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· Foreword 

Aclivc development of the black coal resources in the Hunter Region has been 
a strategy of the New South Wales government for almost a decade. Pan of the 
objective has been to case high unemployment and arrest the decline of 
industrial activity within the state and region by mining coal to attract energy
intensive indusiries. However there has been no comprehensive assessmen1 of 
the social and environmental effects of continuing resource development 
within the region. 

In mid 1981, with the aid ofa NERDDC grant, the Centre for Resource 
and Environmental Studies responded to this challenge by init iating a study of 
regional development in the Hunter. Major potential conflicts between coal 
production and the environmen1, social values, political priorities and inter
national economic forces were cvalua1ed. The aim was 10 ensure 1hat public 
policy issues could be properly canvassed and the various options identified. 

Factors which could constrain development include the coal resource base 
itself, labour wi1h rcquisi1e skills, capital for infrastructure, water availability 
and atmospheric pollution. Broader socio-economic considerations highlight 
the cyclical variations in the coal industry. Environmental factors include the 
capacity of the airshed and watershed to assimilate pollutant emissions, the 
despoliation of land by mining, and long term biophysical changes 10 the 
environment. Social preferences lead to political pressures and government 
must respond by selecting policies from among the options available. The role 
of pu1flic institutions is fundamental to achieve trade-offs where traditional 
market mechanisms are unsuccessful. The CRES study examines all these 
aspects and its report is published as ' Resource developm~nt and environ
mental issues: opportunities and constraints in the Hunter region'. 

This monograph assesses 1he effec1s of coal mining and related activities on 
the air quality of the Hunter Region. It anempts 10 ident ify existing problems, 
to predict future impacts and to propose policy directions. Emphasis is placed 
on the maintenance of air quality levels which provide acceptable risks to the 
community for protection of public health and welfare. 

A.J. Jakeman 
Acting Head 
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Summary 

Introduction 
~ -blaek-eoel~resource_base of the H i.m.ter Region..w.ill 
continue given the opportunities thau ipen...cuLmining provides- for 
earning export income for cheap_ekctrjcity_generation_and for us(. in 
energyinte~ive industries. The Centre for Resource and Environ
mcnffil Stud1es(C'RE.S)l)egan air pollution studiesofthc region in 1982 
to identify existing problems, to predict future impacts and to proJX)SC 
policy directions for maintenance of air quality levels which provide a 
low risk to public health and welfare. This monograph reports the 
results of these air quality studies. The work forms pan of a wider 
project undenaken by CRES to evaluate the overall effect of resource 
development in the Hunter Region. The emphasis is on identification of 
the constraints to and opportunities for development within a public 
policy framework. 

Air pollution activities in the Hunter Region 
The major activities which lead to significant releases of air JX)llutants in 
the region are open cut coal mining and electric JXlWCr generation in the 
Upper Hunter Region; aluminium smelting and electric JXlWer gener• 
ation in the Lower Hunter Region; secondary industry in the Newcastle 
JX)rt area; and heavy vehicular traffic in Muswellbrook, Singleton, 
Maitland and Newcastle. The major JXlllutants of concern are dust and 
noise from open cut mining operations; sulphur oxides, nitrogen oxides, 
fluorides and particulates from power stations, smelters and other 
energy-intensive industries; and nit rogen oxides from vehicles. Ozone 
levels are sometimes high in Newcastle and there is a localised lead 
problem at Boolaroo. There is no evidence to suggest acid rain is a 
significant problem at present. 

The assessment approach 
Two types of problems arose in performing the air quality assessment: 
information limitations specific to the Hunter Region and methodologi• 
ea! limitations related generally to the status of assessment techniques. 

Data rest rictions arose from limited emissions information and inade• 
quate ambiem JXlllution and meteorological monitoring. Only average 
emission figures are available and these are subject to considerable 
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uncertainty. Pollution data mainly suffer from having been recorded over 
too short an historical period, from considerable sampling and/or 
measurement error, from not being specific enough as to its component 
compounds and indeed some pollutants were not measured at all . 
Meteorological data tend to be recorded too infrequently and are usually 
not available close enough to the assessment area of interesl. 

Most ofthe international effort on air pollution prediction has concen
trated on deterministic modelling. The main feature of this approach is 
that it determines ambient air pollution concentrations from source 
emission information and meteorological data using mathematical for
mulae which implicitly assume both a precise knowledge of all complex 
relationships and an access to data inputs with a high degree of reliabil
ity. Consequently, traditional deterministic models can be effective when 
predicting long-term mean pollution concentrations in the environment 
but tend to perform poorly when predicting short-term extreme pollu
tion episodes. The latter are of primary concern in the Hunter Region 
and indeed throughout Australia. 

New methodologies were developed during the course of the regional 
air quality studies to match modelling strategies to assessment objectives 
and to compensate for limitations in information. The general approach 
was based upon the concept of risk, defmed as the probability value of 
an undesirable event and its consequences. A simplified risk assessment 
procedure was devised which aimed at predicting the frequency of 
occurrence of the full range of pollution levels and relating this to a 
range of air quality criteria designed to protect public health and welfare. 

Statistical models were developed to enhance pollution data sets with 
missing recordings and to infer results for shorter time averages. These 
models predict pollution concentration in distributional form from a 
limited time series of pollution data only. Hybrid models were developed 
to predict the upper percemiles of the distribution of short-term pollu
tion concentrations from emission and meteorological inputs. They 
combine the attractive features of deterministic and statistical models by 
allowing for prediction ~rom causal inputs but using the statistical 
component to account for the effects of uncertainty. 

A feature of the methodology is that it allows simulation of the effect 
of changes in meteorological regimes from year to year. This is ::in 
important consideration for two reasons: first, historical pollution re
cords may be less than a few years' duration; and second, meteorology 
alone may account for significant fluctuations in pollution levels, for 
example, up to a factor of three within a thirty year period in the 
Newcastle airshed. 
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An environmental anitudinal survey method was also devised to 
quantify risk from those pollution problems such as dustfall and noise 
which constitute a loss of amenity. The method ranks perceptions and 
altitudes to the problems of concern among a general range of pollution 
problems and among other practical problems. It also attempts to 
quantify those threshold pollutant levels al which significant loss of 
amenity is incurred. Analysis of the survey results for communities on 
the fringes of coal mining activity sup pons the present use of the State 
Pollution Control Commission's interim criterion for assessing loss of 
amenity. However, it is possible that loss of amenity occurs at a thresh• 
old below the criterion. 

Results 
Air quali1y in the Hunter Region is generally acceptable at present in 
that there is not likely to be any detectable adverse effects on the 
population in the long-term, given the current status of epidemiological 
information. However, short-term concentrations of sulphur oxides, 
nitrogen oxides and particulates may be sufficiently high in pans of the 
region to warrant occasional concern, especially for those in the com
munity who suffer bronchial and other respiratory problems. The major 
perceived air quality problem at present is the loss of amenity incurred 
by some populations suffering excessive dust fallout from open cut coal 
mining •operations. There is also a high localised but serious lead 
problem at Boolaroo. 

To avoid significant increases in pollution levels in the future, the 
location, type and level of control on new development must be chosen 
carefully. This seems to have been achieved overall with recent coal
related development. The Tomago aluminium smelter's fluoride emis
sions do not appear to be presenting an additional impact on the 
Newcastle airshed. The extension of the Kurri Kurri smelter is not 
expected to increase fluoride emissions significantly due to controls on 
the bakehouse. The siting of the Bayswater power station appears a good 
choice on air quality grounds. On the other hand, the environmental 
problems associated with open cut mining need special attention. A 
plethora of monitoring and modelling exercises needs to be carried out to 
assess any new major development proposals. In the next section the 
associa1ed policy recommendations have been framed which will illumi
nate the important deficiencies and uncertainties revealed by the re
gional assessment. 
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Policy points 
Pollution control 
• There should be a further analysis of cost-effective policy instruments 

to provide incentives to polluters to reduce emissions. Initial analysis 
suggests there is a reasonable likelihood that new control instruments 
can be successfully integrated within the present regulatory system. 
The remaining analysis needs to concentrate on simulating the behav
iour of pollution markets and calculating transaction costs. Such 
exercises would be relatively inexpensive and of national relevance. 

• In panicular, a compensation scheme should be (a) established im
mediately to offset the loss of amenity suffered by some communities 
near coal mines; (b) investigated for residents suffering high lead 
pollution levels near Boolaroo; and (c) investigated for affected crop 
owners if fluoride levels increase significantly. 

• Pollution predictions should delineate the potential range of impacts 
and their probability of occurrence rather than rely on average yalues. 
This requires the use of stochastic methodologies and incorporation 
of the effects of fluctuations in long-term meteorology on air pollution 
levels. This is especially important for the preparation and assessment 
of Enviro~ent~:L~act Statements. 

• A central~ ~hould be established and~ 
sufficient powef\_to collect and house all relevant enviro~~ 
This would improve the accessibility of data and encourage the 
assessment process. Data are at present too fragmented among the 
State Pollution Control Commission, polluters and other monitoring 
agencies. 

• A survey of selected population(s), not necessarily in the Hunter 
Region, subjected to annual average dustfall of between 2g and 4g/m2/ 
month could be used to refine the State Pollution Control Commis
sion interim dustfall criterion of 4g/m2/month. 

• To ensure the protectiofl of public health, it is important to obtain a 
satisfactory measure of the levels of suspended paniculates in areas 
subjected to high dustfall. Dichotomous sampling is recommended. 

• Noise levels should be monitored in areas affected by industrial noise 
like Maison Dieu, Ravenswonh and Broke. 

Monitoring and modelling policy 
• Further study is needed to estimate the frequency and heigh1s of 

meteorological inversions between Singleton and Muswellbrook to
gether with the monitoring of sulphur dioxide maxima and nitrogen 
oxides for the calibration of a trapping model of pollution. 
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• When Ba~water power station becomes operational a monitoring 
exercise similar to that undertaken for Liddell is recommended to 
calibrate a basic dispersion model for that source. 

• A spatially intensive monitoring exercise should be undertaken in the 
Newcastle area to determine the relative proportions of acid gases. If 
nitrogen oxides arc significant contributors then separate monitoring 
of sulphur dioxide and nitrogen oxides should be implemented con• 
tinuously. 

• Continuous wind monitoring closer to Newcastle is recommended 
because of the sensitivity of air quality levels to meteorological 
change. 

• A study is required to estimate the effect of long range transport of 
acid gases from sources outside Newcastle. 

• Future acid gas producing development in the Lake Macquarie, 
Maitland and Ccssnock areas should be treated with caution. 

• Continued ambient, vegetation and forage monitoring to assess the 
effects of fluoride emissions is warranted near 1he 1wo aluminium 
smelters. 

• A short period of moni1oring to assess the levels of nitrogen dioxide 
from mo1or vehicles in the Maitland area is recommended. 

• Improved forccas1s of suspended and deposited particulates arc 
needed to determine the extent ofbuffcr zones and the requisite level 
of po'llution control on mining operations. Special intensive studies 
arc requittd 10 determine emission factors. Extensive data collection 
over a rhrcc-to-four year period is needed to build up a sufficient data 
base so that a useful model can be developed. 
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Introduction 

Background 
The Hunter Region of New South Wales is undergoing increased 
development of its black coal resources and associated dependent indus

tries. The aim of this monograph is to provide an assessment of the 
impacts of that development on the region's air quality. This section 
provides some general background to the region. 

The region derives its name from the Hunter River and its valley 
which lies on a nonhwesMouthcast axis draining to the sea at Newcastle 

about 100 kilometres nonh of Sydney. Being climatically temperate with 

good rainfall, and with fertile soils especially along the alluvial flats of its 

valley, it is not surprising that settlement began here to the north of the 

parent Sydney colony in the early 1800s. The Hunter Region is a NSW 

planning division of about 30,000 square kilometres and has a total 
population of 462,000 according to figures released from the Australian 
Bureau of Statistics Census taken in 1981. Fig. J shows the subdivision 
of the region on the basis oflocal government areas into the Upper and 
Lower Hunter Subregions. The Upper Hunter is predominantly rural 
containing the major towns of Singleton (population 9,572), 
Muswellbrook (8,548), Scone (3,950), Aberdeen (1,410) and Denman 
(1,122). The Lower Hunter Region is more urbanised and comprises the 
industrial city pon ofNewcastle (135,194), Lake Macquarie City to the 
south (153,500), the river town of Maitland (39,936) and the old 
underground coal mining centre of Cessnock (16,916) and the area 
around the Alcan smelter at Kurri Kurri (12,794). Fig. 1 also shows the 
location of major development in the region including the sites of 
aluminium smelters and power stations, the major industrial area of 
Newcastle and the areas of open cut coal mining. 

While black coal is the exclusive mineral resource of the region 
(expons valued at 900 million dollars in the financial year July 1982 to 
June 1983), its significance as the target of national development can 
easily be appreciated when it is realised that the region contains well 
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FIGURE 1 The Hunter Region: location of major towns and 
d~lopment 
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over 20 per cent of Australia's in situ proven reserves. The Joint Coal 
Board, for example, has estimated that 8,854 million tonnes of coal are 
economically recoverable with existing technology. In the financial year 
1983'-84 Guly-June), 43 million tonnes of raw coal were mined in the 
Hunter, compared to 35 million tonnes in 1981-82 and 29 million 
tonnes in 1979-80. About 15 million tonnes in 198 1-82 emanated from 
the more profitable open cut mining areas concentrated along the Upper 
Hunter river valley between Singleton and Muswellbrook. However the 
proportion of coal emanating from the more profitable open cut areas 
can be expected to increase in the long term. In 1982-83 and 1983-84 
over 20 million tonnes were produced from the open cut areas of the 
region. The planned capacity of open cut operations could even yield 40 
million 1onnes in 1he late 1980s if markers arc found. 

In 1983-84, about one-half of the coal mined was exported through 
Newcastle, another one-third was supplied to the region's five thermal 
power stations and the remainder was used for steel making in New
castle and other smaller energy-intensive industries. The high coal 
consumption of the power stations is indicative of the fact that most 
(about 80 per cent in 1983-84) of the electricity requirements for NSW 
are generated within the region. 

Major industries in the rural sector are bed and dairy cattle, poultry, 
sheep and wool, wheat and grains, vegetables and fruit, grapes, fishing 
and forestry.t in terms of value,of rural commodities produced, the beef, 
dairy and poultry meat industries are dominant, each contributing about 
one-quarter of estimated gross rural value. The per capita value of 
agricultural commodities produced in 1982-83 was 453 dollars, com
pared to 1,765 dollars for manufacturing and 2,070 dollars for coal 
production (Humer Valley Research Foundation 1985). 

In summary, coal is the basic resource sustaining development in the 
Hunter Region. The coal is mined for export, for NSW electricity 
generation and for secondary industry requirements. In direct terms, the 
value of this resource development far exceeds that of other primary 
industries. Indeed, the role of coal as the basis for industrial develop
mem as well as for direct export earnings has elevated the Hunter 
Region to prominence on the national stage and makes regional changes 
a direct concern to federal and state governments alike. 

Resource development and impacts 
The public choice dilemma facing the Hunter Region is that on the one 
hand it has substantial energy resources and that it has been New South 
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Wales government strategy for almost a decade to develop those re
sources not just for export but to attract energy-intensive industries to 
the region. The strategy has partly been a response to easing the high 
unemployment, and arresting the decline of industrial activity, within 
the state and region. On the other hand, there has been no comprehen
sive assessment of the potential social and environmental effects of 
continuing resource development within the region. In responding to 
the chaUenge of providing a useful regional assessment, the approach at 
the Centre for Resource and Environmental Studies (CRES) was first to 
identify majoi:_points of interaction of coal production with the environ
ment, social values, political priorities, international economic forces 
and so on and then to consider the public policy issues which arose. 
This was carried out within the context of public choices between 
options and estimates of the limits to the growth of the resource develop
ment. 

Direct supply factors which were seen to constrain potential w_ere the 
coal resource base itself, the availability of labour with the requisite 
skills and capital in apprppriate forms. Demand factors, which are more 
dependent on broad socio-economic conditions, are the domestic and 
export markets where Hunter coal is traded. Environmental factors 
include the availability of water, the capacity of the airshed and water
shed to assimilate poUutant emissions, the despoliation of land by 
mining and long term biophysical changes to the environment. Social 
preferences need also be considered where attitudes lead to political 
pressures and choices can be made among the options presented. This 
monograph presents the CRES response to the air quality constraints to 
resource development in the Hunter. 

Overview of the air pollution problem 
With the type of industry and development outlined at the end of the 
first section, the major air poUution emissions in the region can easily be 
defined. Basically they comprise: dust and noise from open cut mining 
operations; sulphur dioxide, particulates, fluorides and nitrogen oxides 
from power stations, smelters and other industry; and nitrogen oxides, 
carbon monoxide, hydrocarbons and particulates from transport. Acid 
rain is not yet perceived as a significant problem although a joint (State 
Pollution Control Commission-Electricity Commission- University of 
Newcastle) study was commenced in 1984 to investigate the potential for 
acid rain problems (see Rothwell et al 1984). The vehicle population 
density is low enough at present in the region to avert the formation of 
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photochemical smog in general but ozone levels arc sometimes high in 
Newcastle. Lead particulate concentrations are also sometimes high in 
one small area, probably due to local industry. 

Table 1 gives a summary of the major types of emissions which 
emanate from industrial activity and vehicular traffic. Emissions known 
to occur in negligible quantities are not included. However accurate 
emission inventories for coal-based resource developments in the Hunter 
Region are not available. Bridgman and Kalma have surveyed a number 
of industries (see for example, Bridgman et al 1983) to obtain more 
comprehensive information. Supplementary material is also available 
from Environmental Impact Statemems, particularly for larger develop
ments, and from State Pollution Control Commission information. 
From these sources we have compiled rough estimates of emission loads 
for stationary sources in the Hunter Region and these are presented in 
Table 2. 

TABLE I Significant industry and emission types for the Hunter 
Region 

Are, 
Emission source 
(Location) Emission type 

Upper Hunter Open cut coal mines (sec particulates leading to 
Region Fig. I) deposited and suspended 

dust, noise 

Newcastle 

Power stations (Liddell) 

funeral energy-intensive 
industries (cg BHP, 
Kooragang Island), 
Vehicles 

Lower Hunter Power stations (Eraring, 
Region Munmorah, Vales Point, 

Wangi) 
Aluminium Smelters 
(Kurri Kurri, Tomago) 

