final impact estimates by a factor of two 
would be appropriate to adjust for this aspect of the exposure data. This 
factor is included in the calculations used for Tables 8.7, 8 .8  and 8.9  below.

Based on the short term cohort studies from the USA a three micrograms per 
cubic metre increase in PMio pollution would be expected to be associated 
with a 2.4 percent higher prevalence of cough on those days compared to 
other days. The baseline daily prevalence of cough is unknown. However, if 
we assume it is 3 percent (the median prevalence in the US Six Cities study 
(Schwartz, 1994e)) then this increase would result in a prevalence of 3.072 
percent, that is an absolute increase of 0.072 percent or 72 per 100,000. 
Table 8 .7  shows the expected additional number of person-days of reported 
cough due to the airport-associated three micrograms per cubic metre 
increase in particulate pollution.

Table 8.7 Number of additional Person-Days Per Year (in 2016) of Reported 
Couch  Due to Episodes of Increased P M io

Badgerys Creek Option A 162

Badgerys Creek Option B 136

Badgerys Creek Option C 172

Holsworthy Option A 194

Holsworthy Option B 272

Similarly, the time series data analyses predict that, on the days when these 
populations are exposed to the higher PMio concentrations, the rate of 
hospital admissions for respiratory disease will be 0.46 percent higher and 
the mortality rate will be 0.17 percent higher than on other days. This 
corresponds to a 0.018 per 1 0 0 , 0 0 0  per day increase in hospital admissions 
for respiratory disease and a 0.0034 per 100,000 increase in daily mortality 
rate. The impact of these changes is shown in Tables 8.8  and 8.9.
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Table 8.8 Number of Additional People (in  2016) Projected to b e  hospitalised for 
Respiratory D isease Due to Episodes of Increased PM io

Badgerys Creek Option A 0.040

Badgerys Creek Option B 0.034

Badgerys Creek Option C 0.042

Holsworthy Option A 0.048

Holsworthy Option B 0.068

Table 8.9 Projected Number of additional Deaths on a G iven Day (in 2016) 
Compared to Other Days Due to Episodes of Increased P M io

Badgerys Creek Option A 0.008

Badgerys Creek Option B 0.006

Badgerys Creek Option C 0.008

Holsworthy Option A 0 . 0 1 0

Holsworthy Option B 0 . 0 1 2

For the reasons stated above in relation to ozone, these are over-estimates of 
the number of additional hospital admissions and deaths over one year.
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S u m m a r y  a n d  C o n c l u s i o n s

9.1 Health Impact of Predicted Changes in Ozone, 
N itrogen Dioxide and Particulate Pollution

9.1.1 Pollution levels and  estimated health effects

The projected increases in ozone, nitrogen dioxide and particulate pollution 
associated with all the airport options are very small and, for the most part, 
affect small populations infrequently. The health effects estimates employed 
in this report are based on extrapolation from studies in which much larger 
variations in pollution levels were observed affecting large populations. Their 
use in this report relies on the assumption that interventions (such as the 
Second Sydney Airport) which alter pollution levels will have the same effect 
as that observed with day-to-day variation in pollution levels. This 
assumption has never been tested.

9.1.2 Respiratory symptoms and  lung function

It is estimated that, on days when particulate (PMio) exposure increases by 
three micrograms per cubic metre the prevalence of cough will increase by
2.4 percent compared to lower pollution days. For Holsworthy Option B it is 
estimated that approximately 300 additional person days of cough would 
occur in the study area. This may result from 300 people experiencing a 
single extra day of cough per year or one person reporting an additional 300 
days of cough per year (or any combination in between). These episodes 
may occur in adults or children and are most likely to affect people with pre
existing lung disease (for example asthma or emphysema). However, the 
absence of any substantial increase in hospitalisation rates for respiratory 
disease implies that these episodes will be fairly mild.

Changes in nitrogen dioxide and ozone pollution are not expected to be 
associated with any increase in symptoms in the general population or in 
people with asthma.

No perceptible or clinically relevant changes in lung function are anticipated 
to occur as a result of the projected increases in pollution exposure.

