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EXECUTIVESUMMARY
Purpose of the study
This study was commissioned to investigate primary anthropogenic particulate matter ( PM) emission
sources and their contribution to annual average PMio and PM2s concentrations in Singleton and

Muswellbrook.

The principal objective of this study  was to investigate the effects of potential emission reductions to
inform the achievability of a target for reducing long term average PMi1o and PMz2s concentrations in
Singleton and Muswellbrook by answering the following questions:

1. What contribution do primary PM emissions from coal mines, domestic wood heaters, electric
power generation and non -road diesel exhaust make to annual average PMio and PMzs
concentrations in Singleton and Muswellbrook in 2012 (base case) and in business as usual (BAU)
projections fo r the years 2016, 2021, 2026 and 20317

2. How sensitive are annual average ambient PMio and PMzs concentrations in Singleton and
Muswellbrook for the years 2016, 2021, 2026 and 2031 to reductions in primary PM emissions from
coal mines, domestic wood heate rs, electric power generation and non -road diesel exhaust ?

Overview of methodology

The study methodology wasdeveloped i n accordance with the NSW EPAG6s Ter ms
for the study and summarised as follows .

Meteorological mode _lling

The modelling for this study used a combinat ion of TAPM, CALMET and CALPUFF. Surface observation s
from 10 meteorological monitoring sites ~ were included in the modelling (data assimilation) . Two options
for data assimilation were investigated:

a Option 1: Data assimilation of observations in TAPM with no observations in CALMET.
a Option 2: Data assimila tion of observations in CALMET with no observations in TAPM.

Four meteorological monitoring sites  were excluded from the modelling and used for model evalu ation
(comparison of observed and predicted). Overall, it was concluded that both CALMET options simulate
the meteorology with an acceptable degree of accuracy.

Emission estimates

Detailed coal mine emissions inventories  were developed for PMio and PMzs for the base year 2012
and for BAU projections for years 2016, 2021, 2026 and 2031. Hourly emissions files were developed for
modelling and spatial variation in activities and emissions across each year were captured. Emissions
from diesel use at coal m ines were estimated based on recent survey data provided by the EPA.
Emissions from wood heaters, power stations  and all other sources were derived from data provided by

the NSW EPA, based on the Air Emission Inventory for the Greater Metropolitan Region (GMR) in NSW.

Dispersion modelling

Dispersion modelling for all sources was completed for base year 2012 and an alysis of model
performance was based on comparison with 2012 monitoring data for PMwo and PMazs. Following
validation of base year predictions , dispersion modelling was completed for coal mines and diesel
emissions for BAU projections , with a focus on ann ual average PMio and PM2s in Singleton and
Muswellbrook. BAU projections for other sources were scaled based on 2012 modelling results. Emission
reduction analysis is presented for BAU projections based on illustrative percentage reductions for coal
mines, wood heaters, electric power generation and non -road diesel exhaust.
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Study results and conclusions

Source contribution

The modelled source contributions to annual average PMzs concentrations in 2012 are summarised in
Figure 1. The non-modelled ( estimated ) contribution from secondary and natural PM and boundary

flux (background) isalso shown. Wood heater emissions are the largest  single (primary anthropogenic )
contributor to  annual average PMzs concentrations for Muswellbrook  (16.9%) and coal mine emissions
are the largest single contributor in  Singleton (14.5%). The combined contribution from coal mines and

non -road diesel exhaust is higher than wood heaters  in Muswellbrook . Source contribution to annual
average PMzio concentrations in 20 12 is shown in the body of the report.

Coal mines
Boundary Flux 12.3%
15.5%

Coal mines
14.5%

Boundary Flux
17.8%

Power stations
0.6%

Power stations
Non-road diesel 0o%
5.4%

Non-road diesel
42%

Wood heaters|
13.7%
Wood heaters|
16.9%

On-road mobile
< ’ 20%

On-road mobile T

Bio/Geogenic
1.6% 0.4%

Secondary and natural PM
laa. 1%

Muswellbrook PM2 5
Modelled source contribution

Bio/Geogenic
0.1%

[Secondary and natural PM
i2.3%

Singleton PM2 5
Modelled source contribution

Muswellbrook

Singleton

Figure 1: Predicted source contribution  to PM2s base year 2012

Seasonal variation

Significant seasonal variation is evident in source contribution to annual average PMzs concentrations

as shown in Figure 2.

