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Disclaimer

Pacific Environment acts in all professional matters as a faithful advisor to the Client and exercises all
reasonable skill and care in the provision of its professional services.

Reports are commissioned by and prepared for the exclusive use of the Client. They are subject to and
issued in accordance with the agreement between the Client and Pacific Environment. Pacific Environment is
not responsible for any liability and accepts no responsibility whatsoever arising from the misapplication or
misinterpretation by third parties of the contents of its reports.

Except where expressly stated, Pacific Environment does not attempt to verify the accuracy, validity or
comprehensiveness of any information supplied to Pacific Environment for its reports.

Reports cannot be copied or reproduced in whole or part for any purpose without the prior written agreement
of Pacific Environment.

Where site inspections, testing or fieldwork have taken place, the report is based on the information made
available by the client or their nominees during the visit, visual observations and any subsequent discussions
with regulatory authorities. The validity and comprehensiveness of supplied information has not been
independently verified and, for the purposes of this report, it is assumed that the information provided to
Pacific Environment is both complete and accurate. It is further assumed that normal activities were being
undertaken at the site on the day of the site visit(s), unless explicitly stated otherwise.
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Executive summary

E1l Background and objectives

The GRAMM-GRAL system is a coupled suite that contains a meteorological model (GRAMM®) and an air
pollution dispersion model (GRAL?). The system has recently been used to support the Environmental
Impact Statements for the WestConnex M4 East, New M5 and M4-M5 Link projects. Prior to WestConnex, it
had not been used extensively in Australia, but it could potentially be used to assess other future road and
tunnel projects. To inform such assessments, a study was undertaken to examine the performance of the
system in an Australian urban context.

The main objectives of the study were:

1 To assess the performance of GRAMM (version: July 2016) against meteorological measurements,
and to compare it against another meteorological model (CALMET, version: 6.334) that is commonly
used in Australia.

1 To assess the performance of GRAL (version: August 2016) against air pollution measurements, and
to compare it against another road dispersion model (CAL3QHCR, version: 2.0) that is commonly
used in Australia.

1 To make recommendations regarding the configuration and application of GRAMM and GRAL to the
assessment urban road networks/projects in Australia.

E2 Methodology
E2.1 Evaluation of meteorological models
Measurements

The evaluation of the meteorological models was based on data for the full calendar year of 2015. The study
area was located in Western Sydney, where the terrain was relatively flat. The model domain (15 km by

12 km) incorporated five monitoring stations: St Lukes Park station (operated by Roads and Maritime
Services - RMS), Sydney Olympic Park and Canterbury Racecourse (operated by the Bureau of Meteorology
- BoM), and Rozelle and Chullora (operated by Office of Environment and Heritage - OEH). The
measurements at these stations were made at a height of 10 metres.

The evaluation focused on two of the most important meteorological parameters affecting the dispersion of
air pollution from roadways: wind speed and wind direction (both as 1-hour averages). There were some
differences between the stations in terms of the equipment used. Notably, ultrasonic anemometers were
used at the RMS and OEH stations, whereas mechanical (cup-and-vane) anemometers were used at the
BoM stations.

Model tests

Various tests were conducted to evaluate CALMET and GRAMM at the five stations. For both models the
most important input was a reference (surface) meteorological dataset. Two series of tests were conducted
to broadly reflect different approaches to defining the reference meteorology, with specific model set-up
parameters being modified in each case. These were as follows:

! GRAMM = Graz Mesoscale Model.
2 GRAL = Graz Lagrangian Model.
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i Series A: The reference measurements for both CALMET and GRAMM were taken from a single
monitoring station (St Lukes Park), and the model predictions were compared with observations at all
monitoring stations. In these tests the following were assessed:

o CALMET and GRAMM performance.
0 The effects of the horizontal grid spacing in GRAMM (50 metres, 100 metres and 200 metres).
0 The effects of using the d&re-Orderéfunction in GRAMM.