9.1.3 Hospitalisation and  mortality rates

Hospitalisation rates for respiratory disease are estimated to be 1.7 percent 
higher on the high ozone pollution days (six to nine times per year in the 
affected areas) and 0.5 percent higher on the high particulate pollution days

D epartm ent  of T ran spo rt  a n d  Reg io n a l  D ev elo pm en t Pag e  9-1



Second Sydney A irport

than on the remaining days of the year. Similarly mortality rates may be 1 
percent higher on high ozone days and 0 . 2  percent higher on high 
particulate pollution days than on other days. Nitrogen dioxide will probably 
not have an effect on either hospitalisation or mortality risk.

As both hospital admissions for respiratory disease and death are fairly rare 
events on a day-to-day basis these small proportional differences result in 
absolute numbers of events which are less than one per year. Indeed, for the 
Badgerys Creek site options, it is less than one per 14 years for both 
hospitalisations and deaths.

It is important to point out that it is not known whether the projected 
changes in pollution levels will have any overall effect on hospitalisation 
rates or death rates. This is because there are no data to show whether the 
hospitalisations and deaths observed in the cited studies are simply transfers 
from one day to another, nearby, day, or alternatively, they represent events 
which would otherwise not have occurred for a long time. Intuitively, the 
former situation seems likely. This is supported by the fact that the elderly 
and those with pre-existing heart and lung disease are most at risk. If this is 
correct then there would be no overall change in hospital admission or death 
rates.

9.2 Importance of the Differences between O ptions in 
Health Impact

The Holsworthy site options are associated with more person-days of 
exposure to elevated ozone and particulate pollution than the Badgerys 
Creek options.

The health impact of the infrequent, small increases in pollution levels which 
are projected to occur due to the Second Sydney Airport cannot be estimated 
with certainty but it seems likely that very few, if any, people will experience 
serious acute adverse health effects which can be attributed to these 
pollution changes. For this reason it is difficult to distinguish between the 
airport site options on the basis of the health impact of changes in ozone, 
nitrogen dioxide and particulate pollution.
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A

A H R airways hyperresponsiveness

airway hyperresponsiveness abnormality of the airways which makes them narrow 
too easily and too much in response to various stimuli; 
an abnormality seen in people w ith asthma

airways air conducting tubes or passages of the lungs

all cause mortality deaths due to all causes (except accidents)

allergen responsiveness the extent to which airways narrow in response to 
allergen exposure

allergen an environmental substance (usually a protein) which 
the body's immune system recognises and reacts 
adversely to

allergic being capable of recognising and reacting to an allergen

ambient in the air as it exists in our breathing zone under usual 
circumstances

ante-natal before birth, during pregnancy

arterial oxygen saturation level of oxygen in the blood

asthma see page 6

asymptomatic no experiencing any symptoms
bronchitis cough with phlegm

BS Black smoke, an index of particulate pollution

B

bronchitis

BS

cough with phlegm

Black smoke, an index of particulate pollution

C

cardiac illness heart disease

cardiovascular mortality death due to heart attacks and related diseases

chronic asthma asthma with permanently impaired lung function

chronic bronchitis long standing cough with phlegm

chronic obstructive 
pulmonary disease

see page 7

cohort study a well defined group of subjects are followed over time 
to measure the relation between an exposure (eg 
pollution level) and an outcome (eg symptoms or lung 
function)
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confounding

C O PD

where one or more extraneous factors explain an 
apparent association (ie the apparent association does 
not really exist)

chronic obstructive pulmonary disease

D

diagnosis disease label

disability inability to perform tasks

E

ED Emergency Department

EIS Environmental Impact Statement

Emergency Department also known as Casualty, Accident and Emergency or 
Emergency Room

emphysema disease in which lung tissue is gradually destroyed 
(usually due to smoking); causes breathless

exacerbations temporary deterioration in illness state

expiratory airflow rate at which are can be exhaled (blown out)

exposure chamber a device for exposing experimental subjects to known 
concentrations of gases (eg ozone or N O 2)

F

FEVi forced expiratory volum e in one second, a measure of 
expiratory airflow

H

heterogeneous a non-uniform mixture of various different components

house dust mite an important source of allergen; lives in bedding and 
carpets; invisible to the human eye

hydroscopicity tendency to take up water

I

impaired lung function lung function lower than expected for age, gender and
height
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impairment reduced function