Wood heater emissions dominate in winter  for both Muswellbrook (36%) and Singleton (37%). In other
seasons, coal mine emissions are the largest (primary anthropogenic) contributor for both Muswellbrook
(10% - 16%) and Singleton ( 7% - 21%). Wood heater emissions also significantly contribute in Spring and
Autumn.

The seasonal variation in source contribution to annual average PM1o concentrations in 2012 is shown in
the body of the report.
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Figure 2: Predicted seasonal variation in source contribution to PMzs base year 2012
Business as usual projections

The annual average PMz2s concentration in Muswellbrook  for BAU scenarios is presented in  Figure 3.
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Emissions reductions

The effect of a 50% emission reduction, applied to each of the four key sources
presented in Figure 5 for Muswellbrook and  Figure 6 for Singleton.

PMzs concentrations for BAU  likely scenario (left panel) with a 50% emission reduction applied across all
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The annual average PMaio concentration in  Muswellbrook and  Singleton for both BAU scenarios and the
emissions reduction scenarios are presented in the main body of the report.

It is noted that the BAU projections are very sensitive to assumptions made in estimating emissions for
future years. Modelling uncertain  ty is considered to increase for future years and results should be
interpreted with this in mind.

Recommendations for future work

The two most significant sources of uncertainty identified in this study relate to estimates of
background/boundary flux from outside the modelling domain and the contribution from secondary
particles. The uncertainty is increased in applying these estimates for BAU projections.

Recommendations are made for future work to reduce this uncertainty, including

a Better representa tion of regional background or boundary flux.
u Refining the approach for consi  deration of secondary particles, for example by developing a
secondary partic le model for the Upper Hunter.

Other r ecommendations for reducing uncertainty in the model ling pres ented in this study are:
Refinement of the approach to prognostic meteorological modelling.
Improving the spatial resolution of other source contributions from gridded GMR emission
inventories .

a Further refinement of the approach for wood heater modelling.

Vii
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1 INTRODUCTION

The New South Wales (NSW) Environment Protection Authority (EPA) has commissioned Pacific
Environment to investigate how primary anthropogenic 2 particulate matter (PM) emission sources
contribute to annual average PMio® and PM2zs¢ concentrations in the Upper Hunter Valley of NSW.

The outcomes of the study  will be u sed to inform the achievability of PM-reduction targets for the Upper
Hunter Valley . The setting of targets is based on predicted future changes in annual average PMz2s
concentrations  in Singleton and Muswellbrook that result from emission  -reduct ion scenarios for each
source. The study focus es on the largest sources of primary anthropogenic  PM emissions for the area
(NSWEPA, 2012a, 2012b), as follows :

Coal mines

Dom estic wood heaters
Electric power generation
Non -road diesel exhaust

[ ot I B et A

The relative contribution of these sources is demonstrated in Figure 1.1 by comparing the top 10 human
made sources of PMzs emissions in non -urban areas of the  Greater Metropolitan Region (GMR)

Heavy duty commercial diesel — exhaust
Cement or lime production

Gravgl and sand quarrying

Solid fuel burning (domestic) Arid-oasediextractve gctivity

production (alumina)

Industrial vehicles and equipment

Generation of electrical power from coal

Mining for coal

Source: NSW EPA (2012a)

Figure 1.1: Top ten human made sources of  PMzs in non -urban areas of GMR

a Primary natural PM is emitted directly into the atmosphere as a result of processes such as wind erosion (mineral dimt) and t
production of marine amsols (sea salt). Primary anthropogenic particles result from processes involving either combustion (e.g. industrial
activity, domestic wood heaters, vehicle exhaust) or abrasion feigng for coalyoad vehicle tyre wear). Secondary PM is not emitted

directly, but is formed by chemical reactions involving-glhase components of the atmospherée origin ofsecondary PM ray be
natural or anthropogenic.

b Particulate matter with an aerodynamic diameter of less th@micrometres

¢ Particulate mattewith an aerodynamic diameter of less than 2.5 roietres
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1.1 Background and context

Airborne PM in the Upper Hunter Valley is a key issue for the NSW EPA, as outlined in the document NSW
2021: A plan to make NSW number one, the Government & 10 year plan for the state . Goal 22 of NSW
2021 (Protect Our Natural Environment  (NSW Department of Premier and Cabinet, 2011 )) aims to
provide more information to local communities on air quality . This has led to the establishment of t he
Upper Hunter Ambient Air Quality Monitoring Network ( UHAQMN), a regional air quality monitoring
network which consists of fourteen monitoring sites at strategic locations, including the population
centres of Singleton and Muswellbrook.