Major Vehicles (Singleton, 
through traffic Maitland, Muswcllbrook) 
towns 

~~~~~~a~:,x~~~~~~rides, )( 
oxides 

sulphur dioxide, niuogen 
oxides, carbon monoxide, 
particulat~ (inc. lead), 
ozone, noise 

sulphur dioxide, fluorides, X 
particulates, nitrogen 
oxides 
fluorides, sulphur dioxide, 
particulates 

Nitrogen oxides, carbon 
m~noxide, particulates, 
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It is impossible to present even rough estimates for particulate (dust) 
emissions from open cut coal mining activity since emissions vary 
according to the type, scale and location of each operation. Suffice it to 
say that particulate _emissions from coal mines far outweigh those pro
duced by power stations. Dust pollution from the open cut mining of 
coal is one of the most significant emission problems, at least in terms of 
its nuisance effect. It arises from operations which involve the removal 
of topsoil, overburden" and coal, drilling and blasting, handling, trans• 
pon especially along unsealed roads, and not least, from the exposure of 
bare areas to wind. While most of the dust fallout occurs close to the 
mine face there are many rural properties and some small settlements on 
the fringes of mining lease areas where the inhabitants suffer the incon
veniences of dust pollution. Noise from mining operations is also of 
some concern. In order to gauge the perceived magnitude of the nui
sance effect of dust and noise pollution, an environmental attitude 
survey was undertaken in the vicinity of lease areas. The results which 
will be reported in Chapter 3 show a strong correlation between the 
degree of annoyance and the level of dustfall. 

It seems unlikely for populations near open cut coal mines that there 
are any significant direct health risks which atise from the breathing and 
deposition of fine dust particles in the inner parts ofthe lung. However, 
this conjecture requires verification. It is only recently that dust pollu• 
tion has begun to be measured on a limited scale in the valley by hi• 
volume samplers which record ambient concentrations in air rather than 
the traditional and less expensive method of measuring fallout in a 
deposit gauge. The latter is reasonably suitable for measuring levels of 
disamenity. On the other hand, it is the heavier particles which fall out 
more quickly so that deposit gauges are not appropriate for obtaining 
concentrations of fine dust particles even if their contents were analysed 
for particle size. It is envisaged that the State Pollution Coptrol Commis
sion (SPCC) of New South Wales will eventually move to use, and 
encourage industry to use, dichotomous hi-volume samplers which 
differentiate between particles above and below the inhalable threshold 
diameters. For example, 15 microns is the 1hreshold below which 
particles can be inhaled whereas l micron is the threshold below which 
particles can be lodged in the innermost parts of the lung. 

As Table 2 implies, an important air quality impact requiring investi
gation arises from the current proliferation of thermal power stations in 
the region. In March 1982 there were only four power stations, Liddell 
in the north-west and Wangi, Munmorah and Vales Point in the south-
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east, having a total generating capacity of6,700 megawatts (MW). Since 
then the first stage of Eraring with 660 MW has come on line. :fhe 
second, third and fourth stages, also of 660 MW capacity each, were 
designated for completion in December 1982, June 1983 and February 
1984, respectively but are running well behind those schedules. Addi• 
tionally, the construction of the Bayswater power station is under way 
and operation is scheduled to commence in four 660 MW stages be· 
tween 1985 and 1987. These new stations increase generating capacity 
by almost 80 per cent over early 1982 levels. 

The largest emission impact from power stations is likely to come 
eventually from Liddell and Bayswater which will operate within a few 
kilometres of one another in the Upper Hunter. In contrast to the power 
stations in the Lower Hunter which also generate high levels of sulphur 
oxides, nitrogen oxides and particulates, the emissions of Liddell and 
Bayswater will impinge on areas where suspended dust levels are con
centrated from open cut coal mining areas. Fortunately, the concen
trations of the most significant gaseous pollutants, sulphur dioxide, 
nitrogen oxides and fluorides, measured in the environs ofLiddell, were 
sufficiently low under 1980-81 conditions to protect human health and 
provide negligible economic damage to vegetation and materials. Sul
phur dioxide conCTntrations reached an observed maximtim of only 
0.022 paru per million (ppm) in 1981 for a 24 hour average compared, 
for example, to the fairly conservative desired Canadian level of 0.06 
ppm. However, it is the short·term cumulative effects of the gaseous 
pollutants and/or the dust which are of concern. For example, sulphur 
oxide, nitrogen oxides and particulates together can have effects on 
human health, vegetation and materials which are worse than the sum of 
their individual effects. The knowledge of such synergism in fact has led 
to the specification of joint air quality standards for sulphur dioxide and 
particulates throughout many industrialised countries. 

In addition, future levels may be exacerbated by two major factors. 
First, Bayswater is slightly larger in capacity and able to burn fuel of 
higher sulphur content than Liddell, and so wiU emit up to 11/i times 
more sulphur dioxide. When its increased stack height is taken into 
account it is possible that current air pollution maxima could, depend
ing on wind conditions, increase up to 100 per cent over 1981 measure
ments. Second, the 1980- 81 period over which data were 
comprehensively collected may represent atmospheric conditions favour
able to the wide dispersion of point source emissions. Unfavourable 
conditions which- lead to the !rapping of pollutants occur under subsid-
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ence inversions. Analysis of subsidence inversion data since 1961 on the 
nearby coast at Williamtown shows firstly, that the 1980- 81 period 
contained low frequencies of inversion conditions compared to the long
term average; and secondly, that it is not unusual to have long periods 
where the frequencies per month for twice daily recordings of inversions 
are up to eight above the average number of monthly occurrences. 

The air quality issue which originally received the most media atten
tion in the region was the potential for damage to the vineyards and 
other cropped areas of the valley by gaseous hydrogen fluoride from 
aluminium smelting. However, the high levels anticipated have not been 
realised and the risks of vegetation damage at present are low outside 
buffer zones. Dry scrubbing control technology was introduced com
pletely at Alcan's Kurri Kurri smelter in January of 1982, and since 
then the high annual averages of hydrogen fluoride gas experienced in 
the late 1970s have fallen dramatically. The fluoride problem has also 
eased because the proposal to build a third smelter in the Wiley at 
Lochinvar lost financial support. However, the first of two stages of the 
state's second smelter at Tomago was commissioned in September 1983 
and full operations began in October 1984. Additionally, Alcan commis
sioned an extension to their smelter in early 1985 making a new 
assessment of fluorides and their impacts on vegetation in the Hunter 
Region desirable. 

Although the city ofNewcastle is, if anything, experiencing a small 
decrease in industrial atmospheric emissions because of a winding down 
of its steel output, recordings indicate that it does have a significant acid 
gas problem. It is mainly related to sulphur dioxide emissions' caused by 
the burning of sulphurous coal and oil in the heavily industrialised port 
area. However, it is possible that nitrogen oxide emissions from motor 
vehicles and industry also contribute significantly to the acid gas levels. 
While there is some argument over the reliability of recent measure
ments there is little doubt that concentrations of acid gas increased in 
1981 and 1982, for example, despite a levelling off in source emissions. 
Depending on location, the annual mean of 24 hour average recordings 
in 1982 was reported to be close to the United States air quality primary 
standard of .03 ppm. It is clear that this problem also requires assess
ment. 

Most of the coal transported throughout the region travels by rail. 
However, large quantities are taken over public roads to washeries or rail 
loading facilities. In 1981-82 for example almost one million tonnes 
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were transported by road to power stations. The larger towns affected by 
through traffic are Muswellbrook, Maitland and Singleton. 

Between the 6 am and 6 pm period heavy duty trucks daily traverse 
the Dunolly Bridge over the Hunter River at Singleton at a very high 
rate: between 8 and 9 am on one day in 1982 the rate was measured at 
one coal truck every 40 seconds and one service truck every 38 seconds. 
The daily total was around 1,767 trucks. It is possible that by 1995 this 
number may increase to over 3,000 assuming a 41h per cent per annum 
increase in traffic volumes. Consequently, there would be an accom
panying increase in vehicle emissions and noise levels. Unfortunately, 
there are no measurements available for monitored ambient concen
trations of pollutants or noise resulting from vehicle emissions in the 
Upper Hunter Valley. 

In summary, it is fair to say that at present the quality of the Hunter 
Region's atmospheric environment is not in as poor a state as in a 
number of other industrialised regions of the world. Annual average 
levels of pollutants do not seem to be exceeding ambient air quality 
standards such as those of the United States. We will use modelling to 
explore this further and consider the level of future development which 
may be possible yet still provide reasonable protection to public health 
and welfare. Some of the problems that are currently significant either 
cons1itu1C aesthetic nuisances in general, affecting the quality of life of 
small populations and causing indirect effects on health such as through 
added stress, or are short term in duration, potentially affecting mem
bers of the population with respiratory complaints. Because these arise 
in localised areas it should therefore be possible through careful plan
ning or appropriate compensation arrangements to case them. Perhaps a 
more marginal problem is acid gas pollution in Newcastle City, while 
potential problems are the synergistic effects of sulphur dioxide and 
nitrogen oxide emissions from power stations with dust from open cut 
mines, and fluoride emissions from aluminium smelters. 
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TABLE 2 Rough estimates of emission loads (thousands of tonnes/ 
year) from Hunter Region development excluding toal 
mines (from Rothwell et al 1984 estimates, Saw, 1983, 
conversion lactors, and SPCC, 1980) 

Fluorides 
Sulphur Nitrogen (gaseous and 

Source oxides Particulates oxides particulate) 

Electrici1y Commission Power S1alions 

Liddell 20.0 
Wangi 1.5 
Munmorah 11.0 
Vales Point 14.0 
Eraring (full capacity) 27.0 
Bayswa1cr (half 
capacity by 1986) 26.0 

Aluminium Smelters 
Tomago(fullcapacity} 
Kurri Kurri (full 
capacity) l3.I 

Broken Hill Pry Ltd 4.2 
Fertilizer plants 1.0 

Olher sources (combined by 1ype) 
Brickworks .8 
Chemical work! 4.0 
Other metallurgical 3.5 
Fuel burning 5.8 

Outline of the monograph 

31 
5 

19 
19 
38 

36 
.05 
.22 
.22 
.43 

.14 

.09 

.08 
0 

.004 

Although there is considerable uncertainty about future export levels of 
Australian coal it is difficult to foresee, given the current world energy 
situation, coal resource development plateauing at its present level. 
However, the boom period that was forecast just a few years ago has 
definitely not eventuated. This abatement obviously provides valuable 
breathing space to assess the cumulative risks of air pollution in the 
region from additional development and to weigh them against the 
economic benefits of such development. Such an assessment requires a 
range of actions ranging from 1he specific, such as additions and im
provements to monitoring networks, through to the more methodologi
cal such as the application of modelling techniques for risk assessment. 
It is hoped that the study reported here takes a major step towards 
accomplishing this assessment and therefore provides sufficient infor
mation and recommendations to aid future decision-making in general 
and land use planning in particular for the Hunter Region. An outline of 



Introduction 13 

the work undenakcn to achieve this is now in order. This is done in four 
sections. Section I includes this chapter which has described the region 
and the general problem and it will also provide the philosophy of our 
approach. Section II contains chapters on the individual problems 
whereas Section III considers possible policy approaches to air pollution 
control and Section IV presents the conclusions and recommendations. 

Chapter 2 completes Section I by providing the framework upon 
which the regional air quality assessment is based. It begins with a 
discussion of environmental risk assessment as it should formally be 
applied and specifies the modelling requirements of an environmental 
system at risk. Ideally, any such model would be capable of reproducing 
the probability distribution of ambient concentrations in a given year. In 
this way, the number of times a year a specified pollutant level is 
exceeded can be extracted (health standards arc written in this form), or 
the length of1ime a threshold is exceeded can be obtained (damages are 
calculated from such information). Of course, some health standards and 
damages require long-term averages of pollutant concentrations and 
obviously these can also be calculated from the probability distribution 
if necessary. 

Fortunately, the risk assessment process can be simplified in the 
Hunter Region where there tends to be a safety margin between maxi
mum ambient pollutant concentrations experienced and levels at which 
damage bccurs. Consequently, models of the pollution dispersion pro
cess which are suitable for estimating risk in the Hunter Region should 
be able to predict maximum ambient concentrations adecjuately. 

It is argued that a comprehensive approach to air quality modelling 
mus1 also incorporate the effec1s of possible long-term meteorological 
fluctuations since different weather regimes over the years can produce 
quite different effects. Where possible, an analysis of the meteorological 
history of the area being modelled is undenakcn and the calendar years 
arc classified in an appropriate manner so that some idea of the fre
quency of occurrence of the different meteorological regimes can also be 
obtained. With this information, the air quality models yield, for a fixed 
emission input, an indication of the variability of ambient pollutant 
curves and their chances of occurring. 

Section II contains five chapters which deal specifically with estima
tion of the risks from the individual problems indicated in Table l. In 
panicular, Chapter 3 treats the environmental. problems resulting from 
the operation of open cut coal mines in the Upper Hunter Region. At 
present, there is too little meteorological and dust data available to 
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successfully model either the dust deposition process or ambient dust 

concentrations (suspended particulates). There are similar problems 

with noise. However, it is not difficult to delineate current and potential 

problem areas and hypothesise the range of dustfall levels that these 

areas are likely to experience. It is more difficult, however, to do this for 

suspended particulates since very little monitoring of these has been 

undertaken. 
Because the environmental risks from open cut coal mining are 

perceived to be more of an aesthetic concern than a direct health 

concern, at least in the short term, a survey was carried out to determine 

the attitudes of communities in the vicinity of mining leases. The 

environmental problems were rated in their order of perceived impor• 

tance and where possible each was correlated with measurement data. 

The survey was also used to determine how the environmental problems 

compared in importance with other perceived problems. The results of 

this survey are also reported in Chapter 3. They provide a good apprecia

tion of the impact of mining activity on the day-to-day enjoyment of 

populations on the fringes of open cut coal mining areas. 

Chapter 4 considers the other major industrial operation in the Upper 

Hunter Region-electricity generation from the Liddell power station 

and that at nearby Bayswater which is presently under construction. It 
investigates the effects of sulphur dioxide, nitrogen oxides, fluorides and 

particulate emissions from the power stations on ambient conccn· 

trations and, in turn, the impact of those concentrations on target 

receptors in the Upper Hunter Region. Most of the monitored data 

available is for sulphur dioxide and covers the years 1980 and 1981 only. 

A statistical model is used initially to predict maximum expected sul

phur dioxide values with respect to 112 hourly, hourly, 3 hourly, 8 hourly 

and daily time averages, a useful approach when observations are re

stricted but provide representative samples. Th; model assumes that an 

exponential distribution is an adequate representation of the air pollu· 

tion data. 

Only a rough estimate of the maximum of the statistical predictions 

and the location of this maximum can be reproduced using the usua,l 

physically-based dispersion models but not the frequency distributions, 

since these models tend 10 overpredict in the low to medium concen· 

tration range. Nevertheless, this is satisfactory since the threshold dam· 

age levels of dosage for individual pollutants are generally higher than 

these maxima. Therefore, while a limited number of violations of the 

more conservative air quality standards have occurred according to the 
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statis1ical models, the risk to health, vegetation and materials is quite low 
for individual pollutants if the 1980-81 data base is representative of 
potential ambient pollution levels. 

The possibility of cumulative effects among pollutants must also be 
considered, and while the relevant literature is scant and confusing in 
this regard, it points to areas of concern which indicate that the physical 
evidence should be monitored continuously. In addition to the po1ential 
for these combined effects of pollutants, it is also shown that ambient 
concentrations can vary widely from year to year with meteorological 
changes. For instance, the changes in the sulphur dioxide l~ moni
tored by the SPCC in 1980 and 1981 are partly due to the differences in 
the wind speed regimes. However, the potential exists for even further 
significant increases in the upper percentiles of ambient levels if worse 
inversion conditions than those during 1980-81 are possible. 

The chapter concludes with an assessment of the air quality likely to 
be associated with the establishment of a third large jXIWCT station in the 
Upper Hunter Region. The analysis considers a number of alternative 
locations in the vicinity of the present power stations. 

Chapter 5 best illustrates our approach to the estimation of risk from 
atmospheric pollution with a consideration of acid gas levels in Newcas
tle. The analysis is comprehensive because of the availability of long 
records of meteorological and pollution data. Apart from lead, acid gas is 
the most significant pollutant in the city area and is emitted by many 
energy-intensive industries burning sulphurous coal or oil. 

A hybrid deterministic/statistical model is used to simulate the distri
bution of daily o~rvations of acid gas at many city sites under prevail
ing meteorological conditions. A statistical model is also used to 
decompose the annual distributions of24 hour averages into correspond
ing distributions of shorter term averages. The hybrid approach predicts 
average, median and maximum jX!llutant levels for desired time-averages 
under almost the entire range of annual meteorological conditions expe
rienced since 1950. It shows that annual maximum levels of ambient 
concentrations can vary by a factor of two due to meteorological changes 
alone. Thus one can calculate the increase in emission strength allow• 
ance in the city for specified air quality criteria given the meteorological 
conditions in the area. Therefore industrial expansion can be planned up 
to a limit beyond which further controls, other than the present specifi
cation of the sulphur content of fuel burned, would need to be consid
ered. Analysis of the meteorological history provides information useful 
for setting the air quality criteria with the requisite built-in safety 
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margin. It indicates how often worst-case meteorological conditions may 
occur, and hence whether they are frequent enough and severe enough 
to be of concern. 

Chapter 6 investigates the air quality and associated potential risks in 
the Lower Hunter Region. As with the problem in the Upper Hunter 
Region treated in Chapter 3, the major emission sources are also elevated 
point sources- from the Eraring, Munmorah, Wangi and Vales Point 
power stations and the Alcan and Tomago aluminium smelters; the latter 
also produce line source emissions from the roof vents. 

The methodology applied in the Upper Hunter Region, however, 
would not be as successful if applied here because the data base for the 
ambient levels around the Lower Hunter power stations is comparatively 
scant. Therefore we refer to the results obtained by James et al (1983) 
who have studied the problem with a deterministic modelling approach. 
The addition of emission loads, with the Eraring power station and the 
Alcan smelter at full operational capability, are considered. The avail
able pollution data base leaves many questions unanswered so that we 
outline steps that need to be taken to obtain a fuller assessment in the 
Lower Hunter Region. 

Chapter 7 contains the final portion ofSection II on the calculation of 
risks from specific developments in the Hunter Region. Here, the 
contribution of road transport vehicle emissions to air pollution is 
estimated in areas of concern. Attention is focused on the major towns 
subject to increasing levels ofthrough-traffic from coal trucks. These are 
Singleton, Muswellbrook and Maitland. Unfortunately, there are no 
monitored data for ambient concentrations of pollutants in these towns. 
In order to identify the level of priority which should be given to the 
acquisition of such data, a simulation approach was adopted to predict 
current levels and to hypothesise future levels, the latter being depen
dent on an estimate of traffic growth and the introduction of further 
controls on emissions from motor cars in 1986. 

The simulation results indicate that carbon monoxide and nitrogen 
oxides will be of most concern. Carbon monoxide levels are likely to 
remain below ambient air quality standards but nitrogen dioxide levels 
may exceed certain air quality standards. Again the results are obtained 
for a number of years characterised by substantially different meteorolo
gical behaviour. 

In Section III, Chapter 8 of the monograph considers air pollution 
management in the Hunter Region. Current management is based 
almost entirely on regulation. In particular, Chapter 8 examines the use 
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of economic instruments as an adciitional means of controlling air 
pollution since they offer incentives to developers to reduce their emis
sions of pollutants. And in theory this can be achieved at a lower overall 
cost than the pure regulatory approach. In particular, the contrast 
between the present regulatory policy of direct controls and those using 
economic incentives is considered in order to judge the feasibility of the 
latter policies in practice. 

Section IV includes Chapters 9 and lO and gives the conclusions and 
recommendations. This involves a summary of our findings and specific 
courses of action that should be undertaken. Chapter 9 notes current 
problem areas and, where the data base allows, the future constraints. 
Chapter I O first specifies the monitoring requirements recommended for 
more careful assessment of the Hunter Region's atmospheric environ
ment and its assimulative capacity. These relate to both pollution 
measurement and meteorological recordings. Chapter 10 also produces 
recommendations for analysing the potential integration of economic 
incentives into the present regulatory system. 

The monograph contains numerous appendixes for those interested in 
looking at the finer details and the technical bases of our assessments. 
Appendix I is a review of dose-damage information obtained from what 
is considered to be the most reliable li terature sources. It contains table 
summaries of the individual pollutants of concern in the Hunter Region, 
the conceritrations and averaging times over which damage to health and 
welfare (vegetation, material damage) can occur, and the environmental 
standards of various countries. It also contains data on cumulative 
effects. This information is useful reference material for Chapters 3 to 7. 

Appendix II outlines the institutional framework in New South Wales 
for environmental impact assessment and management, stressing the 
salient features of the various acts governing environmental protection. 
It also details the roles and underlying strategies of the Department of 
Environment and Planning (DEP) and the SPCC, as well as the require
ments of developers and the facilities for public participation in the 
assessment process. 

Appendix III reproduces the questionnaire used to perform our en
vironmental survey as analysed in Chapter 3. 

Appendix IV contains the dust data used to relate the perceived degree 
of nuisance to level of dustfall in areas affected by dust from open cut 
coal mining. 

Appendix V contains details of the statistical models used to obtain 
distributional properties of ambient pollution concentrations through-
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out Section II. These models include the Larsen lognormal distribution 
and the exponential distribution and are useful for predicting concen
trations over time averages different from that over which measurement 
takes place. They are also useful for building more complete distri
butions from data belonging to restricted but well-sampled periods. 

Appendix VI presents the Gaussian plume models used to describe 
the dispersion of pollutants from elevated point sources in Chapters 4 
and 6 and in Chapter 7 from line sources on a roadway. It provides 
details of the specific values of the model parameters used. 

Appendix VII describes the hybrid deterministic/statistical modelling 
approach used particularly in Chapters 5 and 7. It shows how the 
approach uses deterministic models over their range of greatest applica
bility to predict points on a pollution distribution curve. The curves 
used have an assumed functional form which is only fitted over its 
reliable range. 
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The assessment approach 

Introduction 
Since their inception in Australia, environmental impact assessments 
have relied heavily on quantitative techniques to estimate the magnitude 
of specified impacts. This is especially true in assessing the quality of 
the atmospheric environment where prepared assessments have focused 
on the use of packaged computer models to predict pollutant concen
trations over some set of averaging times and input conditions. Such 
models and their usages are typified by recent assessments of the impacts 
of Hunter Valley power stations (Electricity Commission ofNSW 1979) 
and aluminium smelters Games B. Croft and Associates 1980). 

As awa~ has~grown.oLthe complexity oLenvironmental sys~ms 
anathe u~ taE!ty o(.their-bebaviour and--1he.unccrtainty j n_th_e..2Jl.(L_ 
coifCCrrif f~..J!!gp~~ of robabi/i of occurrence of events 
lias assumed incrc!_S!:_c!) mpo~n.&,e. This has led 10 a11emp1s 10 apply 
piiiffiiDilistlC 1h~ries 10 1he evaluation of environmental effects. The 
application of models to the calculation of frequency distributions of 
potential ozone as a guide to the formula1ion of oxidant controls (Daly 
1978, 1979) and the statistical modelling of distributions of events 
(Simpson et al 1983) are specific responses to these general requirements. 

In recent times the drive to employ probabilistic techniques has been 
formalised in the process of risk assessment. The term has been chosen to 
distinguish the process from impact assessment, and is described (Whyte 
and Burton 1980) as a means of extending the concept of environmental 
assessment. Environmental risk has been ~3Lti}c;._p~robabiijty_ 
value of an 'lindeslia6le - ev"ent and itSConsequences that arise from a 

-~usriarurar origin or froffi a human action that is tran;--miued 
through" the"environment'. In mathematical terms, risk is the probability 
times the consequence of an event. Therefore, the difference betweeq_ 

,-impact-assessmqiLfil!_d rJ!k assessment is th~~~~smCn~re 
concerned with events that are nab! certain to OC~ wfiiferis 
iissessment 1s concerned with events that may possibly oc~ t s ou d 



~ Air quality and resource development 

also be stressed that 'the difference between certain and probabilistic 
events appears not in the nature of the events themselves but in the 
human understanding and description ofthe processes involved' (Whyte 
and Burton 1980). 

Obviously, the first step in risk management is the identification of the 
state of knowledge and risks of the system under study. The other steps 
are quantitative estimation of the risk followed by evaluation of the risks 
with a view to decision making. This chapter deals mainly with the 
estimation and evaluation phases. Already some of the risks have been 
identified and the individual chapters in Section II will bring out 
deficiencies in the state of knowledge for the various problems. 

Risk assessment 
As will be discussed in Section III and Appendix II, two basic pollution 
control policies are in use in NSW; these are: 
• the environmental management/standards approach; and 
• the best practicable means approach. 

The first approach is to help ensure that the effects of a development 
do not bring about violation of environmental standards or guidelines. 
In NSW the term 'guidelines' or 'criteria' is used rather than 'standards' 
since the latter infers that there exist legal requirements for compliance 
as occurs in the United States (US), for example. The most comprehen
sively documented example of the environmental standards approach is 
the legislative history of the US Clean Air Act amendment (US Library 
of Congress, Environmental Policy Division, 1974). 

The best practicable means approach is less dearly defined than the 
standards approach and seeks 10 apply judgments framed within the 
context of each individual case. While the approach allows a degree of 
flexibility which is especially useful when sensitive receptors are absent, 
it is sometimes one which allows high benefits to outweigh environ
mental risks. The classic case cited by Whyte and Burton (1980) is the 
toleration of an industry with high IXJllution levels because it brings 
needed employment to a region. The approach is basically one-sided, 
concentrating on the costs of controls and the benefits of the polluting 
activity. It does not involve a methodology for assessing the associated 
environmental costs. 

Each of these approaches deals wi1h a particular aspec1 of the environ
mental management problem. The risk assessment framework depicted 
in Fig. 2 integrates the advantages of both. The framework in Fig. 2 is 
adapted from that of Whyte and Burton ( 1980). Application of it 
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requires consideration of the state of knowledge and the risk characteris
tics in each of the four risk systems identified in Fig. 2. The objectives 
are to assign reliable estimates of the probabilities of risk for each. 

Originally included within the framework of Whyte and Burton 
( 1980) is the comparison of environmental risk against other societal 
risk. This aspect is omitted here for convenience as it is preferred to 
leave this non-environmental issue to others and make comparisons just 
with the level of alternative (environmental) risks. In fact, few attempts 
have been made to relate the literature on the perceived risks of techno
logical hazard to the extensive literature on the risks of natural disorders 
(Covello, I 982). However, since the consideration of risk is relative, it 
would not be objective to omit evaluation of the risk elevated above 
natural levels. Clearly, the alternative risk systems component can be 
evaluated in the same way as the major risk system under consideration. 
Application of the risk assessment framework as an integrative philos
ophy also requires evaluation of how the probability of risk increases as 
benefits of 1he risk increase. These aspects are now discussed in more 
detail. 

The risk system 
The system of cause and effect for risk evaluation can conveniently be 
decomposed into a number of subsystems. Fig. 3 shows the breakdown 
into the following types: 
• the polluting subsystem caused by human activity 
• the mechanisms of transport which 'carry' the pollution to receptor 

sites 
• the subsystem containing the receptors on which there is the eventual 

environmental impact. 
The above categorisation is general. For example, in some systems, 

human activity may cause impacts directly. Certainly the breakdown is 
most relevant to atmospheric and aquatic systems. 

To manage environmental risk effectively it is necessary to model 
successfully the processes linking the polluting human activity right 
through to the environmental effects. In this way, the intermediate and 
final effects of potential levels of human activity can be gauged. This 
modelling will often involve relating input or causal variables in a 
subsystem to output or response variables via a set of mathematical 
expressions or equations containing known and/or unknown system 
parameters. Clearly, once these unknown parameters are estimated satis
factorily, the response of the subsystem to a range of real or hypothesised 
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FIGURE 2 The framework for assessing environmenta l risk 

Adapted from Whyte and Burton 1980. 

inputs can be obtained. So in considering the transpon model, the aim is 

to provide input scenarios to the impact system. As will be seen, 

successful modelling of the impact system yields some form of dose

response curves. These curves provide the basic information on the risk 

system, which, when interfaced with the benefits of the risk system, 

enables judicious choices of policy options for land use planning and the 

setting of desirable objectives for environmental quality. 

..., 
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Risk of alternatives 
The risk of alternatives in the environmental assessment of plans for 
regional development is mainly concerned with: the choice of alternative 
locations for specific developments, and 1he choice of aherna1ive devel
opments for specific locations. These are land use options which can be 
evalua1ed as individual risk s~tems within the risk assessment frame
work. In Chapter 4, for example, consideration is given to -various 
locations for the siting of a new power station in the Upper Hunter 
Region. No consideration is given in the monograph to the choice of 
alternative developments for specific locations since there is insufficient 
development pressure at the moment to make such considerations 
necessary. 

Benefits of the risk system 
Risks should be compared with their associated benefits. Thus, greater 
risks can be tolerated where there are grea1er benefits. The major 
difficulty with a risk-benefit comparison is 1ha1 the benefits are usually 
more easily quantifiable than the risks. Even in cases where risks cannot 
be well quantified, a comprehensive risk-benefit analysis is worthwhile. 

Natural risks 
Namral risks are well covered by the methodology adopted in setting 
environmental quality standards. The procedure is to determine the 
distribUJ:ion of namral levels of pollutants of concern and 10 select 
standards at some level which is not experienced in nature, and which 
provides a small probability of an adverse effect. The anal~is in terms of 
dose-response relationships and frequency distribution of damages in
cludes the natural risk s~tem in the total assessment of risk. 

Modelling the risk system 
It is useful here to characterise 1he namre of the different risk subsys1ems 
so tha1 1he appropriate philosophical basis for a practical modelling 
approach can be adopted. The approach is statistically based and satis• 
fies the requirements of risk assessment. It is expanded in a later section 
where deficiencies in the applicability of the current modelling pro
cedures are also discussed and the application of the alternative statisti
cal approach is described. 

Nature of the risk subsystems 
In order to categorise the commonality and differences among the three 
subsystems which make up. the system for risk evaluation, it is pertinent 
to invoke the ill-defined systems concept formalised succinctly by Young 
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(1978). Basically, a system is ill-defined if the (mathematical) relation
ships linking system inputs, parameters and outputs (collectively called 
variables) possess a level of complexity which cannot be precisely inves
tigated because it is difficult to perform the necessary planned experi
ments to obtain the data needed to identify all of those relationships. In 
the case of environmental systems, passive monitoring is often the only 
way data can be collected. 

Therefore, the data from ill-defined systems have an associated level of 
uncertainty which arises not only from sampling and measurement 
errors but also from this passivity characteristic. The data are the 
inseparable product of a range of system mechanisms and, characteristi
cally, the effects of individual mechanisms cannot be observed for long 
enough periods of time to be quantified with high precision. The 
interested reader is referred to Young (1978, 1982a,b) and Jakeman 
(1983, 1985a) where these concepts are illuminated by way of examples 
encountered in the modelling of environmental Systems. 

Within the above context, the polluting component of the risk system 
shown in Fig. 3 is usually well-defined. The relationships between 
variables may or may not be complex but they are generally capable of 
quite precise quantification since technological systems are designed to 

behave as they do. Therefore, predicting accurate model outputs of 
pollution source for input to the transpon system often requires no 
special treatment here. The comments on modelling for risk assessment 
in the remainder of this chapter obviously relate, for the most pan, to the 
more complex transport and impact systems. The exception to this is the 
mechanism of dust creation in coal mines where the polluting system, as 
will be seen, is ill-defined. 

The ability to describe physico-chemical transport systems successfully 
within the environment varies. A fortuitous example is the transport of 
non-reactive pollutants down a river system. Transport within such a 
system can be explained quite satisfactorily for risk assessment purposes 
but certainly not exactly Gakeman and Young 1980). However, the 
majority of transport processes possesses at least a poor level of defi
nition. These especially include water and airshed systems when reac• 
tive pollutants are being considered. 

In fact, one of the most ill-defined of these systems is the transport and 
deposition of inert dust from open cut coal mines. Butt et al (1982) 
provide the detailed reasons for the problems associated with precisely 
quantifying the complex relationships in such a system by experimen-



;· 

~ 

1 
I 
~ 

1 

Environmental 
impact assessment 

Human 
activity 

I 

Polluting 
system 

Nature of I Welt defined 
subsystem I (Technologicaij 
type I 

I 

Transpart 
system 

Environmental standards 
applied here 

Impact 
system 

Pollution I Dose Response effects 
on receptors source 

I 

Poorly defined 
(Physic<rehemicaij 

Ill-defined 
(Biologica.,_sociological) 

l 
1~1 



~ Air quality and resource development 

tat ion. These reasons include the physical nature of the mine system as 
well as the sampling errors inherent in collecting relevant data. 

On a more general note, it is widely accepted that the transpon of any 
air pollutants under meteorological conditions of very low wind speeds, 
recirculations and fumigations cannot be satisfactorily described by 
currently available techniques of dispersion modelling (Feldstein 1976). 
Clearly, to include these mechanisms in a model would involve a level of 
mathematical sophistication that would be difficult to verify. 

Almos! invariably within the risk system, the impact subsystem suffers 
the weakest defini1ion. Funhermore, for a given system, the definition 
will deteriorate as consideration ofimpacts changes from flora to fauna to 
the human species. Thus it is usually easier to describe, at least empiri• 
cally, the relationships between dosage and effects in plants than in 
humans. However, even on plants, it appears difficult to conduct experi• 
ments which are representative of true field conditions. With animals 
and especially humans, the complexity of description increases because 
sociological effects impinge. The effects on humans, for exam'ple, are 
additionally influenced by their attitude to the pollutant. Alternative 
techniques for dealing with management of risk in some of these cases 
will be discussed in the case study in Chapter 3. 

The construction of dose•response curves to describe the impact 
system and consequently set environmental standards as chosen points 
on such curves has concentrated mainly on humans. It therefore rests 
largely on evidence from epidemiological studies and to a lesser extent 
clinical experiments involving low dosages of a pollutant. A classic and 
comprehensive example involves the analysis and constant review of data 
for the setting of the British standard for ambient dust concentrations in 
underground coal mines Gacobsen et al 1970 1971 ). 

In the next section, the basis of our modelling philosophy is briefly 
described. While the general comments are applicable to the impact 
sys1em, 1he emphasis is placed on the environmental transport system. It 
is especially in this area that modelling techniques, which are used from 
day to day to obtain information for environmental impact statements in 
panicular and for environmental planning in general, can be compre
hensively improved. 

Basis of a modelling approach 
A great deal of the modelling of environmental systems undertaken has 
shown little regard for the real objectives of the modelling exercises. Al 
one extreme, models have been applied which attempt to reproduce 
reality in fine detail, thereby satisfying any objective that management 
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may care to investigate. On the other hand, over-simplistic models have 
also been used to produce long-averaged predictions without accom
panying statistics to indicate the reliability of those mean values. These 
tend not to satisfy any substantial objective. One feature that both these 
approaches have in common is that they are mostly used deterministi
cally. A dererminisric model implicitly assumes that its mathematical 
links between system mechanisms are sufficiently accurate to produce 
predictions without the need for any form of error OOunds on them. 

It is proposed here that the models used for predicting ill-defined 
sys1em outputs 
• be specific to the objectives that management requires; and 
• possess a useful statistical or sux:has1ic basis to account for uncertainty 

and, if possible, to allow levels of reliability to be attached to the 
es1imated model parameters and hence the model predictions. 
It is instructive to demonstrate how such model types are consistent 

with the risk assessment approach. Consider a hypothetical polluting 
human activity of fixed intensity. It is usually straightforward 10 calcu
late the source pollution from the technological system. From a statisti
cally based model of the transport system, the probabilities of levels of 
dosages to receptor areas can be assigned. The result is a curve of the 
form stylised in Fig. 4. This procedure can be repeated for the fu ll range 
of intensity of the human activity. The results can be summarised in a 
curve of-the form in Fig. 5 where only two statistics for each of the 
curves belonging to the suite of curves of the type of Fig. 4 are displayed. 
They are the mean and standard error of Fig. 4 for each level of 
polluting activity. The standard error lxiunds are arbitrary but they 
usually will be larger (as portrayed) when models are applied to input 
data not generally encountered in practice ie very high source levels. 

For the impact system, the dose-response curves obtained from 
modelling should also be probabilistic. Thus, a given dose has a certain 
response on average for a certain percentage of the population. Fig. 6 
elucidates how the likely range of a dosage, got from Fig. 5, and Fig. 4 if 
more detail is required, yields the corresponding range of responses. 

Major problems of performing a risk assessment 
It is quite clear that there are many problems involved in the successful 
application of a comprehensive risk assessment procedure for proposed 
development. The two basic problems relate to the accuracy of both air 
quality modelling techniques and dose-damage information. Simpson 
and Hanna (198 1) have concluded from extensive reviews that deter-
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ministic air quality models for inert gases are accurate to within a factor 
of two at best. Deterministic air quality models are the type most 
commonly applied and it is known that in general they are most accurate 
for average conditions, eg the Atmospheric Turbulence and Diffusion 
Laboratory (ATDL) model of Gifford and Hanna {1973) estimates an
nual means. However, it is obvious that the worst damages, at least in 
the short-term, are likely to occur under the higher ambient concen
trations and often these result from abnormal atmospheric conditions 
such as the occurrence of very low windspeeds over significant periods 
of time. Therefore, deterministic air quality models of the · type 
described are unlikely to be appropriate for damage evaluation from such 
events. 

To compound these problems there is great disparity of agreement on 
dose-damage curves. For example, Morgan et al ( 1978) interviewed 
seven experts on the health effects of airborne sulphates inhaled by 
humans to elicit probability curves of the number of excess deaths per 
year for a steady state exposure of 20 micrograms per cubic metre (p.g/ 
m3). The estimates were seen to vary widely with three distinctive 
distributional forms emerging, each with a different threshold value. Of 
course, the reasons for the uncertainty of damage functions relate to two 
sets of difficulties. One set is associated with abstracting the effects of 
correlated causal variables from epidemiological studies. The second set 
includes the difficulties of performing controlled experiments in the 
field or laboratory that are sufficiently comprehensive to be representa
tive of practical situations. Such problems imply that it may be a long 
slow process towards obtaining a significant improvement in the current 
information base used for producing dose-damage relationships. 

In response to the first problem concerning the relevance of solely 
deterministic air quality models for damage estimation, Daly and Jake
man {1984a, 1984b) provide a philosophy of modelling which can be 
used for risk assessment. It recognises the behavioural uncertainty of 
atmospheric transport systems and argues for the use of a probabilistic 
approach to take this into account. Jakeman and Simpson (1983) give 
examples of how the transport sy~tem can be modelled in practice: to 
provide outputs in a form relevant as dose input information for the 
calculation of damages; and to provide enhanced accuracy of such 
outputs. In particular, they show that maximum pollution concen
trations can be modelled quite successfully. Simpson et al {1983) develop 
a hybrid deterministic/statistical model (see Appendix VII for the essen
tial elements of such a model) which predicts maximum total suspended 
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FIGURE 4 Schematic diagram showing likelihood of dosage to 
receptor areas for a flxed level of human activity 

Human activity 

FIGURE 5 Schematic diagram showing mean and standard er-ror 
only of dose from Fig. 4 as the level of human activity 
changes 
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FIGURE 6 Schematic diagram showing the likely range of impacts 
as the bounds of dosage change 

paniculates (TSP) concentrations in Brisbane and carbon monoxide in 

Canberra, and Simpson and Jakeman (1984) have applied the model to 

ten years of daily acid gas recordings from Newcastle (sec Chapter 5 for 

some of the results. It is based upon a relevant deterministic model used 

within its range of applicability to predict percentile values on a concen

tration curve of assumed parametric form. The values determine the 

parameters of the curve from which the maximum can be derived. The 

approach predicted maxima to within a factor of 1wo accuracy. It now 

has been applied to low level area sources of 1he type above, to elevated 

point sources (Jakeman and Simpson 1985; Taylor et al 1985a) and to a 

line source (Taylor et a/ 1985b). 
Jakeman et al ( 1985) have shown that a Gaussian plume model can be 

used with similar accuracy to predict the position and magnitude of 

sulphur dioxide maxima from ab elevated point source (see Chapter 4 

for some of the results). In addition, Jakeman et al (1984) have proposed 

a Monte Carlo simulation ·approach based on hybrid deterministic/ 

statistical models to estimate median and maximum concentrations of 

carbon monoxide and nitrogen oxides due to emissions from a roadway 

line source. However the results have no! been corroborated in the 

Hunter Valley as yet because of the ~navailability of monitored ambient 

levels. The results of applying this speculative exercise to three major 

rural towns in the Upper Hunter Region are given in Chapter 7. 
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A simplified risk assessment procedure for the 
Hunter Region and other studies 

It is evidenced from a perusal of quarterly reports of the NSW State 
Pollution Control Commission (eg 1982) that the general air quality of 
the Hunter Region has not deteriorated to levels experienced in other 
major industrialised countries. In Chapter 1 it is concluded that, aside 
from the localised high levels oflead particulates, which are experienced 
at Boolaroo co the south-west ofNcwcastle, there arc no pollutants in the 
Hunter Region which at present regularly exceed environmental stand
ards such as those adopted by the United States Environmental Protec
tion Agency (USEPA). The two most significant air quality problems in 
the region appear to be acid gas levels in Newcastle City and dust 
pollution from open cut coal mines in the Upper Hunter Valley. How
ever, average annual levels of acid gas in Newcastle hover below the US 
annual average sulphur dioxide standard of 75 µ.g/m 3 while the dust 
problem appears to be basically an aesthetic one. 

Therefore, pollutants in the Hunter Region do not seem generally 
high enough yet to cause substantial damages to health, vegetation or 
materials, at least if possible synergistic effects of different pollutants are 
disregarded. This conclusion, in conjunction with the availability of 
modelling techniques which can predict maximum concentrations, sug
gests th~ basis of a risk assessment strategy which is of use for the 
planning of development and the management of that region's environ
ment. That is, when evaluating the impacts of current and proposed 
developments, a comparison can be made of maxima predicted under a range 
of meteorological conditions and development scenarios with levels which are 
known w cause minor damage. Consequently, even a negligible risk 
strategy could be applied where development is preferred which keeps 
maxima in an area below thresholds for significant damage to receptors. 
At the very least, thresholds could be specified which allow for the 
identification of risk. It is worth emphasising that the term threshold is 
not employed here in its strictest sense. Thus, it is not used to denote a 
point below which it is assumed no damage occurs but as a general term 
denoting a point at which the damage to be indicated has been observed. 

In Table I of Chapter 1, the pollutants of significance in the Hunter 
Region arc noted and specific dose-damage information from the litera
ture is provided for them in Appendix I. This is in the form of threshold 
levels at which either no damage or a specified damage has been 
observed. The thresholds arc listed for human health, vegetation and 
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materials and the relevant references to their original source are given. 
The guidelines used by the SPCC for individual pollutants are listed as 
well. Some .. attempt is also made to incorporate information on synergis
tic effects. It is anti~ipated that these 4ata will prove a useful guide to 
workers involved in assessing enviroriffiental impacts in all locations. 
Throughout this monograph, the tables in Appendix I will be frequently 
referred to in order to assess the imponance of predicted levels obtained 
from specific air quality modelling exercises. 

As we progress through the individual chapters of Section II it will be 
seen that our approach to the assessment of regional air quality is less 
than traditional. We have not attempted to build regional scale deter
ministic models which in theory provide air pollution levels at all 
locations for given emission and meteorological conditions. This has 