L

LGA

local government areas 

lower respiratory tract

lung function

local government area

local administrative area; M unicipality or Shire

airways within the lungs (ie below the nose, mouth and 
throat)

see page 11

M

mass median aerodynamic 
diameter

a measure of particle size

measure of association a w ay of expressing the relation between an exposure 
(eg pollutant) and an outcome (eg symptoms or lung 
function) in a numeric form

meta-analysis a systematic overview of related investigations which 
summarises the information they contain in one or more 
measures of association

M M  AD mass median aerodynamic diameter

mortality deaths

N

N H & M RC National Health and M edical Research Council

nitrogen dioxide see page 18

N O 2 nitrogen dioxide

O

occupational exposures exposures occurring at work

oxidant a chemical which oxidises

oxidising a type of chemical reaction

ozone see page 13
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p

panel study see cohort study

particulate see page 20

peak expiratory flow  rate the maximum flow  rate during a exhalation w ith effort; 
a measure of lung function

peak hourly ozone the highest hourly average ozone concentration during 
one day

PEFR peak expiratory flow  rate

PMio particulate matter with M M  A D  < IQ/i/m

ppm parts per m illion; a measure of gas concentration

prevalence the proportion of a population who have a condition at 
any given time

Q

questionnaire a series of standardised questions used to collect 
information for analysis

R

randomised controlled trial an experimental research design in w hich subjects are 
randomly allocated (that is by chance) to one of two or 
more conditions and followed over time to measure an 
outcome or response

randomly selected selected or allocated by chance (for example toss of 
coin or throw of a dice)

rate ratio ratio of the rate in one group to the rate in another 
group; in the usage here it refers to the ratio of the 
admission or death rate on two days separated in 
pollutant concentration by a specified amount (shown 
in the increment column of the tables).

reactive chemical species chemical entities which are unstable and tend to react 
w ith other substances

regression coefficients a measure of association between two variables (eg 
pollutant concentration and lung function) derived from 
a form of statistical analysis known as regression

respiratory mortality deaths due to respiratory disease

risk factors factors which, if possessed by an individual, increase 
the likelihood of that individual having a specified 
disease or other outcome
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s

S0z

std error

sulphur dioxide

a statistical measure of uncertainty about an estimate

7

Time series analysis a form of analysis which examines factors influencing 
change in an observation (eg hospital admission rates) 
over time

toxic harmful and damaging to living things

TSP total suspended particulates, a measure of particulate 
pollution

W

weighted average average of several estimates giving greatest weight to the 
most certain estimates and least weight to the least 
certain

;tfg/m3 micrograms per cubic metre; a measure of particle or 
gas concentration in air

24 hour mean average over a 24 hour period

95%  Cl 95%  confidence interval

95%  confidence interval the range of values w ithin which the actual measure 
lies; it is based on the estimated value and the 
uncertainty of the estimate (std error). W here the 
confidence interval for a rate ratio excludes the value 1 
we can be fairly certain that exposure is related to 
outcome (admission or death rates) in that study (that is 
P < 0.05).
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Rust PPK Pty Ltd 

9 Blaxland Road 

RHODES NSW  2138

142 W icks Road
North Ryde N SW  2113
Australia

PO  Box 125
North Ryde N SW  2113 
Australia

Fax (02) 9888 9977 
Telephone (02) 9888 7444

Attention: Mr David Gamble

Dear Sir,

RE: SYDNEY SECOND AIRPORT EIS - AIR QUALITY FI KIT) STUDIES

This letter presents the results o f  field studies carried out to measure the odour and com position o f  

em issions for aircraft operating from Sydney Kingsford Smith Airport. This work forms part o f  air 

quality studies carried out by C offey Partners International Pty Ltd to contribute to the EIS for 

Sydney Second Airport. This work was carried out as proposed in our letter E 2057 /1 -A B  o f  8th 

October, 1996. The work involved collection o f  air samples in the v icin ity o f  aircraft at Sydney’s 

Kingsford Smith Airport and testing these samples for odour and chem ical com position to assess the 

relationship between odour strength and com position.