NSW 2021 has also led to the establishment of the Upper Hunter Air Particles Plan which outlines the
measures currently in place, or being developed , to improve air quality in the Upper Hunter. The EPA
has set up a high -level inter -agency air quality taskforce aimed at improv ing air quality in the Upper
Hunter.

This study forms part of the Upper Hunter Air Particles Plan  and compl ements the r elated Upper Hunter

Fine Particle Characterisation St udy (a joint effort between CSIRO and ANSTO) (  Hibberd et al , 2013). The
objective of the  Upper Hunter Fine Particle Characterisation St udy was to determine the major

components and  sources of PMzs in Singleton and Muswellbrook. The study is not limited to primary
anthropogenic PM and  characterise sPMzs in terms of :

Elemental composition (using ion beam analysis) .
Water soluble ions (using ion chromatography)

Organic, elemental and black carbon .

Source contribution (using  positive matrix factorisation ).

[ ench enc i et et}

The reduction of PM from coal mines  in particular is a priority for the NSW EPA, a s reflected in the 6 Dst

Sop dprogram . This is being implemented through  Pollution -Reduction Programs (PRPs) that require coal

mines to identify and implement best practice measures to reduce particle emissions from their

operations. The PRPs form a componentofeach coal mi neds Environment Protection Li

Initiatives for non -road diesel emissions, including actions specific to coal mines, are also a priority for
the EPA (NSWEPA, 2014).

1.2  Objectives of the study

The principal objective of this study was to quantify the contribution of primary anthropogenic PM
emissions to annual average ambient PMio and PMzs concentrations in Singleton and Muswellbrook.
The study investigate sthe effect s of potential emission red uctions to inform the achievability of a target
for reducing long term average PM 25 concentrations in Singleton and Muswellbrook.

The study seeksto answer the following questions:

1. What contribution do primary PM emissions from coal mines , domestic wood heaters , electric
power generation and non-road diesel exhaust make to annual average PMiwo and PMzs
concentrations in Singleton and Muswellbrook in 2012 (base case) and in business as usual
(BAU) projections for the years 2016, 2021, 2026 and 2031 4?

2. How sensitive are annual average ambient PM1o and PMzs concentrations in Singleton and
Muswellbrook for the years 2016, 2021, 2026 and 2031 to reductions in primary PM emissions
from coal mines, domestic wood heaters, electric power generati on and non -road diesel
exhaust.

d The BAU projection years were chosen to be consistent with the projection years for the NSW EPA GMR emissions inventory.
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This is the first known study to develop a regional scale primary particle model for the Hunter Valley.
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2 STUDY APPROACH

The study methodology has been developedin accordance with the NSW EPA3s Tern
(ToR), and isconsistent with Australian and International  best practice for the modelling and assessment
of air pollutants. Detailed methodology is provided in subsequent sections, as follows:

u Section 3 8 overall modelling approach.

a Section 5 and 6 d emissions estimation.

a Section 8 8 model sensitivity tests.

a Section 9 & source apportionment modelling.