been carried out, at least for sulphur dioxide and fluorides, elsewhere (eg 
James et al 1983; Bridgman et al 1983). 

Our work complements these studies which in practice have provided 
relative indications oflong-term pollution trends throughout 1he •Hunter 
Region. This monograph concentrates on the 'hot spo1s' of pollu1ion in 
the region and estimates air quality risks. This often entails calculation 
of the frequency of occurrence of short-term high pollution episodes. 
Where the data base allows, the monograph also indicates how these 
risks change with fluctuations in year-to-year meteorological regimes. 
The evalua1ion of high pollution episodes is facilitated by the use of 
statis1ical models. However, statistical models per se are non-predictive. 
The prediction of high pollution episodes, as Chapters 5 and 7 and to a 
lesser extent Chapter 4 show, requires appropriate augmentation of 
statistical models with deterministic models. A hybrid methodology 
incorporating the best features of determinis1ic and statistical models 
was specially developed in CRES during the course of this work to 
provide predictions of air pollution risks from given emission and 
meteorological conditions. More details of the CRES hybrid air quality 
models can be found in Jakeman et al (1984). 

A comprehensive list of quite specific air quality studies carried out in 
the Hunter Region but not referred to in this monograph is Avery (I 982, 
1984), Hyde et al (1981), Carras and Williams (1984), Chambers and 
Bridgman (1984), Goldswonhy(l978), Guthrie and Lamb (1976), Lun
non (1984) and McR.ae et al (1954). 
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Specific air pollution problems 
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Air pollution from mining 
activities in the Upper Hunter 

Region 

Introduction 
The State Pollution Control Commission has expressed serious concern 
about the effects of individual open cut coal mines on local residents and 
the local environment ofthe Upper Hunter Region (NSW SPCC 1983). 
Given sufficient markets and adequate provision of infrastructure, coal 
mining activity will continue to expand in the region. An accurate 
forecast of the likely increases in coal production is of course difficult to 
guarantee. Suffice to say that it is possible for the current rate of 
production from open cut mines to double by the end of the decade and 
for the increase to continue to the year 2000. Fig. 7 shows the extent of 
existing and proposed open cut collieries in the Upper Hunter Region. 
The major effects of such mining come from dust and noise emissions 
due to mining operations and associated transport activities. Because of 
the special importance of dust pollution in the region the next section 
briefly describes its effects in more detail than is provided in Appendix I. 

Effects of dust 
Dust has the potential to cause damage to public health and welfare. The 
latter concept includes damage to vegetation, materials, visibility, cli
mate and some aesthetic factors. In 1971, concern for health and other 
damage effects of particulates led the United States to promulgate 
Federal Standards for enforcement by the Environmental Protection 
Agency (USEPA). 

These are summarised in Table 3 and take the form of a primary 
standard to protect public health and a secondary standard to protect 
public welfare. Both standards are for total suspended particulates (TSP) 
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and do not take particle size into account below 45 microns (µm). The 
National Health and Medical Research Council (NHMRC) or Australia 
has also recommended a maximum permissible level for TSP. It is 
90 µgm- 3 fo r an annual geometric mean. 

Damage to human health by dust is generally brought about by 
interaction with the three major regions ofthe respiratory tract. Ofthese, 
the principal probk,ms arise from particles deposited in the tracheobron
chial region, and the fine particles which may be absorbed in the 
alveolar region or the lung. Not surprisingly, increasing attention has 
been paid since 1971 to particle size, and particulates less than 15 µm 
have been identified as the inhalable variety which lead to health 
damages. 

TABLE 3 USEPA ai r quality standards for particulates<•> 

Primary(b) 
Primarylbl 
Secondarylc) 
Secondarylc) 

75 µgm -3 annual average limit 
260 µgm-3 24 hr limit 

60 µgm-3 annual average limit 
150 µgm-3 24 hr limit 

(a) defined as particles with size < 45 µm 
(b) standard to protect public health 
(c) standard to protect public welfare 

Source: US Fed~ntl Register, 197 ! 

This has prompted proposals for health standards incorporating parti
cle size (Hileman 1981 ). In fuct, recent proposals for a new primary 
standard for the United States, which applies to particles either less than 
I O µm or less than 15 µm, have been placed before the US Clean Air 
Scientific Advisory Committee. These proposals have been critically 
reviewed by Hileman ( 1981) but have not yet been incorporated in 
legislation. To complicate matters further it is more likely that parti~les 
with diameters less than 1 µm are or most importance in pulmonary 
problems (Natusch and Wallace 1974). 

Damage to vegetation arises from the accumulation or dust on plants. 
If the dust is not inert then a potential problem arises from the possible 
toxic effects or chemicals at the plant surface. Dust deposition can also 
lead to the formation of layers or crusts which physically hinder photo-
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FIGURE 7 The extent of existing and proposed open cut collieries 
in the Upper Hunter Region. 

Source: NSW SPCC, 1983 
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synthesis, slow carbon dioxide uptake and affect the rate of starch 

formation. In addition, the normal gas exchange between plant and 

atmosphere can be intenupted by the physical blocking of stomata. The 

toxicity and crusting problems are facilitated by moisture on the plant 

surface. In the first case, the moisture takes toxic chemicals into solution 

for uptake by the plant, and in the second it may hydrate certain dusts 

causing crusts. However, much of the available information on the 

effects of dust on plants is relevant to cemen1 kiln dusts which contain 

calcium silicates that hydrate to form crusts on plant surfaces. Damages 

arising from the physical blocking of stomata are less quantified than for 

the chemical interactions, although such damage has been reported for 

broad leaved shade trees and conifers. 
The USEPA has been reviewing national ambient air quality stand

ards for particulates and believes that there is no need for a particulate 

standard designed solely to protect vegetation. The evidence is that for 

basically inert, insoluble dusts, observable injury to vegetatiop occurs 

only when deposition is extremely high. 
Particulate damage to materials arises from abrasion when particles are 

impressed upon the materials, from the action taken to remove particles 

embedded on surfaces, and from chemicals within or absorbed by the 

dust which attack the material. The main effects are the corrosion of 

metals and the deterioration of building materials, particularly concrete 

and painted surfaces. It seems that the main issue to consider is the 

chemical nature of the dust and the availability of acid gases such as 

sulphur and nitrogen oxides to set up synergistic effects. 

Deterioration of visibility either by a cumulative regional haze or from 

individual plumes is caused by the finer dust particles. This can be 

measured but the perception of the level of significance of the problem 

can vary. 
This section has served to emphasise the uncertainties associated with 

the quantification of threshold levels for damage to vegetation and 

materials and for loss of amenity in general. It argues for a 'bottom-up' 

approach involving determination of the population of damage receptors 

around mining developments. This allows a definition of the classes of 

damage which merit the most serious attention. 

Consider firstly the likely damages to vegetation. From this brief 

review it is possible to conclude that some damage could occur in very 

high dustfall areas. However, this is likely to be very close to mine pits 

where the damage should be minor compared to that caused by clearing 

sites for industrial operations. For material damages it is clear that there 
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arc few if any monuments and little substantial building in the areas of 
mining activity. The SPCC also regard it as unlikely that there will be a 
regional haze caused by mining since only a small proportion of the 
emitted particles arc in the size range which affects visibility most (0. 1 to 
2 µm). However, it is welt known that sometimes there are visible dust 
plumes hovering over individual mines. 

This leaves the effects on health and loss of amenity for consideration. 
Suspended particulate data in the Ravensworth area collected by the 
Electricity Commission's hi-volume samplers indicate that both the 
USEPA primary standard for total suspended particulates and the 
NHMRC's maximum permissible level are likely to be exceeded on 
occasions for current production levels. While air quality standards are 
often conservative in nature, the levels do suggest that care should be 
taken if emissions were to significantly increase over those currently 
released. Because of the relationship of health effects to particle size 
(especially those below 10 µm) it is also important to obtain more 
information than is known on the size distribution of particles. Dichoto
mous samplers differentiating above and below 10 µm would be useful 
here. Checks need also be kept on the levels of sulphur oxides and 
nitrogen oxides in areas of high suspended particulate concentrations 
because of possible synergistic effects. This will be considered more 
fully in the next chapter. 

While tberc is some uncertainty about the concentration of small size 
particulates and their health effects there is strong evidence that dust and 
noise from the open cut coal mining activity constitute nuisance prob
lems in the Upper Hunter Region. In view of the importance of general 
loss of ameni1y as an aesthe1ic damage due to particulate pollution, an 
objective attitude/perception survey was carried out for selected popu
lation groups. Because of the special significance of this pollution 
problem, the survey details are provided later in a separate section. 

Modelling particulate pollution 
Ideally it would be useful to be able to predict accurately both the 
ambient concentrations of suspended particulates and the deposition of 
dust from all mining activities. Table 4 lists major emission sources and 
tentative emission factors estimated by the SPCC for major dust pollut
ing activities associated with open cut coal mining in the Hunter Valley. 
Prediction of dust concentrations and dustfall from such factors and 
specific meteorological conditions aid assessment of impacts from new 
mines and mine extensions. 
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Unfonunately such mathematical modelling is fraught with major 
difficulties and uncertainties, even when compared with more tradi
tional air pollution modelling. Butt et al ( 1982) have detailed these 
problems, referring to the difficulties in specifying the full probability 
distribution of emission factors for each activity, the microscale nature of 
the dispersion and hence the importance of both small changes in terrain 
and local meteorological effects. When modelling dust deposition there 
arc additional problems to those of modelling dust concentrations. In the 
former case there must be assumed some manner of fallout with dis
tance, wind speed and particle size, yet experimental techniques have to 

date failed to quantify such a relationship satisfactorily. 

TABLE 4 Emission factors for Hunter Valley coal mines 

Haul trucks: 4.0 kg per vehicle kilometre travei!ed 

Blasting of overburden and coal: 758A0·8 kg (A= area blasted iq m2 
M l.90 1.s D = depth of blast in m 

M = % moisture conient) 

Loading by truck and shovel: .01 kg/tonne of overburden 
.02 kg/tonne of coal 

Drilling: 0.6kg/hole 
Truck dumping: .02 kg/tonne of overburden 

.06 kg/tonne of coal 

Exposed areas: 0.4 kg/hour/hectare 

Topsoil removal: 14 kg per scraper hour 

Dragline: .02kglm3 

Source: NSW SPCC, 1983 

Nevertheless there has been and will continue to be a need to estimate 
the future impacts, and especially the 'hot spots', under likely develop
ment scenarios for open cut coal mining development in the Hunter 

Valley. The SPCC has therefore undertaken mathematical modelling in 
order to gauge at least the relative effects of development. Their resuhs 
indicate that at a peak mining period in the valley, a deposition level of 
4 g/m2/month (annual average) could be exceeded in populated areas 
such as Ravensworth, Glennies Creek, Broke, Warkworth, Singleton and 
South of Muswellbrook (Jet' Fig. 8). This is the level at which the SPCC 
believes a loss of amenity will first be perceived. They regard the 
deposi1ion level of 10 g/m2/month (annual average) as an unacceptable 
annual average. Support for the choice of these guidelines is provided by 
the survey results reported in the next section. 
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The environmental survey 
Many of 1he adverse effects of open cut coal mining activity in the 
Upper Hunter Region are largely unquantifiable, for example dust and 
visible pollution. Effects of lhis type are largely of an aesthetic nature 
providing nuisance value to the population. Consequently the degree of 
the effect is dependent upon perceptions of it. Knowledge of the 
attitudes of the potentially affected population is useful in determining 
the significance of disamenity suffered. Furthermore, a survey was' seen 
as a useful tool to provide some definition of pollution levels, especially 
with respect to dust, which cause increased annoyance over normal 
perceptions. 

The survey obtained information on respondents' attitudes to a whole 
range of environmental problems. These were industrial smoke, street 
litter, trucks, industrial noise, dust, cigarette smoking, recreational area 
litter, odours, river pollution, lack of sewerage services, main road 
proximity. In this way the specific problems associated with mining 
activities were not unduly highlighted and a comparison could also be 
made between the perception of environmental problems associated 
with mining versus non-mining activities. 

The populations surveyed were from the fringe open cut mining areas 
of Broke, Maison Dieu, Ravenswonh, South MusweJlbrook and 
Warkwonh. A control population was also surve-/ed in Murrurundi 
since it is 13.rgely unaffected by the developments in question. A location 
map of these communities is shown in Fig. 8. 

The survey consisted of20 questions which were framed by a psycho!• 
ogist. h sought responses of two types with some questions open ended 
and others requiring categorisation. The survey form which is repro
duced in Appendix Ill consisted of four basic sections: 
• Demographic: questions I to 5 sought basic impersonal demographic 

dau 
• Quality of life: questions 6 to 10 sought information relevant to the 

quality of life experienced at the locations 
• Quali1y of environment: questions 11 to 15 and question 20 sought 

information on what is perceived as an environmental problem and on 
its degree of severity in the immediate vicinity 

• Health: questions 16 to 19 were framed to determine if any undue 
health problems occur in any of the localities. 
Prior to the final survey a pilot survey was carried out in Cessnock to 

establish the utility and internal consistency of the questionnaire and to 
refine the wording of questions where deficiencies were revealed. In 
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FIGURE 8 Map sbo....ing localities surveyt:d 
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general, the pilot survey indicated understanding and showed successful 
completion of answers. 

The method of survey was as follows. Residents were sampled ran
domly from electoral rolls and forms were posted to them. Because of the 
small populations at M.aison Dieu, Ravensworth and Warkworth every
one on the electoral roll in those locations was posted a form. Collection, 
however, was initially done by calling at each address to encourage 
completion of the questionnaire. Return addressed envelopes and, if 
necessary, new forms were left with those who had not completed the 
questionnaire. Overall the response rate was relatively low at 36 per cent 
and the sample sizes that resuhed were relatively small at some locations. 
This required special attention in the analysis such as grouping of 
categories in order to allow a reasonable degree of statistical confidence. 
Response statistics for the surveyed populations are provided in Table 5. 

Demographic results 
Table 6 provides a summary of the demographic data. This shows that 
overall the male/female response was about even but in some locations 
female responses outnumbered. males about two to one. The age distri
bution also varies with Warkworth providing the youngest respondents 
and Murrurundi the oldest. 

The dominant occupation is home duties followed by semiskilled and 
unskilled. M.aison Dieu has the greatest percentage of people involved in 
agriculture whereas Murrurundi has the greatest percentage of retired/ 
pensioners. The respondents of the other four locations have a reasona
bly similar distribution of occupations. 

Not surprisingly, employment-related reasons dominantly attracted 
people to their respective locations, particularly to Warkworth and 
South Muswellbrook. Most of the surveyed people who have moved into 
the locations come from elsewhere in New South Wales, a significant 
portion coming from elsewhere in the Hunter Valley and from smaller 
centres within the state. 

Quality of life results 
The data summaries pertaining to quality of life questions are sum
marised in Table 7. Respondents at Ravens worth, South Mus well brook 
and Warkworth are least satisfied with their present place of residence as 
indicated by their desires to reside elsewhere. The respondents from 
Murrurundi appear to be quite happy with their location, some 50 per 
cent stating Murrurundi as the place they would like to live but this 
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TABLE 5 Response statistics for the surveyed locations 

Location 

Rnw Maison Number of 
ques1ionnaircs operation Broke Dieu Murrurundi Ravensworth 

Posted out 
Hand delivered* 
Returned to sender 

uncomple!ed 
Effective delivery 
Rcccivedoomp!eted 
Received blank 
Total received 

Response+ 

Rate(%) 

Rate (%) 

• Approximate only 
I Forwarded questionnaires 
+ Useful response rate 
x Actual return rate 

(A) 
(B) 

(C) 
(A+B- C) 

(D) 
(E) 

(D+E) 

.L.....Q___J 
(A+B-C) 

...i...!2..::.! 
{A+B- C) 

60 
33 

82 
24 
4 

28 

29 

41 
15 

3 
56 
16 
3 

19 

30 

36 

100 
30 

6 
124 
42 

1 
43 

34 

' 35 

proportion is exceeded by Maison Dieu respondents, 60 per cent of 
whom consider their present place of residence as the desirable one. 
Overall 31 per cent of respondents residing in the mining areas indicated 
that their present location was their desirable place of residence. En
vironmental reasons dominated respondents' choice of a desirable lo
cation. Note that in this context 'environmental' includes such variables 
as climate, pollution, peace and quiet, seclusion, views and cleanliness. 

The listing of 1he enjoyable 1hings about living in their location 
revealed that in general the respondents thought the Hunter Valley had a 
good environment where the definition includes the concept$ above. 
Pi:actical reasons such as availability of employment, housing, provision 
of certain facilities etc. were rated highly for Warkworth, Ravensworth, 
Broke and South Muswellbrook with employment opportunity being 
the item of greatest significance. 

Items which were disliked were primarily related to the availability or 
lack of practical things such as poor facilities, distance to facilities, 
inadequate water supply, shonage of housing, etc. Only Ravensworth 
did not rate highly for such practical reasons, the major discontent being 
the mining/developments in the area, rating some 52 .3 per cent amongst 

59 
15 

20 
1 

21 

29 

30 
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Location 

South 
Muswd lbrook Warkworth Other# Total 

100 72 432 
3 20 116 

' II 44 
94 81 504 
43 30 181 

I 6 16 
36 

46 36 

aU responses. Overall 41 per cent of respondents in the mining areas 
indicated a dislike of some aspect of the mining developments. The 
responses from the town of Murrurundi, being far from mining develop
ments, showed a low degree of concern with respect to the coal industry. 

Items tlesired to be altered correlated well with disliked items. The 
localities of Maison Dieu, Ravensworth and Warkworth yie)ded re
sponses showing a strong desire to alter facets of mining developments, 
these mainly being associated with the reduction/cessation of dust (es
pecially at Ravensworth), noise and the numbers of coal trucks. Overall, 
20 per cent of responses from the mining areas indicated a desire to 
change some aspect of mining developments. Once again, the responses 
to this item reflect that Maison Dieu and Ravensworth are the most 
adversely affected by mining. These are followed by Warkworth, with 
Murrurundi the least. Finally, it is interesting to note that the desire to 
alter things for practical reasons generally outweighed the desire for 
altering mining related problems. The exception, however, is Maison 
Dieu where 32 per cent of residents wished to alter mining related 
problems compared to 19 per cent for practical reasons. 

Table 8 shows how respondents rated their present location with 
respect to their previous location. The rankings in the tables indicate 
that the populations ofRavensworth and Warkworth are the least happy 
with their locations, whilst those at Broke are generally happier than 
they were at their old location. 
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TABLE I Demographic data 

Dt,mographic 
Variable 

(Sample Size) 

M,J, 
Female 

A .. 
l6-35ycars 
36-55 
56-

0ecupatlon 
R ,. Respondent 
s -- Spouse 

Location(%)* 

Maison Dieu Warkworth Ravcnsworth 

(16) (30) (20) 

66.7 
33.3 

53.3 
40.0 

6.7 

48.3 
51.7 

60.7 
35.7 

3.6 

55.0 
45.0 

52.6 
31.6 
15.8 

Broko 

(24) 

33.3 
66.7 

65.2 
17.4 
17.4 

Home duties 
Prof7admin 
Clerical 
Scrvia:ltrades 
Self-employed 
Semi/unskilled 
Retired/pensioner 
Studenl 

13.3 33.3 40.0 47.8 38.9 46.7 43.5 23.5 
.0 .0 16.6 8.6 16.7 6.7 17.4• 17.6 
.0 .0 .o 4.3 .o 6.7 .0 5.9 

6.7 8.3 3.3 .0 5.6 13.3 17.4 29.4 
.0 .0 .0 .0 .0 .0 .0 5.9 

13.3 8.3 26.7 30.4 16.7 20.0 .0 11.8 
.0 .0 6.7 4.3 II.I 6.7 13.0 .0 

6.7 .0 3.3 .0 .0 .0 .0 .0 
Primary produa:r 
Unemployed 

60.0 50.0 3.3 4. 3 5.6 .o 4.3 5.8 
.0 .0 .0 .0 5.6 .0 4.3 .o 

Length of time in area 
0-2ycars 
3-5 
6- 10 
11-20 
21-

Why moved to area 
Not applicable 
Employment rcla!ed 
Persoruilrcasons 
Other 

Previous place of l'Hidenee 

6.7 
26.7 
13.4 
20.0 
33.3 

26.7 
33.3 
6 .7 

33.3 

Not applicable 26.7 
Hunter Valley 40.0 
MlliorNSWCi1y .0 
O1hcrNSW 26.7 
Other 6.7 

Time at previous residence 
0-2ycars 33.3 
3-5 6.7 
6- 10 .0 
11-20 13.4 
21- 20.0 
Not applicable 26.7 

26.7 
46.7 

3.3 
13.3 
10.0 

3.4 
62.1 
10.3 
24.2 

3.4 
27.6 
10.3 
48.3 
10.3 

20.7 
31.0 
17.2 
13.8 
13.8 
3.4 

36.8 
15.8 
5.9 

15.8 
26.3 

27.8 
27.8 
16.7 
27.7 

27.8 
50.0 

.0 
22.2 

.0 

11.1 
16.7 
22.2 
5.6 

16.7 
27.8 

16.7 
16.7 
20.8 
16.7 
29.2 

21.7 
43.5 
13.0 
21.8 

21.7 
13.0 
17.4 
30.4 
17.4 

2 1.7 
17.4 
8.7 

17.4 
13.0 
21.7 

• Percentages shown arc percentages of valid responses, i~ ra ponscc of 'no rcsponu ' luis b«n excluded. 



Location(%)* 

Smnh 
Murrurundi Muswdlbroolt Totlll 

(42) (43) (175) 

37.2 57.1 48.0 
62.8 42.9 52.0 

28.6 47.1 47.3 
45.2 37.6 37.9 
26.2 14.7 14.8 

R R R 

30.2 30.3 16.7 40.6 29.8 36.8 
1.6 9.1 28.6 12.5 17.0 9.8 
4.7 6. 1 9.5 3.1 3.5 4.5 

11.7 6.1 16.6 21.9 II.I 12.8 
11.6 6.1 .0 .0 2.9 2.3 
4.7 15.1 16.7 15.6 12.9 17.3 

16.3 18.2 11.9 6.3 II.I 7.5 
4.7 .0 .0 .0 2.3 .0 
4.7 9.l .0 .0 8.2 8.3 

.0 .0 .o .o 1.2 .o 

1i.6 
14.0 
11.6 
2.3 

60.5 

32.6 
30.2 
16.3 
20.9 

32.6 
7.0 

11.6 
30.2 
18.6 

14.3 
23.8 

4.8 
11.9 
9.5 

35.7 

7.5 
12.5 
25.0 
22.5 
32.5 

31.7 
48.8 
14.6 
4.9 

31.0 
14.3 
26.2 
16.7 
9.5 

7.3 
7.3 
9.8 

24.3 
19.5 
31.7 

16.0 
20.6 
13.7 
13.7 
33.7 

24.0 
40.6 
13.1 
22.3 

24.9 
20.7 
13.6 
29.0 
11.8 

15.4 
17.J 
9.7 

14.9 
14.3 
26.3 

Mining activities ~ 
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TABLE 7 Quality of life data 

Location*(%) 

Broke Maison Dieu Murrurundi Ravenswonh 

(Sample Size) (24) (16) (42) (20) 

Desirable place of residence 
Present place 43.5 60.0 
Coastal regions 30.4 6. 7 
Elsewhere 26.1 33.3 
Reason for place being desirable 
Satisfaction here 42.1 36.4 
Practical .0 27.3 
Environmental 57.9 27.3 
Personal .0 9.1 
Enjoyable items 
(No. responses)# 
Practical 
Environmental 
Personal 
Other 

Disliked items 
(No. responses)# 
Practical 
Mining development 

related 
Other 

Items to alter 
(No. responses)# 
Practical 
Mining development 

related 
Other 

(64) 
28.1 
46.9 
10.9 
14.1 

(63) 
49.2 

14.3 
36.5 

(55) 
36.4 

14.5 
49.1 

Comparisons to last place of residence 

(33) 
9. 1 

66.7 
12.1 
12.1 

(40) 
60.0 

25.0 
15.0 

(31) 
19.4 

32.3 
48.4 

Rates lower 5.0 12.5 
Neutral 15.0 25.0 
Rates higher 80.0 62.5 
Reasons for comparative judgement 
Practical 23.1 12.5 
Environmental 15.4 25.0 
Other 61.5 62.5 

• Ptr~ ntag.-s shown an, percr ntages of valid respon5e5 only. 
# Allowance for thrtt r.-spon5e5 per respondent . 

55.0 11.l 
7.5 16.7 

37.5 72.2 

42.9 25.0 
7.1 12.5 

32.1 62.5 
17.9 .0 

(107)· (35) 
13.1 28.6 
55.1 48.6 
15.0 2.9 
16.8 20.0 

(104) (44) 
65.4 29.5 

1.0 52.3 
33.7 18.2 

(85) (35) 
57.6 34.3 

1.2 31.4 
41.2 34.3 

6.3 41.7 
21.9 33.3 
71.9 25.0 

9.5 20.0 
9.5 20.0 

81.0 60.0 



Mining activities ~ 

Loauion• ('Yo) 

South 
Muswcllbrook Warkworth Total 

(43) (30) (175) 

25.0 25.9 36.8 
30.0 44.4 23.3 
45.0 29.6 39.9 

20.0 5.9 29.3 
12.0 29.4 12.9 
56.0 52.9 48.3 
12.0 11.8 9.5 

(95) (64) (398) 
30.5 32.8 23.9 
32.6 45.3 47.2 
14.7 9.4 12. 1 
22.1 12.5 16.8 

(109) (67) (427) 
42.2 I 53.7 51.1 

13.8 16.4 16.2 
44 .0 29.9 32.8 

(97) (70) (373) 
39.2 32.9 39.7 

11.3 25.7 15.8 
49.5 41.4 44.5 

21.9 29.6 18.3 
18.8 29.6 22.9 
59.4 40.7 58.8 

15.4 26.7 17.3 
23. 1 20.0 17.3 
61.5 53.3 65.3 



~ Air quality and resource development 

TABLE 8 How respondents rated their existing location with their 
previous location 

Loca1ion 

Broke 
Murrurundi 
Maison Dieu 
South Muswcllbrook 
Warkworth 
Ravcnsworth 

% Respondents 
who have moved 

78.3 
67.4 
63.3 
69.0 
96.6 
72.2 

Ranking 

Rates higher 

In summary, the following points emerge with respect to feelings on 
the 'quality of life' at the survey locations: 
• Within the mining areas approximately 59 per cent of respondents 

expressed no feelings of discontent towards the mining inclustry. 
Additionally general environmental reasons rated the highest overall 
amongst enjoyable items listed. 

• In general, Ravensworth appears to be the ma with the greatest 
concern for impacts from the mining industry, followed by Maison 
Dieu and to a lesser extent Warkworth. However, Maison Dieu 
respondents feel most strongly about altering these but at the same 
time rate their existing location highly. 

• A major concern of many people is the poor facilities served chem. In 
fact the vast majority of people listed some practical need as the first 
item they would like to alter. 

• Respondents from Murrurundi rarely mention mining developments 
in any answers to questions. This is not unexpected and is supportive 
of the fact that Murrurundi is a town largely unaffected by the 
developments, and in this sense is a suitable control population. 

Quality of environment data 
This section of Chap1er 3 presents the body of information for whicl) 
the survey was primarily designed: to gauge the relative effects of 
different potential and endured environmental impacts. This infor• 
mation basically consists of answers to the following questions: 
• What environmental problems upset you? 
• How frequently do you notice them? 
• Do any of these problems directly affect you? 
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• If so, to what extent, do they merely constitute an acsthetidnuisance 
problem or take the form of more serious effects? 

• What action (if any) do you take to alleviate these problems? 
• Do you feel something can be done about these? 
• Whose responsibility do you feel it is to do this? 

The spectrum of answers obtained will be elucidated in the forthcom
ing subsections. 

Upsetting environmental problems and the degree to which 
they are observed (Questions 11, 12) 
To enable easy comparisons of how the respondents at each of the six 
locations feel about eleven environmental factors (industrial smoke, litter 
on streets, trucks, industrial noise, dust, cigarette smoking, litter in 
recreational areas, odours, river pollution, lack of sewerage services, 
proximity to main roads) and how often they notice these environmental 
problems, two summary tables, namely Tables 9 and 10, have been 
prepared. Table 9 contains details of the 'annoys a lot' category for the 
degree of upset (survey question 11) and Table 10 contains details of the 
'noticed frequently' category for the degree of noticing these factors 
(survey question 12). 

Within these tables the ranking is done on the basis of the percentage 
of responses for each class. The class with the highest response rate 
recei'lf;5, the highest ranking. 

Table 11 contains a list of what environmental problems are most 
upsetting and most noticed by the respondents of each location. As can 
be seen by examination of this table there is a high degree of correlation 
between what upsets people and how frequently they notice it. This is 
not surprising as peoples' feelings are generally dictated by perceptions. 
Thus, if a problem is out of an individual's sphere of experience, it 
would not be expected that he/she would possess strong attitudes to
wards it. This is corroborated by Table 12 and Fig. 9 which show the 
overall picture of degree of upset and the degree of notice. The dashed 
line in Fig. 9 is the line upon which all points might reasonably be 
expected to lie based on the above perception-produces-attitudes reason
ing. 

Table 13 places the relation between the degree of notice and degree of 
upset on a more formal basis using a chi-square test and Cramer's V 
statistic. Here the large values of x2 and V indicate the existence of a 
systematic and strong relationship between attitudes and perception. 
For each of the eleven environmental problems the value of x2 obtained 
has less than 0.05 per cent chance of being spurious; that is, the 
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TABLE 9 Environmental problems which 'annoy a lot' 

Environmental 
problem 

Industrial smoke 
Street litter 
Trucks 
Industrial noise 
Dust 
Cigarette smoking 
Recreational area 

liner 
Odours 
River pollution 

1::~i~ewerage 

Main road 
proximity 

Location 

Broke Maison D ieu Murrurundi Ravensworth 

% Rank % Rank % Rank % Rank 

45.0 
72.7 
56.5 
42.9 
45.5 
31.8 

86.4 
31.6 
50.0 

33.3 

75.0 
80.0 
83.3 

100.0 
93.8 
81.8 

I 60.0 
10 70.0 
4 83.3 

8 33.3 

9.5 I I 62.5 

29.6 
74.3 
4 1.7 
28.6 
48.6 
44. 1 

10 74.3 
8 42.3 
3 67.7 

11 40.7 

9 20.6 

9 33.3 
I 52.9 
7 66.7 

10 31.3 
4 80.0 
5 35.3 

66.7 
50.0 
76.5 

8 31.3 

II 30.0 II 

TABLE 10 Environmental problems which are 'noticed frequently' 

Environmental 
problem 

Industrial smoke 
Street litter 
Trucks 
Industrial noise 
Dust 
Cigarette smoking 
Recreational area 

liner 
Odours 
River pollution 

1:~i~r:wcrage 

Main road 
proximity 

Location 

Broke Maison Dieu Murrurundi Ravensworth 

% Rank % Rank % Rank % Rank 

38.1 
80.0 
65.2 
42.9 
50.0 
40.0 

85.7 
33.3 
47.6 

36.4 

66.7 
77.8 
90.9 
83.3 
92.3 
60.0 

I 77.8 
10 70.0 
5 72.7 

9 50.0 

19.0 11 33.3 

23. l 
82.9 
44.7 
25.9 
57.6 
45.5 

71.4 
20.0 
53.3 

10 29.2 

35.3 
70.6 
72.2 
44.4 
66. 7 
35.3 

2 70.6 
11 33.3 
4 58.8 

7 35.7 

11 21.9 10 26.3 11 
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U>Cation 

So,nh 
Mu.swel\brook Warkwonh Tot2l .. R,ok .. Raok .. R,ok 

44.7 36.0 10 40.4 
71.8 66.7 3 70.0 
66.7 , ... 10 55.8 
14.2 48. 1 7 41.8 
63.2 46.2 8 59.7 
35.9 50.0 6 43.0 

87.5 80.0 78.7 
43.2 65.4 48.5 
64.1 80.8 69.0 

30.6 10 53.8 5 37.8 10 

16.7 II 40.0 9 25.0 II 

U>Ca1ion 

Sou,h 
Muswellbrook Warkwonh Tot2l .. R,ok .. R,ok .. R,ok 

34.2 40.7 II 36.2 
67.5 70.4 1 74.3 
81.0 69.2 3 67.7 
30.8 50.0 9 41.l 
47.5 53.6 6 57.1 
45.0 53.6 6 45.9 

69.0 70.4 1 72.8 
27.0 44.4 10 34. 1 
41.0 64.0 4 53.1 

8.6 II 52.0 8 3 1.3 10 

26.5 10 53.8 5 29.8 II 
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TABLE 11 First five problems by ranking a, each of the six locations by 
degtte of upset and degtte of notice 

Ranking• by 'annoys a lot' 

Degtte of upset 
Location 

Broke 
M.aison Dieu 

Murrurundi 

Ravensworth 

rec.litter 
noise 

(streetlimr 
(rec.litter 
dust 

South Muswellbrook rec. litter 
Warkworth river pollution 

Overall rec.liner 

stree1\iuer 
dust 

river pollution 

s1reetlitter 
rec. litter 

Street litter 

Ranking* by 'notice frequently' 

Degree of notice 
Locallon 

Broke 
M.aison Dieu 

Murrurundi 
Ravensworth 

rec.litter 
dust 

street litter 
trucks 

South Muswellbrook (trucks 
Warkworth (street litter 

rec. litter 

Overall street litter 

street litter 
trucks 

rec.littcr 
(street litter 
(rec. littcr 
rec.litter 

rec litter 

trucks 
(trucks 
(river pollution 
river pollulion 

(rec.littcr 
(trucks 
trucks 
street liner 

river pollution 

trucks 
noise 

dust 

street litter 
trucks 

trucks 

• If problems we,., ranked equally thf next rank position(,) is (a,.,) kft vacant. 

probability of an incorrect conclusion being drawn is very low. This 
relationship between attitudes and perception is very imponant wi1h 
respect to later analysis. 

Elsewhere (Butt et al, 1983) the attitudes and perceptions of respond
ents have been analysed on the basis of sex, age, occupation and 1ype of 
location. However, the results arc of minor relevance and will be re
ported in the end-of-section summary. 

Dircc:tly-affecting environmental problems (Question 13) 
Question 13 sought to find out which (if any) of the previously men
tioned eleven environmental factors directly affect the respondents. For 
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Ranking* by 'annoys a lot' 

ivcr pollution dust 
smoking 

lus1 smoking 

street liner 

ivcr pollution 
,dours 

dust 
lack of sewerage 

""' trucks 

tanking* by 'notice frequently' 

ust 
itrcct liner 
:cc.litter 

river pollution 

ivcr pollution smoking 

"" river pollution 

.US! smoking 
iver pollution main road 

proximity 

river pollution 

those problems named the mechanisms of effect were sought together 
with the form of remedial action taken. 

Table 14 summarises the responses for 'directly•affecting items'. The 
response rates alone yield valuable information. The population of 
Maison Dieu are the most concerned as indicated by 75 per cent of the 
respondents having an average of 2.6 complaints each. Compared to the 
control region of Murrurundi, where 48 per cent of the respondents 
have an average of 1.6 complaints each, the level of complaints by 
Maison Dieu residents is high. The response statistics for the other four 
locations are all reasonably similar. In terms of the experienced problems 
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FIGURE 9 The degree of upset ('annoys a lot') venus the degree 
of notice ('notices frequently' ) for eleven environmental 
problems 
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TABLE 12 The ranking of the top categories of the 'degree of 
upset' and the 'degree of notice' possessed by these 
eleven environmental problems 

Environmental problem 
Ranking 'annoy, a lot' 

I recreational area litter 
2 s1ree1 litter 
3 river pollution 
4 dust 
5 trucks 
6 odours 
7 cigarette smoking 
8 industrial noise 
9 industrial smoke 

10 Jack of sewerage services 
11 main road proximity 

Environmental problem 
'no1ices frequently' 

street litter 
recreational area litter 
trucks 
dust 
river pollution 
cigarette smoking 
indusirial noise 
industrial smoke 
odoun 
lack of sewerage services 
main road proximity 

TABLE 13 Statistical relations between the degree of upset and the 
degree of notice for the eleven environmental problems 

Environmental problem 

Industrial smoke 
Street litter 
Trucks 
Industrial noise 
Dust 
Cigarette smoking 
Recreational area litter 
Odours 
River pollution 
Lack of sewerage services 
Main road proximity 

(upset-notice)* 

x' 
72.6 
39.8 
81.2 
76.4 
73.2 

111.3 
58. l 
56.2 
61.1 
57.4 

100.0 

v• 
0.53 
0.37 
0.50 
0.53 
0.49 
0.62 
0.44 
0.46 
0.46 
0.48 
0.60 

• 3 cbs= of 'upse1', and 3 classes of 'notice' giving 4 degm:s of freedom. In all 
cases the significance of this V11lue of x.2 was < 0.0005. 

II Vis Cramer' , V statistic indicating the strength of the rclation,hip on a 0-1 scale. 
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TABLE 14 Directly-affecting environmental problems 

Location 

Response 
statistics Broke Maison Dieu Murrurundi Ravensworth 

No. of responses* 37 31 32 34 

M ean No. of responses# 
per respondent 2.2 2.6 1.6 2.4 

Response rate 
for question+ 71 % 75% 48% 70% 

Response Breakdown % Rank % Rank "lo Rank % Rank 

Industrial smoke 
Street litter 
Trucks 
Industrial noise 
Dust 
Cigarette smoking 
Recreat ional area 

litter 
Odours 
River pollution 

1:ec~i~sewerage 

Main road 
proximity 

.0 
13.5 
18.9 
16.2 
13.5 
8.1 

10.8 
2.7 
.o 

8.1 

8.1 

10 .0 
3 3.2 
I 9.7 
2 22.6 
3 38.7 
6 6.5 

5 .0 
9 6.5 

11 12.9 

.0 

.0 

.0 
15.6 
34.4 

.0 
25.0 
12.5 

6.3 
.0 
.0 

.0 

6.3 

7 2.9 
3 2.9 
I 11.8 
7 14.7 
2 · 29.4 
4 5.9 

.0 
11.8 
8.8 

5.9 

5.9 

II 
3 
5 

• Up to four responses were allowed for each respondent. The percentages shown are in u,nru 
ofresponscsn:ceived. 

I Based on the total num~r of n:spondems answering question 13 at each location. 
+ Based on the num~r of respondents. 

Tabk 15 allows a more convenient appraisal of the most severe prob
lems. Note that this table should be compared with Table 11. Table 11 
indicates the problems which 'annoys a lot ' and arc 'noticed frequently' 
by respondents, whereas Table 15 indicates the problems directly affect
ing them. The main differences between these are that, in Table 15, 
trucks, dust and to a lesser extent noise have displaced litter as the_ 
highest ranked problems. Between the different localities in Table 15 the 
main differences can be summarised as 
• Maison Dieu (which is on a no-through road) has the least problem 

with trucks 
• the non-mining area (Murrurundi) has no noise problem, as is the 

case for the old mining area of South Muswellbrook. Noise is most 
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Location 

South 
Muswcllbrook Warkwor1h Thul 

% 

7.5 
11.3 
28.3 
3.8 

15.1 
15. 1 

7.5 
1.9 
3.8 

.0 

5.7 

53 43 230 

2.0 2.4 2. 1 

70% 60% 63% 

R,mk % R,nk % lunk 

.0 10 2.2 11 
14.0 2 10.4 4 
23.3 I 21.7 I 
9.3 5 10.4 4 
9.3 5 20.4 2 

14.0 2 10.9 3 

5 4.7 8 5.2 
10 .0 10 3.5 
8 11.6 4 6. 1 

11 4.7 3.0 10 

9.3 6.1 

significant in the open cut mining areas of Broke, Maison Dieu and 
Ravensworth 

• litter problems tend to be experienced more in 1he·Jarger centres of 
Broke, Murrurundi and South Muswellbrook as well as in Warkworth 

• the most significant problems generally experienced are trucks on 
roads and dust. Interestingly enough this seems to be the case irre
spective of the proximity to mining activity. However, Ravensworth 
and Maison D ieu rate dust and noise well above the other directly 
affecting environmental problems. 
Table 16 summarises the mechanisms of effect for these directly 

affecting environmental problems. By far 1he greatest effect is that of 
nuisance value. The respondents of Maison Dieu and Ravensworth feel 
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TABLE 15 First five {by ranking) most-experienced problems at each of the sil 
locations 

Ranking• 

Location 

Broke trucks 

Maison Dieu dust noise 

Murrurundi trucks dust 

Ravensworth dust 

South 
Muswel!-

(street litter 
(dust 
river pollution trucks 

street liner smoking 

(trucks 
(odours 

rec.arealitter 

smoking 
odours 
(rec. area litter 
(main road proximit) 
river pollution 

brook trucks (dust street liner (industrial smoke 
(smoking 

Warkworth trucks (street litter 
(rcc.arealitter 

river pollution (n&ise 
(smoking (dust 

(main road proximit) 

Overall trucks dust street litter (street litter 
(noise 

• If problems were ranked equ.ally the ne,<t J1lllk ~ition(s) is (are) left viicant. 

TABLE 16 Mechanisms of effects of the directly-affecting problems in 
Table 14 

Location#(%) 

.½aison 
Mechanisms* Broke Dieu Murrurundi Ravenswonh 

annoyance/inconvenience/ 
nuisance 

hardship 
onset of 
illness 

hazard 
other 

60.0 
20.0 

3.3 
10.0 
6.7 

• Up to four responses were allowed for. 
II Based on responses received. 

39.3 
39.3 

7.1 
3.6 

10.7 

61.5 
11.5 

11.5 
15.3 

.0 

37.5 
28.1 

9.4 
9.4 

15.6 
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that personal hardship (for example, extra cleaning due to dust soiling) is 
a notable effect. Respondents from South Muswellbrook feel most 
strongly that a hazard (usually from trucks) is the effect. 

A significant proponion of responses (30.6 per cent overall) indicate 
that people who feel they have been directly affected by an environ• 
mental problem take no positive action (sec Table 17) to avoid or alleviate 
~rrence. In addition, Table 17 shows that 13 per cent of overall 
responses indicate deaning is performed as a compensatory measure. 
Prevention seems to be adopted as an alternative to a solution in many 
cases. The preventative actions, consisting of using backroads to avoid 
trucks, shutting up the house to avoid dust input, using a clothes dryer 
in preference to outside line, etc. were commonly employed. Approxi• 

matcly 16 per cent of respondents complain to authorities and others 
responsible about their problems. The population of Maison Dieu 
appears to provide the most complaints followed by Ravensworth and 
Warkwonh. Generally complaints seem to be higher in the mining areas 
(Broke is an exception) than in Murrurundi. It is interesting to note that 
overall only 15.5 per cent of people who feel they have been affected 
actually complain and try to solve the problems. The vast majority of 
the population takes little complaint action, even though extra hardship 
may be incurred or a nuisance effect experienced. This fact that corn• 
plaints do not reflect the levels of community annoyance has been found 
in othir surveys of attirudcs to environmental problems (Ramsay 1978, 
Basarin and Cook 1982). 

Loca1ion#(%) 

South 
Muswellbrook Wark worth Total 

42.0 42.l 45.9 
16.0 13.2 20.5 

14 .0 2.6 8.3 
24.0 13.2 13.7 
4.0 28.9 11.7 
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TABLE 17 Action taken against the directly-affecting environmental 
problems of Table 12 

Action taken* 

Devices used 
Nothing 
Preventative 
Complain 
Move away 
Cleaning 
Other 

Location#(%) 

Broke 

.0 
46.7 

3.3 
3.3 

.0 
16.7 
30.0 

• Up to four rcsponse,i w,:n: allowed for. 
I Based on miponse,i n:ccived. 

Maison 
Dieu Murrurundi Ravensworth 

6.7 .0 3.8 
20.0 32.0 30.8 
23.3 16.0 19.2 
36. 7 8.0 23.1 

.0 .0 .0 

.0 32.0 11.5 
13.3 12.0 11.5 

TABLE 18 The possibility of solving existing environmental. problems 

Solution possible# 

(No. responses) 

y~ 
No 
Some problems yes, 

some no 
Undecided 

Location (%) 

Broke 

(18) 

83 .3 
5.6 

5.6 
5.6 

How Solution could be Effected* 

Government/authority 
Community 
Miscellaneous 

I Based on r.-sponses re«ived. 

33.3 
16.7 
50.0 

Maison 
Dieu Murrurundi Ravensworth 

(13) (25) (16) 

76.9 84.0 81.3 
23.1 8.0 18.8 

.0 4.0 .0 

.0 4.0 .0 

25.0 
75.0 

.0 

14.3 
14.3 
71.4 

37.5 
.0 

62.5 

• Note this information was volunteered by iupondents and represents the opinions of a low 
number. 

Solution of environmental problems (Question 14) 
Table 18 shows that 81.1 per cent of respondents overall believe some
thing can be done to solve existing environmental problems. Respond
ents from Maison Dieu, Ravenswonh and South Muswellbrook 
recorded the largest negative response. Some respondents also offered 
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Location#(%) 

South 
Muswellbrook Warkwonh Towl 

.0 2.5 1.6 
30.2 25.0 30.6 
39.5 5.0 18.7 
4.7 20.0 15.5 
.o 10.0 2.1 

11.6 10.0 13.0 
14.0 22.5 18.7 

Loca1ion (%) 

South 
Mu.swcllbrook Warkwor1h Toial 

(31) (19) (122) 

77.0 84.2 81.1 
23.0 5.3 13.9 

.0 5.3 2.5 

.0 5.3 2.5 

.o 27.3 20.4 

.0 18.2 14.8 
100.0 54.5 64.8 

mechanisms by which solutions could be effected. These arc shown in 
the lower portion of Table 18. Note that the miscellaneous category 
includes items such as 'use rail instead of roads for coal transport ', or ' if 
people cared'. 
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TABLE 19 Delegation of responsibility to solve existing environmental 
problems 

Location (%) 

Maison 
Responsible body* Broke Dieu Murrunmdi Ravenswonh 

(No. Responses) (18) (13) (21) (13) 

Govemmentlauthority 
Causec + 

55.6 
16.7 
16.7 
11.l 

46.2 66.7 84.6 
.0 4.8 7.7 

Mining industry 
Other 

30.8 .0 .0 
23.1 28.6 7.7 

* Based on rcsponsa r«:ci~. 
+ Other than mining industry. 

TABLE 20 Dievice-s used to counter environmental problems 

Location(%) 

Maison 
Broke Dieu Murrurundi Ravensworth 

(No. responses) (13) (15) (25) 

None 84.6 13.3 76.0 
Single 15.4 26.7 24.0 
Multiple .0 60.0 .0 

Responsibility to take action (Question 15) 
Table 19 summarises the responses for this question. In general respond• 
ents feel that the government (fedcraUstatenocal) together with 'watch• 
dog' agencies (State Pollution Control Commission, Department of 
Health etc.) are responsible for effecting some controUabacement of 
environmental problems. It is instructive to note that generally people 
feel a 'watchdog' approach is required. Another feature emerging from 
Table 19 is that in the case of Maison Dieu, respondents feel the mining 
industry has a large responsibility to effect a solution to 'existing prob
lems', whereas for other places less responsibility is delegated to them. 
In the case of Ravensworth it can be said that this responsibility is 
largely unexpected since the experienced problems are predominantly 
mining produced. 

(14) 

14.3 
42.9 
42.9 
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..ocation(%) 

South 
Muswcllbrook Warkwor1h Total 

(29) (21) (115) 

86.2 66.7 69.6 
6.9 4.8 9.6 

.0 19.0 6.9 
6.9 9.5 13.9 

.ocation(%) 

So,nh 
Muswcl\brook Warkworth To1al 

(33) (17) (117) 

78.8 82.4 63.2 
21.2 11.8 23.1 

.0 5.9 13.7 

Devices to counter environmental problems (Question 20) 
The devices claimed to be installed for countering environmental prob
lems are shown in Table 20. Such devices consisted of items such as air 
conditioners, water filters and clothes dryers. In many cases those 
respondents with an air conditioner would have been referring to 'heat' 
as the environmental problem rather than one of the eleven previously 
mentioned possibilities. Respondents with multiple devices would most 
likely be those with some existing problem (for example dust). Taking 
note of the previous comment in relation to air conditioners it is 
apparent that at both Maison Dicu and Ravenswonh and to a lesser 
extent Warkworth there are existing environmental problems that are 
deemed necessary to counter. With regard to the types of devices, it 
seems highly likely that the problem these devices are intended 10 
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counter are excessive dust fallout. Note that the houses in Ravensworth 
hamlet were supplied {by the Electricity Commission at one stage) with 
devices to compensate for the loss of amenity imposed by dust from the 
nearby open cut coal Inine. 

Overview of quality of environment data 
The questions outlined at the commencement of this section have 
basically been answered. In summary, there is a strong correlation 
between the degree to which an environmental problem upsets a person 
and the degree to which it is noticed. There appears co be a dependence 
upon age, sec., occupation and location for attitudes to environmental 
problems. In general, females appear to be more tolerant towards prob
lems other than litter; and old people are more tolerant to items other 
than noise, trucks and smoking. People in mining areas notice noise, 
trucks and smoke more than those in non-mining areas. Vocation depen
dent differences are also evident. For example people involved with 
home duties are most sensitive to litter, otherwise people involved in the 
mining industry notice environmental problems more. Whether or nol 
this is related to the greater occurrence of these is open to conjecture but 
such an hypothesis seems plausible when due consideration to the 
relation between the degree of upset and notice is given. 

The types of environmental problems of greatest concern to the 
communities at each location can be connected to the population by 
consideration of the demographic data and the age, sex, occupation and 
location dependent associations given. These environmental problems 
generally produce an effect through annoyance or nuisance value. The 
degree of action devoted to resolving these difficulties is much lower 
than the severity of the problem as indicated by the totally open-ended 
question 13. Respondents feel that most ofthcse problems can be solved, 
or at least alleviated, and tend to hold the Government or its agencies 
responsible for achieving better environmental quality. 

The residents of Maison Dicu and Ravensworth perceive environ
mental problems associated with the mining industry such as dust, noise 
and trucks with a high degree of importance whereas general societal 
problems, such as smoking and litter are less dependent on location. 
The residents of Maison Dieu and Ravensworth also perceive the 
mining industry associated problems as more important than the general 
ones as listed in Table 11, whereas the former are well down in impor
tance after the latter for other locations. 
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Health background data 
Basic background health data consisting of the frequency of family 
members visits to doctors, common illnesses and any long term pre-
existing illnesses were sought in order to ascertain if there were any 
excessive health effects associated with living in a region subject to coal 
based developments. Pollutants of potential concern in the region are 
dust and noise from the mining areas and sulphur dioxide, nitrogen 
oxides and particulates from power stations (see Chapter l). 

The health background information yields little information of signifi
cance. There seems to be little difference between mining and non
mining regions. Information on long term illnesses leads to similar 
conclusions. There is no significant difference in occurrence of bron
chial problems or asthma in regions of high as opposed to low dustfall. 
Most long term illnesses are suffered by adults, the affiiction being of a 
bronchial or aching type. The proportion of the populations who smoke 
is reasonably constant and so any possible variation in bronchial prob
lems would not seem to be attributable to this cause. 

Dust, noise and trucks-three environmental 
problems in detail 
Three ~nvironmental problems, namely dust, noise and trucks, are to a 
large degree attributable to current coal mining and coal utilisation in 
the Upper Hunter Region. Other environmental problems, for example 
litter and cigarette smoking, are societal in nature, that is they exist in 
society independently of a mining industry and so will not be looked at 
here. In order to ascertain whether or not there are significant differences 
between the responses from different types of areas, the environmental 
problems of dust, noise-and trucks will.be looked at iQ_ c,!.1,~!L Table_ 2_ 1 
indicates the types of sources responsible for each of these factois ~ithin 
the Upper Hunter Region. Note that in areas far removed from coal 
bas"ed developments the sources in the first two columns will not exist. 

An increase of the sample size allows far more reliable statistical 
differences to be obtained. This can be achieved by grouping various 
locations together for different purposes. The different groupings used 
in the analysis here and the justifications for such groupings arc pre
sented in Table 22. 

Dust 
With the locations grouped according to Table 22 the attitudes of 
respondents to dust are presented in Table 23. Two null hypotheses were 
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framed: the first Hl that dustfall is not more upsetting in regions of 
greatest levels; and the second H2 that dustfall is not more noticed in 
regions of greatest levels. It can be seen that the null hypothesis HI can 
be rejected at the 1 per ceqt significance level and H2 cannot be rejected 
at the 5 per cent level, though hypothesis H2 can be accepted at the 10 
per cent level of significance. The conclusion here is that dustfall is 
more upsetting in regions of higher dust fallout. 

With respect to dustfall levels it is felt by the SPCC (Ferrari and Ross 
1983) that an annual average dust fallout of 4 g/m2/month in regions 
surrounding mining activity is the threshold for perception of loss of 
amenity. From experience this is the level at which members of the 
public are likely to complain. An annual average level of 10 g/m2/month 
is felt to be totally unacceptable. In view of our findings and those of 
similar attitude surveys (Basarin and Cook 1982; Ramsay 1978) that the 
level of complaints is disproportionately low with respect to the degree 
of the problem experienced, it is conceivable that the thresb.old of 
perception of amenity loss occurs at an even lower level. 

Figs. 10 and 11 summarise the attitudes towards and perception of 
dust for respondents together with the levels of dustfall experienced. 
These dustfall data from each set of monitors are detailed in Appendix 
IV and ii is felt that they are quite representative oflevels experienced at 
the time of the survey. Both Maison Dieu and Ravens worth experience 