9 Series B: The reference meteorological data were taken from multiple measurement stations (for
CALMET) or from a synthetic meteorological file with dMatch-to-Observations6(GRAMM), and the
model predictions were compared with observations. Three different approaches were examined:

o GRAMM Match-to-Observations for all stations except St Lukes Park. All stations except St
Lukes Park were used to provide the reference meteorological data. In the case of CALMET the
reference data were entered directly into the model. As GRAMM will only accept data from a
single reference station, an analogous approach was used whereby a synthetic meteorological
file was used as input to the model, and then the GRAMM Match-to-Observations function was
used for the specific monitoring stations.

o GRAMM Match-to-Observations for all stations. All monitoring stations were used with the
GRAMM Match-to-Observations function.

o GRAMM Match-to-Observations for St Lukes Park only. This test was used to examine the
performance of GRAMM in the dispersion model domain around St Lukes Park, and for the
conditions that were used in the GRAL modelling. The results for other stations were therefore
considered to be less important in these tests.

E2.2 Evaluation of dispersion models
Measurements

The evaluation of GRAL and CAL3QHCR focussed on the dispersion of oxides of nitrogen (NOX)3 from
surface roads. The reasons for selecting NOy are provided in the report. Some consideration was also given
to the estimation of nitrogen dioxide (NO,) concentrations, given the focus on the health impacts of this
pollutant rather than total NOy.

The dispersion modelling part of the study involved the analysis of monitoring data and model predictions for
an overall period of four months (November 2016 to February 2017 inclusive). Measurements at both
roadside and background continuous monitoring stations, as well as multiple passive sampling locations,
were used in the assessment.

The study took advantage of the two existing air pollution monitoring stations that were established for the
WestConnex M4 East project:

1 Concord Oval (roadside), adjacent to Parramatta Road. The average weekday traffic volume on
Parramatta Road near this location was around 80,000 vehicles per day.

% NOx is, by convention, the sum of nitrogen dioxide (NO,) and nitric oxide (NO).
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91 St Lukes Park (background), around 180 metres from the nearest heavily trafficked road (Gipps Street,
with around 26,000 vehicles per day). The station was approximately 450 metres to the north-east of
the Concord Oval station.

At both these stations air pollution was measured at a height of approximately 3 metres. As noted earlier,
meteorology was measured at a height of 10 metres at St Lukes Park. Meteorology was also measured at
Concord Oval, but given that this was a roadside site the measurements were at a height of 3 metres.

The continuous monitoring data were analysed as 1-hour averages.

Ogawa passive samplers were used to measure fortnightly-average NOyx and NO, concentrations
simultaneously at 17 locations in the study area, including co-location with the continuous analysers for
calibration. The Ogawa samplers were deployed in triplicate at the 17 locations over two periods (i.e. two
rounds of sampling). A third round of sampling was included at Concord Oval and St Lukes Park only, the
reason for this being to increase the number of data points available for sampler calibration.

All the main roads in the dispersion model domain were included in the models. Road gradients and widths
were estimated from Google Earth. Traffic volumes by lane and by hour at specific junctions and for the
whole dispersion model evaluation period were obtained from the Sydney Coordinated Adaptive Traffic
System (SCATS). Traffic surveys were also undertaken at seven locations (four video camera sites and
three automatic tube count sites) to obtain additional data on traffic composition. Average traffic speeds
between specific node points on the network were estimated using the Google Maps Distance Matrix
application programming interface (API).

Model set-up

Exhaust emissions were calculated using a simplified version of the NSW EPA emission inventory model.
The performance of the emission model was not evaluated separately as part of this study, and most of the
work focussed on the effects of changing GRAMM and GRAL parameters on model predictions. However,
the sensitivity of the emission model outputs (NOyx only) to changes in specific inputs (e.g. road type, speed,
gradient) was examined.

The general set-up of CAL3QHCR and GRAL is described in the report, including road types, meteorological
settings, receptor locations (the air pollution monitoring sites) and traffic/emissions data. All dispersion model
outputs were defined for a height of 3 metres above ground level. This was equivalent to the height of the air
pollution measurements.