Field studies w ere carried out by Coffey Partners in association with Australian Water 

T echnologies. Odour testing was carried out by Australian W ater T echnologies and chemical 

testing was carried out by CSIRO D ivision  o f  Coal and Energy Technology.

F ield Studies

A total o f  eight air samples w ere collected at Sydney Kingsford Smith Airport on the morning o f  15 

Novem ber, 1996. These samples w ere collected using a veh icle  driven by Federal Airports 

Corporation operational staff. Samples w ere selected at locations w here air quality was expected to 

be significantly affected by ground level aircraft em issions. Locations for sam pling w ere selected  

during the sam pling program. Samples w ere taken downwind from  turboprop aircraft, exhaust 

from the auxiliary power unit (A PU ) o f  a passenger jet and sam ples from the exhaust stream o f  

several passenger jets.

Air samples from the exhaust stream o f  passenger jets w ere obtained by fo llow ing taxiing aircraft at 

a safe distance determined by the FAC driver. Samples w ere collected into sam ple bags by 

pumping air from  an intake on a pole held by an operator experienced in odour sam pling. The 

sample bags w ere stored in a light proof chests. Sample collection took place over a period from  

7:51am  to 9:05am . Weather during sampling was fine and clear and temperature as advised on the

Offices and NATA Registered Laboratories located throughout Australia and South East Asia
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airport weather system  increased from 18°C to 2 3 °C . Wind was light at the start o f  the sam pling  

period and increased to 10 to 15 knots by 9:05am . Wind direction was northerly.

F ollow ing com pletion o f  collection  o f  sam ples, part o f  each sample was transferred to on e litre air 

sam ple canisters and transported to the CSIRO laboratory at North Ryde for chem ical testing. The 

bagged air sam ples w ere taken to Australian W ater Technologies odour laboratory and tested within  

10 hours o f  sam ple collection.

R esults

The results o f  testing are summarised in Table 1 and laboratory reports are attached. E ngine types 

for each aircraft w ere obtained by enquiries o f  airlines and from field observations. Concentration  

o f  substances measured in laboratory testing are presented as a volum etric concentration in parts per 

billion (ppb) or as parts per m illion carbon (ppmC). Concentrations are also show n as m ass per 

unit volum e(pg/m 3).

Odour level is measured by the increase in concentration over that w hich is at the threshold o f  

detection by 50% o f  an odour panel. An odour level o f  one odour unit applies to a pollutant 

concentration for which ha lf an odour panel can detect an odour. If the concentrations were 

increased by a factory o f  tw o, the odour level would be two.

A range o f  odour levels from  31 to 275 odour units w ere measured. The highest value w ere 

recorded in the exhaust o f  taxiing jets. The variability in odour level is attributed to the varying 

sam pling conditions. Hydrocarbon concentrations varied from 0.5ppm C  to 8.6ppm C  with the 

kerosene fraction making up from  12.5% to 60% o f  the measured non-m ethane hydrocarbon  

content. For engine exhaust (as opposed to exhaust from the auxiliary power unit) the kerosene  

fraction generally accounted for more than 50% o f  non-methane hydrocarbons.
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K IN G SFO R D  SM ITH  A IR PO R T  15 O C T O B E R  1996

No Source Engines Tim e Conditions

Odour Strength Com ponent

O U » d O U jor N M HCa

(ppmC)

Kerosene

(ppmC)

l,3butad iene

(PPbV)

Benzene

(ppbV)

Toluene

(ppbV)

Ethylbenzene

(ppbV)

Xylene

(ppbV)
1 Ansett 737 

auxiliary pow er unit 

exhaust - Bay 12

General E lectric 

CFM  56

7:51am w ind light 32 25 1.6

[920]c

0.2

[110]

n /d d

[0]

1.6

[5.1]
2 .9

[11.0]
0 .4

[1.7]

2 .8

[12.2]

2 Ansett 737 

taxiing to Bay 2

General E lectric 

CFM  56

8:00am wind light 31 22 2

[1150]

1.1

[630]

2 .7

[6.0]

4 .2

[13.4]

6 .6

[24.9]