TABLE 21 Sources of dust, noise and trucks in the Upper Hunter 

Valley 

Source 

Co.I! utilisacion Gcncnl 
Coal mining activities activities 

Dust blasting, dr.iglines, power station 
truck & shovel opentions, emissions, convcycrs, 
haul roads, drilling, haulage 
stockpiles,coal 
tml!memf.acilities, 
er.posed areas, haulage 

Noise blasting, heavy 
machinery, trucks, 
sirens, convcycrs 

Trucks mine pll oper.inons, 
haulage on roads 
to r.iil heiids or 
other users 

convC}'('rs(and 
associated sirens) 

road haulage to 
power stiitions 

human activities 

agriculture, activities 
in gcncnl (cities), 
unscaled roads 

tr.iffic, factories, 
populations, tnins 

goods tnnspon, 
services 
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MalsonOieu 

Aavensworth 

South Muswellbrook 

Warkworlh 
B<oke 

Totallyunaccec,table 

A'#ef'age dustfall (g.- m21month J 

FIGURE 10 Attiludes towards dus t versus the levels of dustfall 
(denoted by star) experienced (calculation of the levels 
is folly detailed in Appendix 4) 
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I . . . . 
Maison Oleu 

Aavensworth 

Warkworth 
Broke 

South Muswellbrook 

r Amenity lo .. ··-· I ··-·····-·Toi.lly unacceptable ···-

Average dultf■ II (g 1m2.- month) 

FIGURE 11 Perception of dust versus levels of dustfall experienced 
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sufficiently high levels to cause some loss of amenity, this being indica
ted by the increased degree of upset and notice afforded by dust at these 
locations. As a guid_e, it can be seen that approximately 40 to 50 per cent 
of respondents have strong feelings towards or a frequent degree of 
notice of dust as the grey area of amenity loss is approached. 

Noise 
Unfortunately a data base of noise levels for the various locations does 
not exist, and hence it is only possible to present a less complete 
approach 1han that used for the assessment of dust. Within the mining 
area there arc two significant types of noise sources, these being either 
mine related, for example general pit operations, or transport related, for 
example trucks and conveyors. It is difficult to try to designate the 

TABLE 22 Location groupings for various environmental problems 
and the rationaJe for such groupings 

Environ- Total 
mental sample 
problem size Locations grouped Reasons for groupings used 

Dust• Broll Medium dustfall lcvi:ls, mining region, 
South Muswcllbrook 

36 

Noise 133 

42 

Trucks 133 

Warkworth 

Maison Dieu 
1?vensworth 

Murnirundi 

Broke 

R.avcnsworth 
South Muswcllbrook 
Warkworth 

Murninindi 

Broke 
Maison Dicu 
Ravcnsworth 
South Mi.iswcllbrook 
Warkworth 

Murrurundi 

0 SccAppcndiI IVforttptt$<:niativ,:d111lfalll(vdt 

High dustfilll levels, mining region. 

Background dustfilll lcvi:ls, non-mining 
region. 

Mining region. 

Background noise levels, non-mining re
gion. 

Mining region. Co:.!! tnicks add to truck 
traffic. 

Non-mining region. Background truck 
traffic. 
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TABLE 23 Contingency tables for attitudes and pen:eption for the 
environmental problem of dust 

Dc~e of 
annoyance 

(No. responses) 

Annoys a [O{ 
Annoys a little 
No feelings 

:l - 14.65 

Location (%) 

Brola: 
South 

Maison Dicu Muswcllbrook 
Ravcnswonh Warkwonh Murrunmdi 

(36) (86) (37) 

86.1 53.5 48.6 
13.9 31.4 35.1 

.o 15.1 16.2 

SignifiC11n~ • 0.005 (4 degr<:es of freedom) 
Cramen V • 0.215 

Logical null hypothesis 
HI : Dustf:all is not more upsetting in regions of greatest levels. 

De~cof 
notice 

(No. rcsl)Onscs) 

Fruiuently 
Occasionally 
Rarely 

-J • 8.39 

Location (%) 

Maison Dieu Muswcllbrook 
Ravenswonh Warl<wonh Murrurindi 

(31) (90) (33) 

77.4 50.0 57.6 
19.4 34.4 24.2 
3.2 15.6 18.2 

Significance • 0.078 (4 degrees offiudom) 
Cramers V - 0.216 
Logical null hypothesis 
H2 : Dustf:all is not more nO{iced in regions of greatest levels. 

Total 

(159) 

59.7 
28.3 
11.9 

Tota! 

(IS4) 

57.l 
29.2 
13.6 

locations surveyed as either mining noise affected or truck noise affected, 
hence the environmental problem of noise will be looked at solely in the 
comparative sense of, 'Is noise more of a problem in a mining area than a 
non-mining area?' In this comparison it should be noted that the control 
population (Murrurundi) is significantly the population with the great
est average age. For this reason, when the findings of a previous section 
arc noted, namely old people arc most affected by noise, the differences 
between mining and non-mining areas will be expected to be less than 
would be the case for an ideal control group. 
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Table 24 contains the results for this analysis which uses two null 
hypotheses H3 and H4. The hypothesis H3 is that noise is not more 
upsetting in mining regions while H4 is that noise is not more noticed in 
mining regions. It cab be seen that we cannot reject the null hypothesis 
H3 at the 10 per cent level, whereas at the 5 per cent significance level 
we can reject the hypothesis H4. Thus at the 5 per cent level of 
significance noise is noticed more in mining regions than it is in non
mining regions. There does not appear to be any difference in attitudes 
towards noise between regions, though this finding could be related t0 
the control group which as mentioned above is non-ideal in this case. 

Trucks 
A data set of traffic volumes as presented in Butt et al ( 1983), does exist 
for some of the locations surveyed, so some quantitative analysis is 
possible. As a first step we considered whether trucks are noticed more 
in mining regions than non-mining regions. Table 25 presents the results 
for this analysis which also uses two null hypotheses: HS that trucks are 
not more upsetting in mining regions; and H6 that trucks are not more 
noticed in mining regions. The null hypothesis HS cannot be rejected at 
the 10 per cent significance level. Thus it appears that there are no 
substantial differences of opinion with respect to trucks. However, null 
hypothesis H6 can be rejected at the 1 per cent level, that is respondents 
in mining areas do significantly notice trucks more often than those in 
non-mining regions. Consideration of the number of trucks used solely 
to haul coal on public roads would have led to this obvious statement. 

Within the mining region itself there is a wide variation in heavy 
vehicle traffic volumes. Warkworth, Ravensworth and South 
Muswellbrook are subject to greater volumes than places such as Broke 
and Maison Dieu, itself on a no-through road. For residents in these 
locations it ii. instructive to check for differences in attitudes and try to 
relate thest! differences to the volumes of trucks encountered. Table 26 
presents the results from a comparison of attitudes between regions of 
high and low truck densities. Neither null hypothesis H7, that trucks 
are not more upsetting in regions of greatest truck densities, nor HS, that 
trucks are not more noticed in regions of greatest truck densities, can be 
rejected at the 10 per cent level. Thus there are apparently no differences 
in attitudes towards trucks within a mining region. A possible explana
tion for this finding is that present lifestyles involve the use of motor 
vehicles almost daily with excursions away from the home being com
mon, so that contact with trucks would still be significam despite low 
levels of contact in the vicinity of the home. 
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TABLE 24 Contingency tables for attitudes and perception for the 
environmental problem of noise 

Degree of 
upset 

(No. responses) 

Annoys a lot 
Annoys a little 
No feelings 

x_2 • 3.36 

Brok< 
Mai!,On Dieu 
Ravensworth 

South Muswellbrook 

Loc.uion (%) 

Warkworth Murrurundi 

(123) {28) 
62.6 48.6 
26.0 35.1 
11.4 16.2 

Significance• 0.186 (2 degrttS of freedom) 
C!"llmers V - 0.15 

Logical null hypothesis 
H3 · Noise is not more upsetting in mining regions. 

Degree of , 
notice 

(No. responses) 

Frequently 
Occasionally 
Rarely 

Bro>< 
Maison Dicu 
RaVW$wOrth 

South Muswdlbrook 

Locat ion (%) 

Warkworth Murrurundi 

(116) (27) 

44.8 25.9 
22.4 14.8 

59.3 

Significance • 0.030 (2 degrees of freedom) 
C!"llmcrs V • 0.22 

Logical null hypothesis 
H4 : Noise is not more noticed in mining regions. 

Total 

(151) 

59.7 
28.3 

Total 

(143) 

41.3 
21.0 
37.8 

For each of the five locations surveyed in the mining region the degree 
of annoyance and notice of trucks in relation to approxima1e heavy 
vehicle traffic figures were investigated and there did not appear 10 be 
any systematic variation in attitudes or perceplion with truck volumes. 
However, there is a trend which indicates that as the number of trucks 
increases they cause less annoyance 10 and are noticed relatively less by 
residents afflicted by the environmental problem. 
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TABLE 25 Contingency tables for attitudes and perception for the 
envU'Onmenta l problem of trucks on roads 

Degree of 
up~ t 

(No. responses) 

Anno~ a lot 
Annoys a little 
No feelings 

x2 • 3.73 

Brok< 
Maison Dieu 
Ravens worth 

South Muswc:llbrool< 

Location (%) 

Warl<worth Murn,rundi 

(]20) (36) 

60.0 41.7 
28.3 38.9 

19.4 

Significance - 0.165 (2 degrees offreedom) 

Cramers V • 0.16 

logical null hypothesis 
HS Trucks an: not more upsetting in mining regions 

Degree of 

"""' 
(No. responses) 

Frequently 
Occasionally 
Rarely 

x2 - 10.12 

Maison Dicu 
Ravi:ni;worth 

South Muswcllbrool< 

Location (%) 

Warl<worth Murrurundi 

(120) (38) 

75.0 44.7 
14.2 36.8 
10.8 18.4 

Significance • 0.005 (2 degrees of freedom) 

Cmncrs V • 0.30 

Logical null hypothesis 

H6 : Trucks arc nm more notic(d in mining regions. 

Overview of the three environm ental problems 

Total 

(150) 

55.8 
30.8 
13.5 

Total 

(158) 

67.7 
19.6 
12.7 

The following observations can be made about the specific problems of 
dust, noise and trucks: 
dus1 -causes some loss of amenity at the locations of !v\aison 

Dieu and Ravensworth; and 
- dustfall is most upsetting in regions of greatest levels; 
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TABLE 26 Contingency tables for attitudes and pel'ception for the 
problem of trucks within a mining region 

Degree of 
upset 

(No. responses) 

Annoys a 101 

Annoys a liule 
No feelings 

x_1 • l.89 

Location (%) 

Ravc:nswonh 
Broke South Muswellbn:,ok 

Maison Dieu Warkwonh 

(35) (85) 

65.7 57.6 
20.0 31.8 
14.3 10.6 

Significan~ • 0 .389 (2 deg=:s of freedom) 
Cramers V • 0.13 

Logical null hypothes is 
H7 Trucks are not more upsetting in regions of greatest truck densities. 

Location (%) 

Ravensworth 
Degree of Broke South Muswdlbmok 

(No. responses) 

F™juently 
Occasionally 
R:ire]y 

x2 • 0.64 

Maison Dieu 

(34) 

73.5 
17.6 
8.8 

Significance • 0.726 (2 deg=:s of freedom) 
Cramers V • 0.07 

Logical null hypo1hes is 

Wukwonh 

(86) 

75.6 
!2.8 
11.6 

H8 : Trucks are not most noticed in regions of greatest truck densities . 

Total 

(120) 

60.0 
28.3 
11.7 

Total 

(120) 

75.0 
14.2 
10.8 

noise -is experienced as an environmental problem significantly 
more in regions of mining activity than in non-mining 
regions; 

trucks -arc generally upsetting to people but are noticed the most 
by people in mining regions; and 

-there does not appear to be any relation between heavy 
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vehicle traffic volumes and attitudes towards these ve
hicles. 

In summary, the most immediate environmental problem existing in 
the Upper Hunter Region is the problem of dust and it is attributable to 
open cut mining activities to a major extent. The locations of Maison 
Dieu and Ravensworth are the places suffering a loss of amenity from 
this environmental problem. 

Effectiveness of the survey 
The effectiveness of the survey is now examined. The major findings 
and resulting implications of these are contained in the next section. 

Prior to commenting on the actual survey a few cautionary notes on 
attitude surveys in general should be made. Attitude surveys attempt to 
scientifically grasp essentially qualitative information relating to the 
feelings and beliefs of the sampled population. There are limitations in 
communicating questions, categorising and encoding responses, produc
ing statistics from these and interpreting them in an unbiased Olanner. 
Throughout this study care was exercised to be as scientific as possible, 
though some of the above limitations will have influenced the results. 
Unfortunately such deficiencies characterise all attitude research. 

Our survey proved to be an effective instrument in terms of achieving 
an assessment of attitudes to the environment of the Upper Hunter 
Region. A few basic deficiencies, however, became apparent during the 
analysis of responses which were not noticed during the analysis of the 
pilot survey at Cessnock. More specifically these were: 
• for question 2-information as to whether the respondent's occu

pation was within/connected with/ disjoint from the mining industry/ 
coal utilisation activities was not specifically obtained. This produced 
some minor difficulties; and 

• for questions 8 and 9-the examples cited in the questions were in 
retrospect poor choices, they were 'too-dose-to-home' and would have 
biased the results obtained from these questions to some extent. This 
effectively prevented us being able to make observations with respect 
to the tradeoffs that may exist between environmental problems and 
infrastructure provision related to the mining industry. 
Analysis of the survey responses would have been better facilitated by 

the greater use of questions incorporating forced choice type responses 
in preference to the open-ended variety. However, this would have 
narrowed responses. One of the key objectives of the survey was to 
ascertain what was uppermost in the minds of respondents. Otherwise 
no undue difficulties were met during the analysis. 
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Major findings 
The findings of most significance are listed below: 
• Employment opportunity associated with coal based activities was a 

key agent in attracting people into the surveyed area of the Upper 
Hunter Region. 

• In general, provided there are no direct effects from mining, people 
enjoy the 'good environment' of the region. Environment in this 
context incorporates lifestyle factors in addition to true environmental 
considerations. In cases where there are perceived effects, such as 
Maison Dieu, Ravensworth and to a lesser extent Warkworth, the 
enioyment is less. 

• The likes and dislikes of people seem to be directed at either the 
mining activities or the poor provision of facilities. 

• Respondents in Murrurundi, a town outside the mining region, have 
little complaint with mining activities. 

• Of all the respondents surveyed including the control population, the 
five top rated environmental problems that upset people's enjoyment 
arc: litter in recreational areas, litter on streets, river pollution, dust 
and trucks. The five most noticed problems happen to be the same 
problems, but in the order litter on streets, litter in recreational areas, 
trucks, dust and river pollution. There is a strong correlation between 
the attitudes people have to environmental problems and the degree to 

which they are observed. 
• Males tend to be upset more by environmental problems than females 

and, with 1he exception of litter, tend to notice these problems more 
frequently though the differences are not significant to a large degree. 

• Some environmental problems are perceived differently according to 

age. To a 5 per cent level of significance (based on the x2 statistic), 
young people are most upset by smoke and river pollution and old 
people are upset to a greater extent by noise. Differences in the degree 
of noticing environmental problems are not that significant but the 
trend is for older people to notice trucks more and notice odours and 
river pollution less than the young. 

• People living in mining as opposed to non-mining areas notice smoke, 
trucks and noise significantly more. There is some reason to believe 
that smoke refers to haze or dust clouds at least part of the time. 

• The five environmental problems directly affecting the surveyed 
populations are felt to be trucks, dust, smoking, street litter and noise 
with the last two being rated equally. There are some location specific 
differences. Respondents from Maison Dieu (on a no-through road) 
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rate trucks lower. Broke, Maison Dieu and Ravenswonh residents rate 
noise higher. Populations from Broke, Murrurundi, South 
Muswellbrook and to a lesser extent Warkworth which are regions of 
greatest population density rate litter higher. 

• Effects caused by environmental problems experienced by residents of 
the region are considered to be primarily of a nuisance value, such as 
being an annoyance or causing some degree of inconvenience. A 
smaller proportion of people suffer some hardship, such as e:xtra 
cleaning through these effects, while causation or aggravation of an 
illness as a perceived effect is much Jess prevalent. 

• Action taken by people affected by environmental problems to prevent 
a recurrence is minimal. Some preventative action is practised mainly 
by the respondents of Maison Dieu, Ravensworth and Warkworth 
(many of whom have devices such as air conditioners, water filters, 
clothes dryers in their homes). Complaints are highest from the 
populations of these three locations. 

• The level of complaints previously registered seems to be dispropor• 
tionately low compared to the stated degree of the experienced en• 
vironmental problems in the survey. 

• In general, respondents feel that the existing environmental problems 
can be solved and primarily delegate responsibility for this to the 
government or its departments and agencies. 

• There seem to be no significant differences in health problems be· 
tween the mining and non•mining regions. Apparent differences can 
be readily explained by differences of a demographic nature. 

• There are no evident significant differences in the occurrence of 
bronchial problems for different dustfall levels. 

• It is significant at the I per cent level that high levels of dustfall lead 
to strong feelings and at the lO per cent level that dustfall is noticed 
more in regions where it is more severe. 

• The locations of Maison Dieu and Ravensworth appear to experience 
sufficient dustfall to constitute an amenity loss as defined by the 
SPCC interim criterion of 4 g/m2/month as an annual average. And it 
is in these areas that the level of complaints and distress is high. It 
appears that approximately 40-50 per cent of respondents possess 
strong feelings towards dustfall when the experienced levels are bor
dering on this threshold for amenity loss {see F~g. IO). 

• It is significant at the 5 per cent level that noise is noticed more in 
mining as opposed to non-mining regions. Unfortunately there is no 



Mining activities ~ 

data baM: available to relate the level of annoyance to the noise levels 
experienced. 

• Trucks are noticed more in mining regions than non-mining regions 
at the 1 per cent level of significance. There does not seem to be any 
systematic variation between attitudes towards trucks and the volume 
of trucks experienced on roads. 

• The results for the environmental problem of dust generally do not 
contradict the SPCC choice of a 4-10 g/m2/month (annual average) 
dustfall guideline adopted as an interim criterion to gauge Joss of 
amenity. However, given that 1he level of official environmental 
complaints is low when compared to the surveyed level of perception 
of dusl, it may be that the threshold for amenity loss occurs at a lower 
level. On the other hand, the threshold is not likely to be as low as 2 g/ 
m2/month. This is roughly the level which occurred in South 
Muswellbrook, Broke and Warkworth at the time of survey and Table 
23 shows that the residents of these locations notice and are annoyed 
by dust to about the same degree as the control group which endures 
normal rural levels. 

Recommendations 
Several deficiencies in available data have become apparent in our 
attempts to relate environmental risk to the level of 'pollution' from 
mining related activities. It is useful to point these out as follows. 
• In view of the dus1fall levels being quite high at both Ravensworth 

and Maison Dieu (and since at Warkworth; NSW SPCC 1983) it is 
important to obtain a comprehensive measure of the ambient levels of 
suspended particulates in those areas. This would allow the levels to 
be assessed for potential health effects, especially in the region of 
Ravensworth where sulphur dioxide levels are relatively significant 
and possible synergistic effects between particulates, sulphur dioxide 
and nitrogen oxides may occur. Of course, dichotomous sampling 
which differentiates between particles above and below a threshold 
size would be most useful. 

• The absence of a data base for existing noise levels in the Hunter 
Region allows only qualitative assessment of this potential problem to 
be made. In view of this and the attitudes found towards noise, it 
would be useful to have some monitoring in progress, especially in 
trouble spots. This would allow some quantification of the impact of 
noise of various intensities. 
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• Correlation be1ween dustfall rates and altitudes is strong (eg Fig. 9). 
However, a survey of other populations experiencing dustfall levels 
intermediate between those of Ravensworth/M.aison Dieu and the 
other areas surveyed would clarify the relationship further. Infor
mation on perceptions and attitudes in such areas would provide more 
precise threshold data on the relationship between IOM of amenity and 
dustfall levels. 



4 

Air pollution in the Upper 
Hunter Region due to large point 

sources 

Introduction 
Liddell power station is the only large point source of sulphur dioxide 
(SO:J emissions at present operating in the Upper Hunter Region 
although the first stage of the nearby Bayswater power station was due to 
be commissioned in late 1985. The NSW Electricity Commission 
Repon (1981-82) shows that the small emergency load station at 
Muswellbrook would have negligible effect on the S02 recorded. Its coal 
consum,9tion in 1981-82 was 0.7 per cent of that of Liddell and its 
emissions would only affect the late 1981 readings since ~t did not 
operate in 1979-80 and 1980-81. The Liddell power station is a coal• 
burning facility dC'Signed to provide 2000 MW of electricity to the New 
South Wales grid. There arc two stacks which each disperse wastes from 
two steam turbine generating units. The constituents of the boiler 
furnace exhaust emissions arc derived directly from the basic elements 
which make up the coal. Along with nitrogen, oxygen and carbon 
dioxide these emissions arc assumed in the Bayswater EIS (Electricity 
Commission of NSW 1979) to be sulphur oxides, nitrogen oxides and 
particulate matter (ash). In this chapter the effects of the latter group and 
fluoride emissions due to current and planned development in the area 
arc assessed. 

Before being discharged to the atmosphere the exhaust gases pass 
through paniculate collection plants which remove a high proponion of 
paniculates. However, there is no scrubbing of sulphur dioxide emis• 
sions as it is felt that, because the sulphur content of the coal is low (0.4-
0.5%), the high stacks allow the gas to disperse sufficiently before 
reaching the ground leading to only low ground level concentrations. 
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This ' tall stack' philosophy is being repeated with Bayswater power 
station where, partly because the sulphur content of the coal used is 
expected to be higher (0.7-1%), the stacks used will be higher. 

In particular, this chapter considers the observations collected by 
monitors in the area around Liddell power station and, where the data 
set is extensive enough, a statistical model is used to estirilate maximum 
concentrations. Application of the statistical model also allows estima• 
tion of the number of times any given standard is equalled or exceeded. 
A ma1hema1ical dispersion model is invoked 10 relate emissions to 
ground level concentrations. An analysis of meteorological data collected 
in the area is undertaken in order to assess the effect of meteorological 
variations on recorded air pollutant levels. Finally we consider the future 
impact of power stations in the region. This includes the Bayswater 
power station currently under construction and the impact of other 
possible power stations located at three sites considered suitable by the 
NSW Electricity Commission. 

From the analysis carried out in this chapter it is clear that only the 
SO2 emissions and perhaps those for oxides of nitrogen from Liddell 
power station are of concern. Under 1980 and 1981 meteorological and 
emission conditions the resulting ambient concentrations have exceeded 
the short·term health standards adopted by some countries but none of 
the long•term standards. There appear 10 be negligible damage costs 10 
vegetation and materials under these same conditions. 

The effect of sulphur dioxide emissions 

The location in the Upper Hunter Region of the Liddell power station 
and the monitoring stations used are shown in Fig. 12. The SO2 levels to 
be expected and the influence of meteorology on these levels is consid• 
ered in this section. 
The data sets 
The data sets used for sulphur dioxide have been provided by the State 
Pollution Control Commission while meteorological data have been 
made available by the NSW Electricity Commission. Two years of data 
are analysed: 1980 and 1981. The sulphur dioxide data come from six 
monitoring sites and the meteorological data from two weather stations, 
as shown in Fig. 12. Four of the SO2 monitors lie approximately SE of 
the Liddell power station and the other two are approximately NW of 
the power station. One weather station is dose to the power station and 
the other is on a tower on Mt Arthur which is approximately 6 km west 
and about 360 m above the power station. 
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FIGURE 12 Positions of meteorological and sulphur dioxide 
monitoring stations to the north•west and south•east of 
Liddell power station 
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The meteorological stations record wind speeds and wind directions in 
the eight standard directions and these were provided as one hour 
averages. The meteorological records analysed cover the full two years of 
1980 and 1981. The SO2 results are recorded on a half.hourly basis over 
the period from April 1980 to December 1981 but, as shown in Table 
27, the record lengths differ from station to station. There are also data 
sets supplied by the SPCC giving daily coal consumption at Liddell 
power station from 1.4.80 to 31.3.81 and daily total energy generation 
from 1.4.81 to 26.I0.81. There are no comprehensive inversion data 
available for the area but inversion data have been analysed from records 
at the Williamtown air force base on the coast near Newcastle. 

While the lengths of the data records for the SO2 monitoring stations 
vary considerably, cenain trends do become apparent when comparing 
these records. Fig. 13 illustrates the variation -in the time series of 
monthly means for all six stations. Units of sulphur dioxide concen• 
tration are given in parts per hundred million (pphm). The four ,stations 
SE of Liddell Power Station show higher readings in winter than in 
summer while the two stations NW of the power station show higher 
readings in summer than in winter. The transitional seasons of spring 
and autumn show variable behaviour. 

It is illuminating to consider the level of the variation in monthly 
energy production for Liddell power station during the period I .4.80-
26. 10.81, as shown in Fig. 14. The data base used to obtain these results 
consists of either daily coal consumption figures or energy production 
figures but a conversion factor based on the NSW Electricity Commis
sion Reports has been used to determine the variation in terms of daily 
energy product_ion in gigawatt hours {GWhr). Both monthly means and 
peaks are shown in Fig. 14. As expected winter is the peak period for the 
time interval considered and summer is the lowest demand period. 
However, it is clear that the higher concentrations of sulphur dioxide 
monitored in 1981 compared to 1980 cannot be explained solely by the 
larger energy production. The effect of meteorology of the area on 
sulphur dioxide levels is shown to be significant in a later section. 

Before considering such meteorological effects it is instructive to study 
the cumulative frequency distributions for SO2 observations for each 
station. The results for the ½ hourly, I hourly, 3 hourly, 8 hourly and 24 
hourly S02 data at Glennies Creek station are considered for the yearly 
period 1.1 1.80- 30.10.8 I. This station has been considered as it has the 
most extensive record for that period. The plots of these observed 
distributions on an exponential probability scale are shown in Fig. 15. 
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TABLE 27 S02 record lengths and monitoring stations 

Station 

Ravens worth 
Farm 

Glennies 
C=k 
Mdnerny's 
Farm 

Liddell 
State Mine 
Andrew's 
Farm 

Distance 
from 

Number of 
months with 

Lidell Direction 
greater between 

than 30%and 
Record 70% of 70% of 
length data data 

power from 
station (km) Liddell 

SE 4.4.80-
15.12.81 

SE 24 .4.80-
30. 10.81 

NW 9.8.80-
15.12.81 

SE 24.5.80-
29.10.81 

SE 6.9.80-

II 

12 

Denman Road 

9.6 

16.1 

6.0 

2.7 

21.7 

13.5 

27.10.81 
NW 17.12.80-

14.12.81 

0.96 

0,64 

::; 
I o.48 
!!o 
(.) 5 0.32 

(.) 

0.16 

___ Andrew·s 
_ Ravensworth 
.... Liddell 
___ Denman 
_Glennies 
• • • Mclnerny 's 

JFMAMJJASONDJFMAMJJASONO 
MONTH OF YEAR 1980-1981 

FIGURE 13 Monthly mean measured S01 concentrations (pphm) 
at six monitoring sites; Andrew's Farm, Ravensworth 
Farm, Liddell State Mine, Denman Road, Glennies 
Creek, Mclnerny's Farm for months with at least 30 
per cent complete records. 
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Because an exponential distribution would plot as a straight line in Fig. 
15 it is clear that an exponential distribution is a reasonable represen
tation of such data (see Appendix V for more details). 

60 

50 

ci: 40 
I 
;: 
',e 30 
>-

"" a: 
UJ z 20 
UJ 

10 

___ PEAK 

_ MONTHLY MEAN 

JFMAMJJASONOJFMAMJJASOND 

MONTH OF YEAR 1980-1981 

FIGURE 14 Variation of monthly mean and peak energy (GWhr) 
consumption for Liddell power station. 

The estimates of maximum SO2 concentrations using the exponential 
distribution are shown in Table 28 for all six stations following the 
method adopted in Appendix V. The advantage of a statistical distri
bution to represent pollutant observations is that it can be used to infer 
the entire pollutant data set over a period where records are missing but 
a reasonable sample is given. In Table 28 the fraction (() of observations 
available for the six stations is shown. The derived maxima are calcu
lated for data sets of the size indicated by this fraction so that the 
observed maximum may be compared with the maximum estimated 
from the statistical distributions. The exponential distribution predic
tions are in good agreemem with the observations and it is assumed 
throughout this chapter that the SO2 data sets can be well represented by 
exponential distributions. 
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The meteorological conditions 

There have been several studies undertaken on the meteorology of the 
region (eg Bridgman 1980, Coleman and Sinclair 1979). The meteorolo
gical data examined here are considered only in order to relate the SO2 

levels to the wind data. No detailed statements are made about the 
meteorology of the area based on our analysis. However, the characteris
tics of the data are compared with other studies in order to determine 
whether the time period considered (1980-81) is abnormal or not. 

Wind roses for these meteorological stations at Liddell and Mt Arthur 
are respectively presented in Figs. 16 and 17 for January and July of 
both 1980 and 1981. In January 1980 the predominant wind direction at 
Liddell is from the SE with significant winds from the E, W and NW; 
and in January 1981 the SE direction is again the predominant direction 
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with the only other significant direction being from the south. Mt 
Anhur is approximately 360 m higher than the Liddell site and the 
winds in January 1980 arc predominantly from the Sand N with some 
contributions from the Wand SE; and in January 1981 the winds arc 
predominantly from the S and SE. In July 1980 and 1981 the winds at 
Liddell are predominantly from the NW and N with the N direction 
dominant in 1981 and the NW direction dominant in 1980. At Mt 
Arthur the winds in both years during winter are predominantly from 
the Wand NW with the N and S components significant in 1980. It is 
inferred from these wind roses that both topography and the Ekman 
spiral tend to channel the surface wind in the NW-SE direction along the 
valley. 

TABLE 28 Comparison of observed maximum SQ2 in pphm (xo) and 
utimatcd maxima using the 2-parametcr lognormal 

:~~1:;:u1t_if~s~~Jt7t.;~c/:P;~:~i~:1 o~idt;!!°i:!::J~rj !~re~~~ 

TimeAv. 

(hours) 

'h 

24 

station and used in the estimates for the statistical 
distribution) 

Xo 
XL 
XE 
f 

Xo 
x, 
x, 
f 

XO 
x, 
x, 
f 

Xo 
x, 
x, 
f 

Denman Road Mclnerny's Farm 

7.5 16 .0 
13.l 33.0 
10.0 21.3 

.72 .42 

5.4 
9.6 
8.3 

.7 1 

4.3 
5.7 
5.7 

.71 

2.8 
3.7 
3.5 

.70 

1.65 
1.73 
1.64 
.66 

14.3 
23.7 
18.0 

.42 

9.2 
12.8 
12.2 

.42 

6.4 
8.1 
7.7 

.41 

2.4 
2.6 
2.7 

.38 

State Mine 

9.5 
11.4 
9.7 

.30 

6.8 
7.6 
7.4 

.30 

3.0 
3.2 
3.8 

.29 

1.6 
2.0 
2.3 

.28 

.67 

.75 

.65 

.24 
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The wind roses for Liddell for January do not differ greatly from those 
found by Bridgman ( 1980) for Singleton and Muswellbrook in summer. 
The meteorological data sets compiled by Coleman and Sinclair (1979) 
for Liddell for the years 197 1- 79 indicate general agreement with our 
data for January though their winter wind roses indicate a stronger 
westerly component than that sugges1ed by our July wind roses at 
Liddell. The wind roses of Bridgman for Singleton and Muswellbrook 
unfortunately relied on data using the Beaufon Wind Scale, which he 
himself regards as a highly subjec1ive method. The data sets published 
by Coleman and Sinclair, however, are compiled by a Munro electrical 
contact cup anemograph al 8 m. The data used for Liddell here come 
from 1he same station and the data set for M1 Anhur is collected using 
an anemometer. 

Andrew's 
~vensworth Glcnnics Creek Farm 

17.5 10.2 5.0 
21.5 15.0 7.9 
12.3 9.8 6.4 

.63 .86 .24 

11.0 8.8 4.5 
12.6 11.5 5.4 
9.7 8.2 5.3 

.62 .86 .24 

6.8 4.5 3.2 
6.4 5.4 3.0 
6.5 5. 1 3.4 

.62 .85 .24 

3.4 2.2 1.6 
3.9 3.3 1.4 
3.6 2.9 3.0 

.60 .85 .23 

1.3 .9 1 .52 
I.I I.II .52 
1.2 LO I .53 
.55 .83 .20 
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fhe effect of wind on S02 levels 
Given the wind behaviour described in the last section, it is clear that 
the six SO2 monitoring sites shown in Fig. 12 lie along the dominant 
wind directions with respect to Liddell pov,,er station. The averaie 

Wind speed classes 
N 

m/s 

1 
0-2 
2-4 CJ 
4-28 lllIIIlilll 

FIGURE 16 Wind roses for Liddell meteorological station for (i) 
January 1980, (il) January 1981, (iii) July 1980, (iv) July 
1981: showing the percentage of time the wind 
direction falls in the eight cardinal directions and the 
wind speed lies in one of the three classes. 



Large point sources }I 

diurnal variation in influential direction wind speed calculated from 
recordings at Liddell and the associated SO2 data at the Ravensworth 
monitor SE and the Denman Road monitor NW of the power station are 
shown in Fig. 18 for January 1981 and July 1981. The figure demon• 

Wind speed classes 
m/s 

0-2 
2-4 c::::::J 
4-28 OIIIIlllllll 

j 
FIGURE 17 Wind roses for the Mt Arthur meteorological station 

for the same dates as Fig. 16. 
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l .O JULY 

TIME OF DAY (hours) 

FIGURE 18 Diuntal variation of monitored S02 concentrations 
and influential wind speed direction for January and 
July 1981. The upper two graphs are for the Denman 
Road monitoring station lying to the NW of Liddell 
power station and winds originating from the SE. The 
lower two graphs are for the Ravensworth monitoring 
station lying to the SE of the power station and winds 
originating from the NW. 
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strates tha1 stations NW of Liddell power s1a1ion show higher levels on 
average in summer 1han in winter while 1hose 10 1he SE show the higher 
levels on average in winter. 

An anal~is of 1he me1eorological and SO2 data revealed 1ha1 the 
individual moni1ors registered negligible SO2 levels when the winds 
were blowing consistently over many hours from each moni1or towards 
the power station. This indicated that 1here is no significant contribu• 
tion at ground level to 1he recorded SO2 levels due to long-range 
1ranspon of SO2 from elsewhere in the Hunter Region. 

Another anal~is was undenaken to check any local emission effects by 
considering hourly SO2 data al each monitor when the wind is blowing 
directly from the monitor to the power station. An examination of the 
SO2 records showed that hourly readings up to 4 pphm were recorded 
when the wind was blowing from the monitor towards the power station. 
Only on one day was it not the case that the wind had suddenly changed 
direction so that such readings could be easily explained by assuming 
they were due to recirculation of the power station plume on the ground. 
The one day concerned showed a reading up to 4 pphm at the State 
Mine monitor but nowhere else. This event therefore seemed to be due 
to local incineration of wastes in 1he vicinity of the monitor. By using 
statistical distributions to represent the data such rare events do no1 
affec1 •our assumption that the SO2 levels recorded were due solely to 
Liddell power station. 

Table 29 shows the mean wind speeds recorded at Liddell meteorolo
gical station from I.I.SO to 31.12.8 1 and the mean meteorological values 
for 1971-76 compiled by Coleman and Sinclair (1979). There appears 
to be a significant varialion from 1980 to 1981 when compared to 1971 -
76 data. The months of 1980 began with lower winds than 1hose to be 
ex peeled from 197 l-76 data but then there were very high winds 
towards the end of 1980. However, in February I 981 the winds were 
very low. From then on, throughout 198 1 the winds generally were 
about average. In panicular, the mean monthly wind speeds in the 
winter of 1980 are lower than in 1981 . 

Given these seasonal effects and the differences between 1980 and 
1981 annual behaviour, it is useful to compare, where possible, SO2 

concentrations in similar seasons in 1980 and 1981 . As mentioned 
earlier, the data records for some stations are scattered (see Table 27) and 
tend to be concentrated in certain seasons. Given the length of the SO2 
record (l.4.80-31.12.81) it is only possible to compare the two wimer 
periods in 1980 and 1981 but not the two summer periods. 
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Bridgman and Chambers (1981) have shown that extreme levels are 
found at all stations for any season. Nevenheless, since higher levels on 
average occur NW of the power station in summer and to the SE in 
winter, the statistical analysis concentrates on the four stations SE of the 
power station in winter and the two to the NW in summer. An examin
ation of the data in Table 27 shows that the monitoring program carried 
out also gives this emphasis. Assuming an exponential distribution for 
the SO2 data, the estimated SO2 maxima for the ½ hour, I hour, 3 hour, 
8 hour and 24 hour time average data are given in Table 30 for winter 
1980 and 198 1, and in Table 31 for summer 1980-8 1. 

TABLE 29 Mean monthly wind speeds for Liddell (km hr- 1) 

Month 

January 
February 
March 
April 
M,y 

Ju ne 
July 
August 
September 
October 
November 
December 

1980 

l0.72 
19.70 
7.82 
5.43 
9.53 

11.47 
13.47 
12.27 
H>.29 
14.43 
18.51 
17. 16 

Mean for 
1981 1971 - 76 

15.37 16.54 
6.02 14.88 

12.19 10.3 1 
11.42 12.61 
11.83 12.06 
14.89 11.39 
14.51 13.39 
16.58 14.24 
12.80 12.03 
12. 16 15.86 
l l.85 14.55 

15.27 

• No1 enoughda1a available for re liable analysi1 
• • Coleman &Sinclair ( l 979) 

1971-76*' 

Max. Min 
monthly 
value for 
197 1- 76 

18.97 
16.58 
14.36 
16.8 1 
13.98 
13.89 
17.43 
20.49 
15.00 
17.66 
16.77 
16.20 

monthly 
Value for 
197 1- 76 

14.69 
12.68 
5.52 
9.61 
8.68 
8.15 
8.45 
7.73 
7.25 

13.80 
12.33 
13.02 

The results in Table 30 indicate that the levels recorded in 1980 were 
higher than in 1981 at all stations for which there are data. These results 
are panly explained by Fig. 14 which shows the variation in monthly 
energy output from April 1980 to October 198 1. The maximum daily 
value for each month is substantially higher for the winter months in 
1980 than in 1981. The Annual Reports of the NSW Electricity 
Commission for 1981 and 1982 indicate that one of the four power units 
was out of operation in 198 1 from March to November which would 
account for the change shown in Fig. 14. From the Electricity Commis
sion Rcpons the coal consumption for 198 1-82 was 50 per cent of that 
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in 1980-81 but then two more power units went out of operation at 
Liddell in November 1981 and 'from that point on it was necessary to 
cope with a situation in which l 500MW of capacity was shut down for 
an extended period' (Electricity Commission of NSW Annual Repon 
1981-82). 

Since the period studied here extends to the end of October 1981, it is 
assumed that the power station was operating at 75 per cent of the 1980 
capacity from March to October 1981. With the reported maximum 
MW load sent out in 1981-82 being approximately 73 per cent of that 
in 1981 this appears to be a reasonable assumption. Therefore the 
changes in SO2 levels from winter 1980 to winter 1981 which are of the 
order of a factor of 2 would be unlikely to be solely due to the effect of 
change in emissions. The meteorological variation from one year to the 
next should account for part of the change and the results of Table 30 
indicate that such effects may be quite significant. 

TABLE 30 Estimates for four stations SE of power station of 
maximum S02 level in pphm (Xm) using exponential 
distribution for winter (1.6-31.8) 1980 and 1981 

~~fe~~~::i~t!1c~ ~b::a--::nmoat::i:r:~xs1:ii::iut 
estimates are for the full winter period) 

Sme 
Mine 

Gicnnic<1 
Ravens worth Creek 

Andrew's 
Farm 

Timcav. --- --- --- ---
(houu) Max. !980 198! 1980 1981 1980 1981 1980 198 1 

24 

8.5 
9.9 

6.5 17.5 
9.2 !5.3 

.67 .81 

5.5 11.0 
8.4 7.0 12.7 

70 67 8 1 

7.8 14.0 8.5 
8.8 12.4 8.9 

.46 .66 .94 

5.2 10.0 5.8 
6.8 10.0 7.4 

.46 .66 .94 

- 4.0 
- 5.3 

.27 

- J.8 
- 4.1 

.27 

- 1.7 
- 2.5 

.25 

- 1.2 
- 1.7 

.24 

.43 

.66 

·" 
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TABLE 31 Estimatn for two stations NW of power station of 
maximum S02 levels in pphm (xm) from exponential 
distribution for summer (1.12-28.2) 1980-81 compared 
with observed maximum (xo) from limited data sets (f 
,. fraction of data available but estimates are for the 
full summer period) 

Time Av. (hours) Max. 

Mathematical models 

Mclnerny's Farm 

16.6 
21.l 

.49 

14.3 
22 .9 

.48 

9 .4 
8.5 

.44 

6.4 
8.5 

.44 

2.4 
3.5 

.39 

Denman Road 

7.5 
9.2 

.79 

5.4 
7.6 

.79 

4.1 
3.4 

.78 

2.8 
3.4 

.78 

1.7 
1.6 
.74 

During intensive study periods in the region in August 1980 and 
February 1981, various meteorological parameters were measured. 
These parameters enabled the implementation of a model by Chambers 
et al (1982) to simulate S02 concentrations emanating from Liddell 
power station. The model is of the typical Gaussian plume form and is 
described in detail in Appendix VI. We have used this model to predict 
maximum downwind S02 concentrations at the monitoring sites. The 
model predictions arc compared. with the statistical estimates of these 
maxima in Table 32. 

The calculation of these model predictions involved using a data set of 
Bridgman and Chambers ( 1981 ). Therefore the winter values of S02 
emission rate and power level for each stack chosen for the calculations 
were 1.75 kg s-1 and 850 MW, respectively, and for summer, 1.58 kg s-1 

and 530 MW respectively. The agreement between the estimated and 
predicted maximum S02 levels shown in Table 32 is to within a factor of 
2, an accuracy co be expected by a model of this type. 
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The variation of maximum SO2 values with distance is also shown in 
Table 32 together with the wind speed values at which these are 
predicted to occur. The highest SO2 levels are predicted to occur 
between 5 and 7 km from the source in both winter and summer, in 
agreement with the observed behaviour found by Bridgman and Cham
bers ( 1 981) during the intensive study period. This also agrees with the 
results of the previous section. The critical wind speed values at which 
these are predicted to occur are shown in Table 32 and are all of the order 
10-12 ms-1 in both winter and suinmer. From the wind rose data shown 
in Figs. 16 and 17 it is clear that such levels are only to be expected 
mainly to the SE, S and E of the power station. In summer, however, 
there is a possibility of high levels occurring in most directions lying 
between 5- 7 km from the power station, with the highest probability of 
such occurrences being to the N, NW and W of the power station. From 
both the summer and winter wind roses it also appears unlikely that 
high levels NE or SW of the power station will occur very often. 

TABLE 32 (a) Comparison of model predictions and statistical 
estimates for maximum hourly S02 values in pphm 
for winter (June, July, August) 1980 and summer 
(December, January, February) 1980-81. 

(b) Variation ofma:s:imum S02 values with distance and 
wind speed values (u) at which these occur. 

(a) • 

Station 

Stati:Mine 
1',iclnerny's 
Ravensworth 
Denman Road 
Gknnies Creek 

(b) 

Distance (km) 
from10Urce 

Winter max S02 
critical wind speed• 

Summer max S02 
critical wind speed• 

Model 
Estimate pti:diction 

10.0 

1.0 2.0 5.0 

0.01 1. 5 9.4 
2.0 2.0 JO.I 

0.03 2.7 10.5 
5.5 6.3 9.5 

Summer 

Model 
Estimate prediction 

10.5 
9.0 
7.2 

7.0 10.0 15.0 

10.0 9.0 7.0 
12.7 17.2 19.9 

10.2 8.8 6.6 
12.3 17.1 19.9 

•Toe model pti:dictions ati: restricted 10 the range 2 s u < 20 ms- 1 



~ Air quality and resource development 

It is not possible to use such a model to reproduce here cumulative 
frequency distributions ofSO2 observed at the six stations. Although the 
model predicts the location and position of the maximum, the model 
results in general do not agree well with observations. An example of this 
is shown in Fig. 19 where the winter 1980 (l.6.80- 31.8.80) SO2 
readings at Ravensworth of 1 hour values between 10.00 am and 3.00 
pm are compared with the model results. Clearly there is little similarity 
between the model and observations. 

There are a number of reasons for this disparity. First the wind 
direction data have only been supplied for the 8 cardinal directions so 
that the only wind direction considered is from the NW Then the 
model predicts levels directly downwind of the station whereas the wind 
direction meanders substantially so the model predictions are mainly 
overestimates. It is noticeable, however, that the maximum levels are 
comparable. These results will be considered more closely later where 
the effect of inversions will be investigated. 

12,0 

10.0 

::e 
:c 
&: 8.0 

(J 

5 6.0 
(J 

N 
0 4.0 
<f) 

2,0 

_ QBS 

____ MODEL 

0,0 +----+----+----+-~~-+-~-+ ..... 
0 
C 

AG URE 19 The comparison of observations for winter 1980 hourly 
SO2 observations at Ravensworth between 1000-1500 
hours and the model predictions using Q • 1.75 kg 
sec-1, power .. 850 MW, inversion height • 1000 m 
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Consequently, it is not possible to accurately forecast the number of 
times a standard is exceeded using any frequency distribution produced 
solely by the Gaussian plume model. Fortunately this is not a problem 
here as it is clear from the work in the next section that the levels are not 
currently high enough for standards to be exceeded more than a few 
times a year. Therefore model- predictions of maximum levels and the 
location of possible 'hot spots' are enough to determine likely conse
quences of SO2 levels for this region. 

The results of such a model indicate that the air pollution maxima 
occur between 5-7 km from the power station. The high levels on 
average would occur in the NW-SE wind direction so the 6 stations 
should be well placed 10 record levels representative of the highest 
occurring in the region. Therefore the results of 1he statistical models 
which enhance these monitored data may be used to estimate the likely 
health and damage effects of SO2 from the power station. 

Air quality standards and damages to health, vegetation and 
materials 
There are numerous air quality standards adopted by different countries 
in relation to ambient concentrations ofSO2• Table 33 lists the standards 
adopted by the USA, Japan, Canada and West Germany (also sec 
Appendix I). It is pertinent to analyse the SO2 levels produced for the 
Upper> Hunter Region in relation to such standards. 

Tables 30 and 31 show that the maximum SO2 levels in summer 
1980- 81 occurred at the Mcinerny site and at Ravensworth in winter 
1980, that is between 6- 1 0 km from the power station as found by 
Bridgman and Chambers ( 1981). The maximum levels recorded at these 
two stations are shown in Table 34 and comparison with Table 33 reveals 
that only the short time-average standards of some countries are ex
ceeded. The short-term l hour standard of Japan is exceeded at both 
stations. Also, according to stalistical estimates, the desirable short-term 
I hour standard of Canada is exceeded al Mclnerny's Farm. Since only 
49 per cent of the data is available at Mclnerny's Farm then the estimate 
of the maximum would be accurate only to within a factor of 2 and the 
number of times a standard is equalled or exceeded less accurate than 
that. Nevertheless the results at Ravensworth for which 81 per cent of 
the 1h hourly data were available indicate that firstly, the results for 
Mclnerny's Farm are accurate enough to determine which standards 
would be violated; and secondly, the total number of times adds up to 1-
2 per cent of the summer period. It is also clear that there is a potential 
for the long-term 24 hour standard of Japan of 4 pphm to be exceeded. 
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Health. It should be noted that SO2 standards for health are often 
presented together with standards for suspended particulates (SP), as the 
particulates are seen as carriers of sulphur dioxide into the lungs. There 
has been no analysis of SP data here. The results in Table 34 indicate 
that this needs to be d~ne to fully determine how dose the region is to 
exceeding health standards adopted by other countries. 
TABLE 33 Ambient air quality standards for S02 

Long-term 
standard 

Short-term 
standard 

Country 
Uvcl 

(pphm) 

Averaging 
lime 

(hours) 
Level 

(pphm) 

Averaging 
ume 

(minutes) 

Canada 
- Maximum 

acceptable level 
- Desiredl.-vcl 

Japan 

U.S.A. 

West Germany 

WHO 

I I 
6 

s• 

24 
24 

24 

24 
3 

24 

24 

" 17 

JO 

I Avcragc ofhourlymcansfor24-hourvaluc ~~J,-{':.. ::_ f• 1' "-
2 No11obcexcccdcdmorethanonccpcryear 
3 Primaryst:mdardin U.S.A. 
4 SccondarystandardinU.S.A. 
5 Shon-tcrrnstandardnottobcexcccdedmore thanoncc in2hoursinWcst 

Germany 
6 98% ofobscrvation,ro bcbclow1hi1 figure 

60 
60 

Unfortunately, most of the available particulate data for the region are 
in the form of deposition levels and any comprehensive information on 
ambient concentrations will have to come from future monitoring and 
modelling exercises. It is still useful, however, to consider the literature 
which reports results of the effects of S02 and particulates on health. 

There is a fair amount of information available on the long term 
effects ofSO2 levels. In fact, Ferris (1978) has concluded that the present 
US Standards appear reasonable for long-term effects. The US Stand
ards arc 3 pphm for mean annual 24 hour S02 concentrations and 
75 µgm-3 for annual geometric mean 24 hour particulate concentrations. 



Large point sources § 

TABLE 34 Maximum S02 levels (in pphm) observed, xo, 
estimated, Xm, and the number of times N* a standard 
is equalled or exceeded at Ravensworth (Winter 1980) 
and Mclnemy's (Summer 1980-81) 

Time average (hours) 

'h 

Ravensworth Xo 17 .5 11.0 4.5 
(81% ofth 

~ 
15.3 12.7 7.1 

hourly data 6 
available) (Country**) Qapan) 

Mclnerny's XO l6.0 14.3 9.4 
(49% of½ 

~ 
21.1 22.9 14.2 

hourly data 61 
available) (Country) Oapan) 

5 
(Canada) 

• N is cakulat~d from exponential di~tribution for the total winter or summer 
period. 

• • The country for which the standard in Table 33 is exceeded. 

24 

1.0 
1.2 

2.4 
3.5 

On the other hand, he also notes that there is not much information on 
short-term effects. Asthmatics are one of the most sensitive groups and 
one study by Cohen et al (1972) indicates increased frequency of attacks 
at 7.6 f'phm SO2 and 150 µgm-3 particulates. The above association is, 
however, considered a weak one because cold weather was also a correl
ated factor. Another group is noted to conclude tentatively that small 
reversible changes in pulmonary function could be detected between 
mean daily levels of7.6 and 11.5 pphm ofSO2 but the relative contribu
tion of the associated daily particulate level of230 µgm-3 could not be 
separated out. Ferris (1978) also cites one study where effects have been 
noted and these occur either above or close to the present US Standard. 
Finally, another cited study showed no effect at levels considerably 
above the standard. 

Since the maximum predicted levels of SO2 from our results are no 
more than 3.5 pphm for a 24 hour average, the above evidence indicates 
that present SO2 levels in the Upper Hunter Region constitute a com
paratively low health risk to the general community. This conclusion 