NO, concentrations were estimated for a limited number of model runs. Five different approaches for
converting modelled NOy to NO, were tested, including empirical methods and the ozone-limiting method.

Model tests

The dispersion model evaluation was similar in concept to the meteorological model evaluation. Various tests
were conducted to evaluate the performance of CAL3QHCR and GRAL in the dispersion model domain,
focussing only on the prediction of NOy.

Five series of tests were used to broadly reflect different modelling approaches and settings within GRAL,
with an initial test using CAL3QHCR:

i1 Series C: Comparison between the predictions of CAL3QHCR and GRAL for a grid spacing of 10
metres and using the Concord Oval meteorological measurements as direct input to the models.
Concord Oval was selected in preference to St Lukes Park as there was an emphasis on the
prediction of concentrations close to Parramatta Road, and at a height of 3 metres.
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1 Series D: Effects of meteorological input in GRAL. The effects of using GRAMM (Concord Oval
Match-to-Observations) in GRAL was compared with the direct observations from Concord Oval. All
subsequent GRAL runs (in Series E to G) also used the meteorological input from GRAMM based on
Concord Oval Match-to-Observations.

91 Series E: Effects of grid spacing in GRAL (2 metres, 10 metres and 20 metres).
1 Series F: Effects of particle number in GRAL (200, 400 and 800 per second).

1 Series G: Effects of including buildings in GRAL, with the separate testing of prognostic and
diagnostic approaches.

The model predictions were compared with observations in two different ways:

1 A temporal analysis of NOy at the Concord Oval and St Lukes Park monitoring stations. The model
predictions were compared with observations using 1-hour average data for the period between
November 2016 and February 2017. As with the wind speed analysis, this included a consideration of
descriptive statistics, use of the timeVariation function in Openair, regression plots, and the
calculation of specific model-evaluation metrics.

1 A spatial analysis of NOyx and NO, for the period-average concentrations measured using the Ogawa
samplers, as well as contour plots of air quality metrics.

E3 Main findings and recommendations
The main findings of the study are summarised below:

1 The observational data illustrate how complex and variable air quality is in an urban location with a
complex road network, and how demanding the modelling task is. Any poor agreement between model
results and observations (for any model) may be caused by several factors, including

o Limitations of the model itself.

o Significant processes or factors influencing observations that have not been modelled (e.g. due
to lack of input data, or processes that are highly localised).

This study was not designed to distinguish between these possibilities.

91 The results show that the combination of GRAMM and GRAL can produce good average predictions
which reflect the spatial distribution of concentrations near roads with reasonable accuracy. The model
chain gives results that are at least as good as those produced by other models that are currently in
use in Australia. As with all air pollution models, the prediction of short-term (1-hour) concentrations
remains a challenge. This is not surprising given the complexity of the processes involved. The
GRAMM-GRAL model system is therefore suitable for any type of study involving the modelling of
road networks. One caveat here is that it may be an unnecessary complication to use GRAMM where
appropriate meteorological data are already available.

1 One of the challenges for the study was the treatment of short-term average NO, concentrations. This
was because of the need to simulate several complex processes, including adequate representation of
background concentrations, quantification of primary NO, (which is especially uncertain), and the
short-term chemical formation of NO, through its reaction with ozone. The latter point was particularly
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important for this study; the time scales for atmospheric mixing and chemical reactions are very
similar, which makes this task difficult. Ideally, what is required is a closely-coupled treatment of
mixing and chemistry. As shown in the study, no empirical approach to short-term NO, estimation
works especially well.

Various recommendations for the application of GRAMM and GRAL have resulted from this study. When
considering these, the following should be borne in mind:

1 The purpose of the study was not to provide a complete validation of the GRAMM-GRAL system itself,
but rather to evaluate its performance for the set-up of the study.