The ToR included a requirement  for an independent expert peer review of a methodology paper . The
independent peer review was conducted by Joseph Scire, Pr incipal Scientist at E *ponent. Mr. Scire has

more than 30 years 0 experience in the design, development, and application of research and
regulatory air quality models. He has played a major role in the development of several widely used
models, including t he CALPUFF mode lling system. All recommendations from the independent peer
review are incorporated into the study where possible and practical. The overall approach to the
study is outlined in the following steps:

0] Stepl 6 Coal mine emissions: Develop detailed coal mine emissions inventories ( PMio and PMz2s)
for the base year 2012 plus BAU projections for years 2016, 2021, 2026 and 2031. Hourly emissions
files are developed for modelling and spatial variation in activities and emissions across eachyea r
captured based on publicly available mine plan information

i Step 2 6 Non-road d iesel emissions . Develop detailed emission inventories for non -road diesel
(PM1o and PMzs) for the base year 2012 plus BAU projections for years 2016, 2021, 2026 and 2031.
Emissions are based on recent mine survey information gathered by the EPA . Spatial variation
across each year is captured similar to the approach for coal mine emissions.

i Step 3 0 Emissions from wood heaters and power stations . Using the Air Emission Inventory for the
GMR, emissions data ( PMio and PMzs) are collated and analysed and hourly emission files
developed for modelling  for the base year 2012

i Step 4 & Emissions from other sources . Emissions from all other sources in the modelling domain are
extracted from the GMR inventory, collated and analysed, and hourly emission files developed for
modelling for the base year 2012.

Step 5 - Meteorological modelling . Meteorological modelling using TAPM and CALPMET .
Step 6 0 Meteorological model evaluation . Analysis of model performance  based on comparison
with 2012 monitoring data collected at the UHAQMN

a Step 7 - Dispersion modelling for base year 2012 . Dispersion modelling using CALPUFFof all sources
for base year 2012 for PMio and PM2s

a Step 8 - Dispersion modelling evaluation . Evaluation of model performance (PMio and PMoas)
based on comparison with 2012 monitoring data collected at the UHAQMN. Model evaluation
includes consideration of secondary and natural PM plus influence of background PM from
outside the modelling domain.

a Step 9 - Dispersion modelling for BAU projections . Dispersion modelling of coal mines and non -
road diesel for BAU projections for years 2016, 2021, 2026 and 2031 . Results presented for Singleton
and Musw ellbrook for PMio and PMzs.

u Step 10 8 Scaling 2012 modelling for other sources for BAU projection . The predicted PMaio and
PMzs concentrations for 2012 from  wood heaters , electric power generation and all other sources
are scaled based on emissions estimates for BAU projections (2016, 2021, 2026 and 2031). Results
are presented for Singleton and Muswellbrook for PM1o and PMz2s.

u Step 11 & Emission reduction analysis . Presentation of nominal percentage reductions in PM1o0 and
PMz.s concentrations fo r coal mines, w ood heaters , electric power generation and non -road diesel
exhaust .
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3 MODELLINGAPPROACH

3.1 Introduction

The modelling for this study use d a combination of TAPM, CALMETand CALPUFFmodelling schemes.

The Air Pollution Model, or TAPM, is a three -dimensional meteorological and air pollution model
developed by the CSIRO Division of Atmosph  eric Research. A detailed description of TAPM and its
performance can be found in Hurley (2008) and Hurley et al. (2009). TAPM uses fundamental fluid
dynamics and scalar transport equations to predict meteorology and (optionally) pollutant
concentrations. It consists of coupled prognostic meteorological an d air pollution concentration
components. The model predicts airflow s that are important to local -scale air pollution, such as sea
breezes and terrain induced flows, against a background of larger scale meteorology provided by

synoptic analyses.

CALMET isa meteorological pre -processor that includes a wind field generator with treatments of slope
flows, terrain effects and terrain blocking effects. The pre -processor produces fields of wind
components, air temperature, relative humidity, mixing height and other micro -meteorological
variables to produce the three -dimensional (3-D) meteorological fields that are used in the CALPUFF
dispersion model. CALMET uses the meteorological inputs in combination with land use and
geophysical information for the modelli ng domain to predict gridded meteorological fields for the

region ( Scire et al ., 2000).

CALPUFF is a multilayer, multi species, non -steady -state puff dispersion model that can simulate the

effects of time -varying and space -varying meteorological conditions on pollutant transport,
transformation and removal. The model contains algorithms for near -source effects such as building
downwash, partial plume penetration, sub -grid scale interactions as well as longer range effects such

as pollutant removal , chemical transformation, vertical wind shear and coastal interaction effects. The
model employs dispersion equations based on a Gaussian distribution of pollutants across released
puffs and takes into account the complex arrangement of emissions from poi nt, area, volume and line
sources (Scire et al ., 2000).