requires, of ~ourse, that particulate levels are not inordinately high in 
comparison to SO2 levels. 

It appears that the biggest problem areas for particulates in the Upper 
Hunter Region are in the vicinity of the open cut coal mines. For 
example, the Electricity Commission has provided a few months ofTSP 
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data for an area about 10 km SE of the power station and these indicate 
that concentrations can be near the US Standard of 75 µ,gm-3 for sites 
about a kilometre away from the mine pit. The Ravensworth SO2 
monitor which was set •P to record maximum SO2 concentrations in the 
area is about 11h km to the NE of this area. 

It is peninent to analyse the above levels by reference to a series of 
studies in New Hampshire by Ferris and others (see Ferris 1978). It 
seems that when SO2 levels are low (less than 1.4 pphm), increased 
particulate levels can be tolerated. They report no change in respiratory 
symptoms or pulmonary function over two periods where the particulate 
concentrations were 131 µ,gm-3 and 80 µgm-3. It is certain that both 
1980 and 1981 annual SO2 levels in the Upper Hunter average out to 
under I pphm for 24 hour samples. 

Of course, the very important consideration of particle size is absent 
from most available information on the effects of SO2 and particulates 
and little particle size analysis has been undertaken in the J-lunter 
Region. It is now generally agreed that particulates less than 15 µm are 
the inhalable sizes which lead to the more serious health damages, and it 
is only recently that proposals for a new US primary standard, applying 
to particles less than 10 µ,m or 15 µm, have been placed before the US 
Clean Air Scientific Advisory Committee (Hileman 1981). Then again 
it is usually aerosols with diameters between 0.1 and I µ,m that affect the 
lungs (Natusch and Wallace 1974) so further discrimination of dust 
samples may be necessary. 

Vegetation. The expected damage to plants of different sensitivities to 
air pollution is also of interest. Table 35 shows the upper and lower 
limits of plant damage for different sensitivities at a 5 per cent level of 
injury compiled by Stern (1977). It is clear from Table 35 that there are 
no damages to be c:x.pected from the 1h hour and I hour values observed 
or estimated in the region. However, the observed and estimated maxi
mum 8 hour values are shown in Table 35 and indicate a potential for 
damage at the 5 per cent level of injury for sensitive plants. 

To investigate this further it is necessary to consider specifically the 
vegetation targets in the area where these maxima occur. There arc some 
open woodland areas remaining but most of the well vegetated land is 
native or improved pasture, and some is under crops. A convenient and 
extensive summary of much of the literature describing effects on 
specific plants is given in Irving and Ballou ( 1980). There are definite 
trends in the results presented there which allow vegetation groupings. 
These are now discussed. 
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TABLE 35 Concentrations of short-term S02 uposures producing 
5 per cent injury 10 vegetation grown under sensitive 
conditions 

Plant 
scnsi1ivny 

Scnsiti~ 

lntermcdia1c 

Resistant 

1/2hour I hour 8hour 

Upper Lower Upper Lower Upper Lower 
limit limit limit limit limit limit 

400 100 250 50 75 10 

1000 350 750 200 200 50 

> 900 > 700 > 150 

Observed 8 hour S02 maximum level (6 km NW) • 6.4 pphm 

Estimated 8 hour S02 maximum level (6 km NW) • 8.5 pphm 

Species like rye, luceme, oats and wheat require levels of 4.7 pphm 
over their entire growing season to suffer a reduction in yield. It is 
almost certain that native pasture is more resistant than the species 
within this category. Almost all vegetables have a threshold injury level 
above ,s pphm for a 3 hour average, and to obtain yield reductions, 
levels of 1- 7 pphm must be sustained throughout the growing season. 
Grapevines receive chronic injury at 26 pphm over a 24 hour period and 
suffer a reduced yield when subjected to 13 pphm over a prolonged 
period. It is safe to say that all these criteria are well above the maxima 
experienced in 1980 and 198 1 in the Upper Hunter Region. 

M a terials. Potential SO2 damages to materials in the Upper Hunter 
Region include the following: tarnishing and corroding of metals, discol
ouration and leaching of building materials, discolouration and soften
ing of paint finishes and reduction in 1he strength of texti les. 

Significantly, most experiments on material effects are performed at 
much higher dose levels than those encountered presently in the area of 
this study. For example, exposures between 10 and 100 pphm were 
given to a range of paint types. However, 10 pphm docs not produce 
significant erosion rate increases over clean air exposures (see Stern 
1977). Stern (1977) also shows that at low to medium oxidant levels the 
effects ofSO2 on corrosion of steel exposed for I 0 years level out below 2 
pphm. In fact high levels of oxidant are known 10 inhibit corrosion by 
SO2• Even with textiles the concentrations required for damage are 
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higher than current ambient concentrations. Zeronian (1970) and Zero
nian et al (1971) report the relevant results. Over a 7 day period, loss in 
strength for a range of cotton and rayon fabrics exposed 10 clean air 
averaged I 3 per ceqt while fabrics exposed to air containing 10 pphm 
S02 averaged 21 per cent. However, experiments on man-made fibres
nylon, polyester and modacrylic-showed that exposures of 20 pphm 
only affected nylon fabrics, losing 80 per cent strength in the S02 
affected atmosphere and 40 per cent in clean air. 

As in the case of health damages, most of the potential receptors of 
material damage are in the towns of Muswellbrook, Singleton and 
Denman where S02 ambient levels are expected to be lower than the 
maximum levels given in Table 34. It appears from the available litera
ture tha1 a daily maximum below 10 pphm rules out the possibility of 
measurable damage to the major susceptible material types. The 1980-
81 estimated 24 hour maximum from Table 34 is 3.5 pphm. 

The effect of other emitted air pollutants 
The other air pollutants emitted by Liddell power station and consid• 
ered in this section include the oxides of nitrogen, particulate matter and 
fluorides. 

Oxides of nitrogen 
The Electricity Commission of NSW (1979) states in the EIS on 
Bayswater power station that 'for a station operating in a manner similar 
to Liddell, the concentration of oxides of nitrogen (expressed as µg/m 3 

N.T.P. N02) are approximately 0.7 times that of sulphur dioxide (ex• 
pressed as µg/m3 N.T.P. S02)' . Saw (1983) suggests that the ratio of 
sulphur dioxide emissions and those of oxides of nitrogen is closer to 
unity. Given these two factors, the range of expected values of the 
maximum levels of oxides of nitrogen are shown in Table 36. These 
results are obtained using the estimated sulphur dioxide maxima in 
Table 31 for Mclnerny's Farm which has the highest readings of the six 
monitors. The range of values shown is obtained by using both the 
factors 0. 7 and 1.0 to convert the sulphur dioxide statis1ical estimates. 

The NHMRC standard for a I hour maximum for nitrogen dioxide 
(N02) is 17 pphm or approximately 333 µgm-3. The expected l hour 
maximum NOx (oxides of nitrogen) level given in Table 36 is 
600 µgm-3• When NOx emissions leave the stack it is likely that most of 
the gas is nitric oxide (NO) and this is eventually transformed into 
nitrogen dioxide (NOJ via the reaction with oxygen in the atmosphere. 
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TABLE 36 Maximum expected levels of oxides of nitrogen, 
particulates, and fluorides at Mclnerny's Fann 

Time average 
(hou~) 

I 
3 
8 

24 

O:ir.ides of 
nitrogen• 

(µgm-3) 

420-600 
260-372 
156- 223 
64- 92 

Particulates• 
(µgm-3) 

90 
56 
33 
14 

• Calculations assumed 26.2 pphm • I l'gm-3 of sulphur dioxide at 25"C. 

Total 
fluoride • 
(µgm- 3) 

It is not clear what the ratio of NOifNO is when the plume reaches the 
ground 7-IO km from the stack. For a weak wind of2 ms-1 the plume 
should still be able to reach a 7 km site in aboUI an hour. h would seem 
that shorHerm NOx concentrations should be closely monitored given 
these results. 

Particulate levels 
In the Bayswater power station EIS the NSW Electricity Commission 
(1979) indicates that an emission rate of0.25 gm-3 N.T.P. be used for 
particulate matter from each of the two stacks at Liddell power station. 
The Commission notes that results obtained when using such a rate 
should be 'conservatively high es1ima1es'. The Electricity Commission 
also quotes a design gas flow rate for each of the Liddell power station 
stacks Or 1320 m3s-1 at an exit temperature of 123°C. Therefore a 
conservatively high emission factor for particulates for the Liddell power 
station would be approximately 0.188 gm-1. This should be compared 
with the emission factors suggested by Saw ( 1983) of 1.28 kg of particu
lates per wnne of coal used. The rota! coal consumption for 1980-81 
financial year by Liddell power station was approximately 5.35 x l06 

tonnes (NSW Electricity Commission Annual Report 1981) so the 
average emission rate for particulates using Saw's value is 0.22 kg s- 1. 

Using the gas flow rate of 1320 m\-l and the emission factor of0.188 
gm-3 suggested by the Electricity Commission the es1ima1e of the 
emission rate is 0.25 kg s-1: approximately the same as that of Saw. 
These results should be compared with the sulphur dioxide emission 
rate of l.58-1.75 kg s- 1 for the intensive study period. 

If it is assumed that all the particulate matter _emitted is suspended 
particulates then the particulates may be treated as a gas and estimates of 
the particulate levels may be found by multiplying the sulphur dioxide 
levels by a factor of 0.25/1.67, (using the Electricity Commission's 
emission rate for particulates and the mean of the sulphur dioxide 
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emission rate found in the intensive study period) or 0.15. Of course, 
under this assumption the highest particulate levels due to power station 
emissions would occur at the same place as the sulphur dioxide maxima, 
namely 5- 10 km from the power station. The estimates of the maximum 
SP levels calculated on this basis are shown in Table 36. Since we have 
assumed that all the paniculates emitted may be treated as fine particu
lates these results should be overestimates ofthe maxima. As with oxides 
of nitrogen, the range of results shown in Table 36 are obtained using the 
maximum SO2 levels for Mclnerny's Farm in Table 31. The results of 
Table 36 indicate that, compared to the USEPA 24 hour maximum 
standard of 260 µgm-3 adopted by the SPCC as a guideline, the maxi
mum expected SP emissions from 1he power station lead to negligible 
ground level concentrations. 

Bridgman (1986) has suggested that the relationship between SO2 and 
particulate concentrations should clarify when a current study around 
Lake Munmorah is complete. 

Fluorides 
Although the Electricity Commission ofNSW does not mention emis
sions of fluorides as a potential problem to be considered, gaseous and 
particulate fluoride measurements have been recorded in the region by 
the SPCC. These measurements have been recorded at some of the 
stations used to record sulphur dioxide levels. The stations are 
Mclnerny's Farm and Denman Road NW of the power station, and 
Ravensworth Farm and Glennies Creek SE of the power station. The 
records are weekly totals (gaseous and particulate) and are shown in Fig. 
20 for the period 20.2.81 to 20.5.82, although the records are incom
plete and sometimes the monitors have been moved (which is indicated 
by different curves for the same station). 

Saw (1983) has estimated an emission coefficient of0.076 kg per tonne 
offeed coal for fluorides. Given his estimates for sulphur dioxide of9.5 
kg per tonne this means that the estimated sulphur dioxide levels should 
be multiplied by 0.008 to obtain the associated hydrogen fluoride 
concentrations. These estimates are shown in Table 36 and once again 
the range shown is obtained using the estimated SO2 maxima at 
Mclnerny's Farm in Table 31. These levels refer to gaseous and partic'u
late fluoride. Saw ( 1983) believes the size of most particulates is less than 
5 µm. Even making the conservative assumption that all the fluoride is 
of the gaseous variety most harmful to plants the levels are only at the 
bottom of the range of values which cause 5 per cent injury to sensitive 
vegetation types (eg Stern 1977, Chapter 4 and Appendix I). 
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The expected future air pollution levels due to 
Liddell power station in different meteorological 
conditions 
The results so far have summarised the air pollution levels in the Upper 
Hunter Region for the time period from 1.4.80 to 31.10.81. This was 
the period for which SO2 data were available for analysis and the time 
for which the model used by Chambers et al (1982) was calibrated. 
However, there are dangers involved in summarising the air pollution 
imi,act of Liddell power station based on such a short meteorological 
record. Chapter 5 elaborates by considering more extensive data sets for 
the Newcastle area. In fact the conclusions in Chapter 5 indicate that 
there are problems in basing air pollution impacts on such short me
teorological data sets as considered here. 

There is a need to consider both meteorological and air pollution data 
sets for a longer period of time. This course of action is strongly 
recommended using earlier records of the SPCC and the NSW Elec
tricity Commission. However, there are some speculative estimates 
which may be made by extending the modelling work of Chambers et al 
( 1982) to the record of inversion heights available for the William town 
air force base 20 km north of Newcastle near the coast. 

A trapping model 
The work of Chambers et al (1982) using a Gaussian plume model 
indicated that the maximum SO2 levels due to Liddell power station 
would occur approximately 5-7 km from the power station. This result 
is confirmed by the statistical analysis of the SO2 data from the six 
monitoring stations, a result which should be approximately correct for 
any year considered as it is largely a function of the design characteristics 
of the stacks at Liddell power station. However, as indicated previously, 
although the model is fairly accurate in determining the location of the 
maximum it usually underestimates the maximum by up to a factor of2. 

Chambers et al (1982) consider this problem in their construction of 
adequate mathematical models for SO2 emissions from Liddell power 
station. Their work indicates that the maximum SO2 levels are probably 
due to classic 'trapping' conditions. A brief description of the trapping 
model used by Chambers et al is given in Appendix VI. In essence 
trapping conditions occur when the plume has stayed aloft overnight 
beneath a subsidence inversion and when the sun rises and begins to 
heat the atmosphere beneath the inversion the plume is brought to the 
ground. This 'fumigation' may be prolonged for a number of hours if 



Large point sources ~ 

the subsidence inversion persists and this persistent fumigation is re
ferred to as trapping. 

The level of pollution in such conditions is critically dependent on the 
heigh1 of the subsidence inversion. Therefore it is possible to conjecture 
about the frequency and seriousness of such episodes by considering 1he 
frequency of occurrence of low level subsidence inver5ions. Unfortu
nately there are no comprehensive inversion data available for the Upper 
Hunter Region. However, Chambers et al (1982) have indicated that at 
least two trapping episodes occurred during the intensive study periods, 
two weeks in each of August 1980 and February 1981. They found that 
the trapping model developed by the Tennessee Valley Authority (TVA) 
for the power stations in that area gave a reasonable estimate of the SO2 
levels for inversion heights of approximately 900 m in the area around 
the power station. Although the levels predicted by the model were 
comparable to observations the model could not accurately estimate the 
location of where that peak level occurred. The location of the maxi
mum in such conditions was accurately predicted by the standard 
Gaussian plume model they employed even though that model under
estimated that maximum by a factor of 2. 

The TVA model was developed by Montgomery et al (1973) who 
found that such trapping conditions occurred up to 30 to_ 40 days per 
year in Jhe Tennessee Valley Region. Clearly such work suggests that a 
concerted effort is required to record inversion heights in the Upper 
Hunter Region. Lacking such a data set we have considered instead 
inversion data at Williamtown near Newcastle. 

The inversion data at Williamtown 
The inver5ion data at the Williamtown air force base from 1958 to 1982 
have been compiled by Dixon (1984). The inversions are recorded in the 
morning, and sometimes in the afternoon, at Williamtown by ra
diosonde balloon flights. It is assumed that these inversions are due to 
synoptic scale weather patterns which span both the Newcastle and 
Upper Hunter Regions. 

The inversion readings at Wi\liamtown corresponding to those read
ings in the Upper Hunter when hourly SO2 levels above 10 pphm were 
recorded are shown in Table 37. There is little correspondence between 
low inversion levels and high concentrations. If the subsidence inver
sions do span both the Newcastle area and the Upper Hunter Region 
then the inversion heights al the Upper Hunter can be approximated by 
those at Wi11iam1own by subtracting the height of the Liddell power 
station region above that of Williamtown (the difference is approxi-
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mately 130 m). Even with this correction there is little correlation 

between low inversion heights and high $02 levels. In fact, for the two 
days on which Chambers et al ( 1982) report definite subsidence inver
sion heights in the Upper Hunter (approximately 900 m on 10.8.80 and 

800 m on 17.2.81) there are either no inversions recorded at William
town (10.8.80) or only a weak afternoon inversion (17.2.81) (see Table 
37). Certainly such results do not give much confidence in applying the 

Williamtown inversion data directly to the Upper Hunter Region. 

However, it may be that the use of such data is if anything conservative 
in predicting such trapping episodes. 

The number of inversions per month at 0900 hours and 2100 hours 
for 1980 and 1981 at Williamtown are shown in Table 38 for different 

classes of heights. The totals for each year are given in Table 39 for 
morning inversions and 40 for afternoon inversions. The S02 results 
analysed earlier correspond to the period April 1980 to October 1981. 

Table 39 shows that there were only 9 mornings in 1980 when the 

inversion heights at 0900 hours were below I 000 m, and only 7 

mornings in 1981. Given the requirement that the wind is blowing 

directly towards the monitor during trapping conditions it is possible 

that the S02 data sets used here do not contain many, if any, such 

extreme events. 
The results in Table 39 do indicate that at 0900 hours 20-40 inver

sions per year may occur at William town below 1000 m. For synoptic 

weather patterns these results would be applicable to the Upper Hunter 
Region. The worst year in the period was in 1960 where 37 morning 

inversions at 0900 hours occurred at a height of less than 1000 m. 
The results for the ' afternoon' or pm readings are shown in Tables 38 

and 40 from 1963 to 1981. Table 38 shows that in 1981 only 3 
inversions below 1000 m occurred and that all three occurred in Febru
ary. There are 9 inversions in 1980 below 1000 m but from Table 38 

none occurred in winter when much of the recordings were concen
trated. In 1964 and 1966, however, more than 14 such inversions 

occurred. 
While the results in Tables 38 and 40 are strictly valid for William

town alone, it is probable that the 1980-8 1 period studied here would 

on average in the Hunter allow better dispersive conditions than in other 

years. Such results do suggest that morning subsidence inversions below 

1000 m may occur up to 40 times per year in the Upper Hunter and 

over 10 per year in the afternoon. This high frequency argues for an 
estimate to be made of the effect of such inversions if trapping con

ditions occur. 
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TABLE 37 Comparison of hourly S02 readings above 10pphm and 
the inversion readings at Williamtown 

ln~ rsion heights (m) 
SO2 levels Date 

Station (pphm) 9.00 am 3.00 pm (Time in hours) 

Mdnerny's Farm 12.3 )684 9.8.80 (1600) 
10.5 917 1388 25.12.80(1000) 
12.0 1388 25.12.80 {1100) 
11.5 1620 1.1.81 (1300) 
10.5 1620 1.1.8! (1400) 
14.3 1784 17.2.8 1 (1800) 

Ravensworth Farm 2069 
1069 

17.7.80 (1200) 
- ll.ll.80(1100) 

Glennies Cred, 10.0 

- indicates that no subsidcna: inversion has been recorded. 

TABLE 38 (a) The number of 0900 hour inversions for 1980 and 
1981 from Williamtown records for different h eight 
classes specified in m (see also Dixon, 1984) 

<500 
500- 750 
750- 1000 

1000-1250 
l2'i0- 1500 
1500- 1750 
!750- 2000 
>2000 

Number of morning inversions for 1980 

Jan Feb Mar Apr May Jun Jui Aug Sep Oct Nov Dec 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 I 
0 0 0 0 
0 I 0 I 
l l l 
3 I 3 
3 0 0 
9 3 ; 3 5 3 5 

Number of morning inversions for 1981 

Total 

2 
5 
2 

12 
21 
16 
15 
49 

Class Jan Feb Mar Apr Nlay Jun Jui Aug Sep Oct Nov Dec Total 

<500 
500- 750 
750- 1000 

1000- 1250 
1250- 1500 
1500-1750 
1750- 2()()(> 
>2000 

0 
0 
0 

l l 2 0 
l 2 5 2 

I 
0 
0 
0 
I 6 

2 
0 

l 3 27 
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(b) The number of 2100 hours inversions for 1980 and 
1981 from William1own records for differc:01 height 
classes specified in m 

Number of afternoon inversions for 1980 

Class Jan Feb Mar Apr May Jun Ju! Aug S.:p Oct Nov Dec Total 

<500 
500- 750 
750- 1000 

1000- 1250 
1250- 1500 
1500-1750 
1750-2000 
>2000 

3 
5 

0 12 
0 15 

0 2 0 0 0 2 0 0 I 0 6 
0 3 3 I 3 2 4 5 6 4 35 

Number of afternoon inversions for 1981 

Class Jan Feb Mar Apr M.ay Jun Jui Aug Sep Oct Nov Dec Total 

<500 
500- 750 
750- 1000 

1000- 1250 
1250- 1500 
1500- 1750 
1750- 2000 
>21100 

1 0 0 
3 2 
2 2 

l 2 3 2 4 

0 0 
0 
0 
0 
0 
1 

1 
4 

14 
13 
34 

The results using the trapping model of Chambers et al (1982) (see 
Appendix VI) for trapping inversion heights of 500,750 and 1000 mare 
shown in Fig. 21 for Liddell power station in winter conditions. The 
wind speed was assumed to be 2 m/s. For the given inversion heights, 
the trapping model yields maxima of 62 pphm, 28 pphm and 16 pphm, 
respectively. The com:sponding results using the Gaussian plume 
model of Chambers et al ( 1982) without trapping yield maximum 
levels of 15 pphm, 10 pphm and 10 pphm for inversion heights of 500 
m, 750 m and 100 m, respectively. As pointed out, the Gaussian plume 
model can be used accurately to reproduce the location of the maxima 
which is approximately 7-10 km from the power station. Clearly these 
hypothetical levels give cause for concern given our analysis on the 
health effects if fine particulate levels are also high. 

Given all the approximations and assumptions used in arriving at the 
values shown in Fig. 21, these results should certainly not be considered 
as providing an accurate estimate of the consequencies of trapping of 
$02 emissions under subsidence inversions. However, these results do 
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suggest a definite need to obtain comprehensive information on inver
sion heights in the Upper Hunter Region. Such work becomes even 
more critical when considering the likely effect of Bayswater power 
station and other power stations planned for the region. 

Future air quality levels due to additional large 
point sources 
The Bayswater power station is the only major new development in the 
Upper Humer Region which can be viewed as another major poin1 
source of air pollutant emissions in the shon term. In this section we 
attempt to estimate the impact ofthis power station on air quality levels. 
Since the Upper Hunter Region may also provide the site of other power 
stations (Electricity Commission of NSW 1979), the effects of such 
potential developments are also assessed here. It is convenient to restrict 

TABLE 39 The number of 0900 hours inversions at Williamtown 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

from 1958 to 1981 for different height classes specified 
in m (see also Dixon 1984) 

C lass 

500- 750- 1000- 1250- 1500- 1750-
<500 750 1000 1250 1500 1750 2000 >2000 

8 6 JO 7 14 21 18 68 
9 5 4 8 7 15 16 94 

17 13 7 JO II 22 16 82 
7 7 6 8 13 JO II 78 
4 4 2 4 12 17 JO 50 
9 3 2 7 9 10 13 64 

II 7 6 12 16 16 30 34 
14 9 7 9 14 20 24 77 
9 JO 9 7 15 13 25 74 
4 2 5 6 8 9 18 JOJ 
2 I , 12 JO 18 17 59 
2 3 0 7 4 II 15 39 
I 4 8 6 II 12 10 57 
3 I 3 3 10 17 17 48 
6 4 JO 6 JO 18 23 65 
7 7 6 6 9 8 12 77 
4 5 7 8 12 13 15 102 
2 6 8 18 17 19 23 87 
4 4 3 8 4 20 12 83 
3 3 5 , 8 13 16 70 
5 2 4 2 7 JO 13 39 
8 4 9 6 14 II 16 43 
2 5 2 12 21 16 15 49 
0 3 4 8 7 16 7 27 



ill Air quality and resource development 

our attention initially to sulphur dioxide as it has been shown that 
conversion factors (of sulphur dioxide to particulates, hydrogen fluoride 
and nitrogen oxides) may be used to extend the analysis to other 
pollutants. 

TABLE 40 The number of 2100 hours inversions at Williamtown 
from 1963 to 1982 for different height classes specified 
in m (see also Dixon 1984) 

Class 

500- 750- 1000- 1250- 1500- 1750-
Year <500 750 1000 1250 1500 1750 2000 >2000 

1963 I 4 8 60 
1964 4 13 12 61 
1965 4 8 8 67 
1966 10 3 12 78 
1967 3 II 9 90 
1968 3 6 1 54 
1969 I 8 10 33 
1970 2 6 10 55 
197 1 3 7 II 77 
1972 6 12 10 78 
1973 I 7 7 75 
1974 4 7 15 76 
1975 9 21 22 73 
1976 2 5 7 10 89 
1977 7 3 8 13 62 
!978 I 4 4 8 32 
1979 3 4 6 13 30 
1980 5 12 15 6 35 
1981 I 4 14 13 34 

The effect of emissions from Bayswater power station 

It is seen in Fig. 22 that the Bayswater power station is only a few 
kilometres from the Liddell power station. Our analysis here shows that 
the site chosen is the best site possible for minimal impact on ambient 
air quality levels from power station emissions. This is because signifi
cant overlap of the plumes from both stations occurs only when the 
wind is blowing in the least probable direction. 

The stack characteristics of the station as detailed in the Bayswater 
EIS prepared by the Electricity Commission of NSW ( 1979) are shown 
in Table 41. The emission rate of S02 shown is based on the assumption 
that the plant is operating at 70 per cent annual capacity which is 
'considered a high estimate of future station duties'. The final S02 

emission rate is then derived using the S02 emission factor of Saw 
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FIGURE 21 Predictions of hourly SO2 levels using the trapping 
model for inversion heights of 500, 750 and 1000 m 
and the winter emission factor ofQ = 1.75 kgs- 1 

( 1983) of 19 kg/tonne of coal of 1 per cent sulphur content, which the 
EIS states as the maximum expected sulphur content of the coal used at 
the station. 

The mathematical model used to estimate the impact of the Bays water 
SO2 emissions is the plume model applied by Chambers et al(1982) for 
Liddell power station. This model has been calibrated for Liddell power 
station and we feel that a similar intensive study to the one undertaken 
for Liddell power station in August 1980 and February 1981 should also 
be carried out when Bayswater power station is in operation. Until such 
a study can be carried out, only the best available mathematical model 
can be used to estimate theoretically the change in air quality due to the 
presence of the Bayswater power station. 

Appendix VI shows that the model uses a formula for plume rise 
which is close to the general plume rise formula of Briggs (1975) and 
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uses dispersion parameters derived by Carras and Williams (1983). The 
latter have been shown to be applicable in the Upper Hunter Region as 
well as at Mt Isa in Queensland and K.algoorlie in Western Australia. So 
the meteorological effects critical in determining the behaviour of the 
emissions from Bayswater power station should be estimated by the 
model to a reasonable first approximation. However, model validation 
during an intensive study period is still warranted as mathematical 
models are not accurate enough to allow complacency about the results 
presented here. 

Using the mathematical model given in Appendix VI to estimate the 
maximum combined effect of Bayswater and Liddell power stations 
yields some intriguing results, as shown by the pollution contours for 
S02 in Fig. 22. First the plumes from the two power stations do not 
yield additive concentrations in the major NW-SE directions since the 
plume characteristics are estimated to be too narrow for such additive 
effects in this direction. In general, the maximum S02 concentrations 
registered at each monitoring site in the major NW-SE directio~ occur 
when the wind is blowing directly at each site from Bayswater power 
station. These levels are slightly higher than 1he levels obtained when 
the wind is blowing directly from Liddell power station but only 
marginally so. Therefore the subsequent impact of Bayswater power 
station along the major NW-SE wind direction is approximately the 
same as that described earlier due to Liddell power station. Thus there is 
no damage to agriculture or materials and only a possibility of the 
violation of the more conservative short time-average health standards 
adopted by some countries. The effect of other emissions such as 
particulates, oxides of nitrogen and fluorides can be estimated in a 
similar way to that given for Liddell power station. Hence the same 
impact is probable, that is little effect due to SP and fluoride emissions 
but perhaps a problem due to NO,. emissions. 

TABLE 41 S tack ch aracteristics and emissions used to simulate 
Bayswater power station emissions 

Stack height (2 stacks) 
% Sulphur content of coal used 
Flow(m3/sec/stack) 
Temperature of gas at stack exit("C) 
Exit velocity of each stack (m/sec) 
Maximum coal consumption per year (tonnes) 
Emission s1rength • for both stacks (kg/sec) 

250m 
1.0 (max. design) 
2010 
130 
23 
7.0x 106 

2.9 

• Based on 70 per c~nt of tow.I coal consumption each ycar(ic 4.9 x 1<1' tonnes). 
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The only wind directions for which the plumes from the two power 
stations are found to be additive are in the NE-SW direction, as shown in 
Fig. 22. The description of the meteorological conditions prevalent in 
the area makes it clear that the NE-SW direction is the least probable 
wind direction in the area. This can be demonstrated by looking at the 
1980 and 198 l wind roses shown in Figs. 16 and 17 for Liddell and Mt 
Arthur weather stations respectively. Therefore the estimated doubling 
of SO2 concentrations shown in Fig. 22 for the NE-SW wind directions 
would be a rare event. Running the model with all wind speeds equally 
probable in all directions yields maximum SO2 I hour levels of approxi
mately 20 pphm along the NE-SW axis. However, since this direction is 
least probable we have used the actual wind speed data for 1980 and 
1981 to see how probable such a result would be in these conditions. 
The contours have been drawn from output of the Gaussian plume 
model used by Chambers et al ( 1982). The wind speed data input was 
from the Mt Arthur meteorological station and the wind direction data 
was from the Liddell station for the years 1980 and 1981 between 1000 
and 1600 hours. The time period, 1000-1600 hours, is the period when 
the assumption of a well-mixed layer is the most probable. The Mi 
Arthur wind speed should be representative of the mean wind in such a 
mixed layer. Because of1he channelling effect of the valley the Liddell 
me1eorological station wind directions have been chosen. Therefore Fig. 
22 sho\Jld give the expected levels from both power stations for the 
meteorological conditions prevalent for 1980 and 1981. The maximum 
predicted level is 20 pphm so that the result is the same as that obtained 
by allowing all wind speeds to be equally probable in all directions. This 
agreement indicates that, although the NE-SW direction is least proba
ble, conditions do occur which yield the maximum level possible. 

It has been argued that the Chambers et al (1982) model predicts the 
location of 'hot spots' quite accurately which are at 5-7 km from both 
power Stations in the NE-SW direction. The frequency of occurrence of 
the highest level can be estimated from the Liddell meteorological 
station wind rose data sets. An examination of the Liddell hourly wind 
roses for 1980 and 1981 for the period 1000-1500 hours shows that the 
wind blows in the SW or NE direction only 0.5 per cent of the time in 
1980 and 1.5 per cent of the time in 1981. These results would give an 
upper limit to the frequency of occurrence of the highest levels shown in 
Fig. 22 for 1980 and 1981. In 1980 the frequency of calms between 
1000 and 1500 hours was approximately 2.3 per cent with little data 
missing while in 1981 it was approximately 0.8 per cent with 8.4 per 
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cent of the data missing. Taking a conservative view, trapping conditions 
in 1980 and 1981 may have occurred in the NE-SW direction alxlut 2-3 
per cent of the time. The trapping model results suggest that the highes1 
levels may be up to a factor of 2 to 3 times higher than those shown for 
the 'hot spots' in Fig. 22. This strengthens the case for a study to 
estimate inversion heights in the region as well as measuring the corres
ponding SO2 levels. 

It cannot be assumed that the Gaussian plume model of Chambers et 
al ( 1982) will yield accurate results outside the period of I 000-1500 
hours. Drainage flow effects at night and sea breeze effects late in the 
afternoon (for example see Hyde et al 1982) probably introduce a 
complicated windshear structure which the model is not designL-d to 
handle. Also marked windshear effects at night in stable conditions may 
introduce difficulties. Therefore estimated annual mean levels may not 
be very accurate using the model. For isolated sources such as power 
stations it is unlikely that long term concentrations will be significant 
except in the NW-SE direction and during the day. Normally the most 
serious effects of such power stations will be due to short-term high 
pollution 'episodes', that is concentrations over al hour to 3 hour time 
period. 

The Bayswater EIS (Electricity Commission, 1979) details results 
using the TVA Gaussian plume model. The model results reveal that 
the highest expected ground level concentrations occur when the wind is 
blowing from the SW in agreement with our results. The maximum 3 
hour level found there was 480 µg/m 3 N.T.P. or 18.3 pphm, again quite 
comparable to our estimate of 16 pphm. The EIS also states that for a 
day when the" worst conditions prevail for air pollution levels (with the 
wind blowing from the SW) the 24 hour average is 120 µg/m3 N. T.P. or 
approximately 4.6 pphm. This is significantly below the USEPA and 
WHO standards of 14 pphm and 7.6 pphm, respectively. The predicted 
I hour SO2 level of approximately 20 pphm in the Bays water EIS agrees 
with our resuhs also. This indicates that the Japanese I hour standard of 
10 pphm will be violated. However, for a 24 hour period, it would be 
expected that the power station plumes stay aloft at night-time and air 
pollution ground level concentrations would only be significant during 
the day. Most of the SO2 standards for such time averaging periods are 
therefore of interest, especially the 3 hour US EPA health standard of 50 
pphm which has been used in Mt. Isa as the level above which smelting 
operations are curtailed (Neale 1980). 
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The work presented in discussing sulphur dioxide emissions argues 
that such high pollution episodes will most likely occur be1ween I 000-
1500 hours. Therefore the results in Fig. 22 should indicate the most 
probable location of such 'hot spots'. However, given the conjecture 
about trapping events, the estimated maximum I hour level of20 pphm 
and 3 hour level of approximately 16 pphm (using the correction factor 
of Turner 1970) are likely to be underestimated by a factor of 2 or 
possibly more. Taking a conservative viewpoint it would appear that 
serious trapping conditions could possibly occur more than 10 times a 
year in the afternoon. This figure is based on the results in Tables 24 and 
25 which show the probability of0900 and 2100 inversions less than 
1000 m to be of the order of 10 to 40 times per year. The frequency of 
winds in the NE-SW axis and of calm conditions between 1000- 1600 
hours is of the order of2-3 per cent per year based on 1980 and 1981 
meteorological data ie up to 7-12 days per year. It is 1herefore most 
probable that trapping conditions which occur about 5 per cent of the 
time (10-20 days per year) will take place when the wind is blowing in 
the most probable direction (NW-SE). So the concentration to be ex• 
peeled then will be due to one of the power stations which, given Fig. 
21, may reach significantly high levels. The leas1 probable occurrence 
will be in NE-SW direction with a probability of approximately 0.0 I per 
cent or 3-4 times per year. However, the levels in such cases could lead 
to high.air pollution episodes. 

It should be noted that the wind rose information used (Figs. 16 and 
17) categorises wind directions into 8 cardinal directions. The 2-3 per 
cent noted for NE-SW winds refers to the NE and SW sectors (each 45 ° 
in extent). The maximum levels referred to here only occur when the 
Bayswater and Liddell power stations are directly in line which should 
occur even less frequently than the 2-3 per cent noted for the sectors. 
This percentage must therefore be the absolute upper limit for 1980 and 
1981. 

T he effect of m ore power stations 
The Bayswater power station EIS states there are 'four unit power 
station sites in the Central Hunter, which would util ise cooling towers, 
and which could possibly be developed for commercial operation in 
1985'. These are: 

Bayswater 
Whites Creek 
Upper Saddlers Creek 
Ponds Creek. 
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FIGURE 22 Contours of the maximum S02 levels due to both 
Bayswater and Liddell power stations, using 1980-81 
wind roses between 1000 and 1500 hours. 
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The Bayswatcr EIS also states that 'having regard for the large reserves 
of coal in the area between Singleton and Muswellbrook and the avail
ability of water from the Hunter River catchment, it is expected that one 
or more of the alternative sites will be developed at some time in the 
future'. 

The possible effect of putting a power station identical to Bayswater at 
each of the three sites has been considered here. A map of the area with 
the sites is shown in Fig. 23. Given the simulation results the two most 
preferred sites on the basis of air pollution impacts are the Upper 
Saddlers Creek site and the Ponds Creek site as shown in Figs. 24 and 
25, respectively. The addition of a third power station to Liddell and 
Bayswater in fact does not lead to an increase in the highest level 
estimated (using the Gaussian plume model of Chambers et al 1982). 
Once again, the plumes of the power stations are too narrow for more 
than two plumes to be additive at any one time. And the addition of two 
plumes only occurs when a receptor site is located directly downwind of 
two aligned power stations. Nevertheless, the model simulations reveal 
that the addition of a third power station to Liddell and Bayswater will 
cause a measurable increase in air pollution in most areas. 

The Whites Creek site (Fig. 26) is the least preferred on air pollution 
grounds not because the 'hot spot' level is higher (in fact it is the same) 
but because the levels in Muswellbrook are significantly higher. Hence 
more people will be affected in this case. A site at Upper Saddlers Creek 
affects Denman more while a site at Ponds Creek affects Jerrys Plains 
more, both of which have similar populations. Of these two sites, 
probably the Ponds Creek is more preferred on air pollution grounds as 
the highest levels occur when the wind is blowing along the NE-SW 
direction which is 2-3 per cent of the time based on 1980 and 1981 
figures. The Upper Saddlers Creek site would probably lead to the 
highest levels when the wind is blowing from the east which is 5- 10 per 
cent of the time given the wind rose information in Figs. 16 and 17. The 
increase in the frequency of occurrence of winds blowing towards a 
population centre should increase the probability that extreme trapping 
conditions may affect a significant number of people. 

If two power stations are to be located at two of the three given sites 
then Upper Saddlers Creek and Ponds Creek sites are preferred on air 
pollution grounds as fewer people are affected than if the Whites Creek 
site is chosen for one of the power stations. 

It should be stressed that the values for SO2 pollution in Figs. 24, 25 
and 26 are based on the assumption that the new power stations are of 
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FIGURE 24 As in Fig. 22 but with a third power station exactly the 
same as Bayswater power station at Upper Sad.!lers 
Creek 
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the same design as Bayswater. Clearly the levels could be reduced with 
appropriate new construction designs such as tallt:r stacks or wet scrub
bing ofSO2. 

COnclusions 
In this chapter the impact of the emissions of air pollutants from Liddell 
power Station has been considered initially. It was found that only the 
SO2 emissions and possibly NOx emissions are of concern. The effect of 
NO, is more approximate as no NOx readings are available. The results 
argue that the monitoring of NOx should be seriously considered. 

The analysis of ambient SO2 concentrations for the 1980-81 period 
reveals that only the more conservative short-term health standards of 
some countries for SO2 were violated. These violations could only be 
considered a health problem if the corresponding suspended particulate 
levels were also high. It has been shown that the particulate emissions 
from Liddell power station lead to very low SP levels. On the other hand 
the maximum SO2 levels probably occur approximately 5-7 kni from 
the power station so that areas near the dust-producing open cut coal 
mines in that vicinity may record relatively high SOrSP episodes over a 
I to 3 hour period during the day. In general, such episodes would not 
violate the USEPA 3 hour standard of 50 pphm (used in Mt Isa, for 
example, as a level above which smelting operations are curtailed). 
However, there is some uncertainty about the effect of serious trapping 
conditions in the area. 

The highest estimated value for 1 hour SO2 concentrations is 23 
pphm and for 3 hours it is 14 pphm. Such estimates are based on 
statistical distributions which may overestimate the maximum by a 
factor of 2. Trapping conditions may account for such levels. A consider
ation of inversion data at the Williamtown air force base on the coast 
near Newcastle for the years 1958- 1982 indicates that inversion may 
occur at heights below I 000 m over the region 20- 40 times per year 
leading to significant trapping effects. This work shows that a suffi
ciently extensive study is needed to estimate the frequency of such 
inversions in the Upper Hunter Region. It would be used to investigate 
if higher levels than those recorded so far for the area are possible. 
Concurrent SO2 monitoring is desirable in order to calibrate a trapping 
model which can then be used to estimate the extreme levels to be 
expected when trapping conditions occur. 

The effect of emissions of air pollutants from the new Bayswater 
power station have also been considered. In terms of air pollution effects 
the site of this power station is found to be probably the best of those 
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sites examined. The major reason for this is that the only wind 
directions along which the plumes ofboth Liddell and Bayswater power 
stations combine are within the NE and SW sectors, which are the least 
likely wind directions in the area. The addition of the Bayswater power 
station leads to 'hot spots' in this direction approximately 5-7 km from 
the nearest power station. A mathematical model used by Chambers et al 

( 1982) to model the dispersion of S02 emissions from Liddell power 
station has been used in these calculations. Such a model probably yields 
a reasonable first approximation of the ground level concentrations. On 
the other hand the model accuracy is such that an intensive study similar 
to that described by Chambers et al (1982) for Liddell power station 
emissions is necessary once Bayswater power station becomes opera
tional. 

The model results estimate the highest 1 hour SO2 level to be 
approximately 20 pphm during the day and approximately 16 pphm for 
3 hour levels. The conditions associated with these maxima possibly 
occur with a frequency of the order of20 days per year given our wind 
direction data. However, the model results probably underestimate the 
maxima by up to a factor of 2 as estimates of the effects of trapping 
conditions indicate much higher values. Trapping conditions probably 
occur 1- 2 days per year when the plumes from the two power stations 
combine. Once again the need for a study to estimate inversion heights 
for the 'area is underlined. 

Simulation exercises for additional power stations of exactly the same 
emission design as Bayswater power station have also been undertaken. 
The sites of Whites Creek, Upper Saddlers Creek and Ponds Creek 
mentioned in the Bayswarer power station EIS as possible future sites 
were chosen and the same mathematical model used for Liddell power 
station was used to predict the air pollution effects. Our results indicate 
that the maximum level will not increase beyond that of the combined 
effect of Liddell and Bays water power stations but levels in general wiU 
rise. The two sites at Upper Saddlers Creek and Ponds Creek are 
preferred. on air pollution gro~nds to that at _Whites Creek ~ - fe_wer 
people will be affected by the mcreased polluuon. Of these two sites, 
Ponds Creek is preferred as the high levels should occur less frequently. 
Once again the need to record inversion levels in the area in ord~r to 
estimate the effect of trapping conditions on the SO2 levels is reqtjired. 

Therefore recommendations for future work in order of priority 3re as 
follows: 
• Measurements of suspended particulate concentrations (especially for 
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particles with diameters between 1-15 µm) in the populated areas near 
open cut coal mines and 5-10 km from the power stations. 

• Measurements of inversion heights and frequencies for the Upper 
Hunter Region. 

• An intensive study period similar to the one carried out for Liddell 
power station emissions to commence once Bayswater power station 
becomes fully operational. 

• The monitoring ofNO. levels in the same areas as in the first point. 



5 

Air quality in Newcastle and the 
effects of meteorology 

Introduction 
In Chapter 4 evidence was presented that air quality levels may change 
dramatically from year to year as meteorology changes. In this chapter 
analysis will be undertaken on data sets of air pollutants in Newcastle 
dating from 1972 and on meteorological data sets commencing from 
1951. From the analysis of such an extensive data set the influence of 
long-term meteorological effects on air pollution levels can be appre• 
ciated. The results indicate that a number of problems can arise if 

environmental effects are estimated using only a few years of data as has 
been the case in the Upper Hunter Region. 

Newcastle contains a number of manufacturing industries giving rise 
to the ~mission of air pollutants. The SPCC (NSW State Pollution 
Control Commission 1980b) has classified the potential major pollutants 

in the area as: 
• sulphur oxides-from the iron and steel industry, aluminium and 

other metal smelters, fertiliser producers and other energy intensive 
industries; 

• fluorides-from aluminium smelters, chemical industries, iron and 
steel industry, and brickworks; and 

• particulate matter-from ore handling, iron and steel manufacture and 
aluminium smelters. 
Mechanisms for the long range transport of air pollution to Newcastle 

from power stations both in the Upper Hunter and to the south of 
Newcastle have been postulated by Dixon (1984). It is outside the scope 
of this report to investigate such mechanisms given the current infor
mation available. Clearly an extensive study needs to be carried out to 
enhance the information. In this chapter it is assumed that the air 
pollution levels in Newcastle are due to local industry but it is ack
nowledged that this assumption needs investigation. Under this assump-
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FIGURE 27 Newcastle area with air pollution monitoring network 
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FIGURE 28 The average annual mean acid gas 24 hour readings at 
City Hall, Watt St and Mounter St for 1959-81 
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FIGURE 29 The average maximum acid gas 24 hour readings at 
City Hall, Watt Street and Mount Street for 1959-81. 
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FIGURE 30 The mean insoluble dust deposition rates at 20 
Newcastle stations for 1960-80 

tion it is shown that if WHO standards are not to be violated then acid 
gas emissions should nor be allowed to rise. On the other hand, the area 
may be able to tole"rate some increase in fine particulate emissions but 
not in total particulate load as dustfall levels are high. 

Air pollution levels in Newcastle 
The moniroring network set up by the SPCC and Newcastle City 
Council is shown in Fig. 27 and the stations are listed in Table 42. The 
air quality guidelines used by the SPCC are shown in Tobie 43. For 
three stations acid gas data have been collected since 1958 (Moore 1982) 
and the annual average and maximum acid gas levels averaged for these 
three stations are shown in Figs. 28 and 29 respectively. The acid gas 
data are expressed as 24 hour average concentrations of acid gas and the 
average annual means are shown in Fig. 28; the average maximum 24 
hour levels for each year are shown in Fig. 29. The SPCC has adopted 
the WHO annual mean standard for acid gas of 60 µgm 3 as a guideline 



Effects of meteorology ~ 

and it is clear from Fig. 28 that this standard has been exceeded in the 
past. Throughout the 1970s the levels fell but the early 1980s produced 
some rise in levels. In this chapter it is shown that a significant part of 
this variation may be due to changing meteorological conditions alone. 

The results for the dust d·eposition rates averaged over the stations 
given in Table 42 are shown in Fig. 30 {NSW State Pollution Control 
Commission, Annual Report 1980d). The SPCC considers the level of 4 
g/m2/month as the level at which complaints may be expected and as the 
threshold level of dust pollution from coal mining activity in the Upper 
Hunter Region for which compensation may be possible. On that basis 
the dust levels in Newcastle are high. However, it is clear from Fig. 30 
that dust deposition levels have decreased markedly since 1959 and the 
continuing downward trend is encouraging. 

The data collected by the SPCC for suspended matter and ozone as 
well as the average acid gas data for seven stations available since 1975 
are shown in Figs. 31 and 32. The average levels for each year are shown 
in Fig. 3 I and the average maximum levels for each year are shown in 
Fig. 32. The seven stations used to obtain the average acid gas and 
suspended matter levels are shown in Table 42. Only one station 
(Adamstown) collects the owne data shown in Figs. 31 and 32. 

As indicated in Table 43 the acid gas and suspended matter standards 
should be considered together. It is clear from Fig. 31 that the WHO 
annual mean standard of 60 µgm-3 for acid gas concentrations is not 
violated for the 1975-81 period although the results for only three 
stations in Fig. 28 for 1958-82 indicate there have been periods when 
this standard is violated. It appears that the 1982 levels may also violate 
this standard but the accuracy of these results has been queried and we 
discuss this in more detail later on. However, even if the acid gas annual 
mean standard is violated the suspended matter results in Fig. 31 are 
well below the adopted annual mean guideline of 40 µgm-3 so that the 
combined acid gas and suspended matter results indicate little cause for 
concern at present. 

The maximum acid gas levels shown in Fig. 32 show a recent marked 
increase exceeding the WHO standard for maximum 24 hour acid gas 
values of200 µgm-3• It is difficult to compare the recent acid gas levels 
directly with SO2 standards since work in 1983 {Bridgman 1983) indi
cates that the acid gas data may contain the effect of substantial 
components of other gases (such as oxides of nitrogen). Therefore the 
WHO standard will be used throughout as this standard refers specifi
cally to acid gas data collected in the way chosen in Newcastle. The 
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TABLE 42 Newcastle monitoring stations 

Station 

Station 

Suspcn•ded macter 
micrograms per cubic metre 
at O Degree C 24 hour s.implc 

Boolaroo Monthly average 
Ambulance Station standard deviation 
Main Road max. 24 hour average 

Kotara* Momhlyaverage 
Seaview Street standard deviation 

Ulmbton' 
ElderStre<:t 

Mayfield Ease• 
Mounter Street 

Newcastle• 
CityHa!l 
King Street 

Newcastle• 
Watt Street 

North Stockton 
Fullerton Strttt 

~'aratah• 
Tunon Road 

ma,c. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
mu. 24houraverage 

• Newcastle City Council opcraccd 

Air pollutant 

Acid gasn expressed as 
sulphur dioxide micrograms 
per cubic metre al 0 
degree C 24 hour sample 

Monthly average 
standard dcviacion 
max. 24 hour average 

Momhly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviacion 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour averai!e 