0 .6

[2.6]

3

[13 .1 |
3 Ansett 737 

taxiing to Bay 10

General Electric 

CFM  56

8:09am w ind light 33 22 0.5

[290]

0.3

[170]

3 .8

[8.4]

3.8

[12.2]

3 .2

[12.1]

0.4

[1.7]
2

[8.7]
4 A nsett 767 

idling at Bay 16

General Electric 

CF6 (ST9D)

8 :15am wind light 23 22 2.2

[1260]

1.7

[980]

2 .8

[6.2]

2 .9

[9.3]

3.7

[14.0]
f.9

[8.3]

12.7

[55.2]
5 QANTAS Airbus300 

taxiing to terminal

General Electric 

CF6
8:20am w ind light 43 26 8.6

[49501
2 .2

[1265]

11.4

[25 .3 |

7 .7

[24.6]
5.9

[22.31
1.6

[7.0]
11.2

[48 .7 |
6 Hazelton SAAB 220 

idling prior to taxi 

for takeoff

SAAB 240 twin 

prop

8:30am wind 

360° 6kts 

Tem p 18°

42 26 0.5

[290]

0.3

[170]

0 .4

[0.9]

1.9

[6.1]

3.7

[14.0]

0.5

[2.2]

2.8

[12.2]

7 Nippon 747/300 

taxing to terminal

Uncertain 8:45am wind 010° 

10 to 15kts

275 115 2

[1150]

1.1

[630]

37.4

[83.0]

17.6

[56.3]

7 .8

[29.5]

2

[8.7]

9.6

[41.8]
8 JA L  747/300 

taxiing to terminal

Rolls Royce 

R B T211

9:05am 010°

10 to 15kts 

Tem p 23°

95 37 2.1

[1210]

0.8

[4601

5.8

[12.9]

5.6

[17.9]

9 .5

[35.9]

0 .9

[3.9]

3.6

[15.7]

a

b
c

d

Odour strength is recorded as the factor by which odour exceeds the thresho 

( O U j o r ) -

N M H C  - Non-m ethane hydrocarbons

Values in square brackets indicate concentrations in ( ig/rn.

n/d  - not detected.

d o f  detection (OU joD) and the fraction by which odour exceed the threshold o f recognition
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Ruth (1986) has a compilated odour threshold levels for a w ide range o f  organic com pounds based 

on published data. This com pilation includes a range for detection and a concentration at which  

odour becom es irritating. The results refer to testing o f  substances in isolation. A s the em issions 

o f  aircraft contain a com plex mixture o f  organic compounds the results presented by Ruth cannot be 

related directly to aircraft em issions. N evertheless, the results provide a useful basis for 

com parison with the results obtained from  the present work. Table 2 presents odour thresholds 

taken from  Ruth (1986).

T A B L E  2: O D O U R  T H R E SH O L D S - ISO L A T E D  SU B ST A N C E S

Substance L ow  D etection  Threshold

(jLglm)
H igh Detection Threshold  

Oig/m3)

Irritating Concentration 

(/xg/m3)

Benzene 4 ,5 0 0 2 7 0 ,0 0 0 9 ,0 0 0 ,0 0 0

1,3 Butadiene 350 2 ,8 6 0

Ethylbenzene 8 ,700 8 7 0 ,000 8 7 0 ,000

K erosene 550 550 123,000

Toluene 8 ,000 2 6 2 ,0 0 0 7 5 0 ,0 0 0

X ylenes 350 174,000 4 3 5 ,0 0 0

Source: Ruth, JH (1986) Odor Thresholds and Irritation L evels o f  Several Chemical Substances: A 

R eview .