A summary of the model set up and key inputs is presented in Appendix A.

3.2 Overview
The modelling system works as follows:
u TAPM is a prognostic meteorological model that generates gridded three -dimens ional

meteorological data for each hour of the model run period.
a CALMET, the meteorological pre -processor for the dispersion model CALPUFF, calculates fine

resolution three -dimensional meteorological data based upon observed or prognostic ground and
upper level meteorological data

u CALPUFF then calculates the dispersion of plumes within this three -dimensional meteorological
field.

An overview of the modelling system is presented in Figure 3.1. The modelling approach is in
accordance with  the Generic Guidance and Optimum Model Settings for the CALPUFF Modelling

System for I nclusion into the O&6Approved Methods for the
NSW,Au st r @RG, 2000.

TAPM was chosen as the pr ognostic model for the study. The Weather Research and Forecasting
Model (WRF) was also considered for the study but discounted due to the s ignificantly greater
computational requirements ~ compared with TAPM
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TAPM has been extensively used as a prognosti ¢ modelling tool, both in Australia and internationally
(Borrego et al., 2012 ; Wang et al.,, 2008 ; Gallego et al ., 2008; Soriano et al.; 2003 ; Mahmud, 2009 ;
Mocioaca et al., 2009 ; Zoras et al., 2010 ; Garcia et al., 2013 ).

While it isnot possible to quantify the difference that an advanced model such as WRF would make to

the study results and conclusion, the performance of the model used is evaluated in Appendix B and is
shown to perform with an acceptable degree of accuracy. Limitations of TAPM in predicting light
winds were investigated by comparing two different approaches to data assimilation and choosing the

better method .

CALMET/CALPUFF is approved by the United States Environmental Protection Agency (US EPA) for long -
range transpor t and in certain applications involving complex flow ( US EPA, 20095. CALMET/CALPUFF is
recommended by the NSW EPA for applications where steady -state conditions are not expected, such

as complex terrain (  NSW DEC, 2005. Experience to date suggests that C ALPUFF performs reasonably
well for ground -level, non -buoyant fugitive dust sources in the Hunter Valley , based on modelling for
project approval of individual mines ( PAEHolmes, 2012; Pacific Environment, 2013). Also given the
regional scale of this asses sment, the CALMET/CALPUFF modelling suite is considered appropriate
(Bennett et al., 2002 ; Levy et al., 2002 ; Zhou et al., 2003 ).

Notwithstanding, a key outcome of this study will be demonstration of performance through robust

model validation, principally via comparison with ambient mon itoring data from the UHAQMN.
Gridded mesoscale Land use and Gridded mesoscale Land use and
meteorological data — TAPM <4 topographical data meteorological data —p TAPM 4_ topographical data
and surface
obsewa:on data U U
PROGNOSTIC 3D METEOROLOGICAL PROGNOSTIC 3D METEOROLOGICAL
DATA GENERATED FROM TAPM DATA GENERATED FROM TAPM

3

s 5 CALMET 1. Observed hourly surface CALMET Girdded terrain and
Gridded terrain data — <4+ Land use data meteorological data _’ <+ land use data

4

3-D GRIDDED HOURLY | 3-D GRIDDED HOURLY
METEOROLOGICAL DATABASE METEOROLOGICAL DATABASE

4

&

Hourly varying E Receptor grid and Hourly varying Receptor grid and
emission data and —_— CALPUFF = discrete receptors emission data and —_— CALPUFF = discrete receptors
source parameters locations source parameters locations

¢ ¢
CALPOST
4 4

Ground level concentrations of Ground level concentrations of

pollutants modelled for specific pollutants modelled for specific
averaging period averaging period
CALMET no -obs CALMET hybrid

Figure 3.1: Overview of modelling methodology
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3.3 Surface meteorological data assimilation

Surface observation data from meteorological stations located in the modelling domain are included
in the meteorological modelling. The inclusion of these data (referred to as data assimilation)  provide s
real -world observations and improve  sthe accu racy of the wind field . Two options for data assimilation
were investigated:

u Option 1 - CALMET in no-obs mode : Data assimilation of observations in the prognostic model
(inclusion of an observation file in TAPM).

a Option 2 - CALMET in hybrid mode : Data assimila tion of observations in CALMET (inclusion of
surface stations in CALMET model) with no observations in TAPM.