Monthly average 
standard deviation 
max. 24 hour aw,ragc 

Monthly average 
standard deviation 
max. 24 hour average 

Monthly average 
standard deviation 
max. 24 hour average 

Momhlyaveragc 
standard deviation 
max. 24 hour average 

WHO standard for acid gases of200 µgm-J was clearly violated in 1981. 
There has been some doubt about the 1981 results but it is shown later 
that the estimate given in Fig. 32 is reasonable. 

The standard adopted for total suspended particulates for 24 hour 
maxima is 260 µg/m3 but only one station (Boolaroo) in the outer 
suburbs monitors TSP. The TSP results at Boolaroo indicate that the 
TSP geometric mean standard adopted of 90 µg/m3 may be in danger of 
being violated but the Boolaroo station is at the nonhern end of Lake 
Macquarie and, given the suspended matter results, it is doubtful if 
these results are representative of the Newcastle area bu1 rather of 
factories at Boolaroo. The WHO standard for suspended matter of 
120 µglm3 for 24 hour maxima is well above the data shown in Fig. 32. 



TABLE 42 (Continued) 

Station 

Adamstown 
Fle1chuS1rcet 

Stockton 
Fullerton Street 

Fern Bay 
Braid Street 

Booluoo 
Cnr. l.al:.evicw& 
First Streets 

Monitoring Site • 

Broodme{dow 
Carrington 
Carr ington 
Carrington 
Hexham 
Kooragang Island 
Kooragang Island 
Kotara 
Mayfield 
M.iyficld East 
Mayfield West 
Newcastle 
Newcastle 
Rankin Park 
Stockton 
Stockton 
Tighes Hil! 
Wallsend 
Waratah 

• Newcastle City Council operated 

Effects of meteorology ~ 

Air pollut.ant 

Ozone pans per hundred million 
one hour average 
% daily one hour maxima 
-monthly average 
-standard deviation 
- max. one hour average 
NHMRC one hour goal 
-% time exceeded 
- no. days exceeded 

Fluoride (gaseous and particulate) 
micrograms per cubic metre at 0 
degree C weekly sample 
Fl\loride (ga s.coils and panicula1e) 
micrograms per cubic metre at 0 
degree C weekly sample 
TSP 24 hr sample over 6 d.iy cycle 
(as lead, copper, iron) 
cadmium 24 hr sample over 6 day cycle 

Dust deposition races • • 
grams per square metre per month 
one month sampling period 

65 Broadmn dow Road 
Bourke Street 
J>ub!ic Works Department 
10 Fitzroy Street 
Old Maitland Road 
Nol 
No I 
Woodlands Avenue 
lngal! Street 
Walsh Street 
Maitland Road 
City Hall 
Scott & Market Streets 
Morton Parade 
Ful!crton Street 
Pembroke Street 
27 Kings Road 
Richardson Street 
Lorna Street 

• • Expressed a,; combustible rru,un, n h, and insoluble solids. 
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Thus it would seem that, although the acid gas levels appear high, the 
particulate levels are low enough to avoid health problems. The dust 
deposition levels indicate that the aesthetic effects due to high dustfall 
levels may lead to complaints bur the trend in dustfall levels does appear 
to be downward. 

The TSP data collected by the SPCC at Boolaroo have been analysed 
for concentrations of lead. It is very likely that the adopted standard for 
90-day averages of 1.5 ~g/m3 for lead has been violated as annual means 
of lead concentrations recorded between 1975 and 1981 range from 2.2 
to 4.0 ~g/m3 (NSW SPCC Annual and Quarterly Air Quality Monitor
ing Reports, 1975-81). Such levels indicate that lead may be a problem 
due to nearby factory emissions but the contribution from motor ve
hicles is unclear. 
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FIGURE 31 The mean concentrations at seven stations for acid gas 
and suspended matter 24 hour readings, and for 1 
hour ozone levels at Adamstown monitor 
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FIGURE 32 As in Fig. 31 for maximum 24 hour readings of acid 
• gas and suspended matter, 1 hour o:wne readings and 

8 hour ozone readings 
The ozone data from Adamstown station shown in Fig. 32 indicate 

that the adopted NHMRC standard of 12 pphm (or approximately 
235 µ.g/m3 at 25°C) for I hour ozone levels is rarely exceeded ahhough 
the WHO 1 hour (6 pphm) and 8 hour (3 pphm or 60 µ.g/m3) standards 
often arc violated. The new Australian Design Rules (ADR) for motor 
vehicles which begin taking effect from 1986 on new model cars may 
alleviate 1he smog problem. However, in an industrial city such as 
Newcastle, where the contribution to NOx levels from industry should 
be substantial, it would be desirable to estimate the relative contribution 
to the precursor gases of photochemical smog (NOx and hydrocarbons) 
from industry and motor cars in order to estimate the effectiveness of the 
new ADR rules in reducing smog levels in Newcastle. Carbon monoxide 
data arc not available for Newcastle and the monitoring of this pollutant 
may indicate whether serious air pollution occurs due to motor vehicles. 
The monitoring of nitrogen dioxide would also be useful in determining 
1he causes of the ozone problem and whe1her this gas by itself causes an 
air pollution problem. 
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TABLE 43 Air quali ty standards used as guidelines by the SPCC 
(Ref: SP CC Quarterly Air Quality Monitoring Report, 
Vol 8, No. 2, 1982) 

Pollman\ StanCllmi Agency 

• Acid gases (24 hour) 60 µglm3 (Annual mean) WHO 
200µgim 3 {24hourmaximum)+ 

'Suspended matter (24 hour) 40 µgim3 (Annual mean) WHO 
120 µg/m3 (24 hour maximum)+ 

To1al suspended paniculate 90 µg/m3 (Annual geometric mean) NHMRC 
260 µg lm3 {24 hour maximum) USEPA 

Lead LS µg/m3 (90 day average) NHMRC'JUSEPA 

Carbon monoxide 35 ppm (1 hour maximum) WHO/USEPA 

Non-methane hydrocarbons 24 pphm (3 hours maximum) USEPA 

Nitrogen dioxide 17 pphm (1 hour maximum) NHMRC 
5 pphm (Annual arithmetic mean) USEPA 

Ozone 12 pphm (I hour maximum) NHMRC/USEPA 

Sulphur dioxide 14 pphm (24 hour maximum) USBPA 
2 pphm (Annual arithmetic mean) NHMRC 

• Acid gases and suspended matter considered in conjunction with one another. Here 
suspendedmatterrcferstopaniclesizcs intherange0. l-1 2µm and total suspended 
paniculatcs mpanicle sizcsinthe rangc0.1-IOOpm 

+ Not to be cxc«ded more than 2 per cent of1ime per year, and in that 2 per cent not 
on consecutive days. 

Pollutant 

Carbon monoxide 

Lud 

Non-methane hydrocarbons 

Nitricoxidc(NO) 

Nitrogen dioxide (NOV 
Nitrogen oxides (NOJ 

Ozone 

Sulphur dioxide 

Units 

ppm 

µgim3 {0"C) 

ppm 

pphm 

pphm 

pphm 

pphm 

Convcn to Multiply by 

mglm3 ( 0"C) 1.25 
mg/m3 (25"C) l.15 

pglm3 (25"C) 

mglm3 ( 0"C) 0.71 
mglm3 (25"C) 0.65 

µglm 3 ( 0"C) 13.4 
µglm 3 (2S"C) 12.3 

,.g1m3 ( 0"C) 20.S 
/£tlm3 (25"C) 18.8 

µglm 3 ( 0"C) 21.4 
pg/m3 (25°C) 19.6 

µg/m3 ( 0°C) 28.6 
µg/m3 (25°C) 26.2 

The fluoride levels are monitored at Fern Bay and Stockton by the 
SPCC and have been compared with the levels at Kurri Kurri where the 
Akan aluminium smelter is situated. The health standards adopted by 
other countries refer to 24 hour average values (for ex.ample see Stern 
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1977) and range from 1.3 to 30 µgm-3 as fluoride. The results for 
Newcastle are based on weekly averages and if only health effects are 
considered the reported annual averages in Newcastle of Jess than 
0.8 µgm-3 indicate no problems due to fluoride emissions. However, the 
effect of 1he new aluminium smelter at Tomago needs 10 be monitored 
and this is discussed funher in Chapter 6. 

The results shown in Figs. 28 to 32 show that fluctuations of air 
pollution concentrations with time may be substantial. The most exten
sive data sets in our possession are the acid gas data sets so the fluctua
tions in acid gas are studied in detail from now on in this chapter. The 
primary purpose of this study is to asccnain how much of the fluctua
tions is due to meteorological change. Only when this 'natural' effect can 
be estimated will it be possible to estimate the effectiveness of the 
emission controls currently operating and then to hypothesise worst case 
scenarios associated with future industrial development in the region. 

The effect of meteorological change on air 
pollution levels 
The results shown in the early part ofthis chapter indicate that the add 
gas levels changed significantly for each station during 1959-82. In fact 
extremely high levels toward the end of 1981 and at the beginning of 
1982 have led to the suggestion that the chemical analysis used in 
estimating acid gas levels may be in error. Cenainly it is not clear why 
levels should increase from 1980 to 1982 considering that the downturn 
in industry in the area should have led to a reduction in emissions rather 
than an increase. No emission data have been made available to us so 
instead an estimate is made here of how much of the variation in acid gas 
levels is due to meteorological change alone. This analysis is limited by 
the meteorological monitoring network since no meteorological data 
have been collected at the acid gas monitoring sites. We have chosen to 
use the data base from the meteorological station at the Williamtown air 
force base approximately 20 km NNE of Newcastle and near the coast. 
It has the most extensive and accessible records. 

The data set 
The first acid gas data set considered here consists of ten years of 
observations of daily levels measured by the Health Division of the 
Newcastle City Council at the Watt St, Mounter St and City Hall 
monitoring stations for the period January 1972 to December 1981. The 
readings are taken daily at 9.00 am for five days per week. Each reading 
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is an average of the previous 24 hours. After consultation with the 
Health Division and the New South Wales State Pollution Control 

Commission, three days of the Watt St data in late 1981 have been 

deleted. The subsequent conclusions are in no way affected by this 

deletion but this exclusion is discussed later. 
The meteorological data consist of ten minute average wind speed data 

recorded every three hours at the Williamtown Airport weather station. 
The wind speeds have been recorded on a Dines anemometer. This data 

set has been used to compute daily wind speed averages over the 9.00 am 
to 9.00 am periods for which the acid gas levels have been recorded. 

Model for predicting maximum acid gas levels 
The CRES air quality model for urban air pollution developed by 

Simpson et al (1983) has been used here to estimate the effect of 

meteorological change on maximum acid gas levels. This model is 
briefly described in Appendix VIL Simpson and Jakeman (1984) have 

applied the model on Wan St and Mounter St data using Willijlllltown 

wind speed data and achieved satisfactory results. However the model 

predictions of City Hall data were sometimes erratic though generally 
good. 

The CRES model has the capacity to incorporate the effect of the 
changing statistics of wind speed data on air pollution levels. The model 

estimates a factor, K, which is the product of emission strength and 

atmospheric stability. Simpson et al (1983) link this factor to the par
ameters of the model developed by Gifford and Hanna (1973) at the 

Atmospheric Turbulence and Diffusion Laboratory, Oak Ridge, Tennes
see, USA (see Appendix VI for details of the model). The ATDL model, 

in its simplest form (eg Hanna 1971), relates long-term averages of the 

air pollution concentration, X, and wind speed, u, by the equation 

X - CQ/u (5. 1) 

where Q is the area source strength ( µg/m2/s) and C is a constant 

theoretically dependent an atmospheric stability. Although theoretically 

C may vary from 50 to 600 depending on atmospheric stability, Hanna 

( 1971) has found in practice that it varies little with atmospheric stab
ility. For SOx (oxides of sulphur) data Gifford and Hanna have found 

that C"' 50 for"' 10 km square grids in urban areas. Hanna (1971) ha:s 
also shown that equation (5.1) yields reasonable results for SO, data even 

given the source specific and wind direction sensitive nature of SO, 

emissions. Given the data of Saw (1983) for 1979-80 SO2 emissions in 
Newcastle, it is possible to obtain an estimate ofQ"' 2.0 µg/m2/s for a 
10 km square grid in Newcastle City. Simpson and Jakeman (1984) 
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obtain a K-value of about 60-90 in 1979-80, so that C "' 30-45, a 
comparable value to that of Gifford and Hanna. In fact the ATDL C 
values att! derived from the means of the other variables in equation (5.1) 
while here the K factor is derived from the medians. The corresponding 
K factor needs to be increased 30-40 per cent, leading to a C-valuc of 
about 50. 
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FIGURE 33 Comparison of observed and predicted maximum acid 
gas levels at Watt St station for 1959-81 

The predicted maxima are compared with observations in Figs. 33, 
34 and 35 for Watt St, Mounter St and City Hall, respectively for 
1959 to 1981. It is clear that the model predictions of the maxima 
are to within a factor of 2 for the first 2 stations but not as good for 
City Hall. The variation of K is shown in Fig. 36 for these 3 stations 
and the combined data set of the 3 stations, the latter values probably 
yielding a better estimate of the average trends iiven the large 
fluctuations in K. It is interesting to note in Fig. 36 that there is 
agreement between the relative decrease in emissions after 1971 
(indicated by the decrease in K-values) and the historical evidence put 



@ Air quality and resource development 

forward by Moore (1982) of the introduction oflow sulphur coal for 
combustion at that time. 

It is also noticeable that some of the high maxima recorded in 1981 
(eg at Watt St) do not need to be explained by an increase in 
emissions. For instance, the maximum ticid gas reading in Watt St in 
1981 was about double that in 1980 although the K-values are about 
the same. This is just one example of how a change in wind statisti~ 
(or regime) from one year to the next may substantially change the 
maximum levels recorded. In fact the results in Figs. 33 to 35 show 
that maximum levels may change by a factor of 4 to 6, and about half 
of this change is directly due to the change in wind regime. The 
other changes are due to changes in the K-value which may be partly 
dependent on meteorological change but should mainly reflect 
changes in emissions. 
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FIGURE 34 As in Fig. 33 for Mounter St station 
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FIGURE 35 As in Fig. 34 for City Hall station 

240 

200 

1 160 

3-120 
u z 
0 
U 80 

40 

AV. 
CITY HALL 
WATT ST. 
MOUNTER ST. 

1956 1960 1964 1968 1972 1976 1980 1984 1988 
YEAR 

FIGURE 36 Variation in K-factors for each of Wan Sc, Mounter St 
and City Hall acid gas data sets as well as for the 
average for all three sites for 1959-81 
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Using a statistical distribution to obtain the estimate of the observed 
maximum also is a good Way of handling 'outliers' or spurious data. An 
example of this is shown in Fig. 37 where 1981 acid gas obst:rvations are 
plotted on a lognormal scale using all the available data including the 
suspect data left out by the SPCC. The reading at over 500 µgm-3 is an 
obvious outlier and is ignored by using the statistical fit to the data. 
Using a 2-parameter lognormal distribution to represent the obser
vations in Fig. 37 yields an expected maximum of 260 µgm-3 The four 
days of data left out by the SPCC in its 1981 quarterly repon for Oct
Dec were 250, 293, 559 and 246 µgm-3 leaving the highest value 
reported as 188 µgm- 3• Clearly the SPCC may have been conservative in 
their approach and this is one example of how the use of the statistical 
distribution yields a more objective basis for recognising outliers. One of 
the reasons for ignoring the values of over 200 µgm-3 may have been 
that since the emissions should have reduced in 1981 the increase in acid 

gas levels appeared suspect. In fact this increase in acid gas levels can be 
explained by considering the meteorological change alone. • 
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FIGURE 37 The cumulative frequency distribution for Watt St 
acid gas data in 1981 comparing observations with the 
lognonnal statistical fit 
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There has also been some question about the validity of the 1982 acid 
gas results recorded in Newcastle. We have compared the cumulative 
frequency distribution of the observations from Watt St station and the 
model used to fit them using the first 10 months of data for 1982. There 
was a reasonable fit and both the estimated maximum and the measured 
maximum results yield a maximum concentration of approximately 
400 µgm- 3• The model identifies a K value of over 200, more than twice 
as high as for 1972 to 1981. It is unlikely that emissions increased that 
dramatically from 1981 to 1982. Given the economic downturn it is 
likely that they decreased so the change must be due either to a 
substantial change in atmospheric conditions or the results are spurious. 
Before advocating the latter it would be important to understand more 
clearly how atmospheric conditions might drastically affect the acid gas 
levels. The work of Dixon (1984) indicates that inversion effects and 
long range transport from outside Newcastle may be important. The 
latter effect especially would lead to inaccuracies given the limitations of 
the model used. However, recent work by Bridgman (1983) does indi• 
cate that recent acid gas records may be in error, while Dixon (1984) has 
shown that the acid gas data sets have a consistency across monitoring 
sites which suppom their acceptability at least as a relative indication of 
acid gas pollution in Newcastle. Nevertheless the K-factors obtained 
here for,1979- 80 agree with the work of Gifford and Hanna (1973) who 
have applied the ATDL model to many different urban siruations. 

Worst case scenarios 
The results in the previous section allow the formulation of worst case 
scenarios for Newcastle based on 30 years of wind speed data available 
from Williamtown. The CRES model may be used to predict the 
expected fluctuations in maximum acid gas levels due to meteorological 
change (eg see Appendix VII). The factor, (.B)2.94;o:, indicates the effect 
of changes in wind speed statistics on maximum 24 hour average acid 
gas levels, where o: and {3 are the geometric mean and geometric 
standard deviation, respectively, of the lognormal statistical distribution 
representing the wind speed data. The variation of this factor for 
Williamtown wind speed data is shown in Fig. 38. It may be seen from 
Fig. 38 that the years 1959, 1960 and 1966 appear to represent the most 
extreme fluctuations in meteorological behaviour likely to lead to highest 
pollution episodes in the period 1951-81 , and the years 1957 and 1974 
the lowest. Using the CRES model it is possible to predict the maxima 
expected in such meteorological conditions under various scenarios of 
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emissions. It is also possible to estimate the number of violations of 
various standards. Here violations are considered for the WHO acid gas 
standards of an annual mean of 60 µ,g/m3 and a desirable maximum 24 
hour average of 200 µ,g/m 3. 
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FIGURE 38 Variation of the meteorological factor 
for the years 1951-81 

Table 44 shows the results of using emission scenarios based on the 
present average for 1972-81 for the 3 sites considered in the last section 
and staged increases of these emissions. Using the average CRES model 
parameter Kand the suggested corresponding ATDL parameter for SO2 

data then the average emission load at present in the Newcastle area is 63 
tonnelm2/year or 6300 tonne/year for a lO km square grid in the central 
Newcastle area. The data of Saw (1983) for the central Newcastle area 
which are based upon estimates of fuel inputs to industrial processes 
suggest a total for SO2 emissions of order 6000-7000 tonne/year for 
Newcastle industry, so the adopted value is reasonable. It is clear from 
Table 44 that a doubling in present acid gas emissions may lead to 
significant violations of the WHO 24 hour maximum acid gas levels as 
well as violating the WHO annual mean standard of 60 µg/m 3. It is 
notable that such violations could occur two years in succession and 3 
out of 8 years, given the data in Table 44. It is also clear 1hat there will 
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TABLE 44 Worst case scenarios with prttent and projected 
changes in acid gas emissions 

Emission load 

Present• 

25% increase 

50o/o increase 

100% increase 

Present 

25%inc rease 

50% increase 

100% increase 

Xm 

Xm 
p 

Xm 
p 

M aximum concent rat ion Xm (J<glm3) and 
percentage, P, of violations of WHO standard of 

200 1'glm3•• 

187 

234 
0 .7 

281 
1.5 

374 
4.6 

51 

68 

High 
pollution years 

41 

50 

66 

180 

225 
0 6 

270 
1.4 

45 

54 

72 

L,w 

pollution years 

84 

105 
0 

126 
0 

33 

101 
0 

122 
0 

• Prese nt emission load 6300 tonne/year {average 1972-8 1). 

• • Nol IO be acceded mo re than 2% of the time, and not on consecu tive days within 
that 2%. 

be years when neither standard is in any danger ofbeing violated even if 
the emissions are more than doubled. 

Of course the acid gas standards should be considered in conjunction 
with suspended matter data. There are no detailed records of suspended 
matter available except for the published annual means and maximum 
24 hour levels since 1975. Nevertheless Simpson et al (1983) have 
shown that the CRES model is applicable to TSP data in Brisbane and 
carbon monoxide data in Canberra, and the CRES model has been 
successfully applied to acid gas data in Newcastle at which suspended 
matter data are also recorded. Therefore it is not impractical to apply the 
CRES model to the suspended matter. The model predictions for 
suspended matter 24 hour maxima from 1976- 81 for Mounter St, Watt 
St, and City Hall data are compared with the observed maxima in Table 
45 (we had only the means available before 1975, not the maxima). 

Certainly the results are encouraging. Consequently the model has 
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been used to estimate a mean suspended matter emission rate using the 
mean CRES model parameter (K = 21) and the ATDL par,,meter for 
TSP. The ATDL parameter for TSP should be the same for suspended 
matter as it is only a function of meteorological conditions and the 
spatial nature of the source strengths, both of which should be similar 
for suspended matter and TSP emissions. As mentioned previously the 
medians of the data an: used while the ATDL parameters refer to the 
means leading to an adjustment of 60-70 per cent. The adopted ATDL 
value for C is C ,.,_, 225, which yields a value of,.,_, 145 for comparison 
with our K-factor. This leads to an estimated mean emission for the 10 
km square in Newcastle city for 1975-81 of approximately 500 tonnes/ 
year of suspended matter. On the basis of fuel inputs and technological 
assumptions Saw ( 1983) estimates that the total paniculate emission load 
in central Newcastle including dustfall in 1979-80 was over 4000 tonne/ 
year. Without knowing the proponion of the paniculates with diameters 
between 0.1 and 10-12 µm it is not possible to gauge the accuracy of the 
chosen emission factor but it does appear to be of the right oi-der of 
magnitude. 

TABLE 45 

Station 

Mounter St Wa11S1 City Hal! 

,. ,. ,. ,. 
]976 39 47 33 
1977 38 59 47 44 33 39 
!978 37 38 28 27 25 30 
1979 21 21 40 28 36 28 
1980 57 37 44 33 39 33 
1981 39 35 36 35 37 31 

Given this estimate it is then possible to repeat the analysis that was 
carried out for acid gas to consider worst case scenarios from the 
meteorological regimes monitored at Williamtown from 1951-81. The 
results are shown in Table 46. It is clear that suspended matter levels 
would have to increase fourfold in order for the WHO annual mean 
standard of 40 µg/m3 to be violated and also for the occurrence of a 
significant number of violations of the WHO maximum 24-hour aver
age value of 120 µg/m3• 

Therefore in order for serious health problems associated with the 
combined effect of acid gas and suspended matter to occur it would 
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appear that the acid gas emissions need to double and the suspended 
matter emissions need to increase four-fold. However, it is important to 
note that the estimate of acid gas emissions may be lower than the actual 
(Saw 1983). Also the estimate of K in the model is probably only 
accurate to within a factor of 2. Therefore it probably would be advisable 
not to allow acid gas emissions to rise any further in the Newcastle area. 
The estimate of suspended matter emissions also may be an underesti
mate. Nevertheless it would appear that suspended particulate emissions 
may be allowed to increase slightly without due cause for concern given 
the low levels recorded. Of course as mentioned previously the dustfall 
levels are high so it would appear desirable to concentrate particulate 
control on the larger particle sizes. 

Conclusions 
The results in this chapter clearly indicate that, in estimating air quality 
levels, as extensive a data base as possible is necessary. Chapter 4 
considered SO2 levels in the Upper Hunter Region due to Liddell power 
station for a data base spanning less than two years in 1980 and 1981. By 
comparing the meteorology of those two years with other years it was 
suggested that significant increases may occur due to changing meteorol
ogy. In this chapter the magnitude of the change possible becomes quite 
clear. Due to different meteorological factors the maximum acid gas 
levels may also change by almost a factor of 3 in one climatological 
period. 

It is acknowledged that the air pollution problems in Newcastle and 
the Upper Hunter Region will be affected in different ways by meteoro
logical change. In Newcastle there is a variety of low level releases 
sensitive to meteorological circulation patterns such as those suggested 
by Dixon (1984). In the Upper Hunter Region the high level releases 
from a few elevated sources were considered to be sensitive to the 
number and heights of inversions. The work in this chapter underlines 
the danger of using a short meteorological data base to estimate an air 
quality impact. 

There appear to be air quality problems in the Newcastle area due to 
high acid gas and ozone levels and dustfall. There is also a lead problem 
at Boolaroo. The ozone problem probably will be alleviated by the use of 
unleaded petrol which will, with the use of catalytic converters on 
vehicles, reduce emissions of the precursor gases for the formation of 
photochemical smog. It is likely, however, that the lead problem at 
Boolaroo is due more to industrial rather than motor vehicle pollution. 
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It is suggested that monitoring of carbon monoxide and nitrogen 
dioxide should be undertaken to examine both the contribution to air 
pollutants from motor vehicle emissions and the contribution by indus
try. At present acid gas levels may be quite high but the suspended 
matter levels are low enough to prevent a serious health problem due to 
the combined effects of acid gas and paniculates. It would appear that 
any significant increase in acid gas emissions above the present could 
lead to acid gas levels above the WHO standards. However, a substantial 
increase in suspended paniculate emissions (at least a doubling of 
present emissions) would be needed to violate the WHO suspended 
matter standards. Since the effects of acid gas and suspended matter 
need to be considered together there seems little cause for concern at 
present about the effect of these pollutants in Newcastle. However, the 
dustfall levels are high enough for a loss of social amenity to be 

TABLE 46 Worst case scenarios with present and projected 
changes in suspended matter emissions 

Mean concentration (µ.glm3) (WHO standard • 40 l'glm3) 

Emission load 

Present 
Doubling 
Tripling 
Four times more 

Emission load 

Present Xmu 

Doubling Xmo~ 

Tripling Xmax 
P(%) 

Four times more Xmu 
P (%) 

High Low 
pollution y,:ar5 pollution y,:ar5 

1959 1960 1966 1957 

10 IO II 7 
20 20 22 14 
30 30 33 21 
40 40 44 28 

Maximum 24 hour concentration (µ.glm\ Xm, 
and percentage (P) of violations of 

WHO standard • 120 l'g/m 3• 

Low 

1974 

14 
21 
28 

High 
pollution years pollution years 

1959 1960 1966 1957 1974 

56 ,, 54 25 24 
112 110 108 50 48 

168 165 162 75 
1.6 1.4 1.4 0 

224 220 216 100 96 
4 .7 4.2 4.8 0 0 

• 98% of observations should fall below this standard 
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occurring although the trend is downward. It would appear then that 
dust control should concentrate on controlling the larger particle sizes. 

Given the sensitivity of air quality monitoring results to meteorologi
cal change it is recommended that monitoring stations be established 
which would continuously record all the major pollutants (SO2, ozone, 
TSP and NOx) as well as continuously monitor wind speed and wind 
direction. It is acknowledged that the work here does not estimate the 
effect of long range transport of SO2 from sources outside Newcastle. A 
detailed study is required to assess such impacts. 
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Major industrial sources in the 
Lower Hunter Region 

Introduction 
In this chapter particular attention is paid to the major industrial sources 
in the Lower Hunter Region outside of Newcastle which could be 
expected to contribute significantly to air pollution levels. The sources 
considered are the power stations south of Newcastle, the Alcan alu
minium smelter at Kurri Kurri, and the new aluminium smelter which 
commenced operation at Tomago in September 1983. The air pollutants 
of concern are fluoride and sulphur dioxide emissions from the alu
minium smelters and sulphur dioxide emissions from the power sta
tions. The construction of the proposed Lochinvar aluminium smelter 
has not' proceeded because of economic circumstances but the possible 
impacts, if such a proposal were again considered, are also discussed. 

It is made clear here that the data base available is somewhat scant and 
recommendations are made to improve on this. It would appear from the 
results presented, however, that the fluoride levels give cause for caution. 
The sulphur dioxide emissions from both 1he power stations and the 
aluminium smelters may also exacerbate the acid gas problem in New
castle. This chapter stresses that both future sulphur dioxide producing 
development in the Lake Macquarie area and future acid gas producing 
development in the Newcastle, Maitland or Cessnock areas be treated 
with caution. 

The industrial sources 
All power stations in the sub-region are coal-fired and operated by the 
NSW Electricity Commission south of Newcastle. They are Wangi A 
(150 MW), Wangi B (180 MW), Vales Point A (875 MW), Vales Point B 
(1320 MW), Munmorah (1400 MW), and Eraring (660 MW) (see NSW 
Electricity Commission, Annual Report 1982). The locations of these 
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stations are shown in Fig. 39. The Eraring power station will eventually 
have a capacity of2640 MW. Thus the potential total power output for 
all of these stations is 6565 MW, all base load requirements. A rough 
comparison of the S02 emissions due to these power stations with other 
sources in the region is given in Table 47. 

TABLE 47 Rough estimates of S02 emissions from major sources 
in the Hunter Region 

Source 

Electricity Commission 
ofNSWPowerStations 

Wangi 
Munmorah 
Vales Point 
Liddell 
Eraring 

Bayswater 

Subtotal 

Tomago Aluminium 
Smelter 

Kurri Kurri Aluminium 
Smelter 

Broken Hill Pty Ltd 

Fertiliser plants 

TIJTAL 

Annual 
SO2 Emissions(kg:< 106) 

1.5( JB0MW) 
11.0(i400MW) 
14.0(1320MW) 
20.0(2000MW) 
27.0(2640MW) 

Calculated from 
estimated coal • 
useinl982 
multiplied 
by0.45% 

~(1320MWby 1986) by0.7%S 

99.5(8860MW) 

Based on EIS 
21.3 

2.9 

4.2 

14i"":o:t106 kg/yr 

Based on EIS 

Coal burning 
proccsses0.26%S 

Assume:sfullproductionin allcase:s 

Source; Rothwe!leta/(1984). 

The location of the alumini.um smelters at Kurri Kurri and Tomago 
is also shown in Fig. 39, and the projected S02 emissions due to 
Tomago and Kurri Kurri (including the recent extension) are given in 
Table 47. It is clear from Table 47 that the S02 emissions from the 
power stations in the Lower and Upper Hunter contribute most to the 
total S02 load. However, the S02 emissions from the aluminium smelt
ers are also significant compared to those of the major industries in 
Newcastle. Therefore the S02 levels are first studied, and then the 
fluoride levels near the aluminium smelters. 
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Sulphur dioxide levels 
The S02 emission estimates referred to in the previous section suggest 
that the power stations to the south ofNewcastle significantly add to the 
total S02 emissions in the Hunter Region. The 'control' strategy 
adopted to ensure that ground level concentrations of S02 do not exceed 
guidelines is the same as for the power stations in the Upper Hunter 
Region, namely use of the 'tall-stack' approach. T his approach requires 
the construction of tall stacks with buoyant plumes which allow the 
dilution of S02 concentrations to acceptable levels by the time that the 
plumes reach ground level. 

From Chapter 4 it is evident that the maximum levels to be expected 
due to each power station in a given location are not usually additive at a 
panicular time. This is also true in the Lower Hunter Region where the 
stations are well spaced. So it is the effect of each power station which 
needs to be considered in turn when high ambient pollution levels are 
being investigated. The NSW Electricity Commission has supplied S02 
data monitored at a number of sites in the area. These moni1oring sites 
are all close to 1he power stations in question and so cannot be expected 
to record the maximum levels possible due to each power station. 
However, these data do show the fluctuations that can occur from year to 
year. The time periods and the completeness of each data set are shown 
in Table 48. The number of times half hour average S02 levels above 5 
pphm were recorded is shown in Table 49. 

The levels recorded are quite low compared to the short term S02 
standards considered in Chapter 4. The lowest hourly standard Oapan) 
considered is I O pphm and the only half hourly standard considered (W. 
Germany) is 30 pphm. However, work in Chapter 4 indicates that the 
monitoring network for point sources needs to be both carefully chosen 
and extensive. Certainly any assessment of impact for point sources 
needs to be accompanied by a modelling exercise. 

No models were used in our study. Instead, the results of the model
ling exercise of James et al (L983) for the Hunter Region are considered. 
T he James et al model estimates annual averages for S02 levels to be in 
the range 4-6 µg/m 3 (approxima1ely 0.15-0.23 pphm). These are esti
mates resulting for emissions from both present and proposed develop: 
ments in the region. The model predicts maximum 3 hour S02 ground 
level concentrations of around 400 µg/m3 (approximately 15 pphm). 
This level is likely to occur when the Eraring power stalion is running at 
full capacity. They note 1ha1 although this estimated maximum S02 
level is below the USEPA 3 hour standard (50 pphm or 1300 µg/m3) it 
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violates the West German 3 hour standard of 270 µg/m 3 and is close to 

standards set in some American states such as Delaware (450 µg/m 3). 

They also note that 3 hour levels in excess of 200 µg/m 3 (7.7 pphm) 
would not be exceeded more than 20 per cent of the time in the Lake 
Macquarie area. These modelling results are consistent with the conclu
sions that present S02 emissions do not cause serious problems but the 
proposed full operation of EI-aring may do so. However, the conclusions 
in Chapter 4 suggest that the modelling results of James et al ( 1983) and 
the monitoring results shown in Table 50 need to be treated with some 
caution. 

TABLE 48 Data sets for power stations south of Newcastle
Percentage of data available and extent of each 

StationNear 

Eraring/81 

Vales Pt /80 

Vale$ Ptl8 1 

Munmorth/74 

Munmorah/75 

Munmorah/76 

Munmorah/77 

Munmorah/78 

Munmorah/79 

Munmorah/80 

Munmorah/81 

0- 30% 

Momhs 

JFMAMJJA SON D Notes* 

X 

I I X X X 
I X X I X X X 
I I I X I 

X X X 
X I X X X X X 

X 
X X I X X X X 

XXXX73%data 

X X X 

X X X X X 
X X X I X 
X I X X X 

I X X 
X X I 62%data 

I X I I I 
X X X X X 
X X X 

• % data is for all months for which some data c:xists 

It was argued in Chapter 4 (where the current impact of Liddell power 
station was considered) that the monitoring results and the models used 
were critically dependent on the effects of atmospheric temperature 
inversions. This was also true in considering the future impact of 
Bayswater power station. For instance, it was important that the length 
of the monitoring data included periods representative of serious inver
sion influences. The work of Dixon (1984), shown in Tables 24 and 25, 
indicated that 1980 and 1981 were not years where a large number of 
low level inversions occurred. Thus the Vales Point and Eraring S02 
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data covering the years 1980-81 and 1981 respectively, may not be 
reflective of possible fluctuations. The Munmorah data set from 1974-
81 shown in Table 50 indicates fluctuating levels from 0-15 pphm but 
there is no clear dependence of these fluctuations on the behaviour of 
the inversions at Williamtown as reported by Dixon (1984). 
TABLE 49 Number ofSO2 measurements ( l/2 hour average) above 

5 pphm for power stations 

StationfYear 

Eraring/81 

Vale, Pt/SO 

Vales Pt/81 

Munmorah/74 

Munmol'llh/75 

Munmol'llh/76 

Munmol'llh/77 
Munmorah/78 

Munmorah/79 

Munmorah/80 

Munmorah/8 1 

Months• 

JFMAMJ J ASOND 

15 

2 I 

• For 2ll months with more than 30% d.ua. 

TABLE 50 Maidmum SO2 levels, in pphm, ( 1/z hour averages) for 
power stations 

Station/Year 

Eraring/81 

Vale, Pt/80 

Vales Pt/81 

Munmorah/74 

Murunorah/75 
Munmorah/76 

Munmorah/77 

Munmorah/78 

Munmorah/79 

Munmorah/80 

Munmorah/81 

Months• 

JFMAMJJA SOND 

000002 0 0 0 

2 3 2 2 2 3 3 3 2 0 0 

2 0 0 0 I 2 

7 3 
I 15 2 3 

0 3 3 2 2 4 I 2 5 
5 2 2 2 3 2 5 S 
4 5 0 
2 l 2 I 2 2 I 2 I 0 

2 2 2 4 8 3 
2 I 2 3 2 2 2 2 2 I 

• For all months with more than 30% data. 



.Major industrial sources ~ 

The model used by James et al (1983) is the SCA (Smeared Concen
tration Approximation) model of Dennis ( 1978) which incorporates the 
Gausian plume point source modelling approach used in Chapter 4. As 
shown there, the model results are critically dependent on inversion 
effects which are not incorporated into the SCA model. Certainly the 
fluctuations in SO2 maxima shown in Table 50 indicate the possible 
impact of meteorological fluctuations but it is unlikely that these moni
tors measure the maximum levels (as did the network in the Upper 
Hunter Region). It is then quite reasonable to agree with James et al that 
the extension of Eraring power station may lead to high maximum levels 
and add that it is not clear that even the USEPA 3 hour standard of 
50 pphm would not be exceeded under trapping conditions (as discussed 
in Chapter 4). 

The latter point is reinforced by the SCA model results of James er al 
for Bayswater and Liddell power stations. They estimate 300 µg/m3 

(I 1.5 pphm) as the maximum 3 hour SO2 levels to be experienced, 
significantly less than our estimates in Chapter 4. Therefore the rec
ommendations of the James et al report not to introduce any new 
industries producing SO2 in the region around Lake .Macquarie need to 
be treated with sympathy. However, monitoring exercises for SO2, NO1 

and particulates would help clarify the uncertainties and would need to 
be undertaken in the face of proposed development. Ideally, it is the 
combiried effects of these three pollutants which should be considered. 

The contribution to SO2 levels from the aluminium smelters at Kurri 
Kurri and Tomago is less clear. The results in Chapter 5 suggest that 
acid gas levels in Newcastle are already at a level of some concern. The 
proximity of the Tomago smelter to N ewcastle could exacerbate this 
problem given the emissions presented in Table 47. However, Newcastle 
City Council Health Division (Fullick 1984) reported that there had 
been no additional effect perceived by their acid gas monitors during the 
first few months that the Tomago smelter was in full operation. James et 
al (1983) also advise caution in allowing any new developments which 
would produce acid gases in the N ewcastle region. They argue that if 
the Lochinvar aluminium smelter development had proceeded, then 
.Maitland would also be reaching an upper limit to acid gas producing 
industry. The maximum 3 hour SO2 levels near Kurri Kurri were 
estimated by them to be in excess of200 µg/m 3 (7.7 pphm) so that any 
increase in industrial development in that area would affect Cessnock as 
well. 

Quite clearly a more extensive data collection network is necessary to 
more accurately estimate future impacts in the area south ofNewcastle. 
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Fluoride levels 
Table 51 contains some relevant data for the effects of ambient fluoride 
levels. Health and material effects are not considered because the levels 
necessary for damage are far in excess of those necessary to kill sensitive 
vegetation. The daily human intake of fluoride inhaled from ambient air 
is only a few hundredths of a milligram which represents only a small 
fraction of the normal total fluoride intake (see Appendix I). 

Animals, on the other hand, may additionally be exposed to fluoride 
from ingested fresh forage or hay, feed supplements and the water supply 
in areas where fluoride pollution is a problem. The damage thresholds 
for animals in Table 51 have been obtained from controlled experiments 
where a relationship has been assumed between forage concentration 
and ambient concentration (Suttie 1969). The damage thresholds speci
fied for vegetation relate to injury defined as any measurable effect on 
the plant as a result of exposure. 

The NSW State Pollution Control Commission (1980b) rep6rt on 
pollution control required for aluminium smelting suggests that plant 
species be graded as 'sensitive', 'intermediate', and 'resistant', to fluoride 
damage. Based on this grading the report indicates that visible damage is 
noticeable when foliar fluoride levels are about 50 µgig for sensitive 
plants, more than 200 µgig for intermediate plants, and greater than 
500 µgig for resistant plants. SPCC data from monitoring at Kurri 
Kurri show that minor damage occurs in sensitive plants when 3-month 
ambient atmospheric averages are above 0.5 µglm3 in agreement with 
overseas data. For grape leaves, the report notes that significant damage 
is expected to occur for fluoride concentrations of25-30 µgig. However, 
the SPCC notes that, over a ten year period of monitoring at Pokolbin 
near Cessnock, where the major vineyards of the Hunter Region are 
established, _leaf fluoride concentrations as high as 48 µgig seem to have 
shown no damage on the vineyards. The ambient atmospheric concen
tration recommended as a threshold for an average of a growing season is 
0.1 µglm3, which is more stringent than that suggested in Table 51. The 
results for Western Australian vineyards cited in 1he SPCC Report 
indicate that leaf damage in sensitive grapes is noiiceable at around 
30 µgig of dry leaf and at ambient concentralions above 0.l µg/m3 

average during the growing season. 
James er al ( 1983) have used the SCA model referred to in the previous 

section to obtain estimates for the future operalions of the Tomago and 
Kurri Kurri aluminium smelters. The results show a significant increase 
in fluoride levels in the north-cast ofthe Lower Hunter Region with the 
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new Tomago smelter in operation. Their model predicts that the annual 
average concentration of total fluoride in the region between K.ooragang 
Island and Raymond Terrace will increase from 0.l-.15 µg/m 3 to 0.15-
0. 2 µg/m 3 with the smelter in operation. Around Tomago itself they 
suggest the levels will rise to 0.5 µg/m3. 
TABLE 51 Fluoride effects 

Ambient 
fluoride 
levels 

VEGETATION 
long•term 
(growing 
season) 

I month 

short-term 
8hours , 

l2hours 

24hours 

J)0033-.00077 

.00055-.00220 

.00 11 0-

.00055·.00 110 

.OOJ!0-.00550 
00330-

.00083·.00220 

.00165·.00880 

.00770-

.00220-.00660 

.00550-.00330 

.02750-

.00165-.00550 

.00440-.0297 

.0242· 

.00110-.00440 

.00330-.02200 

.0165• 

0.3·0,7 

0.5-2.0 

1.0· 

0.5-l.0 
1.0-5.0 
30 

0.75-2.0 
1.5-8.0 
7.0 

2.0-6.0 
5.0-30.0 

25.0-

1.5-5.0 
4.0-27.0 

22.0 

1.0-4.0 
3.0-20.0 

15.0 

(average 
equivalent 
contributing 
ambient 

(forage) µglm3) 

ANIMALS 
Morethan3months 40 
Morethan2months 60 
More than l month 80 

Yearly average 40 

1. 5 
2.0 

LO 

Damage 

5% injurytoscnsitiveplants 
(gr:apes,gladioli,peach,plum, 
sorghum) 
5%injurytoimermediate 
plants(mostgr:asses,barley,rye, 
citrus,oats) 
5%injury to =istamplants 
(lucerne,mostvegetables) 

5%injurytosensitive plants 
5%injurytointermcdiate plants 
5%injurytorcsistamplams 

5%injurytoscnsitiveplants 
5%injury to intermediate plants 
5%injurytorcsistantplants 

5%injurytosensitiveplants 
5%injurytointermcdiate plann 
5%injurytorcsistantplants 

5%injurytosensitiveplants 
S%injury10imermediatep!ants 
5%injuryto rcsistantplants 

5%injurytosensitiveplants 
5%injurytointermediateplants 
5%injurytorcsistantplants 

Significantincidenceoflamenessin 
dairycauk,effectsongrowth,milk 
production,severeosseouslesions 
anddental fluorosis. 
Chemicalevidenceoffluoride 
ingcstion,discernablebu1non
damagingbone lesions,changes in 
dentitionwhichdonotaffcct 
wearing quality. 
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The ambient effect for Alcan with increased production but improved 
emission control technologies, as estimated by James et al, is a decrease 
over 1979-80 emission conditions in the seasonal average of fluoride 
concentrations in neighbouring vineyards, with all predictions below the 
SPCC limit of 0.1 µ.g/m3. However, there would be a 14 km2 area 
around the smelter with concentrations of gaseous fluoride above 0.2 µ.g/ 
m1 for a seasonal average and an area between 5-10 km2 with levels 
above 0.5 µg/m 1. James et al suggest 'these levels will almost certainly 
cause moderate to severe damage to vegetation and possibly induce 
fluorosis in animals'. James et al ( 1983) also note that the meteorological 
conditions assumed in the model are averages taken at Cessnock over the 
period 1976-80. Thus the estimates for the concentrations at 1he vine
yards may be higher in certain seasons than the 0.08 µ.g/m 3 predicted. 
James et al also report that the fluoride emissions from the power 
stations have negligible effect (as shown in Chapter 4 for the Upper 
Hunter power stations). , 

In Chapter 5 it was noted that acid gas mean levels could be expected 
to vary up to 50 per cent over a 30 year period due to meteorological 
fluctuations alone. This supports the caution stressed by James et al 
about future fluoride levels since the SPCC limit of 0.1 µg/m3 is for a 
re latively short meteorological data base and it is predicted to be near 
violation. Certainly the aluminium smelter planned at Lochinvar could 
have been expected to increase the levels. 

Some monitored data collected by the Kurri Kurri and Tomago 
aluminium companies have been supplied to us by the SPCC. These 
recordings are now briefly discussed. It should be appreciated that 
because of the measurement method used and the effect of sampling 
errors, there is a more than usual unreliability associated with these data. 

KurriKurridata 
In Table 52 the gaseous fluoride concentrations recorded at a number of 
stations are shown for 1983 and 1984. It is clear that a growing season 
average of0.I µg/m 3 is not being exceeded at the vineyards monitored, if 
the annual average is studied, but is clearly in danger if the monthly 
averages are considered. The results underline the need for continued 
monitoring in the area. 

The fluorine content ( µgig dry weight) in vine leaves at various 
vineyards is shown in Table 53. Generally these results support the work 
cited elsewhere by the SPCC report: that if the ambient gaseous fluoride 
levels are below 0.1 µg/m1 then the fluorine content in leaves is less than 
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the standard of 25-30 µgig. It is noticeable too from these results that 

there is some danger in allowing any new industry into the area that adds 

significantly to the fluoride emissions. 

TABLE 52 Kurri Kuni gaseous fluoride data (µ.glm3) 

Site 

YaW3rr:a 
Rcsl6 ! 
J. VanAd,cr 
Bishops Bridge 
Rothbury Estate 
McWilliams 

Ann1.12l aver.age• 

Location+ 1983 1984 

SE2 .23 .58 
SI.OS .08 .09 

WNW3 .12 .08 
NW5 .05 .07 
Wl6 .06 .05 
Wl8 .05 .05 

+ SE2 • 2 km SE of A!can smelter, ctc 

• 1984 data only for Jan·Scpt. 

Mu. 
monthly aver.age• 

1983 1984 

.62 
.24 .15 
.28 .22 
.13 .16 
.12 .09 
.17 .II 

Examination of the fluoride content in forage near Kurri Kurri yields 

a similar result. Forage within a few kilometres of the smelter exceeds 

the suggested levels given in Table 51 (up to a yearly average of71 ppm, 

and a momhly average of 252 ppm) but not beyond a 5 km radius. In 
fact, the two sites which have yielded the highest levels are within 2 km 
of the plant and hence in the buffer zone owned by the company. While 

there is some grazing between 2 and 5 kms, the levels monitored. are 

acceptable in this zone. The fluoride analysis of citrus fruits and 

vegetables 8-14 km away also indicates low levels. An analysis of 

fluorine levels in sensitive vegetation such as Angophora bakeri and 
Eucalyptus maculata indicates that in 1983-84 annual averages were not 

above 50 µgig up to 5 km from the smelter. 
The monitored data reported in Tables 52 and 53 for the Alcan smelter 

are the result of emissions from Lines I and II. Line III began operation 
in early 1985 and adds up to 50 per cent to the recent overall emission 
load. However, there is not expected to be any increase over 1983-84 
levels because of recent control introduced on emissions from the bake 

plant (Mitchell 1985). Given the unreliability that is presently associ
ated with monitored data and the potential for meteorological influences 

not present in 1983 and 1984, the following is clear: first, continued 
ambient, vegetation and forage monitoring in the area is warranted; and 

second, any further emission increases in the area impinged by the Alcan 

smelter, as would haved occurred with a smelter at l..ochinvar, must be 
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considered with extreme caution. In Chapter 8 a particular policy 
approach is proposed for ensuring that fluoride emissions be kept within 
reasonable limits to avoid damage to sensitive recepto~ such as grape
vines. It is an incentive,policy based u!)On pollution taxes in proportion 
to actual fluoride levels measured in vegetation species. 

TABLE 53 Fluorine in vine leaves (µg/g dry weight) near Kurri 
Kurri 

Si1e (grapc) 

Millstone 
(Shiraz) 

George Hunter 
Estate(Shiraz) 
Al!andale 
{Scmillon) 

Bellbowrie 
(Semil!on) 

I..ake5 Folly 
(Shiraz) 

ScppchsPoko!bin 
(Shiraz) 

Rothbury Estate 
(Shiraz) 

Mc Williams 
(Shiraz) 

Tyrells 
(Shiraz) 

Toma!e<:Estale 
(Shiraz) 

WyndhamEsu.te 
(Shiraz) 

Glen Elgin 
(Shiraz) 

Tomago data 

1983/84 
Previous 
Season 

Location Oct Nov Dec Jan Feb Mar Av. 

NWJO 10 JO 19 29 

WNWII IS 19.l 

WNWIS 7 14.0 

WIJ 17 11.6 

Wl2 13 13 13 18.7 

W l6 JO 9 12.4 

WSW\8 JS 12.0 

Wl9 13 15.9 

NNW 16 JO 20 8 11.2 

NNW 16 10 12 10.6 

WSWl7 13 10 13 14 8 17.5 

Fluoride data around the Tomago aluminium smelter are available from 
December 1983, quite soon after the commencement of operations. The 
gaseous fluoride levels monitored are shown in Table 54. It would 
appear that the impact of the smelter is noticeable within 1-2 km. The 
monitoring network data supplied to us are not widespread enough to 
assess the impact further away although it would appear that monthly 
average levels of the order of0.06-0.lO µg/m 3 may be expected up to 5 
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km away. An analysis of the fluorine content of vegetation does not 
reveal any significant effects beyond a kilometre of the smelter, at this 
stage. 

Tomago plant became fully operational on October 26, 1984. The data 
in Table 54 do not go beyond July 1984 and therefore do not allow 
assessment of the full impact of the smelter. However, the State Pollu
tion Control Commission report (Dean 1985) that total emissions of 
fluoride are quite low at around .46 kg/tonne of aluminium. This figure 
is in contrast to levels expected in the early 1980s of about 0.6-0.8 kg/ 
tonne (Mitchell 1985). 

TABLE 54 Monthly average gaseous fluoride levels (ftglm3) near 
Tomago 

Location* 
of site NE3.5 Wl.4 El.7 NW4.6 Sl.l NWl.7 

1983 
j,o 
F,b 
M,, 

April 
M.y 
June 
July 

""' Sep 
Oc< 
Noe 
o~ 
1984 
J,o 
F, b 
Mac 
April 
May 
June 
July 

01 
.02 
02 

.02 

.03 
02 

.04 

.03 

.05 

.05 

.02 

.02 

.05 

.02 
.03 
04 

.JO 

.06 

.05 

.OJ 

.OJ 

.02 

.03 

.OJ 
01 

.03 

.OJ 
04 
.II 
06 
22 

05 
.04 
06 
04 
.08 
.05 

• NE3.5 .. Site 3.5 km NE ofTomago smelter. 

.OJ 
.OJ 
.OJ 
.02 
.03 
OJ 

.OJ 

.02 
01 

.07 

.03 
04 

.03 

.04 

.06 

.10 

.15 

.OJ 
02 

.OJ 

.OJ 

.03 

.02 

.02 

.04 

.02 

.02 

.02 

.02 

.OJ 

.02 

.OJ 

06 
.06 
.05 

06 
03 
.03 
.06 
.02 
.07 
05 

.06 

.12 

.12 

.07 

.05 
.06 
.07 
.09 
08 

.04 

.05 

.04 

.04 

.02 

.05 

.05 

.02 

.03 

.16 
04 

.05 

.06 
04 

.05 

.05 
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Pollution from mobile sources 

Introduction 
The contribution of mobile sources to pollution levels in the Hunter 
Region is largely unknown since little specific monitoring of related 
ambient concentrations has been carried out. In Chapter 5, the com
bined effect of stationary and mobile sources was assessed for the 
Newcastle urban area. Suggestions were made first, as to the increase in 

emissions which could be tolerated with minimal risk; and second, as to 
the type of monitoring which should be used to complement the present 

scheme. Particular emphasis was placed on the need to monitor nitrogen 
oxides to determine their contribution to the level of acid gases and to 
appreciate the potential threat to ozone formation. 