Measured concentrations o f  benzene, butadiene, ethylbenzene, toluene and xylenes are w ell below  

odour threshold levels but measured kerosene concentration is generally above the level for 

detection o f  odour. The fact that measured odour levels are substantially higher than w ould be 

expected by considering the kerosene fraction alone suggests that there is a major contribution to 

odour from  the non-kerosene fraction o f  hydrocarbon em issions. A threshold level for odour o f  

aircraft em issions measured as total hydrocarbons was calculated by d ivid ing the measured odour 

level O V 50D) by the measured hydrocarbon concentration. T hese threshold levels are presented in 

Table 3 for each o f  the sam ples except for sam ple 1 which relates to auxiliary power unit exhaust 

rather than aircraft engine exhaust.
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T A B L E  3: C A L C U L A T E D  T H R E SH O L D  O D O U R  C O N C E N T R A T IO N  - 

H Y D R O C A R B O N  E M ISSIO N S

Sam ple Odour Threshold Concentration 

(pg/m 3)

2 37

3 9

4 55

5 115

6 7

7 4

8 13

A verage 34

Based on the results presented in Table 3 an odour threshold concentration for aircraft engine 

exhaust hydrocarbon em issions o f  34/tg/m 3 was adopted. This is taken as the concentration at 

which the average person could detect an odour.

The results o f  the test program provide a useful basis for comparison o f  aircraft engine em issions 

com position adopted in the em issions inventory study. This com parison is presented in Table 4. 

For the substances measured, the percentage o f  total hydrocarbon concentration is presented 

together with the percentage adopted in the air em issions inventory report (C offey Partners 

International 1997).

T A B L E  4: C O M P A R ISO N  O F  E M ISSIO N S IN V E N T O R Y  S P E C IA T IO N  

W IT H  M O N IT O R IN G  R E SU L T S

Substance Proportion o f  Hydrocarbon Content

Measured range (%) E m issions Inventory (%)a

Benzene 0 .5  to 4 .9 2 .1 5

1,3 Butadiene 0 .3 2  to 7 .22 0 .2 3

Ethylbenzene 0 .4 5  to 4 .8 0 .5 8

Toluene 0 .1 4  to 0 .7 6 0 .1 9

X ylene 1.0 to 4 .4 0 .53

Source: C offey Partners nternational (1997) Sydney Second Airport EIS - A ir Em issions

Inventory.
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There is significant variation in the proportion o f  each substance as a percentage o f  total 

hydrocarbons. The proportion adopted in the em issions inventory is generally w ithin or just below  

the range o f  proportions measured. Given that the measured data correspond to a limited range o f  

operating conditions, the results are considered broadly consistent with the speciation profile  

adopted during em issions inventory studies. Should health studies indicate that air tox ic  com pounds 

pose a significant risk to human health, it is recommended that additional speciated hydrocarbon 

testings be carried out to test the speciation profile adopted for analysis o f  the second airport.

C O N C L U SIO N S

A field program for measurement o f  ground level odour and hydrocarbon em issions from  aircraft at 

Sydney Kingsford Smith Airport was carried out. An odour threshold for hydrocarbon em issions 

from aircraft was assessed as 34/rg/m3 based on monitoring results. This value is substantially 

lower than would have been anticipated by consideration o f  the kerosene fraction o f  em issions in 

isolation. Therefore, application o f  this level o f  assessment o f  odour impacts o f  the Sydney Second  

Airport m ay result in a conservative assessm ent o f  odour impacts.

The speciation data obtained from  testing is broadly consistent with the speciation profile adopted in 

the em issions inventory study for the Sydney Second Airport (C offey Partners International 1997) 

though the measured proportions o f  the substances considered including 1,3 butadiene were 

generally higher that was adopted in the inventory study. Given the lim ited nature o f  the 

m onitoring program it is not considered warranted to change the speciation profile adopted in the 

em issions inventory study. If health studies indicated that exposure to air tox ic  com pounds such 

benzene and 1,3 butadiene is a significant health risk it is recommended that additional speciated  

hydrocarbon testing is carried out to test the speciation profile adopted for analysis o f  the second  

airport.

For and on behalf o f

C O F F E Y  P A R T N E R S  IN T E R N A T IO N A L  PT Y  LTD

M R R O SS BE ST

Attachments: Laboratory Result Reports:

Australian W ater Technologies

CSIRO D ivision  o f  Coal and Energy Technology
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A tte n t io n  M r . R o ss  B e st

RE: R esu lts  from  S y d n e y  A irport odour sa m p lin g  and a n a ly s is  1 5 /1 1 /9 6 .

