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Validation of the TAPM Model and Background PM,, Procedure

A1l VALIDATION OF THE TAPM MODEL

A1.1 Introduction

This appendix clarifies the use of The Air Pollution Model (TAPM) in the generation of site-
specific meteorological data.

A1.2 Meteorology and Dispersion Modelling

Air pollutant dispersion models, such as the Ausplume Gaussian Plume Dispersion Model
software developed by EPA Victoria, require meteorological data inputs to simulate the potential
impacts of pollutants on the nearest receptors. In the past, this has been achieved using
observations from the nearest meteorological monitoring station and converting these into a
format suitable for dispersion modelling (Martin & Cook, 2002).

However, there are a number of problems inherent in this approach. Upper air parameters such
as mixing height are often inaccurately estimated due to the small number of upper air stations in
Australia (Martin & Cook, 2002). Additionally, there is often a significant geographical separation
between study areas and the nearest meteorological stations, particularly in rural areas.

The Air Pollution Model (TAPM) software, developed by the Commonwealth Scientific and
Industrial Research Organisation (CSIRQO), is often used simulate the meteorology of an area
where insufficient on-site meteorological data is available. TAPM is a prognostic model which
may be used to predict three-dimensional meteorological data, with no local data inputs required.

The model predicts wind speed and direction, temperature, pressure, water vapour, cloud, rain
water and turbulence. The program allows the user to generate synthetic observations by
referencing databases (covering terrain, vegetation and soil type, sea surface temperature and
synoptic scale meteorological analyses) which are subsequently used in the model input to
generate site-specific hourly meteorological observations. TAPM is often used to drive the
regulatory Ausplume model where insufficient on-site meteorology data is available.

The TAPM model also allows for the assimilation of wind observations to be optionally included in
a model simulation. The wind speed and direction observations are used to “nudge” the
predicted solution towards the observation values.

A1.3 TAPM Verification Studies

There exists a number of studies that investigate the effectiveness of the TAPM software in
simulating site-specific meteorological data. These verification studies demonstrate that TAPM
performs well in a variety of regions throughout Australia and for a range of important
phenomena such as convective dispersion (Hurley et al., 2002). A select number of these
studies are detailed below:

a The TAPM software was used to simulate the meteorology in Melbourne for winter
(July 1998) and summer (December 1998). These predictions were compared with
observational data measured as part of the EPA Victoria air quality monitoring. The results
of this comparison indicate that TAPM predicts both winds and temperature very well, with
no significant biases (Hurley et al., 2002).
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o The effectiveness of TAPM in estimating annual urban meteorology was assessed by
comparing a TAPM-simulated data set for Perth with meteorological observations. An
analysis of ambient temperature, wind speed and wind direction demonstrates that the
meteorology of Perth was well-simulated by the TAPM software throughout the year
(Hurley et al., 2002).

o A comparison of observed and predicted meteorology was undertaken for Kwinana, a
coastal industrial region south of Perth, Western Australia. A comparison of these data sets
indicates that TAPM simulates the meteorology of the area well, particularly with respect to
wind speed and wind direction (Luhar & Hurley, 2002). Figure A demonstrates the
comparison of observed results with TAPM predictions for these parameters.

Figure A1 Hourly Average Wind Speed and Wind Direction (Observed and TAPM-Generated) at
Kwinana, WA (Source: Luhar & Hurley, 2002)
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o TAPM predictions of wind speed, wind direction, temperature and relative humidity were
compared with observational data for the Pilbara region, WA. The comparison indicates that
there is a strong correlation between predicted and observed results at this site,
demonstrating that TAPM-generated meteorology is a useful tool in dispersion modelling
(Hurley et al., 2003).

A1.4 References

o Hurley P.J., Physick W.L. & Luhar A.K. (2002) The Air Pollution Model (TAPM) Version 2.
Part 2: Summary of Some Verification Studies. CSIRO Atmospheric Research Technical Paper
No.57.

o Hurley P.J., Physick W.L., Cope M., Borgas M. & Brace P. (2003) An evaluation of TAPM for
photochemical smog applications in the Pilbara region of WA. 17th International Clean Air and
Environment Conference of the Clean Air Society of Australia & New Zealand, 23 - 27 November
2003, Conference Proceedings.

o Luhar AK. & Hurley P.J. (2002) Evaluation of TAPM using the Indianapolis (urban) and
Kwinana (coastal) field data sets. 16th International Clean Air and Environment Conference of
the Clean Air Society of Australia & New Zealand, 19 - 22 August 2002, Conference
Proceedings.

o Martin A.P. & Cook B.J. (2002) Modelling of meteorological events using observations, TAPM
and CALMET. 16th International Clean Air and Environment Conference of the Clean Air Society
of Australia & New Zealand, 19 - 22 August 2002, Conference Proceedings.
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A2 BACKGROUND PM;; PROCEDURE

A2.1 Introduction

The following explanation is intended to clarify the application of 24-hour average PM;, data
within the Ausplume atmospheric dispersion modelling presented within this assessment.

All modelling within the assessment has been conducted in accordance with the NSW DEC

document “Approved Methods and Guidance for the Modelling and Assessment of Air Pollutants
in NSW” (“the DEC Approved Methods").

A2.2 Background PM;, for Modelling Purposes

Ambient concentrations of PM;, were assessed using DEC air quality monitoring data. An
example of a verified data set showing 24-hour average PM., concentrations at a DEC
monitoring site is presented in Figure A2.

Figure A2 Example of DEC PM,, (24-hour average) Monitoring Results
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Section 5.2 of the DEC Approved Methods states that for Level 2 assessments, ambient
monitoring data for at least one year of continuous measurements contemporaneous with the
meteorological data should be used in dispersion modelling. This has been achieved by using
daily varying background data, coupled with a meteorological input file for the same period.
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A2.3 24-Hour Average PM;; Ausplume Predictions

The protocol contained within Section 5.2 of the DEC Approved Methods, prescribes the
following for Level 2 Assessments.

At the maximum exposed off-site receptor, add the maximum background concentration and
the 100" percentile dispersion model prediction to obtain the total impact, for each averaging
period.

PM, concentrations (background + increment) recorded at a given residence for all 24-hour
periods over a calendar year are presented in Figure A3 and Figure A4. These figures present
the results from two example operational scenarios. Background concentrations are taken
directly from those displayed in Figure A2 above.

Figure A3 Example of Background + Incremental PM;, (24-hour average) Concentrations at a Given
Residence - Operational Scenario A
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Figure A4 Example of Background + Incremental PM,, (24-hour average) Concentrations at a Given
Residence — Operational Scenario B
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It can be seen from the above Figures that the maximum predicted 24-hour concentration at a
given residence (Background + Increment) for Operational Scenario A occurs when the
background is 35ug/m®, and the increment is Opg/m?®.

The maximum predicted 24-hour concentration at the same residence (Background + Increment)
for Operational Scenario B occurs when the background is 17ug/m°, and the increment is
25ug/m”.

It is noted that in Operational Scenario B, on the 3™ November, the PM,, concentration (at the
nominated residence) produces a background of 35pg/m3: and an increment of Opgf‘m?’z as per
the Operational Scenario A maximum value. However, as this is below the maximum predicted
24-hour concentration (Background + Increment) for the scenario year, it is not recorded as the
maximum.

The implication, therefore, is that the meteorology on 3" November was not conducive to high
incremental PM., concentrations recorded at surrounding residences.
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