In this chapter the future risks of pollution from mobile sources 
outside ,the Newcastle area are identified. It is anticipated that pollutant 

levels will not be a significant problem on the open road where rapid 

dispersion can take place. Consideration has been given to locations 

where road use will be concentrated; where structures are present to 
reduce the dispersion of pollutants; and where a relatively large popu

lation is at risk. Singleton, Maitland and Muswellbrook were chosen as 
towns worthy of investigation since they will be subject to increasing 
traffic throughput, especially from heavy duty vehicles a large propor
tion of which are directly involved with the coal industry. The pollu
tants generally of concern in such situations are carbon monoxide and 

nitrogen oxides. A simple computation of the ratio of these emissions to 

particulates revealed the latter to be of minor significance. 
While the prediction of volumes of road haulage of coal is difficult and 

hindered by the high fluidity of short-term mine needs (Keech 1983) it 
is expected that the traffic throughput in the towns under study will 

increase. Indeed the importance of road haulage as a coal transport mode 
is certain to continue despite the NSW Government's stated policy of 

using rail transport where practicable. Since road transport is generally 

economic over short distances it is mainly utilised for the movement of 
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coal to rail loader or treatment plant. However, its high flexibility of 
operation and its current position as the only real alternative to rail 
shipment strengthens its role in the transport system. For example, any 
short-term under-capacity by rail or conveyor tends to be met by the use 
of road transport. 

Methodology 
Estimates of ambient concentrations of pollutants generated by motor 
vehicles from exis1ing or proposed roadways are generally obtained by 
application of deterministic mathematical dispersion models. These 
models vary in complexity from simple approaches, such as the Gaus
sian line source assumption, to those based on the conservation of 
pollutant mass equation, which may require sophisticated numerical 
methods of solution. 

To obtain estimates of ambient levels of pollutants from current and 
projected motor vehicle emissions in the Hunter region a stQChastic 
Monte-Carlo simulation approach was used. As the purpose of the 
modelling is to determine if an air quality standard is being or could be 
exceeded, and if so, to what ex1ent, i1 is useful 10 obtain these es1ima1es 
in lerms of probability dis1ribu1ions so 1ha1 lhe frequency of exceedance 
of a specified pollution level can be determined. Thus, once more it is 
the upper percentiles of the distribution of pollution concentration or at 
least the maximum concentration that are required. 

Unfortunately it is the prediction of the highest concentrations for 
which deterministic models in general and accepted line source models 
in particular are not applicable. Maximum pollutant concentrations 
usually occur during periods of variation in atmospheric stability and 
such variations are difficult to describe mathematically. On 1he other 
hand, it is known and has been demonstrated in Chapters 4 and 5 thal 
1he sample frequency distribution of pollution measurements very often 
can be parameterised by probability distributions with 1, 2 or 3 par
ameters. Once the functional form of such a distribution has been 
identified for a given monitoring site, its parameters and hence its upper 
percentiles can be estimated if a small number of points on the curve can 
be predicted. The parameters of the curve wili vary with emission 
source strength and with meteorology. 

Two deterministic models have been adopted in this simulation study, 
one an area source model and the other a line source model. The 
methodology invokes the two deterministic models over the range of 
conditions for which they are most applicable thereby predicting points 
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on a probability-concentration curve with an assumed parametric form. 
For the deterministic models used here these points are the mid
percentilcs. By fitting such points to the curve other points including 
the maximum of the distribution can be inferred. Uncenainties in the 
source strength of a pollutant are taken into account by stochastic 
variation of emission levels. Variation in the windspeed distributions is 
incorporated by producing separate model outputs for a range of wind 
speed regimes provided ideally by historical analysis. The methodology 
is panicularly useful when no pollution measurement data are available, 
as the results of the simulation exercises can be presented in a suffi• 
ciently informative and comprehensive fo rm to indicate whether moni• 
toring should be undertaken. 

The parametric form assumed in this study for the distribution of 
pollution concentration is a two-parameter \ognormal curve although 
other parametric forms may be applied. However, in the absence of 
detailed knowledge of the true parametric form, the lognormal assump
tion is to be preferred. Stochastic simulation using the two deterministic 
models has yielded consistent results, in that the area model yields 
median and maximum concentrations equivalent to those generated by 
the line source model some distance from the roadway. 

The pollutant dispersion models 
The tWO complementary deterministic models are employed separately 
in this simulation study to produce points on a parametric curve. The 
first model is the Atmospheric Turbulence and Diffusion Laboratory 
model which yields average pollutant concentrations for the area. The 
second is a Gaussian plume line source model, the General Motors 
(GM) model, which allows for estimation of the variation of pollutant 
concentration with distance from the road-way. These are reasonably 
simple models. Nevenheless, numerous investigations have shown that 
simple modelling approaches may be used to estimate ambient concen
trations resulting from the dispersion of pollutants in an airshed. Fur
ther, it has been shown that the results from such simple models 
compare quite well with more complex models (Simpson and Hanna 
1981). 

The ATDL model has been shown to yield predictions which com
pare favourably with those given by far more complex models and has 
been demonstrated to be applicable to a wide range of urban environ
ments in the USA, Europe (Hanna and Gifford 1977) and to Canberra, 
Australia (Daly and Steele 1975, 1976). The ATDL model is applicable 
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to urban area sources in which the emissions are assumed uniform over 
grid squares which may vary in size from I to 10 km square. Appendix 
VI gives more details of this model. 

Of course, estimates of air quality adjacent to proposed or existing 
roadways are also made with more complex models. A detailed experi
mental comparison of the capability of eighl well-known deterministic 
models including the HIWAY model used by the USEPA was under
taken by Sistla er al ( 1979) The relatively simple GM model gave best 
agreement with observed pollutant concentrations and hence was the 
line source model chosen for this study. 

The GM model uses a Gaussian line source approach but avoids the 

assumption used in HIWAY that the line source is an indefinite number 
of point sources by considering the line source to be of infinile length. It 
calculates the concentrations at height z above the ground and distance x 
from the source using the equation given in Appendix VI. It is known 
that dispersion characteristics will change as some function qf wind 
direction relative to the road. When the wind is nearly parallel to the 
road, it is expected that pollutants from the upwind portion of the line 
source (relative to a fixed receptor) would be significantly dispersed 
before they arrive at the receplor. In this study wind direction has been 

assumed to be at right angles to the roadway, an assumption which will 
yield an upper bound to the estimate of pollution concentration. 

Both the area and line source models make the assumption that no 
chemical reactions involving the pollutant gases will occur. Carbon 
monoxide is essentially unreactive and is observed to decrease in concen• 
tration only by dilution. In the case of NO%, consisting of nitric oxide 
(NO) and nitrogen dioxide (NO2), ii is recognised that these compounds 
may undergo a complex series of photochemical reactions during dis per• 
sion from the roadway. At the exhaust pipe of the motor vehicle, the 
overwhelming majority of the emitted NOx is present as NO. The 
subsequent conversion of NO to NO2 is relatively rapid as it reacts with 
oxygen in the air. 

The Larsen model 
The dispersion models discussed in the previous section are applicable 
only under certain conditions. For instance both the ATDL and GM 
models are not accurate at wind speeds below 1 ms·1. In fact, the models 
predict only mean concentrations adequately and not extreme events. As 

detailed in Appendix V, Lanen (I 969, 1971) has developed a methodol

ogy to estimate cumulative frequency distributions from which may be 
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derived the maximum expected concentrations and the frequency with 
which a given standard is equalled or exceeded. Larsen made the 
assumption that air pollution data may be represented by a two
parameter lognormal distribution with parameters a and {3 which are the 
geometric mean and geometric standard deviation, respectively. The 
maximum concentration, Xm, is estimated as 

(7.1) 

where Zmax is the value ofZ (the number of standard deviations from the 
mean) for the highest concentration (eg Zma, = 3.81 for hourly averages 
and a one year data set). 

The application of the ATDL model in conjunction with the Larsen 
model has successfully been employed to predict both maximum total 
suspended particulate concentrations and maximum CO concentrations 
(Simpson er al 1983). It has been used in Chapter 5 to obtain estimates of 
maximum sulphur dioxide concentrations originating from low level 
sources in the Newcastle area. The method involved using only the 
range of moderate to high wind speed values for which the ATDL model 
has been shown to work best (u 2: 2 ms-1). The ATDL model is used 
only to predict a portion of the distribution of concentration from the 
moderate ro high distribution of wind speeds. In other words, the 
ATDL model is not used to predict the relationship between wind speed 
data and. concentration data monitored at the same time wh..en other 
factors such as atmospheric stability could be expected to have additional 
influence on concentration values. Such factors empirically appear to be 
of limited significance when describing pollution concentration in a 
distributional sense (Simpson et al 1985). 

With both the ATDL model and the GM model an inverse power law 
dependence is assumed between the air pollutant concentration and the 
wind speed. It can be shown that ifthe wind speed data are lognormally 
distributed such an assumption iml)iies that the air pollution concen• 
tration data are also Jognormally distributed with the same logarithm of 
the geometric standard deviation (log (3). Therefore the wind speed data 
can be used to estimate fj. The median value of the air pollution 
concentration data can be estimated using the ATDL or GM model. 
Once the median (which is a) is known as well as fJ, then the maximum 
concentration may be determined via (7. I). In this way the deterministic 
and statistical components are combined to relate emission strengths to 
maximum values. 
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The geometric standard deviation, (1, is calculated according to 

(7.2) 

where Xn and X; are the windspeeds occurring at 2n and Z; respectively, 
and Z is the number of standard deviations from the median. The 
windspeeds, Xn and X;, may be read off a cumulative frequency distri• 
bution plot of the logarithm of windspeed againsl Z (a lognormal 
probability graph); in this chapter n and i refer to the l·st and 50-th 
percentile points. Fig. 40 presents these plots for the 1980 and 1981 
windspeed data sets. 
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FIGURE 40 The distribution of hourly wind speeds for 1980 and 
1981 

Simulation approach 
Monte-Carlo simulations were performed to obtain estimates of both 
median and maximum ambient pollution concentrations. The median is 
useful as an indication of average values whereas the maximum is of 
importance as a comparison with air quality standards which are gener
ally written in terms of an allowable number of exceedances (usually zero 
or one) of a given concentration per year. 
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It is appropriate to run such simulations with input meteorological 
data representative of the location's meteorological conditions. Also 
because the number of exceedances of a standard are specified for 
calendar years, the modelling exercises are carried out separately for 
individual years using recordings available. Ideally, all calendar years of 
historical records would be used and the results classified according to 
the type of meteorological year (for example, according to average hourly 
wind speeds and standard deviation) and its frequency of occurrence. 
Here results are reported for two years which have different meteorologi
cal regimes. 

The traffic data used are averages obtained from a number of counts 
made by the New South Wales Government Transport Study Group 
over a 1 to 2 year period. However, a particular one day count made by 
local citizens was also available. These data showed traffic levels to be 
about 20 per cent higher than the government count for light duty 
vehicles and about 25 per cent higher for heavy duty vehicles. On this 
basis, and in the absence of more detailed information, the traffic inputs 
for a particular hour were chosen as random samples from a uniform 
distribution with the mean taken as the reported average of the longer 
term count and with a non-zero range extending 20 per cent above and 
below the mean. 

The Monte-Carlo simulation exercises were performed 185 times for 
each yei r of me1eorological data, for each hour of the year a~d for each 
traffic count scenario to obtain the maximum and median ambient 
concentrations. The choice of 185 iterations stems from work by Spear 
(1970) on systems considered to be describable by well-defined struc
tural models whose parameters are related to the physics of the system 
but whose uncertainty may be better defined by an a priori parameter 
distribution rather than by point parameter estimates. Spear has shown 
that for estimating the true population distribution F(z) of a system 
scalar variable of interest z, for example, the median and maximum 
concentration, a Kolmogorov statistic can be used 10 provide a measure 
of the accuracy of the sample distribution function Sn(z) generated by n 
repeated Monte-Carlo simulations of the system. In fact, to achieve a 
given accuracy the number of samples n from the parameter distri
butions is independent of the number of system parameters and their 
distributions. 

Basically, n = 185 has been chosen here because it satisfies the 
following probability relationship 

P(Sn(z) - 0.1 ) S F(z) S P(Sn(z) + 0.1) = 0.95 
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That is, F(z) lies within the bounds Sn(z) ± 0.1 with 95 per cent 

confidence. This seems a reasonable accuracy to obtain, particularly 
when it is realised, for example, that n = 2055 simulations are required 
to reduce the error bound from 0.1 to 0.03. 

The algorithm used to simulate the hourly median and maximum 
ambient pollution concentrations resulting from roadway line source 
emissions over a year is comprehensively detailed in Jakeman er al 
( 1984a). For the benefit of the reader a schematic illustration of the 
algorithm is provided in Fig. 41. 

The data 
Traffic counts 
Heavy and light vehicle counts for the Hunter Region were obtained 
from the State Transport Study Group of NSW. The data consisted of l 
to 5 day counts averaged over several years. The data for Singleton 
compare well with a recent independent one day study (Anon• 1982). 
Table 55 lists these data. The one day study fortunately comprises an 
hourly breakdown which was used to stratify the average daily data into 
12 average hourly counts for the important 6 am-6 pm period. 

Diurnal variation in traffic counts 

Source strengths of pollutants for both the ATDL and GM models were 

panly derived from the 12 hour traffic counts (6 am-6 pm). The diurnal 
variation in traffic movements was determined from the hourly counts of 

Table 40 under the assumption that the Singleton hourly data were also 
representative for Maitland and Muswellbrook. 

For each hour from 6 am to 6 pm the fraction of the total 12 hour 
vehicle movements, for both light duty and heavy duty vehicles, was 
calculated. The vehicle movement for each hour was then selected from 
a rectangular distribution with a range of 20 per cent above and 20 per 
cent below average diurnal values. 

Wind speed 
The wind speed data were those recorded by the NSW Electricity 
Commission at Liddell for the two year period 1980-81. Liddell is the 
closest meteorological station to Singleton, Maitland and Muswellbrook 
with useful records. The wind speed data were provided as one hour 
averages. Fig. 42 illustrates the average diurnal variation of the Liddell 
wind speed data for 1980 and 1981. In conjunction with the traffic data 

of Table 56, it highlights the potential problem periods of the day for 
pollution from motor vehicle transport, viz around 8 am and 4 pm. 



FIGURE 41 Major steps in the simula cion algori thm. The 
s toch astic model portion represents one Monte-Carlo 
simulation exercise for a calendar year 

It should also be emphasised that while average values obtained for 
each year show close correspondence, the average values do not reflect 
the differences in actual distributions of wind speeds between the two 
years. Fig. 40 gives the distributions and, as will be shown, the differ
ences of frequencies in the low wind speed range lead to the prediction 
of different pollutant maxima. Therefore it is necessary to analyse 
available historical wind speed records in order to gain comprehensive 
information regarding the potential impact of pollutant emissions from 
roadways. 
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TABLE 55 Traffic counts in Single ton at the Dunolly Bridge 

Time Period 

6-i•l 
7-8 
8-9 
9-10 
10-11 
ll-12 
12- 13 
13-14 
14-15 
15-16 
16-17 
17-18 

Tota! 

12hourAveragc(b) 

(a) Source:Anon(l982). 

Coa.lTrucks Other Trucks 

37 67 
45 29 
90 86 
33 124 
30 138 
35 138 
47 184 
SI 94 
34 196 
23 104 
12 197 
13 

450 1402 

1359 

Cars 

810 
600 

lllOO 
832 
712 
935 
857 

lllOO 
1330 
1071 
1795 
1097 

12039 

8883 

(b) N.S.W. State Transpon Study Group average for a number of counts extending from 
1-S days. 

TABLE 56 Light d u ty vehicle emission rates 

Pollutant 

co 
Pre-1974 
1974-76 
1976- 77 
1978- 80 
1981 -82 
1985 

NO, 
Pre- 1974 
1974-76 
1976-77 
1978-80 
198 1-82 
1985 

Regulation 

ADR26 
ADR27 
ADR 271 
ADR 27H 
ADR27III 
US75 

ADR 26 
ADR 27 
ADR271 
ADR 2711 
ADR27III 

Source: Ausc. COMVE (1982). 

Emission Rate Fraction of Vehicles 
(g/km) {percent) 

44.88 
42.59 
16.56 
14.75 
12.47 
8.51 

2.35 
1.99 
1.65 
1.65 
1.65 

26.2 
12.3 
16.3 
29.4 
15.8 

26.2 
!2.3 
16.3 
29.4 
15.8 

Motor vehicle exhaust emission rates 
Motor car pollutant exhaust emission rates are also required to calculate 
source strengths. The rates are currently regulated by Australian Design 
Rules (ADR26 and ADR27). Table 56 lists the exhaust emission rates 
under existing and Australian Design Rules proposed for 1985 in 1982. 
Those actually introduced in 1986 as ADR37 are very close to those 
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FIGURE 42 Average dlumal variation of Liddell wind speed data 
for 1980 and 1981 
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proposed and do not significantly affect the simulation results. The 
fraction of the total motor car population to which the respective design 

rules apply is also listed as at January 1982. 

In Australia exhaust emission rates of heavy duty diesel powered 
vehicles for carbon monoxide and nitrogen oxides remain uncontrolled. 
No data are available from the NSW State Pollution Control Commis• 
sion giving emission rates of CO and NOx for heavy duty diesel powered 
vehicles. Data employed were therefore derived from American studies 
(Stern 1977; USEPA 1977). Table 57 lists the pollutant emission rates 
for heavy duty diesel powered vehicles. These emission rates represent 
uncontrolled emissions averaged over a number of heavy duty diesel 
powered motor vehicles operating under a variety of conditions. While 
these data were reported in 1975, it is expected that these emission rates 
have not changed significantly from the uncontrolled emission rates. 

It has been assumed that no deterioration occurs in these emission 
rates with age and that no tampering with emission controls taire. place. 
Thus the Australian Design Ruic emission rates are likely to be a lower 

estimate of actual exhaust emission rates. 

TABLE 57 Eihaust emi55ion rates for heavy 
duty diesel powered vehicles 

Pollutant 

Particulates 
SOx as SO2 
co 
HC 
NO~ as N02 
Organic acid, 

Source: Stern (1977). 

Simulation scenarios 

Truck emission (g/km) 

0.81 
1.7 

17.8 ,, 
13.0 
0.2 

Three scenarios were prepared for each of the three towns Singleton, 
Maitland and Muswellbrook. The scenarios were based on current, 
projected and potential motor vehicle pollutant emission rates and ve

hicle movements and arc described as follows: 
• The first scenario represents the current situation and employs esti• 

mated pre 1985 vehicle emission rates and 1983 traffic level estimates. 

• The second scenario, projection I, is for the year 2000. It reduces 
exhaust emission rates of motor cars to average values as specified by 

Australian Design Rules (see Table 56). The emission rates for motor 
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cars at the year 2000 were derived from data giving vehicle age against 
fraction of vehicle kilometres travelled, VKT, (Aust., COMVE 1982) 
and relating vehicle age to the appropriate design rule. For heavy duty 
diesel powered vehicles no design rules apply or are presently envi
saged for the control of CO and NOx emission rates. Vehicle move
ments are assumed to grow by 4.5 per cent per annum. This is the 
estimate of road use increase in the Singleton Central Business Dis
trict taken from the Singleton Planning Study (Bergsteiner, Mcinnes 
and Rigby Pty Ltd 1976). For Muswellbrook a similar estimate was 
obtained from the Muswellbrook Environmental Study. For 
.Maitland, the 4.5 per cent figure was merely assumed. 

• The third scenario, projection 2, is the same as projection I with the 
exception that emission rates for heavy duty diesel vehicles have been 
reduced to 1981 levels required in the United States (National Re
search Council, Motor Vehicle Nitrogen Oxides Standard Comminee 
1981). 
Table 58 lists the vehicle emission factors and the traffic movement 

data for the three scenarios. 

Simulation results 
For the three scenarios the estimated ambient concentrations of the 
pollu11¥1ts CO and NOx have been evaluated. Table 59 lists these data for 
Singleton. All concentrations in this table are given as "I hour averages. 
The values reported are for both years for which wind speed data are 
presently available. Fortunately, the two wind speed years are suffi
ciently different as to be representative of a broad spectrum of regimes. 
In Table 59, for each year of wind speed data, the median and maximum 
estimated pollutant concentrations are reponed. These are in terms of 
averages and standard errors for the 185 simulations. 

The corresponding 8 hour averages determined by application of the 
ATDL model on Singleton are given in Table 60. These 8 hour averages 
were derived from the I hour average data for the 8 am- 4 pm period. 
Ambient concentrations of pollutants were estimated at distances of 
I 00-500 m in 100 metre intervals from the roadway edge using the GM 
model. The results for Singleton are listed as the maximum I hour 
averages in Table 61 for the first scenario which represents the current 
situation. As would be expected pollutant levels are considerably higher 
at 100 m from the roadway than those estimated by the ATDL model. 
However, pollutant concentrations rapidly full with distance, that is with 
dispersion from the roadway. Thus the GM model provides a good 
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TABLE 58 Vehicle emission factors and traffic counts 

Scenario 

Current 
Motorcar 
Heavy duty diesel 

Projection I 

Average 12 hour 
traffic count 

Maitland Emissionratc(g/km) 
Muswcll-

Singlcton Ma.in Bypass brook 

8,883 13,447 6,669 ll,814 25.77 1.92 
1,359 915 1,291 1,131 17.8 13.0 

Motorcar 27,000 32,500 16,000 26,000 8.75 
Heavy duty dicsd 4,000 2,200 3,100 2,700 17.8 13.0 

Projection 2 
Motorcar 27,000 32,500 16,000 26,000 8.75 1.65 
Heavy duty diesel 4,000 2,200 3,100 2,700 8.9 6.5 

TABLE 59 Ambient median and maximum 1 hour pollutant levels 
for Singleton, derived from the ATDL simulation 

Scenario 

Current 
Situation{b)(l983) 

Projection l (2000) 
(Current 
vehicle 
,mi,sioo,/0l 

Projection 2(2000) 
(Reduced 
vehicle 
emissions)!~Kd) 

1980 

1980 

1980 

median 

median 

median 
maximum 
median 
maximum 

median 

median 

Pollutant 

CO(ppm) NOx(pphm) 

0.13 ± <.0l 
0.71 ± 0.02 
0.15 ± <.01 
0.85 ± 0.03 

0. 15 ± <.01 
0.84 ± 0.02 
0.18 ± < .01 
I.OJ± 0.02 

0.14 ± <.01 
0.76 ± 0.03 
0.16 ± <.01 
0.91± 0.02 

1.54 ± o.o:z<el 
8.53 ± 0.08 
1.85 ± 0.02 

10.25 ± 0.11 

4.23 ± 0.06 
23.41 ± 0.33 

5.07 ± 0.10 
28.10 ± 0.58 

3.19 ± 0.05 
17.65±0.28 
3.82 ± 0.08 

2l.14 ± 0.42 

(a) N.S.W. Electricity Commission wind speed data recorded at Liddell 
(b) Based on the Department of Motor Transport road use count:; for the Hunter 

Valley. 
(c) Based on the road use levels projected for the 1990sgiven in Singleton Planning 

Study, prepared for the Singleton Shire Council by Bcrgsteincr, Mclnncs and 
Rigby Pty. Ltd. (1976). 

(d) Reduced vehicle emissions, based on ADR 27Alll and the US 75 design rules. 
Truck emissions have been reduced 50% in line with anticipated US 
reductions. 

(e) Standardcrror. 
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qualitative measure of the likely variation of pollutant concentrations 
from the roadway. The relative change in pollutant levels is illustrated in 
Fig. 43. It should be noted that wind direction will influence dispersion 
from the roadway. Fig. 43 illustrates dispersion when the downwind 
direction is at right angles to the roadway. As the angle between wind 
direction and the roadway falls so dispersion from the roadway will fall. 

TABLE 60 Ambient median and maximum pollutant levels as 8 
hour averages for Singleton, derived from the ATDL 
simulation 

Scenario 

Curre nt 

Project ion l 

Projccrion 2 

Winds~ed 
dataset 

1980 median 
manmum 

1981 median 

1980 median 

1981 median 

1980 median 
maximum 

1981 median 

Pollutant 

CO(ppm) NO,,(pphm) 

0.076 
0.280 
0.080 
0.289 

0.097 
0.354 
0. 101 
0.362 

0.085 
0.310 
0.086 
0.311 

1.087 
3.976 
1.096 
4.006 

3.046 
l l.147 
3.069 

ll .229 

2,157 
7.876 
2.176 
7.940 

TABLE 61 Ambient maximum pollutant levels as 1 hour averages 
for Singleton, derived from the GM simulation for the 
current situation 

Distance 
(metres) 

100 

CO(pprn) 

1980 1981 1980 JQ8] 

3.08 ± 0.06 3.71 ± 0.08 36.62 ± 0.52 44.41 ± 0.8Q 

200 0.56 ± 0.02 0.67 ± 0.03 6.78 ± 0.10 8.18 ± 0.17 

300 0.32 ± 0.02 0.38 ± 0.02 3.69 ± 0.05 4.44 ± 0.09 

400 0.22 ± < .01 0.27 ± 0.02 2.54 ± 0.04 3.06 ± 0.06 

500 0.17 ± <.01 0.20 ± 0.02 1.94 ± 0.03 2.34 ± 0.05 
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FIGURE 43 Relative concentration of dispersed pollutant with 
perpendicular distance from the roadway emission 
source according to the GM model 
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MAXIMUM N0x CONCENTRATION {PPHM) 
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FIGURE 44 Average diurnal variation of maximum concentrations 
of nitrogen ox.ides in Singleton simulated for current 
emissions si1Uation using 1980 and 1981 wind speed 
data 
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FIGURE 45 Average diurnal variation of maximum concentrations 
of nitrogen oxides in Singleton simulated for 
p rojection 1 and projection 2 using 1981 wind speed 
data 
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TABLE 62 Ambient median and ma:dmum pollutant levels as 1 
hour averages derived from the ATDL simulation for 
Maitland (main street) 

&cnario 

Current 

Projection I 

Prnjection2 

Wind speed 
dilta SCI 

1980 

1980 

1981 

1980 

1981 

median 

median 
muimum 
median 
maximum 

median 

median 
maximum 

Pollutant 

CO(ppm) NOx(pphm) 

0. 18:t 0.0 1 
1.02± 0.03 
0.22:t 0.01 
1.23 ± 0.03 

0.16 ± <.01 
0.90:t 0.02 
0.20:t 0.0 1 
1.09 ± 0.03 

0. 15 ± <.01 
0.85:t 0.03 
0. 18:t 0.0 1 
I.OJ± 0.03 

1.72 ± 0.03 
9.52 ± 0. 16 
2.07 ± 0.04 

11.46 ± 0.23 

3.72 ± 0.06 
20.63 ± 0.33 

4.50 ± 0.09 
24.91 ± 0.5 1 

3.16 ± 0.05 
17.49 :t0.29 
3.80 ± 0.08 

21.05 ± 0.43 

TABLE 63 Ambient median and m a,i:imum pollutant levels as 1 
hour averages derived from the ATDL simulation for 
Maitland (bypass) 

Scenario 

Current 

Projection I 

Projection 2 

Wind spccd 
dataset 

1980 

1980 

1980 

1981 

median 
maximum 
median 

median 
maximum 
median 
maximum 

maximum 
median 
maximum 

Pollutant 

CO(ppm) N01 (pphm) 

0.10 ± <.01 
0.55± 0.01 
0.12 ± <.01 
0.65 ± 0.02 

0.10 ± <.01 
0.53:t 0.02 
0.12 :t <.01 
0.64:t 0.02 

0.08 ± <.01 
0.45 :t 0.02 
0.10 :t <.01 
0.55 ± 0.01 

1.29 :t0.02 
7.15:tO. ll 
1.55 ± 0.03 
8.61:t 0.16 

2.88:t0.04 
15.96:t0.24 
3.48 ±0.06 

19.30:t0.35 

2.08:t0.03 
11.53±0.1 7 
2.50:t0.04 

13.85±0.25 

The diurnal variation of pollutant levels reveals that the maximum 
occurs in the morning peak period from approximately 6 am until 9 am. 
A similar peak occurs in the afternoon though lower than that estimated 
for the morning peak. The difference can be attributed to increased wind 
speeds in the afternoon. The average diurnal variation of maximum 
NO, concentrations using the ATDL model and current traffic 
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and emission estimates is illustrated for Singleton in Fig. 44 for the wind 
regimes of 1980 and 1981. Fig. 45 gives the diurnal variation for 
maximum NOx using emissions predicted at the year 2000 under 
projections l and 2 using the 1981 wind speed data. 

Tables 62 to 64 present the corresponding results of Table 61 for the 
Maitland main street, the Maitland by-pass and Muswellbrook, respec
tively. 

TABLE &4 Ambient median and maximum pollutant levels as 1 
hour averages derived from the ATDL simulation for 
Muswellbrook 

Scenario 

Current 

Projection I 

Projection 2 

Wind sl)"cd 
dataset 

1980 

]98] 

1980 

median 

median 
maximum 

median 
maximum 

Pollutant 

CO(ppm) NOx(pphm) 

0.15 :t <.Ol 1.61 :t 0.03 
0.85 ± 0.03 8.91 :t 0. 15 
0.19 ± 0.0! 1.9'3 ± 0.04 
1.03 ± 0.03 10.71 ± 0.20 

0.19 ± <.0 1 3.48 ± 0.05 
0.77 ± 0.02 19.26 ± 0.29 

1981 median 0.17 ± <.0 1 4.19 :t 0.08 
maximum 0.92 ± 0.02 23.19 i: 0.47 

1980 median 0.13 ± <.01 2.76 ± 0.05 
maximum 0.7 1 ± 0.03 15.31 ± 0.27 

!98 1 median 0.15 ± <.OJ 3.34 ± 0.06 
maximum 0.85 ± 0.03 18.48 ± 0.34 

Sensitivity of the results 

It is clear from Table 59 that a uniform variation in traffic levels of 20 
per cent above and below the average makes little difference to the 
magnitude of the maximum or median. The standard errors obtained 
from 185 different traffic realisations in a panicular wind year arc quite 
low. Of major interest is the difference in the resul ts between the two 
wind years. While the m·edian concentration generally increases very 
linle from 1980 to 1981 for any scenarlo, the maximum for 1981 results 
increases significantly in every case over 1980, and this is for the same 
traffic data. 

The sensitivity of the GM model to changes in emission heights is 
easily demonstrated. An effective height of I m has been taken in the 
simulations, but using the formulation (A27) in Appendix VI the change 
in concentration for ho = 0.5 m varies from 0.5 per cent below that for 
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h0 = 1 mat 100 metres from the roadway to 0.05 per cent at 500 m. At 
h.,= 3.5 m the concentration increases to 5 per cent above that for h0 = 
1 mat 100 m from the roadway and to only 0.25 per cent at 500 m. It is 
felt that an effective emission height of l m is nevertheless reasonably 
accurate given that motor cars, which form the majority of the traffic, 
emit at about 0.5 metres and trucks between I and 3.5 m. It is certainly 
expected that the errors in this assumption are very much less than 5 per 
cent. 

To obtain supporting evidence for the relevance of the lognormal 
assumption used in the methodology, distributions of concentrations of 
nitrogen oxides for the individual hours of the day accumulated over a 
full year period were plotted on log-probability paper using levels 
recorded in Canberra. This city is also an inland area about 500 km 
south of the Hunter Region and suffers pollution predominantly from 
motor vehicle sources. The graphs showed very strong lognormality, 
importantly for more than the upper 50 per cent of the distribution for 
every individual hour. 

In general, it is felt that our overall results err towards overestimation 
for two reasons. First, the atmospheric stability values chosen for the 
ATDL model are for a grid square slightly larger than any of the three 
towns and the values in Hanna ( 1978) increase with grid size. Second, 
the wind directions for the GM model have all been assumed to be 
normal fo the roadway, thus providing higher values. On the other hand, 
the models are not designed specifically to register certain high values 
which may occur in isolated pockets due to street canyon effects. 

Environmental air quality standards 
and human health 
Emissions of pollutants from motor vehicles in sufficiently high concen
trations are recognised as a threat to public health and welfare. Table 65 
lists air quality standards for nitrogen dioxide set by a number of 
authorities to protect public health. Air quality standards for carbon 
monoxide are given in Table 66. Ferris (1978) has critically ~ined 
the current US primary standards for CO and nitrogen dioxide (N02) 

and considered that these levels were adequate to protect the health of 
the public although he recommends an additional standard. for nitrogen 
dioxide. This is a 1 hour maximum of26 pphm not to be exceeded 2-3 
times per year which is a little more lenient than the Californian 
standard and certainly more lenient than the NHMRC guideline of 17 
pphm. 
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TABLE 65 Summary or a ir quality standards for nitrogen dioxide 

Standard 

USA (annual 24 hour aventge) 
State of Cal ifornia (Maximum exposun: 
once per year) 

West Germany 
(M:.iximum long term ""posun:) 
(Maximum short term ""posun:) 

Canada 
(maximum acceptable) 

Victoria(proposed) 
(Acccpt:ibk level- not to be acceded 
mon: than 3 tima per year) 

(Detrimental level-not 
to be exceeded) 

WHO ai r quality goal (Maximum ""posun:) 

Japan 
(Maximum exposure 
Once per year) 
NHMRdi ) Guideline 
(Maximum hourly exposure not to be 
acceded more than once a month) 

USSR 

Level of NO2 Time 
(pphm) average (hours) 

5.0 

5.0 
15.0 

10.0 
20.0 

60 
15.0 

15.0 
25.0 

10.0-17.0 

2.0 
5.0 

17.0 

4.0 

24 
I 

24 

(a) National Health and Medical ~ arch Council (Australia). 

TABLE 66 Summary of air quality standards for carbon monoxide 

Standard 

US national primary 
ambient air-quality s1andard 

WHO long term 
goals 

Austral ia 
Jong term goals 

Canada 

Japan 

USSR 

Lev.et of CO (ppm) 

9.0 8 hrmcan 
35.0 I hr maximum 

9.0 8 hr mean 
35 .0 I hr maximum 

5.0-20.0 8 hr mean 
.5-10.0 24 hrmcan 

5.0 8 hr 

20.0 8 hr 

0.9 24 hr 
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Examining the results of the simulations with the ATDL model 
indicates 1hat CO levels are currently not exceeded and are not likely to 
be exceeded by the year 2000 in any of the towns and even the GM 
model simulates low CO levels near the roadways. 

Of the nitrogen oxides, nitrogen dioxide poses the most serious threat 
to public health. Additive toxicity by other air pollutants with nitrogen 
dioxide is considered likely and Daly (1981) has hypothesised synergistic 
enhancement of the damage potential of nitrogen oxides with particulate 
matter and ozone. 

Unfortunately, the simulations can only yield estimates of ambient 
concentrations of total nitrogen oxides (nitrogen dioxide plus nitric 
oxide). The proportion of NOx being NO2 is not fixed and we have 
observed it to vary between 1/5 and 1/2 total NOx (Aust. Committee on 
Motor Vehicle Emissions 1982). For Singleton and Muswellbrook the 
ATDL modelling results for projections 1 and 2 produced maximum 
levels of total NOx which are about double some of the more stringent 
standards for NO2 and are a little higher than some of the more lenient 
ones. The ATDL predictions represent levels for the general town areas. 
For the current situation total NOx levels very close to the roadway, as 
predicted by the GM model, may be of concern. However, the com
bined effect of the two .Maidand roadways may also produce area 
concentrations for total nitrogen oxides near the more lenient nitrogen 
dioxide standards. 

In summary, the simulation study estimates that CO levels are likely to 
remain below ambient air quality standards. By contrast, there seems a 
possibility that NO2 levels may exceed at least some air quality standards 
at the year 2000 under current emission controls and a projected 
increase in vehicle kilometres travelled of 4.5 per cent (projection 1 ), 
especially in .Maitland. The application of controls on heavy duty 
vehicles would, however, improve this situation considerably (projection 
2). Our estimate of the reduction is around 20 per cent. Indeed, if 
further reductions in total nitrogen oxide emissions were achieved by 
additional control on motor cars as was achieved in the US in 1981, then 
a further reduction of approximately 20 per cent could be obtained. It is 
also possible that near the roadway even current NO2 levels may some
times exceed air quality standards. Therefore while the monitoring of 
CO is likely to be unnecessary per se, the monitoring ofNO2 would be 
recommended to calibrate the model and confirm the simulation results. 
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Air pollution management in the 
Hunter region 

Introduction 
Chapters 3 to 7 examined the air pollution problems in the Hunter 
Region and highlighted a number of deficiencies in the current monitor• 

ing network. This work has also shown the difficulty in assessing air 
pollution impacts given the weaknesses of the mathematical models 
available and the fluctuations in air pollution levels due to meteorologi

cal change. Any consideration of policies on air pollution control needs 

to take such uncertainties into account. This chapter considers the 
various options available for air quality management. 

Initially, a brief review of the applicable policy options is presented as 

well as the me1hodology necessary for their implementation. In particu

lar, the use of economic tools is examined. The applicability of the 
various policy options is then assessed in the context of air pollution 

management in the Hunter Region. 

Policy options in air pollution control 

Given the present nature of Australian society, the presence of air 

pollutants is inevitable and it is questionable that even radical changes to 

the social organisation would lead to the significant removal of some 

pollutants. It is clear that there is still little known of the effect of various 

air pollutants on human health and on the rest of the environment (eg 1ee 

Appendix I). Usually the data base on what is known about the emission 

and transport of air pollutants is limited giving rise to more uncertainty 

about likely impacts. Examples of this last problem abound in Chapters 

3 to 7 concerning air pollution effects in the Hunter Region. There 

would be little disagreement with the conclusion of Baumol and Oates 

(1977) concerning these problems that 'in evaluating the evidence fa

vouring a proposed protection measure, i1 is important to balance off the 
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imperfection of the evidence against the magnitude of the risk from 
which the measure is designed to protect the public'. 

In taking the anthropcx-:entric view that human health problems 
should be considered as ◄he highest priority in an air pollution control 
problem it has been shown in previous chapters that there are serious 
weaknesses in the current air pollution monitoring network in the 
Hunter Region. It is clearly necessary for any planning authority or 
control agency to decide as early as possible on the priorities to be 
adopted in considering air pollution problems, and for such priorities to 
be clearly stated to potential developers. 

Having determined a set of priorities, there is a range of policy 
instruments which may be used in air quality management. Following 
the classification of Baumol and Oates (1977) these can be categorised 
as: 

(a) moral suasion 
(b) direct controls 
(c) price incentives 
(d) government investment. 
All air pollution agencies use (a) and (d) to varying degrees through 

publicity, social pressure, education, dissemination of information (eg on 
pollution control techniques), and supporting research (eg Hawke et al 
1978). In Australia all control agencies use (b) in their legislation 
through Clean Air Acts and in some cases through ambient standards or 
guidelines. At present there are no true price incentive mechanisms in 
legislation for air pollution control. 

This section briefly examines the strengths and weaknesses of(b) and 
(c), as there is some debate about the usefulness of each. 

Direct controls 
From the description ofNSW legislation involving air pollution control 
given in Appendix II, it is clear that direct controls arc imposed on 
certain scheduled premises requiring licences to operate. Controls may 
prohibit certain forms of pollution. It is more usual for emissions to be 
reduced by imposing limits on levels of waste emissions or specifying 
the quali1y of input materials to production processes, types of equip
ment, and performance criteria. The air pollution control equipment 
adopted in each case follows negotiations between the industrial organis
ation and the control agency (SPCC in NSW) which uses the strategy 
that the best equipment be installed given the political and economic 
constraints involved in the industry. This is the so-called 'best practi
cable means' philosophy. This approach is similar to that used in the 
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United Kingdom and in all Australian states except Victoria (eg see 
Gilpin 1980; Barker 1984). 

In Victoria the legislation includes a list of ambient air quality object
ives which should either not be violated more than a set number of times 
per year, or at all. This approach is similar to that adopted in many 
overseas countries such as the United States, Canada, Japan and West 
Germany although the standards a~ Yi._ewed as objectives in Victoria. 
Barker (1984) has argued that the Victorian legislation is not strictly the 
same as the US legislation since the Victorian State Environment Protec
tion Policy (SEPP) does allow economic considerations. There are 
various advantages and disadvantages involved with each system but it is 
dear that, even using the NSW approach, a set of air quality standards is 
published by the control agency as guidelines which industries should 
use in preparing an Environmental Impact Statement (EIS). A major 
advan~ge of the bes~1:1cticable rr:ean~ oach is that it a~\ows a rapi_d 
updanng of such cntena as new mformanon becomes available on air 
pollution effects and it also allows criteria to be receptor oriented. In fact 
it is the paucity of knowledge on what criteria should be used (as 
highlighted in the discussion in Appendix I) that is used to criticise the 
adoption of air quality criteria in legislation. On the 01her hand, criti
cism may also be levelled at the SPCC guidelines and used to weaken air 
pollution control measures adopted 1hrough negotiations between indus
tries ancl the SPCC or Department of Environment and Planning 
(DEP), in Commissions of Inquiry, and in the Land and Environment 
Court. It would appear that one advantage of including air quality 
criteria in legislation is to avoid the repetition of such objections case by 

Regardless of which approach is taken, whether it be emission controls 
or ambient air quality criteria, the EIS prepared for any new develop
ment regarding air pollution effects is similar and follows the approach 
shown in Fig. 46. For example, in the Bayswater power station EIS the 
final height of the stacks was related to air pollution impact via the use of 
a Gaussian plume model which simulated atmospheric dispersion ofthe 
air pollutant emissions to ground level. Certainly the monitoring net
works set up in NSW and Victoria would be similar. Both control 
agencies monitor ambient air quality levels and also compile information 
on emissions from industries. Of course the emphasis is different with 
the SPCC needing emissions information more to check that negotiated 
agreements are not being broken, whereas in Victoria the Environment 
Protection Authority (EPA) needs such information in order to draft a 
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plan to control emissions such that ambient air quality objectives are 
being met. In monitoring ambient air quality levels the SPCC is 
checking that the emission controls agreed upon arc in fact effective in 
keeping air pollution -1.evels low, while in Victoria the design of the 
monitoring network is critical in determining whether ambient air 
quality levels are lower than the adopted standards. 

In deciding on the effect of future developments, mathematical mod
els are essential. However, a variety of different models abounds, es
pecially for urban air pollution. In the United States the Environmental 
Protection Agency (USEPA) has published a set of models which it 
recommends for use in a variety of different conditions. For example, 
there are point source models, highway models and urban area models. 
It probably would be useful if such a list could be compiled by each state 
control agency and very desirable that one such list be common to all 

Although there is generally a great deal of similarity between the 
models used, there are occasions when models do yield quite different 
results. An example of this is shown in Chapter 4 where a trapping 
Gaussian plume model yields much higher results than the adopted 
standard Gaussian plume model. A choice of a model also dictates the 
data base collected. For instance, although an inversion data set is useful 
for the operation of a standard Gaussian plume model it is critical when 
using a trapping model. The differences between the 'worst case' predic
tions is of the order of a factor of 2 to 3, and this occurs between two 
models which have the same basic formalism. In Chapter 4 it was shown 
that an inversion data set is critical in determining the long term effects 
of both the Bayswater and Liddell power stations as well as the effect of 
additional power stations. 

Whichever form of direct controls is adopted, however, 'economists 
have, with few exceptions, rejected both direct controls and voluntary 
compliance, the methods preferred by many others concerned with the 
environment' (Baumol and Oates 1977). A brief review of the use of 
economic incentives is now presented in order to compare them with 
direct controls and to estimate how useful such approaches would be in. 
the Hunter Region. Some economists would argue that the 'best practi
cable means' approach already recognises this principle given the recog
nition of political and economic constraints. Some would also argue that 
air quality criteria are essentially economic and political tradeoffs. How
ever, the theoretical appeal of incentives is that they allow for a more 
flexible and optimal solution. 
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Economic incentives 
In general, economists view pollution as an external effect which has to 
be internalised into the market system with an appropriate costing and 
pricing approach so that the 'invisible hand' of the price mechanism 
may operate to arrive at aii optimal solution. Of course an economically 
optimal solution is not necessarily an ecologically optimal solution. 
Pearce (1976) notes that environmental standards imply some knowledge 
of benefits and costs yet are not explicitly arrived at in this way. Ferris 
(1978) has reviewed air pollution standards using toxicological and 
epidemiological data to arrive at his conclusions (see Appendix I) and in 
theory this is how standards are set. By implication the standards set a 
threshold below which the environment (including humans) can assimi
late the pollution but above which effects become significant. In prin
ciple, therefore, as noted by Pearce ( 1976), if the standards are indeed the 
threshold levels then their use, by definition, is the least cost method in 
pollution control. However, as Morgan et al (I 983) have showq, there 
are such wide discrepancies between the results of various toxicologists 
and epidemiologists concerning damages that it cannot be assumed that 
the optimal situation exists. 

There is a variety of techniques which may be used to implement the 
appealing policy of charging polluters a price for the damage they inflict 
on the envir~n~~Bauffiol--;nd Oates (1977) indicate that for air 
pollution control these techniques may be broadly classified as (a) 
emissio.o~es, (b) emissiO;-;ubsidTes,"a'nd(c) the auct~o~ng of pollution 
permits. 

Emission charges have been examined as a form of Pigovian taxation 
which attempts to arrive at an optimal welfare level by setting up an 
optimal level of costs. As Pearce (1976) points out this assumes that 
social profit is maximised by setting a----rax equal to marginal pollution 
costs at the optimal output of goods. It also assumes perfect competition 
which is not the case in practice so only a 'second-best' solution rather 
than an optimal one is possible. This can lead to problems and Pearce 
(1976) argues that, if prices are set equal to the marg!!!&_Q..rod__!lct cost 
plus the marginal cost of externally imposed dafilagedue to pollutiOn, it 
does not follow that the best social welfare solution has been reached. In 
fact it is possible that the use of Pigovian taxes may move away from the 
possible social optimum. 

The underlying weakness, as in all economic approaches to air pollu
tion, is the necessity to obtain adequate estimates of the costs and 
damages of pollution. Given the lack of knowledge regarding the effect 
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of pollution it is dear that such a cost-benefit approach faces severe 
probl~ms. -Certainly all the economic incentives suggested are based on 
thC'polluter pays' principle which is linked to the concept or equity and 
the concept or the environment being common property. Ort the other 
hand, the weakness or the direct controls approach is that there is no 
incentive on industries to reduce their emissions rurther once they have 
complied with legislation, and setting the same controls for new and old 
factories is probably not cost-effective. 

The problem with the emissions taxing approach is setting the right 
tax scale. There is little technical difficulty in relating taxes to ambiCnt 
levels. The present system of direct controls in NSW has already led to 

the development or mathematical models relating emissions to ambient 
leve_l1;. In fact the monitor~ ork already es"tablished would be 
adequate in testing the effectiveness of the imposed emission taxes on 
reducing air quality levels. Therefore the use of emission tax~ 
little change to the monitoring and assessment work already carried out 
by the SPCC. 

Baumol and Oates (1977) argue that the auctioning of pollution permits 
is probably better than using emission taxes because such auctioning is 
more sensitive to inflation and to the demand for industrial expansion. 
Also it is clear rrom the results in the Hunter Region that air pollution 
problems depend on the meteorology or the area considered so that the 
tax rates ' may have to be differentially specified for each region. The 
pollution permit system would simply avoid this problem by selling 
rewer permits in regions with a greater potential for air pollution. 
Finally, given the uncertainty in estimating air pollution impacts there is 
some difficulty in setting a tax rate whereas pollution permits set 
emission levels directly so the tradeoffs may be recognised as they could 
for the direct controls approach. 

At present the USEPA is experimenting with the use or economic 
incentives involving the marketing or pollution permits. The policy 
option of marketing pollution permits has introduced the concept of a 
'bubble', which is an imaginary envelope or dome on top or a plant 
which is required to comply with emission standards as ifit has only one 
stack. In this case, the emission rate or the plant is the sum or the 
emissions of all parts of the plant. This single-bubble concept can easily 
be extended to a multi-bubble concept in which the bubble encompasses 
several plants, the sum total emissions of which do not exceed a given 
emission standard. Blackman and Baumol (1980), Tietenberg (1980), 
Lyon (1982), Lakhani (1982) and Noll (1982) have detailed how this 
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approach has been used by the USEPA. At present it appears that the 
marketing of pollution permits has been applied in a limited way, for 
instance by offsetting emissions from factories operated by a single 
company. This policy,option has proceeded no further than this because 
of the problems associated with implementing a market process which 
achieves competitive equilibrium, has low transaction costs, and avoids 
source-by-source review. Certainly monopolies have to be avoided in 