1 Any recommendations made for the use of the model system in an Australian regulatory assessment
context should be viewed with an understanding that they are based on the set-up for the study.

In particular, it should be noted that the recommendations apply to road traffic sources in a small study area
with relatively simple terrain and few large buildings. However, it can reasonably be assumed that the
findings are transferable from Sydney to similar urban areas of Australia.

The recommendations are as follows:

i1 For the type of study area investigated, the direct use of measured meteorological data in GRAL can
result in model performance that is at least as good as when GRAMM is used. Nevertheless, it would
generally be advisable to run GRAMM to confirm this, and to run GRAMM for more complex situations
and larger domains.

1 Where GRAMM is used, then it will be important to use the Match-to-Observation function for an
appropriate (nearby and representative) meteorological station.

1 In order to reduce the uncertainty in emission calculations, it is important to use an accurate temporal
profile of traffic volume and traffic composition. It will also be important to accurately characterise
traffic speed, especially when this is outside the range of around 30-60 km/h. These factors have been
known for a long time, and are not exclusive to GRAL.

1 The results of GRAL will probably not be sensitive to settings such as grid resolution and number of
particles, although these should clearly be within the recommended ranges.

1 The likely advantages of including buildings in a model run should be considered prior to modelling,
given the implications on grid resolution (fine resolution required) and therefore computation times.

i1 In general, the prediction of short-term NO, concentrations needs to be improved to properly account
for local chemical processes. Empirical methods should be further investigated. It would be useful to
know, for example, how NO, predictions vary according to conditions.

The data obtained in the study could be useful in future studies, and there are further opportunities for data
mining. The information presented in the report will be available to anyone interested in understanding or
modelling near-road air quality.

For more detailed recommendations on specific model settings the GRAMM and GRAL documentation
should be consulted.
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1 Introduction

1.1 Background

The GRAMM-GRAL model system is a coupled suite that contains a meteorological model (GRAMM?) and
an air pollution dispersion model (GRALS). The model system i which is often simply referred to as GRAL -
was developed with the simulation of pollutant dispersion from complex urban road networks as a core
capability.

GRAL has recently been used to support the Environmental Impact Statements (EISs) for the WestConnex

M4 East, New M5 and M4-M5 Link projects (Boulter et al., 2015; Manansala et al., 2015; Pacific

Environment, 2017). Prior to WestConnex, GRAL had not been used extensively in Australia, but it could

potentially be used to assess other future road and tunnel projects. To inform such assessments, and to

identify and assess potential improvements to the application of the model in Australia, Pacific Environment

was commissioned by NSW Roads and Maritime Services (Roads and Maritime) t o undertake a 06C
opti mi s at The studysekamihgd the performance of both GRAMM and GRAL, with an emphasis on

the following:

1 Application in an urban area with relatively flat terrain.

91 The dispersion of oxides of nitrogen (NOX)6 from line sources (i.e. surface roads); other types of
source, such as tunnel ventilation outlets and tunnel portals, were not considered. The reasons for
selecting NOy are provided in the report. Some consideration was also given to the estimation of
nitrogen dioxide (NO,) concentrations.

This report describes the study and presents the findings and recommendations.

1.2 Objectives

The general objectives of the study were as follows:

1 Model description

0 To review the GRAMM-GRAL system and previous evaluation studies. The purpose of this
review was to identify key issues relating to model set-up, and thus guide the study
methodology. The review included:

- A description of the model system.

- Model settings and inputs, the physical effects that these simulate, and their qualitative
effects on model predictions.

- Appropriate values (or ranges) for the settings and inputs, with a focus on application in
urban areas.

- General guidance on model evaluation.

* GRAMM = Graz Mesoscale Model.
® GRAL = Graz Lagrangian Model.
® NOx is, by convention, the sum of nitrogen dioxide (NO,) and nitric oxide (NO).
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- Previous validation studies, with an emphasis on surface roads.
1 Assessment of GRAMM performance
0 To undertake GRAMM simulations using local meteorological measurements.
0 To investigate the response of GRAMM to model inputs and settings.