Option 1 was investigated due to the tendency for TAPM V4 to under predict wind speeds. The
nudging of TAPM aims to avoid underestimated wind sp eeds in the generation of the prognostic 3D.dat
file. The onudgedo6 3D.dat is used as -0mpdtmaochd.o CEAINMEET miord er

mode also aims to eliminate the occurrence of artificial regions of convergence and divergence which

can o ccur when running CALMET in hybrid mode. The independent peer review noted that data
assimilation in TAPM is not always recommended and Option 2 (CALMET in hybrid mode ) was therefore
also investigated . A comparison between Option 1 (CALMET no-obs) and Option 2 (CALMET hybrid) for
key meteorological parameters is presented in Appendix B . Results from the dispersion model using
both CALMET options are evaluated in  Appendix C .

3.31 Assimilation and model evaluation sites

Of the 14 monitoring sites in the UHAQMN, 13 are located within  the selected boundary of the
dispersion model (the modelling domain ). There is only one Bureau of Meteorology (BoM) site  that
records continuous data  within the modelling domain (Cessnock Airport) . All UHAQMN sites are
presented in Figure 3.2, along with the TAPM and CALMET modelling domains. Observed hourly wind
data from nine of the UHAQMN sites, as well as Cessnock Airport, are incorporated into the modelling.

The four remaining sites are used as model evaluation sites, chosen as follows.

Of the t hree available sites in Singleton , all show similar wind patterns , and it was appropriate that at
least of one of the Singleton sites was excluded and used for model evaluation. There are also two sites

in Muswellbrook , and the Muswellbrook NW site shows some uncharacteristic winds from the northeast

(not present at other sit es). The Muswellbrook NW site was also excluded from the modellin g and used

for model evaluation , noting the uncharacteristic patterns in wind directi on.

The influence of terrain on prevailing wind directions was analysed to inform an appropriate radius  of
influence (ROI) for each site included in the TAPM modelling  for Option 1 . Due to the tendency of
TAPM to under predict wind speeds it is preferable to have as large a ROI as possible to achieve
significant coverage of the modelling domain and to achi eve consistency in the wind field . However,
where wind patterns are influenced by local terrain, as opposed to regional scale topography, a
smaller ROI is applied ( for example at Wybong and Jerryds Pl TAPMRQI for eacli site are
shown in Figure 3.2. No additional benefit is gained when an observational site ROI is wholly contained

within an other site & ROI, which was the case for Singleton NW and Maison Dieu. Therefore , these sites
we re also excluded and used for model evaluation. Itis noted that Singleton NW and Maison Dieu also
appear to have a smaller % occur  rence of calm winds (less than 0.5 m/s) than most other sites , which is
an important consideration in model evaluation (refe r Section 4). The assimilation and evaluation sites
are summarised in Table 3.1.




Pacific Environment
Limited ——=

Table 3.1: Data assimilation and evaluation sites

Cessnock Airport Maison Dieu
Mt Thorley
Bulga
Warkworth Singleton
Singleton South
Camberwell Singleton NW

Jerrybds Pl ains

Muswellbrook

Aberdeen

Wybong

Muswellbrook NW




Pacific Environment
Limited —_—

—

6,460,000

6,430,000

6,400,000

6,370,000

6,340,000

Merriwa

Aberdeen
Wybong

Muswellbrook NW

u
Muswellbrook

Camberwell
-

Singleton'NW
e "Singleton

Jerrys Plains
Maison.Dieu
Warkworth

Bulga Mt Thorley

Cessnock Airport

iLegend
|H EPA Monitoring Location PM1o Only
|C] EPA Monitoring Location PM1o and PM: 5

\: BoM Weather Station ‘
CALMET Grid ‘
|

’— TAPM Grid

Singleton South

Beresfield
| |

d

Wallsend®m

Newcastle

N

A Pacific Environment
2k | Limited —

Upper and lower

Hunter EPA and BoM monitoring sites

with TAPM and CALMET modelling grids

Figure 3.2: Monitoring network,

TAPM and CALMET modelling domain
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