E igh t sa m p le s  w ere  a n a ly sed  for odour strength and h ed o n ic  to n e . T h is  p ro d u ced  the  
resu lt tab u lated  b e lo w  in the term in o lo g y  o f  the D raft P roced u res fo r  D y n a m ic  
O lfa cto m etry  from  th e E P A  - W B . T he resu lts are con sid ered  a v era g e  resu lts  b a sed  on  
p an el o d o u r  th resh o ld  a n a ly sis . T he p anel returned odour th resh o ld  v a lu e s  in  th e  u p p er  
part o f  the 0 .5  - 2 .0  ppb range so m etim es d eem ed  accep tab le  for o lfa c to m e ter s  a s  o d o u r  
th resh o ld  v a lu e s  for H yd rogen  S u lph id e.

T A B L E  1

D ate
O dour
Strength
o u 50D

O dour
Strength
o u 50R

H e d o n ic
T o n e

7 4 7 /3 0 0  f o l lo w  d u rin g  taxi (S a m p le  7) 1 5 /1 1 /9 6 275 115 -1

JA L  7 4 7 /3 0 0  taxi o n  lan d in g  (S a m p le  8) 1 5 /1 1 /9 6 95 37 -1

H a ze lto n  S A A B  2 2 0  Id lin g  (S a m p le  6) 1 5 /1 1 /9 6 42 2 6 -1

A irb u s 3 0 0  tax i to  term inal (S a m p le  5) 1 5 /1 1 /9 6 43 2 6 -2

7 3 7  A u x  p o w e r  u n it ex h a u st (S a m p le  1) 1 5 /1 1 /9 6 32 25 -2

7 3 7  E xh au st tax i to  b a y  10 (S a m p le  3) 1 5 /1 1 /9 6 33 22 -1

A N S E T T  7 3 7  to  b a y  2 (S a m p le  2 ) 1 5 /1 1 /9 6 31 2 2 -1

7 6 7  Id lin g  b a y  16 (S a m p le  4 ) 1 5 /1 1 /9 6 23 22 -2

T h e a n a ly s is  w a s  carried ou t on A W T 's IITRI D y n a m ic  D ilu tio n  F o rced  C h o ic e  T r ia n g le  
O lfa cto m eter  (M o d e l 103 ), w h ich  trad ition ally  d eterm ines three th resh o ld s , n a m ely : B e s t  
E stim ate  (Z 1 d e e m e d  equal to  O U 50D (E P A ), D etection  (D ) d eem ed  eq u a l to  O U 50R (E P A )  
and R e c o g n itio n  fR i w h ich  is  not reco g n ised  as a threshold  b y  th e  E P A  at th is  sta g e .

R egard s,

V. A n d e r s e n ,  A i r  Q u a l i t y  C o o r d in a t o r .
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| RE: AWT AIRPORT SAMPLES

Dear Ross
I
I Results for N M H C , total HCs in the kerosene fraction, and various speciated  

concentrations follow. Numbers in brackets are duplicate analyses done by GC  
I which use a separate (and less accurate) calibration m ethod. Even so the  

agreement is quite good. Please ring me if  you have any queries.

I
Regards

I
Peter N elson

|  Senior Principal Research Scientist

i
\

\

I

mailto:p.nelson@dcet.CBiro.au


Sheetl

AWT Sample Number Canister No. NMHC Kerosene HC 1,3-biitadien benzene toluene ethylbenzene xylenes
IppmC) (ppmC) (ppbV) (ppbV) (ppbV) (ppbV) (ppbV)

1

1 21762 1.6 0.2 - 1.6 2.9 04 2.8
2 21770 2 1.1 2.7 4.2 (3.1) 6.6 0.6 3
3 21765 ~0.5 0.3 3.8 3.8 3 2(2.8) 0.4 2
4 21773 2.2 1.7 2.8 2.9 3.7 1.9 12.7
5 21774 8.6 (8.2) 2.2 11.4 7.7 (7.2) 5.9 16(1.7) 11.2 (11 9]
6 21763 0.5 0.3 0.4 1.9 3.7 0.5 2.8
7 21768 2 1.1 37.4 17.61 7.8 2 9.6
8 217751 2 1 0 8| 5.8 5.6 9.5 ol9 3.6