0 To assess the performance of GRAMM against meteorological measurements at several sites,
and to compare it against another meteorological model (CALMET) that is commonly used in
Australia.

1 Assessment of GRAL performance

0 To undertake GRAL simulations using local emission factors and traffic measurements from the
study area.

o0 Toinvestigate the response of GRAL to model inputs and settings.

0 To assess the performance of GRAL against air pollution measurements in the study area, and
to compare it against another road dispersion model (CAL3QHCR) that is commonly used in
Australia. Measurements at both roadside and background continuous monitoring stations, as
well as multiple passive sampling locations, were used in the assessment.

1 Recommendations for model application

o0 Toidentify and assess potential improvements to the application of the GRAMM-GRAL model
system in Australia.

o0 To make recommendations regarding the configuration and application of GRAMM and GRAL to
the assessment complex urban road networks/projects in Australia, taking into account issues
such as scaling (e.qg. size of study area and number of road links) and practicality (e.g.
processing time).

These objectives are reflected in the structure of the report.

1.3 Project organisation

The project was undertaken by Pacific Environment with support from FVT in Austria. It was funded by
Roads and Maritime, acting on behalf of other stakeholders including the NSW Advisory Committee on
Tunnel Air Quality (ACTAQ). A Steering Group was established to provide guidance on the study. The
members of the Steering Group were:

1 Emily Kemp, Andrew Mattes, Vince Taranto (Roads and Maritime)
i Carrie Waring (NSW Office of Chief Scientist & Engineer)
i1 Dr lan Longley (NIWA)

1 Dr Mark Hibberd (CSIRO)
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1 Dominic Crinnion (NSW Department of Planning and Environment)

9 Aleks Todoroski (Todoroski Air Sciences)

Dr David Carslaw of the University of York in the United Kingdom acted as a technical peer reviewer.

1.4 Overview of methodology

The evaluation of meteorological models and air pollution models can be a complex process involving
various different steps. Two terms are commonly used when evaluating model performance:

1 Model validation. This generally refers to detailed, peer-reviewed studies that have been carried out by
the model developer or a regulatory agency.

1 Model verification. This generally refers to checks carried out on model performance at a local level. It
usually involves the comparison of predicted and measured concentrations.

The study focused on model verification rather than model validation. Models applied for regulatory air
quality assessment are commonly verified on the basis of comparison against observations, and this element

of the process is known as 6éoperational model evaluati
2010). However, it is noted that this approach does not provide comprehensive insight into all the properties

of models.

1.4.1 Models

The meteorological models and dispersion models included in the study are briefly summarised below. More
detailed information on the specific configuration of each model is provided later in the report.

1.4.1.1 Meteorological models

Meteorological models can be classified as either d@iagnosticéor grognosticé Diagnostic models create
meteorological fields through interpolation based on measurements. They use a relatively simple mass
conservation approach without solving fundamental equations of momentum, energy, or moisture
conservation. Their accuracy is often limited by insufficient measurements, and the fields can lack dynamic
consistency between meteorological variables. Prognostic models have been developed to overcome some
of the shortcomings of diagnostic models by solving the equations that describe atmospheric dynamics.
Prognostic models can provide a better representation of certain meteorological phenomena, such as sea
breezes and slope/valley circulations. The capability of prognostic models to produce accurate
meteorological fields has improved dramatically through, for example, better physical parameterisation and
increased spatial resolution (Hu et al., 2010).

CALMET

CALMET is a diagnostic model that is the meteorological pre-processor for the CALPUFF dispersion model.
CALMET requires surface and upper air data. At the surface, the following variables are needed with hourly
resolution: wind speed, wind direction, temperature, cloud cover, ceiling height, surface pressure, and
relative humidity. The upper air data, needed at least twice daily, must contain the following for each vertical
level: wind speed, wind direction, temperature and pressure. CALMET constructs three-dimensional wind

7 https://www.enviroware.com/calmet/
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fields and temperature fields from the meteorological measurements, terrain data and land use data.
CALMET also determines two-dimensional fields of the micro-meteorological variables that are needed for
dispersion modelling (e.g. mixing height, Monin-Obukhov length, friction velocity, convective velocity). The
diagnostic wind field module uses a two-step approach to determine the wind fields. Firstly, an initial estimate
of the wind field is made, allowing for the effects of terrain. Secondly, observational data are introduced to
produce a final wind field.

GRAMM
GRAMM is a prognostic meteorological model, and is described in Appendix A.

1.4.1.2 Dispersion models

For road traffic sources Gaussian models are most commonly used. Gaussian models assume that pollutant
dispersion follows a normal probability distribution. In recent years several roadway models have employed
non-steady-state Lagrangian algorithms. A Lagrangian model follows pollution p | u me dasareferiec | e s 6
to as ¢parcelsd as they move through the atmosphere, and models their motion using a random-walk

process. The model then calculates the bulk dispersion by computing the statistics for the trajectories of a

large number of particles.

CAL3QHCR

CAL3QHCR was developed in 1995 by the United States Environmental Protection Agency (USEPA), and is

commonly used for road project assessments in Australia. Based on CALINE, it is a steady-state Gaussian

model which can determinec oncentrations at receptor | ociadd e samd wdhon
s ect i ogldtated m eeldtively uncomplicated terrain. The model is applicable to any wind direction,

roadway orientation and receptor location. CAL3QHCR is an enhanced version of CALINE that is able to

process up to a year of meteorological data and allows for traffic queuing at intersections. CAL3QHCR reads

up to seven sets of hourly emissions data in the form of diurnal patterns. These data are synchronised to the

day of the week applicable to the meteorological data year being used. The model does not allow for the

effects of terrain or buildings on dispersion, uses homogeneous wind fields, and has no atmospheric

chemistry.

GRAL

GRAL is a Lagrangian model, and is described in Appendix A.

1.4.2 Study area

To meet the objectives of the study, the meteorological and dispersion models were applied to an urban area
containing busy roads, and the model predictions were compared with the measurements from local
meteorological and air quality monitoring stations. In order to evaluate dispersion model performance across
a range of concentrations, the study required air pollution data from monitoring sites both near roads and at
background locations where there was minimal influence from the road network. The study relied upon the
data from existing monitoring stations established for the WestConnex M4 East project, supplemented by a
passive sampler network established specifically for the work.

1.4.3 Model evaluation parameters
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1.4.3.1 Meteorological models

The evaluation of CALMET and GRAMM focused on two of the most important meteorological parameters
affecting the dispersion of air pollution from roadways: wind speed and wind direction.

1.4.3.2 Dispersion models

The evaluation of CAL3QHCR and GRAL focussed primarily on the prediction of NOy for reasons similar to
those described elsewhere (e.g. Longley et al. (2013)):

1 One of the components of NOyx, NO,, is a concern from a health perspective.

1 Road traffic is the dominant source of NOy in urban areas. There is therefore generally a stronger road
traffic signal for NOy than for other traffic pollutants. For example, for PM the local impact of traffic on
ambient concentrations is relatively small, even at roadside, as there are numerous other sources that
contribute to background (non-road) levels in urban areas.

9 Although NO, is both formed and destroyed by chemical reactions in the atmosphere during
dispersion in near-road environments, NOy is conserved during dispersion. NO, is therefore more
useful for assessing how models perform with respect to dispersion alone, without the complicating
effects of atmospheric chemistry.

1 The technology for monitoring NOy is well established, with instruments having a high sensitivity
relative to the ambient concentration gradients observed in urban areas.

Several methods for estimating NO, concentrations were also included in the study, as NO, is important in
terms of health and air quality criteria. However, NO, is strongly influenced by atmospheric chemistry, and
GRAL does not include a chemical reaction scheme. The evaluation of NO, did not, therefore, represent an
evaluation of GRAL itself.

Other pollutants and metrics are mentioned in the report, such as airborne particles with a diameter of less
than 10 um (PMyg), airborne particles with a diameter of less than 2.5 um (PM, ), carbon monoxide (CO),
volatile organic compounds (VOCSs), and ozone (O3), but these were not modelled or considered in detalil.
Ozone measurements were, however, used in some of the approaches for calculating NO..

1.4.4 Measurements

1.4.4.1 Continuous air pollution measurements

There are relatively few established air quality monitoring stations at roadside sites in Sydney. The study
took advantage of the following existing stations from the WestConnex M4 East project:

I Concord Oval roadside. For the M4 East project a roadside station was established in the grounds of
Concord Oval, adjacent to the northern edge of Parramatta Road, Concord.

9 St Lukes Park background. A background monitoring station for the M4 East project was established
in St Lukes Park, approximately 450 metres to the north-north-east of the Concord Oval station.

These monitoring stations are described in more detail later in the report.
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Ideally, pollutant concentrations would have been measured continuously on both sides of Parramatta Road.
This would have enabled background concentrations to be determined for most wind directions, by simply
using the data measured at an upwind station as the background. However, as in many studies of this type,
there were various practical limitations, and the establishment of an additional continuous monitoring station
on the southern side of Parramatta Road was not possible. This meant that continuous measurements of
background concentrations for southerly winds were not available, and hence there was more uncertainty in
the background concentrations that were applicable to these situations.

1.4.4.2 Passive air pollution sampling

To supplement the continuous monitoring a temporary, short-term network of low-cost passive samplers
(measuring NOyx and NO,) was installed within the dispersion model domain (see Section 2.1). These
measurements of NOy and NO, were made at 17 locations. This sampling increased the spatial coverage of
the air pollution measurements, and contributed to the understanding of pollution gradients in the domain. In
particular, the passive samplers were deployed so as to characterise concentration gradients perpendicular
to Parramatta Road (both to the north and to the south), and broadly between the road, the Concord Oval
monitoring station and the St Lukes Park monitoring station. There was a particular emphasis on the
environment close to Parramatta Road, where the steepest concentration gradients would be expected. The
passive sampling also included co-location and calibration against the reference analysers at the two air
guality monitoring stations.

1.4.4.3 Meteorological measurements

Meteorological parameters were measured at the two M4 East stations. Four additional meteorological
stations were located within the study area: Bureau of Meteorology (BoM) stations at Sydney Olympic Park
and Canterbury Racecourse, and Office of Environment and Heritage (OEH) stations at Rozelle and
Chullora. The OEH Earlwood station was also located in the study area, but it was close to the boundary and
was therefore excluded from the analysis.

All stations except Concord Oval were used in the evaluation of GRAMM and CALMET. The Concord Oval
station was at a roadside location rather than at a more open type of location that is typically used for
characterising regional meteorology, and the measurements were made at a height of 2-3 metres, compared
with 10 metres at all other stations. In practice, the meteorological data from Concord Oval and St Lukes
Park were found to be quite similar (see Section 5.4), and these differences do not appear to have been so
important. In addition, on the scale of the GRAMM domain the two M4 East sites were relatively close
together. The inclusion of St Lukes Park alone was therefore considered to be sufficient to characterise this
area of the GRAMM domain.

On the other hand, for the dispersion model evaluation Concord Oval was selected as the reference
meteorological site in preference to St Lukes Park, as there was an emphasis on the prediction of
concentrations in the vicinity of Parramatta Road, and at a height of 3 metres.

1.4.5 Model evaluation periods
The evaluation periods were different for GRAMM and GRAL:

1 The evaluation of GRAMM covered the calendar year 2015. This permitted model evaluation over the
range of meteorological conditions that is typically used in dispersion modelling exercises.
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1 For GRAL the study involved the analysis of monitoring data and model predictions for an overall
period of four months (November 2016 to February 2017 inclusive). This period was limited by the
constraints of the study, such as the availability of air quality and traffic data, and the overall timetable
for delivery.

1.5 Report structure
The remainder of the report is structured as follows:

1 Chapter 2 defines the characteristics of the study area, including the model domains, land use, roads,
and emission sources.

1 Chapter 3 describes the experimental methodology, including the measurement of air pollution and
meteorology.

1 Chapter 4 describes the modelling methodology.

1 Chapter 5 presents the results of the experimental work.
i1 Chapter 6 presents the results of the modelling.

1 Chapter 7 gives the summary and conclusions.

1 Chapter 8 provides the recommendations from the study.
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2 Study area and characteristics

2.1 Location and model domains

The study area was located in Western Sydney, as shown in Figure 1. The centre of the study area was
approximately 9 km to the west of the Sydney Central Business District (CBD) and 9 km to the north-west of
Sydney Airport.

Figure 1: Location of study area i regional context

Two model domains were defined: a larger one to examine the meteorological models, and a smaller one
within this to evaluate the dispersion models. Given than one of the aims of the study was to compare the
performance of GRAMM with that of CALMET, the domain for meteorology had to be large enough to
incorporate several monitoring sites with a sufficient buffer. This domain i which is shown in Figure 2 and is
equivalent to the study area defined in Figure 11 was 15 km by 12 km in size. The much smaller dispersion
model domain (2 km by 2 km) is also included in Figure 2. The two M4 East air quality monitoring stations
were close to the centre of the dispersion model domain.
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Figure 2: Model domains and locations of monitoring stations

The land use in the meteorological model domain was mainly low-rise and residential in nature, with
commercial areas in the north-west, south-west and south-east, and Sydney Olympic Park in the north-west.
The northern part of the domain included the Parramatta River, the Lane Cove River, and a large number of
bays and inlets. The terrain in the domain was relatively flat and simple, with the ground level elevation
ranging from sea level to approximately 62 metres.

The dispersion model domain is reproduced on a larger scale in Figure 3. The land use in the dispersion
model domain was again mainly residential in nature, with commercial/retail use along the Parramatta Road,
Queens Road and Burwood Road corridors. There was a substantial amount of parkland and recreational
space (St Lukes Park, St Lukes Oval, Cintra Park and Concord Oval near the centre of the domain; Barnwell
Park Golf Club in the north-east; Cheltenham Road Park and Blair Park in the south-east; Burwood Park in
the south-west; Goddard Park and Queen Elizabeth Park in the north-west). The domain also included a
short section of railway line to the west of Burwood station, and an area of Canada Bay in the north-eastern
corner. The highest point in the domain, in the extreme south, was around 30 metres above sea level.

Figure 3 also identifies the main roads in the dispersion model domain, as well as some minor roads in the
general vicinity of the air quality monitoring stations, and the approximate weekday traffic volumes. The
domain is bisected by the Parramatta Road corridor, which is aligned on an approximate east-west axis.
Parramatta Road is one of Sydney's oldest roads and a strategically important transport route, being the
major historical artery connecting the Sydney CBD with Parramatta. It is by far the most heavily trafficked
road in the domain with around 80,000 vehicles on weekdays.
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Figure 3: Dispersion model domain, with main roads and typical weekday traffic volumes

2.2 Emission sources

The most detailed and comprehensive source of information on current and future emissions in the Sydney
area is the emissions inventory8 that is compiled periodically by NSW EPA. The base year of the latest
published inventory is 2008, and projections are available for 2011, 2016, 2021, 2026, 2031 and 2036 (NSW
EPA, 2012a). The data for emissions in Sydney were extracted from the inventory by NSW EPA® and are
presented in Figure 4 and Figure 5 for the 2016 projection year.

& An emissions inventory defines the amount (in tonnes per year) of pollution that is emitted from each source in a given area.
® The data were provided for the project Economic Analysis to Inform the National Plan for Clean Air (Particles), undertaken by Pacific
Environment on behalf of the NEPC Service Corporation.
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