order for the pricing mechanism to achieve the desired cost effective 
tradeoffs while maintaining air quality standards. However, there are 
numerous technical problems also associated with the bubble concept 
itself and these difficulties are discussed in the next section. 

James et al (1978) believe that pollution rights have a number of 
problems as 'the victims often are a large, unorganised mass, unable to 
take actions in general it would be extremely difficult or impossible 
to create the suitable market conditions to attain the optimal solution'. 
James et al also point out that people may pe offended by having to pay 
for a pure environment if they feel it should be a right and' also by 
governments selling rights to pollute. 

However, there are problems with the use of other economic incen
tives as well. Emission subsidies arc probably only useful if the polluter is 
not under the jurisdiction of the control agency such as in the long range 
pollution problems in Europe and North America. Fortunately in Aus
tralia significant interstate air pollution does not appear to occur. How
ever, compensation has already been seen as necessary in some instances 
such as the effect of coal and other dust from open cut coal mines in the 
Upper Hunter Region (see Chapter 3). 

Given the drawbacks of all forms of economic incentives and direct 
controls, most economists conclude there is no_}lnambiguous answer to 
the qu~ . James et al (1978) believe that emission 
taxes are superior to transferable rights and Pearce (1976) acknowledges 
the serious problem of monopolies with the latter. Baumol and Oates 
( 1977), however, believe there are some advantages with the use of 
transferable rights although they conclude that a mix of methods is 
probably the most desirable approach. 

Of course it is desirable to reduce emissions as much as possible and 

~::::;!~es ~:::::~it::~:· t~:;ri~:~l:mre:~;:: 

able taxation system. The first step in using economic tools therefore 
may be to use a method such as cost-benefit analysis to introduce into 
the negotiations between industry and the control agency the costs and 
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benefits associated with proposed environmental controls. However, 
even such a preliminary step may require legislation given a recent High 
Court ruling that the Victorian EPA restrict its considerations only to / 
environmental matters ~d ig!)-O~ocial and economic factors' (for / ~ 
example, Barker 1984). Given this difficulty, the role that economic 
tools may play in determining the best practicable environmental con-
trols is now briefly examined. 

The costs and benefits of air pollution control 
It is difficult to dispute the economists' claim that environmental 
management is inherently economic, involving as it does the wise 
allocation of scarce resources. However, the Director of the OECD 
Environment Directorate in 1980 has stated a personal view that, ' .. 
econom_ic measures can capture only some of the values associated with 
environm~tal measures . . . this will always be the case' (M.acNeill 
1981). Nevertheless it has been shown that most OECD countries spend 
approximately 0.5-1 per cent of their Gross National Product (GNP) on 
pollution control equipment (M.acNeill 1981). Harris and Ulph (1977) 
indicate it is higher in Australia. Clearly then some estimate of the 
benefit£.. associated with various environmental controls is necessary 
given such expenditure. It may also be important to be able to do this 
analysis 9n an industry by industry basis given the disproportionate 
amount of money some industries pay for control equipment compared 
to others. For instance M.acNeill (1981) has stated that in the United 
States pollution control investment in 1978 represented 19.5 per cent of 
total plam and equipment investment in the iron and steel industry 
compared to 10.5 Q!;r cent for the electric utilities. Cordner (1981) has 
shown tltat inA.ust;;lia the percentage of capital costs to industry due to 
pollution control in 1977 ranges from 7-8 per cent in the textile industry 
to 23 per cent in the chemicals, petroleum and coal industry. 

MacNeill (1981) has summarised the macro-scale effects of pollution 
control on the economies of OECD countries and stated that such 
control measures have little impact on unemployment or inflation, and 
perhaps even on productivity. However, given the disproportionate way 
in which some controls affect different sectors, there are possibly 
individual hardships involved in changing employment or upgrading 
skills. 

Measuring the benefits of such environmental protection has not been 
carried out to any degree in Australia. McColl ( 1981) has summarised 
work done in the United States based on the 'willingness to pay' 
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approach for evaluating environmental benefits. The results for air 
pollution are summarised in Table 67 based on the work of Freeman 
(I 979) in a review for the US Council of Environmental Quality. For 
comparison the estimated costs of air pollution control are shown in 
Table 68. McColl indicates that much work needs to be done to improve 
on most of the techniques used to measure benefits as does Freeman 
( 1979) who also notes that 'where state-of.the-an analyses of the 
environmental benefits have been undertaken ... they strongly suggest 
that environmental protection is gocxl economics'. Certainly Freeman's 
most reasonable estimate for the USA in 1978 of the benefits due to air 
pollution control of $21.4 billion is much higher than the costs. 
However, almost all of these benefits are associated with health effects 
based on epidemiological studies. Therefore, as McColl states, 'the 
controversy surrounding epidemiological studies is of major 
importance'. Most of the health effects measured in this way are due to 
sulphur dioxide and paniculates. For instance, the Californian study of 
Brookshire et al (1979) has shown significant correlations between 
paniculates and the diseases pneumonia and influenza, and between 
sulphur dioxide and early infant disease. Lave and Seskin (1977) report 
similar findings. 

Using cost-benefit analysis in a project-by-project assessment, a 
project is generally taken as being in the community's interest if the 
benefits exceed 1he costs. If some people are better off and none worse 
off then there is 'a Pareto improvement' in welfare. However, it is more 
likely that some are better off and others worse off, and there is a 
'potential Pareto improvement' in welfare if, after compensation to the 
losers by the winners, the winners are still better off. As with all such 
approaches, value judgments are clearly inherent in the decision
making. There clearly are difficulties in assessing the costs and benefits, 
identifying the parties involved and differentiating between groups. As 
James et al (1978) indicate, cost-benefit analysis is useful if it is 
concentrated on areas of analysis where it may be adequately applied, 
leading to a set of scenarios with which to make a judgment based on 
relative effects. 

However, the work of Freeman (1979) indicates that overall the 
benefits to air pollution control may outweigh the costs even though this 
may not be true on a project-by-project basis. Clearly if the economic 
arguments are to be based on macro-scale effects then the use of cost
benefit analysis on a project-by-project evaluation basis may be unwise. 
In this sase input-output models of structural abatement may be useful. 
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TABLE 67 Air pollution contro1 benefits in 1978 ($U.S. billion, 
1978 prices) 

Category 

I. Health
stanonarysourca
monality 
morbidity 

Mobile sources 

Total health 

2. Soiling and cleaning 

3. Vegetation 

4. Materials 

5. Propcnyvalues 

Total• 

R:lnge 

2.8-27.8 
0.3-11.5 

0- 0.4 

3.1-39.7 

0.5- 5.0 

0.2-2.4 

0.5- !.4 

I.I- 8.9 

4.6-51.2 

M~, 
rusonable 

Pullutams 

13.9 SO2, particulates 
2.9 S02, N02, paniculates 
0.2 CO, lead, photochemical 

oxidants 

Particulates 

0.7 Photochemical oxidants 

0.9 SO2, photochemical 
oxidants 

All (including haze, 
smoke) 

• Excludes 30% of property values benefits because of ~rlap with other categories. 
Source: Fre,:rrum (1979, Tubk 1). 

TABLE '68 US air pollution abatement and control expenditures, 
1972 to 1978 

Year 

1972 
1973 
1974 
1975 
1976 
1977 
1978 

In Actual Prices 
{Sb) 

,., 
8.5 

10.5 
12.8 
14.1 
!5.5 
16.8 

Source: Rutledge and Trevathan (1980). 

% of GDP 

1.6 
1.8 
1.9 
2.0 
2.0 
2.0 

In 1978 Prices 
(Sb) 

10.9 
13.2 
13.9 
15.6 
16.2 
16.6 
16.8 

James et a/(1978) have shown that ~uch models can be used to construct 
scenarios with different structural arrangements, once again to provide 
options rather than predictions. In this way the relative effect on overall 
unemployment, productivity and other factors including pollution due 
to industrial and urban change may be estimated. Clearly the develop
ment which minimises a whole range or factors including pollution is 
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preferred. James et al (1978) recommend such an approach in environ
mental management and clearly there are advantages to such an ap
proach. Given that the best practicable means approach to air pollution 
control in NSW involves setting pollution controls within political and 
economic constraints such models would clearly be useful in highlight
ing the consequences of various developmental options. 

The High Coun ruling restricting the Victorian EPA to environ
mental considerations and ignoring social and economic factors may 
restrict the role of the SPCC in NSW in a similar way. However, the 
Environmental Planning and Assessment Act of 1979 in NSW gives the 
Depanment of Environment and Planning the power to regulate en
vironmental planning. Provided the legislation does not preclude the 
consideration of political and economic factors in its decision-making 
then the use of economic tools should, in principle, be easily incorpo
rated into the current decision-making process. 

Applicability of policy options to air pollution 
control in the Hunter Region 
The air pollutants identified as being of concern in the Hunter Region 
are listed in Table 69. It has been shown in Chapters 3 to 7 that at 
present a reasonable assessment of current air pollutant levels in the 
region is that there appear to be no significant effects due to these levels. 
However, it has also been noted that some effects still have yet to be 
adequately measured. For instance, there are few suspended matter 
data available for the Upper Hunter Region. The sulphur dioxide 

levels based on less than 2 years of data due to Liddell power station 
appear to be low enough for a negligible synergistic effect between 
sulphur dioxide and particulates. However, it is not clear from the 
meteorological data presented what the future impact of Bayswater 
power station will be or what the worst case levels due to either Liddell 
or Bayswater power stations will be. Only the collection of inversion 
data in the area will clarify this situation. In Newcastle at this stage it is 
not clear to which air pollutants the acid gas readings refer. More 
specific monitoring equipment is necessary to obtain a better apprecia
tion of this situation. Also the probability of long range transport from 
the power stalions and aluminium smelters in the area towards Newcas

tle remains uncertain. 
The incomplete nature of the data base in the Hunter Region is quite 

typical, so the problem of including air pollution effects in a regional 
environmental plan is not unlike similar problems for other regions. 
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TABLE 69 Air pollutants of concem in the Hunter Region 

Po!luiam 

S02 

Acid gases 

Particulates 

Fluorides 

NO, 

Effects 

Health(synergismwith 
particulates) 

Health 

Health 
-synergism with S02 

- lead content 

Animal health 
Damage to vegetation 

Health 

Major sources 

Upper Hunter power stations 

Lower Hunter power stations 

Newcastle industries 

Open cut coal mines in 
Upper Hunter 
Newcastle industries 
Newcastle industries 

Open cut coal mines in 
Upper Hunter 

Aluminium smclten in 
Lower Hunter 

Mobile sources throughout 
the ~gion, especially 
coaltrucks 
Newcastle industry and 
power stations throughout 
the ~gion 

Therefore any assessment of the applicability of the various policy 
options to the Hunter Region, as mentioned in the previous sections, 
should be quite relevant to regional air pollution management in Austra
lia in general. 

At present in NSW, air pollution control is based on emission controls 
with the underlying philosophy being the 'best practicable means' 
approach. The SPCC publishes ambient air quality criteria to be used as 
guidelines. An advantage of not having such criteria as standards in 
legislation allows easy updating of standards as information becomes 
available. For instance, the 1980 Annual Review of air quality measure
ments published by the SPCC listed WHO standards for sulphur 
oxides, suspended paniculates, carbon monoxide and photochemical 
oxidants. However, the I 981 and 1982 Quarterly Air Quality Monitor
ing Reports published by 1he SPCC list a combination of WHO, 
USEPA and NHMRC standards, and include standards for lead, nitro
gen dioxide, and non-methane hydrocarbons. Yet this is not a complete 
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list ifthe standards adopted by other countries are examined. In particu
lar, there is no reference to sulphur dioxide levels for time averages less 
than 24 hours, which for the Upper Hunter is unfortunate as the most 
extreme events due to SO2 emissions from power stations probably occur 
during the day over time periods of 1-3 hours. For instance, in Mt Isa, 
Queensland, the smelting operations are closed down if the USEPA 3 
hour standard of 50 pphm for SO2 is in danger of violation and this only 
occurs during the day. In Chapter 4 it has been shown that there is a 
range of standards adopted by different countries which varies quite 
significantly. It would appear then that the flexibility involved in using 
the 'best practicable means' approach may be bought at the price of 
uncertainty about which set of standards should be applied and referred 
to in an EIS. 

Certainly the wide range of standards and any review of these (eg 
Ferris 1978) indicate that there is a great deal of uncertainty about air 
pollution effects. Nevertheless it is necessary to decide on a set of 
standards as this then dictates the form of any policy on air p<>nurion 
control. This can be seen by an examination of Fig. 46 showing the steps 
involved in preparing an environmental impact statement, which is an 
essential component of any air pollution control strategy. Central to the 
preparation of the EIS is the construction of a mathematical model 
relating emissions and meteorology to ambient air quality levels which 
in turn are compared with a set of air quality criteria. As stated previ
ously, for a single point source, such as a power station, short time 
average standards would be most important. 

In addition, the model used is also important and Chapter 4 has 
shown that a more appropriate form of the Gaussian plume model 
should be used in any EIS for a power station such as Bayswater. 
Confusion regarding the appropriate form of even the same model is not 
uncommon and surfaced in the 1983 Commission of Inquiry into open 
cut mining at Glendell (New South Wales, Commission of Inquiry 
1983). The USEPA has recognised this problem and has published a 
standard set of models to be used in specified instances. Simpson and 
Hanna (1981) reviewed urban models and found that there was general 
agreement in categorising models, as shown in Table 70, and also on 
their performance, shown in Table 71. Models can be categorised into 
screening models, refined screening models and refined models. Screen
ing models are useful as a first guess of likely effects and, if problems 
appear likely, more detailed models are used, ending with a variety of 
refined models which can be used for detailed air pollution impact 
analysis. 
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The adoption of a set of ambient air quality standards implies that a 
set of such models needs to be used. Given that there can be disagree
ment about the panicular form of each model then it is necessary for a 
standard set of models to be determined as appropriate for a given set of 
circumstances as the USEPA has done. Otherwise a series of acrimoni
ous debates may occur time and time again between industrial groups 
and control agencies. There is no 'perfect' model for any air pollution 
situation just as there is no 'perfect' standard. Nevertheless the choice is 
critical in determining the data which will be collected for the EIS (see 
Fig. 46). In Chapter 4 it was shown that the use of an inappropriate 
model in the Bayswater EIS meant that critical meteorological data (in 
this case, inversion heights) were not collected. 

Of course, if the set of ambient air quality criteria is continually 
updated so must the set of standard models, which may lead to some 
uncertainty in industry if an EIS takes some time to prepare. Therefore 
one advantage of having air quality criteria in legislation is that such 
updating would be less frequent, given some inertia in the legislative 
process. However, setting air quality standards too strictly means a loss 
of flexibility in treating areas differently and losing sensitivity to chang
ing political and economic realities. Any legislation involving ambient 
air quality criteria should aim to avoid such problems. 

Only by retaining such flexibility may economic tools be used in air 
pollution management. However, like the use of epidemiological tools 
and mathematical models for air pollution dispersion, care needs to be 
taken in the choice of methods. For instance, it was clear in the last 
section there was some danger in applying cost-benefit analyses to air 
pollution control on an industry-by-industry basis. In the Upper Hunter 
it would be inappropriate to apply a cost-benefit analysis just to pollu
tion control measUttS on the power stations of the NSW Electricity 
Commission. As shown by McColl (1981), most of the benefits of air 
pollution control are health benefits and it is recognised that S02 and 
particulates act synergistically. Therefore the effect of coal dust from 
open cut coal mines as well as controls on particulate emissions and S02 
from the power stations need to be examined. Since not all the open cut 
coal mines in the area arc owned by the NSW Electricity Commission 
the economic analysis would need to be extended to include both the 
coal mining industry and the electric power industry in the area. 

However, the electric power industry is also linked to the iron and 
steel, aluminium, and other industries in and around Newcastle so that 
these industries would also be involved in an economic analysis of the 
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TABLE 70 Different model types 

GeMricmodeltype 

Refined u,agc 

Gnd 

(a) lkgion oriented 

(b)Spccificsourceoriented 

Trafectory 
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(b) Spccificsourcc oricnted 
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(a) Long-term averaging 

(b) Shon-term ave raging 
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Iwplerh 

Screening Usage 

Rollbaclt 

• Only if N02 is taken to be total NOx. 

Number of 

Multiple-source 

Single-source 

Multiple-source 

Single-source 

Multiple-source 
Single-source 

Multiple-source 
Single-source 

Mult iple-source 

Multiple-source 
Single-source 

Multiple-source 

Url:>an 
Rural 

Rural 

Urban 

Urban 
Rui:al 

Urban 
Rural 

Urban 
Rural 

Urban 

Urban 

Url:>an 

Upper Hunter. In Newcastle itself of course, the add gas concentrations 
and dust levels are due to a variety of industries. The controls on 
paniculate and SO2 emissions of the power stations around Lake Mac
quarie are probably the only major factor in considering air pollution 
levels in that area but the demand for power from industry in the Hunter 
Region and elsewhere provides an eco,nomic link to the rest of the 
region. Therefore the Leontief input-output models suggested by James 
et al (1983) emphasising energy sectors and energy developments in the 
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Australian economy linked to the black coal reserves of the Hunter 
Region would seem to be an appropriate economic tool. In this way a 
whole range of politically and economically realistic scenarios for devel
opment in the region can be assessed on a variety of grounds including 
unemployment, economic growth and environmental effects. 

The present legislation in NSW, namely the Environmental Planning 
and Assessment Act 1979, by recognising three tiers of planning-state, 
regional and local-provides an adequate framework for the inclusion of 
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TABLE 71 Performance measuttS that can be cakulated by each 
model 1ype (Simpson and Hanna 1981) 

Model 

~fined usage 

Grid 
~ gion oriented 
Specific source oriented 

Trajectory 
~ gion oriented 
Specific source oriented 

Gaussian 
Long•tcrmaveraging 
Shon·term avcraging 

~finedlKrccning usage 
Isopleth 

Screening usage 
Rollback ·~ 

Performance Measure Type 

E,q,osuri:/ 
Peak Station Arca Dosage 

such a model at the regional and, if necessary, state level. It remains to be 
seen, however, if the legislation is designed in such a way that environ• 
mental planning allows the consideration of social and economic factors 
or whether, as in Victoria with the EPA, the legislation draws a legal 
dividing line between 'environmental considerations' and 'social and 
economic factors' as happened in the High Court decision referenced by 
Bates (1983). If this latter situation is possible then the legislation needs 
to be rapidly amended 10 enable the inclusion of such a model, as that 
suggested by James et al (1983), into 1he planning process. 

Solutions based on mixed policy instruments 
Previous seclions suggested that the present clean air legislation using 
direc1 controls could be improved by the careful inclusion of standards 
on ambienl air quality criteria with an attendant set of standard air 
pollution models. However, can such legislation be further improved by 
the inclusion of economic incentives? In this chapter it has been con• 
eluded that only two forms of such incentives seemed potentially 
appropriate-emission taxes and auctioning of emission permits. 

Jakeman (1985b) concluded that 1he approach to environmental qual
ity control in Australia should involve an integration of policies since no 
single policy ins1rument, neither regulation nor fiscal incentives, is 
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suitable for all pollution problems. He also argued that control mechan
isms need be evolutionary. Initially they can be based largely upon the 
present system with integration of incentive mechanisms into the cur
rent regulatory framework, as is emissions trading in the United States, 
for example. This enhances the political and institutional appeal of new 
instruments while al the same time facilitating change. Jakeman also saw 
other advantages in 1his mixed approach, especially in the way the 
technical difficulties associated wi1h optimal fiscal incentives can be 
overcome. He argued 1hat optimal control efficiency can rarely be 
achieved and that the benefits (technological innovation and increased 
efficiency) to be gained from suitable non-optimal policies arc well worth 
having. 

A brief summary is now presented of the technical difficulties associ
ated with implementing optimal fiscal incentive policies for the control 
of pollution. Then second best policies arc specified which could either 
be dirccliy implemented, or investigated further, for environmental 
problems in the Hunter Region. 

Technical difficulties 
Firs1, continuous source monitoring technology may be unavailabk..2f 
too expensive. This creates problems for a dependable system of pollu
tion fees unless surrogates can be measured. Second, environmental 
modelllng for 1ransport of discharged pollutants to receptor sites is 
subject to some uncertainty. Too much uncertainty here results in poor 
inputs for the estima1ion of impacts from dose-damage functions and 
requires that more spatially intensive ambient moni1oring be performed 
10 directly observe the transport of emissions; makes difficult the infer
ence of individual source contributions and decreases the ability to 
predict future impacts with a useful confidence; and creates problems for 
the allocation of a quota of pollution permits even when based upon 
ambient environmental quality guidelines rather than actual damages. 
Third, dose-damage information is unreliable and creates problems for 
designing an optimal fee system and for allocating optimal pollution 
quotas in a market system. Fourth, economic costs of damage arc usually 
uncertain; and crca1e problems for scheduling the optimal charges in a 
fee system. Fifth, economic costs of abatement may be uncertain; and 
create problems for scheduling the optimal charges in a fee system. 

For a huge majority of air quality problems, the status of damage 
information is poor, and this is probably going to be 1he case for some 
time. Consequently it is recommended that pollution control be exer
cised to achieve ambient environmental quality standards or guidelines 
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where the information on threshold levels for receptor damage is known 
with some certainty. The term 'guidelines' is preferred because it sug
gests, as stressed earlier, that the choice _gf criteria ~site-s~if~ and 
take into account the relevant e~nmcntal assimilative capacity. While 
the maintenance of ambient environmental quality objectives for any 
control approach does not lead to optimal efficiency it is important to 
recognise that many of the desirable propeniCS of an incentive approach 
do nol require equating (marginal) costs and benefits but arise from the 
imposition of a sliding scale of punishment (payment of fees or the 
purchase of additional quotas) for increases in pollution. 

Continuous monitoring technology for air pollution emissions will 
become increasingly available and less expensive (Court and Wilcox 
1984) but at present is only economically viable where the scale of the 
operation is large. This rules out a great deal of the potential for 
imposing a truly effective system of fees unless easy-lo-measure surrogate 
variables can be used to estimate emissions adequately. 

The status of modelling differs markedly according to polluta~t and 
source type. It is extremely difficult to predict long term ambient 
concentrations of photochemical oxidants, hydrocarbons and nitrogen 
oxides and so there is a great deal of uncenainty about how effective 
various control measures will be in quantitative terms. On the other 
hand, the prediction of less reactive pollutants from area and point 
sources is more straightforward. Methods arc also becoming available 
now 10 incorporate the effects of long-term meteorological change on the 
full frequency distribution of air pollution concentrations. This allows 
for the possibility of specifying the number of quotas for pollution 
markets and of investigating the effects of emission trades including 
bubbles, offsets and banking. 

The major individual air quality problems of the Hunter Region are 
now considered and ways of circumventing the mentioned limitations 
are suggested, beginning with·acid gas and paniculate pollution in the 
Newcastle airshed. 

Acid gas and particulate pollution in Newcastle 
It has been shown in Chapter 5 that it is possible 10 predict both long
term averages and extreme concentrations of non-reactive and minimally 
reactive pollutants from a number of sources according to meteorological 
information and emission input estimates. The work of Chapter 5 on the 
Newcastle airshed has been carried out 10 predict, for a range of 
emission strengths and the full history of available meteorological years, 
the average annual concentrations and annual maximum concentrations 
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from 24 hour recordings of acid gases (mainly composed of sulphur 
oxides and nitrogen oxides) and for paniculates. In this way, environ• 
mental air quality 'standards' can be compared with the average concen
tration and the 24 hour maximum for the worst meteorological year, 
corresponding to poor dispersion conditions, using current emission 
strengths. Of course, 1he modelling can provide a plethora of infor
ma1ion. One can categorise annual meteorological regimes, for example 
into poorly dispersive, fair and strongly dispersive; tabulate 1heir fre• 
quency of occurrence from the meteorological history; and calculate for 
each type of year the increase (or decrease) in current emission strength 
required to violate chosen ambient air quality criteria. Clearly, this type 
of information can be used to evaluate the assimilative capacity of an 
airshed. The Newcastle predictions are deemed to be accurate within a 
factor of two. 

The relevance ofbeing able to model such an airshed to this accuracy 
is that it provides the basic requirements for investigating the feasibility 
of introducing pollu1ion quotas. Despite 1he availability of only a rela• 
lively shon period of pollution monitoring, longer histories ofmeteorol• 
ogy can be used with appropria1e models to evaluate maximum desirable 
emission strengths with a chosen margin of safety. In combination with 
emission source locations, emission s1rengths, pollution aba1ement costs 
and chosen environmental assimilative capacity, marketable pollution 
permit ~ctivity could be simulated to judge the feasibility of such an 
approach. 

The major attraction of a sufficiently competitive and equitable per
mit system is that it could be accommodated within the current direct 
regulatory framework but at the same time provide incentives to indus• 
1ry 10 minimise pollution levels. The expej1Slv.c.continuous monitoring 
requiremcnt&-Of- a--tax----6ystem are avoided. Trades and indeed other 
activities such as bubbles, offsets and banking can take place with 
suitably stringent compliance monitoring for a period before and after 
the activity change. 

There would appear to be some vinue in offsening emissions coming 
from one industry, for example steelworks. At present, the air pollution 
effect of such a conglomeration of factory stack emissions is mathemati• 
cally modelled by assigning an average emission factor 10 grid squares 
usually about 2-5 km square (eg the ATDL model). Given 1his method 
of estimating air pollution effects, the mosl<OSt--cffcctive set of controls 
on the stacks in the factory complex which maintained the average 
emission rate would then be used. In this way offsening has proceeded 
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in the USA. In this sense, a 'bubble' covering a 2-5 km square grid, say, 
fits current modelling methodology. However, the 'multi-bubble' con
cept involving larger areas over which offsening takes place races severe 
problems. 

The variation in acid gas levels experienced at different receptor sites 
in Newcastle highlights the sensitivity or recorded air pollution levels to 
the spatial distribution or air pollution emissions. For instance, it is 
possible to plan numerous spatial distributions of emission sources of 
varying strength which yield the same total for emissions in Newcastle 
but the spatial distribution and intensity or the 'hot spots' would vary 
markedly with each choice of spatial distribution. In general, it would 
still be necessary to allow as little concentration of high emissions as 
possible in order to avoid such problems. Therefore a 'multi-bubble' 
concept or a pollution quota system would need to be treated with 
caution. 

Emissions trading may not be feasible across areas separated by more 
than a few kilometres. Certainly if there is any significant effect in 
Newcastle due to long range transport from the power stations in the 
Upper Hunter Region or in the Lake Macquarie area, the offsetting 
procedure within a bubble in Newcastle is invalidated. 

The use of pollution taxes for some industries, particularly smaller 
emitters, may also be integrated rather easily within the present direct 
command and control system. Polluting premises could have their 
licences graded on a regular basis according to emission categories 
chosen by the State Pollution Control Commission. This would provide 
an incentive for industries to attempt further control in order to achieve 
a lower emission category. The SPCC is at present investigating the 
details of a staged licensing system (Wilcox 1984). 

Dustfall from coal-mining activity 
The problems associated with the modelling of dustfall from open cut 
coal mining, additional to those normally encountered with inert pollu
tants, have already been noted in Chapter 3. Briefly, they can be 
summarised as follows. First, there arc a number of poorly quantifiable 
emission sources and source-types to be considered which are close to 
ground level. For example point sources are blasting, overburden and 
coal removal; line sources are those resulting from trucking activity; and 
area sources constitute bare areas exposed to wind. Second, allowance 
must be made for particle fallout and this varies in a complex fashion 
with distance from the mine, size distribution of the dust particles and 
wind speed and direction. Third, the scale of behaviour is small with 
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most fallout occurring within 1-2 kilometres. Therefore ground level 
sources make micro-meteorological effects and even minor topographical 
features important. Fourth, monitored data tends to be collected only 
about once a month so that it takes a few years to obtain a data series long 
enough for modelling. 

Consequently, models used to date in the Hunter Valley, have been 
borrowed from overseas where there has been more experience with a 
dustfall problem and they have been deterministic in character but have 
been adjusted somewhat for Australian conditions. However, over the 
next few years as the data base grows the opponunity exists for model
ling on a more probabilistic basis. Understandably, there is presently 
some disagreement between results obtained by the deterministic models 
although a number of users are now getting reasonable agreement for 
long-term annual averages with data monitored. Jakeman and Simpson 
( 1983) have outlined the monitoring requirements and methodology of a 
hybrid dust modelling approach. It involves sensitivity analysis of the 
best deterministic models to improve their predictive reliability for long
term mean values and incorporation of a statistical component to predict 
variations from the mean and extreme events under different natural 
meteorological regimes. 

In summary, there is a good prospect for dust impacts that there will 
soon be-models, especially once further data are available to refine them, 
which will be useful enough for planning purposes, such as to determine 
the approximate extent of buffer zones in advance. On the other hand, 
they are not accurate enough, at least at present, to be useful for the 
prediction of short-term levels in general and of impacts on specific 
residences. 

Fortunately, such a level of precision is not necessary at present since 
an incentive scheme is already operating to control the impacts of open 
cut coal mining in a potentially efficient manner. This scheme relies less 
on modelling than on monitored data at receptor sites. Residents in the 
vicinity of mining leases are entitled to compensation when they experi
ence dustfall levels above a threshold value. This has the effect of a 
company applying controls such as watering, chemical spraying, blasts 
timed for the most favourable winds and so on, only to the extent that it 
is less expensive than compensating affected residents. 

The number of residences or at least the area impinged upon is 
usually quite small so that direct monitoring of locations of interest can 
be achieved at low cost. For dustfall, instrumentation currently consists 
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of a simple funneled jar whose contents are weighed and analysed once a 
month. 

Of course the efficiency of this approach hinges upon two important 
requirements: the dustfall level at which disamenity is incurred, and 
satisfactory compensation measures. To determine the former, the per
ception or attitude survey was carried out for communities on the 
fringes of open cut coal mining leases and this has been summarised in 
Chapter 3. Basically, the results tend to confirm the SPCC's criteria 
estimated on the basis of complaints and overseas evidence that at levels 
as low as 4 grams per square metre per month disamenity can be 
incurred and at lO grams the annoyance is severe. 

With respect to the level of compensation, the present situation is 
unclear since only broad guidelines have been specified. However, 
Court and Wilcox (1984) have proposed a sliding scale scheme with the 
loss of amenity being determined from dustfall levels suffered and 
average decrease in property prices. They cite possible problems as 
apportioning the blame when there is more than one operation in the 
area and the potential for abuse ofthe monitoring system. However, they 
see modelling as an aid here to check these cases and the use of penalties 
for both mining operators and residents influencing gauged recordings. 
The use of directional gauges would also go a long way to sorting out the 
first problem. From an administrative viewpoint, Court and Wilcox 
(1984) regard the calculation of annual compensation payments on the 
basis of actual rather than predicted pollution as not requiring signifi
cantly more resources and that the extra administrative burden would be 
considerably counter-balanced by the reduced need for ensuring the 
continuing compliance of control measures at mine sites. 

The proposal can be summarised in terms of effectiveness criteria 
specified by Baumol and Oates (1977). It has dependability, incentives 
for maximum effort, economy and minimal interference. These hold 
because it is basically an incentive taxing system. Additionally, it satis
fies their adaptability to economic growth criteria because taxes are based 
on property prices and it would have reasonable political appeal because 
it is based fundamentally on the current system where compensation has 
already been established as a requirement, albeit defined somewhat 
loosely. Such a system could be achieved without significant advances in 
modelling accuracy since impacts can be measured directly. However, 
improvements in the modelling area would be useful for planning 
purposes. 
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Pollutants from large point sources in the Hunter Region 
The point sources considered here include thermal power stations and 
heavy industries such as smelters and steelworks. The pollutants of 
major concern from these sources tend to be sulphur dioxide, nitrogen 
oxides and particulates. Lead and fluorides can also be a problem from 
smelters but they have particular features which warrant leaving addi
tional discussion on them until later in the section. 

Ambient concentrations of sulphur dioxide, nitrogen oxides and parti
culates from elevated point sources can be predicted from emissions with 
reasonable accuracy-the often quoted factor of 2 accuracy is relevant in 
this case especially for sulphur dioxide and particulates Gakeman et al 
1985). Therefore it is possible with reasonable meteorological infor
mation to determine the levels of emissions which do not lead to 
excecdance of assimilative capacity in a region at least in terms of 
ambient air quality 'standards'. The review of dose-damage threshold 
information for various pollutants in Appendix I concluded that the 
USEPA primary and secondary standards for sulphur dioxide and parti
culates provide adequate safety for the protection of human health and 
damage to vegetation and materials. Again, assimilative capacity should 
take into account the possible variations in meteorology, especially those 
not used in validating the model(s) to be used. Clearly, for a given level 
of emis~ions there may be infrequent meteorological conditions which 
lead to the highest levels of pollution and there needs to be an evaluation 
of how often extremes above the ambient standards could be tolerated. 

The main point is that it is possible, with adequate meteorological 
data, to decide upon the maximum emission strengths which conform to 
the arbitrarily chosen assimilative capacity. This leaves the way open to 
charge emission fees on the basis of pollution abatement costs or al
ternatively to assign pollution quotas. However, the former will tend to 
be the more practical incentive since most large point sources in the 
Hunter Region operate in isolation from other substantially polluting 
industry. When they do impinge they are often operated by the same 
authority as is the case with power stations. In such cases, it may make 
sense to allow for emission bubbles and banking which can be imple
mented within the present administrative framework. 

The option of emissions fees for isolated point sources leads to the 
question of appropriate emissions monitoring. Tax on fuel used or its 
sulphur content would not seem to provide sufficient incentive to 
generally improve housekeeping such as regular changing of bag filters 
to collect the designed proportion of particulate emissions. For large 
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scale operations where returns are high, continuous emissions monitor
ing is becoming a viable option. The capital cost for two 350 MW units 
of a power plant in New Mexico was $224,500 with up to 3 staff 
required for maintenance (Taylor 1982). However, two points can be 
~ade here. Now that there is a direct need for such technology, partict1-
larly in the United States, the costs are likely to full dramatically in the 
coming years. Second, many of Australia's isolated point sources are 
producing ambient sulphur, nitrogen oxides and particulate pollution 
below the thresholds of environmental standards so that there is in many 
cases some lead time before the stresses of economic growth will change 
this situation markedly. Clearly, one industry in which growth is likely 
to occur is the thermal power industry. Presently there is no wet 
scrubbing to reduce sulphurous emissions since Australian coals have 
been sufficiently low in sulphur. 

It may make sense, however, to introduce continuous emissions moni
toring when it is predicted that airsheds will become sufficiently satu
rated with sulphur dioxide for new power sources to have scrubbing 
technology. lltis may be likely to happen when the next generation of 
power sources are built in the Hunter Valley. The charge of a suitable fee 
would then provide incentive for efficient operation of that technology. 
The fee could be based upon present knowledge of abatement costs for 
which there is reasonable information (Australian Environment Council 
I983a,b,c). 

In concluding this section, an extended discussion on the particular 
problems of lead and fluoride emitted from point sources is warranted. 
While the point sources of lead are mainly smelters, fluorides can be 
emitted by a number of industries. In the Hunter Region these indude 
aluminium smelters, steelworks, brickworks, thermal power stations, 
glassworks and fertiliser industries. Both pollutants have two features in 
common. They are more diffict1lt to model than the other pollutants 
considered earlier in this subsection though not just because of their 
different reactivity. Lead can be discharged in many forms and as a 
partict1late it falls out in a complex manner, while fluorides are mainly 
emitted at low level. The second fe?.ture is a consequence of these 
properties, namely that impacts, at least the important ones, tend to be 
localised. 

It is diffict1lt therefore to be confident of ambient concentrations and 
hence the precise impacts before such an industry is in operation. Of 
course, absolute upper bounds to the likely level of pollution can be 
ascribed from other sites of similar activity. A fee for emissions could be 
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charged based upon abatement costs. However, the authors are unaware 
of any continuous emissions monitoring being undertaken for lead and 
fluoride. Of course surrogate measures could be used for example by 
calculating mass balances for fluoride. However, their use is question
able. Because of the major localised effect of these pollutants it would 
not be too administratively complex to charge or pay compensation on 
the basis of monitored ambient concentrations and the value of the 
property impinged, as has been recommended by Court and Wilcox 
(1984), especially for dustfall from coal mining activity. The two alu
minium smelters in NSW already operate large ambient and other data 
collection networks. The Sulphide Corporation at Boolaroo also has its 
ambient lead levels measured in the vicinity. Such a taxing scheme based 
upon ambient rather than source pollution may be more equitable for 
receptors and polluters when precise impacts are less cenain before plant 
operation. 

Conclusions 
It would appear that there are several policy options which should be 
considered in air pollution management in NSW: 
• The incorporation of economic input-output models into regional and 

state environmental planning in order to better understand the impact 
of development on a range of issues, such as employment as well as 
environmental degradation. 

• The use of offsetting for more cost-effective air pollution control for 
factory complexes of area roughly less than 2.5 km square. 

• A consideration of the use of emission taxes as an incentive to reduce 
air pollution emissions. These may be based on: 

the gradation of pollution licences for small emitters, 
the continuous monitoring of source emissions from large isolated 
point sources, if warranted in the future, and 
ambient monitoring of lead, fluorides and dustfall where modelling 
is difficuh and effects are localised. 

• Simulation of the pollution market and hence its competitiveness for 
industry in the Newcastle airshed with a view to introducing pollu
tion quotas. While the establishment of an effective pollution market 
may have problems, the research costs for investigation of this possi
bility are low. 
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Conclusions 

The conclusions from the CRES study are presented in two separate 
sections. The first presents our find.in~ about the specific air pollution 
problems of the Hunter Region both currently experienced and expected 
under future development scenarios. The second section deals with 
conclusions based upon methodology and these have general impli
cations for the performance of regional assessments of air quality risks. 
Clearly there are some uncertainties which make positive conclusions 
quite difficult and where it is imponant to be more definitive, rec
ommendations have been made, especially with regard to monitoring 
and modelling, in Chapter 10 to improve the state of knowledge. 

Air quality conclusions 
The ~llutant emissions of major concern in the Hunter Region are 
Sl!,iphur dioxide and (suspended and deposited) particulates. There is 
also a strong possibility that emissions of nitrogen oxides are a signifi
cant contributor to air pollution in the region. The latter have not been 
measured. Before amplifying further, it is important to provide some 
background on the cumulative effects of these three pollutants. 

In general, the combined effect of sulphur dioxide and airborne or 
suspended paniculates on public health and welfare are considered 
worse than some of their individual effects. The maj~ reason for this is 
that particul~ n act as carriers o(g~seq1,1s_sJ:!!P.hur dioxide, effecting 
depos1tioninto the lungs and_~Q._!!!!terials, for exam~~ ambient 
air ~fuy_:ffi!ndards are~prescribed~owledge of such synergism 
and in manY.f!_~the ;-tan_dards_§ -!~~r j'iOXlde~~q)Qsidered 
in con·unction with the standard(s)_fot.particulates. Consequently, ambi
ent sulphur dioxide.~n~~ntrations, which ;re ~ -t-; violating environ
mental standards of the United States for instance, may not constitute a 
significant risk if accompanying concentrations of total suspended parti
culates are well below the relevant environmental standard. 
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Like sulphur dioxide, oxides of nitrogen are also acid gases and it must 
be considered that there is potential for these gases, particularly nitrogen 
dioxide, to have synergistic effects in combination with particulates. The 
World Health Organisation consequently specifies its recommended 
goals for acid gas levels in conjunction with suspended matter. 

While sulphur dioxide, nitrogen oxides and particulates occur individ
ually in high concentrations in parts of the Hunter Region, nowhere 
have they been measured jointly in such concentrations as to present a 
significant air quality risk. Indeed, the CRES analysis indicates that the 
present annual average levels of sulphur dioxide with particulates, acid 
gases with particulates, and nitrogen dioxide alone, are probably low 
enough throughout the Hunter Region that there should not be any 
detectable adverse effect from these pollutant combinations on the 
population in the long-term. This is not to deny the possibility that 
future research and analysis of epidemiological data in particular may 
reveal conclusively that the morbidity of populations is singularly and 
significantly affected by even low levels of pollutants. 

It is quite likely however, that short-term levels of these three pollu
tants are sufficiently high as to represent a level of concern from time to 
time. For example, the violation of the United States Environmental 
Protection Agency's short-term primary standards may present a level of 
discomfort to the more susceptible members of our population such as 
those with bronchial complaints. Violation of the National Health and 
Medical Research Council's short-term goal for nitrogen dioxide may 
cause some hyperactivity in asthmatics. 

The Upper Hunter Region 
The major air quality effect of which we are aware in the Hunter Region 
is the loss of amenity incurred by populations suffering dust fallout on 
the fringes of open cut coal mining activity. The areas most affected have 
been Ravensworth and Maison Dieu and the major problems are JhJ,a 
and nciise. More recently the NSW SPCC (1983) has reported that sites 
~arkworth also have exceeded the Commission's interim crite
rion for dustfall of 4 g/m2/month (annual average) which is a level 
thought to be inconsistent with the current amenity of the affected areas. 
The criterion is based upon standards applied in a number of American 
states and experience of the dustfall level at which the SPCC has 
received complaints. The SPCC also regards 10 g/m2/month (annual 
average) as an unacceptable level. Our perception-attitude survey sup
pons the interim criterion adopted by the commission but there is a 
possibility that a significant loss of amenity could occur at a slightly 
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lower level than 4 g/m2/month. On the other hand, amenity loss is not 
likely to be significant below 2 g/m2/month since the attitudes and 
perceptions of surveyed populations enduring this level were about the 
same as a control population subjected to normal rural background 
levels. 

Environmental effects near coal mining areas are considered to be 
primarily of a nuisance value by 40 to 60 per cent of residents depending 
upon locations. However, a significant proportion of residents surveyed 
feel that they incur some hardship such as the need to do extra cleaning. 
On the other hand, the majority of residents (87.5%) in the worst 
affected area rate their location no less highly compared to previous 
places of residence. 

The survey analysis also reveals that there seem to be no significant 
differences in health problems between the mining and non~ining 
regions surveyed. In particular, there are no significant differences in the 
occurrence of bronchial problems for different dustfall levels. 

Our analysis of air pollutant concentrations in the Upper Hunter 
lkgion reveals four important points: 
• annual average levels of sulphur dioxide are lower than recognised 

standards which protect long-term public health, vegetation yields 
and material damage; 

• only the more conservative short-term health standards (1 hour to 24 
hour averages) of some countries for sulphur dioxide are in danger of 
violation a few times per year at locations towards the north-west and 
south-east of Liddell power station; 

• the National Health and Medical Research Council's maximum per
missible level for suspended particulates and the United States En
vironmental Protection Agency's National Ambient Air Quality 
Standards for total suspended particulates are in danger of violation 
from time to time around the Ravensworth area; and 

• estimated levels of fluorides and particulates emitted from the power 
station are not a cause for concern at present. 
The short-term standards for sulphur dioxide protect both sensitive 

vegetation from injury, especially cultivated crops, and the more suscept
ible members ofthe population from such effects as increased frequency 
of asthma attack and increased respiratory problems for chronic bron
chial patients. On the positive side it should be recognised, that these 
standards are intended to provide a margin of safety for the majority of 
the population; that the maximum levels do not occur in the larger 
populated areas; that Australian native vegetation generally can be as-
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sumed to be less sensitive to airborne JXlllutants than cultivated crops; 
and finally that the sulphur dioxide standards should be applied in 
conjunction with suspend'ed particulate standards. The consequence of 
the last condition is that only in the Ravenswonh area do high levels of 
particulates and sulphur dioxide concentrations combine to present a 
JX)tentially significant health risk. 

On the negative side, our analysis and modelling shows that there is a 
strong possibility that short-term nitrogen oxide levels could also be of 
concern in the same locations at which the sulphur dioxide maxima 
occur, and that there is some uncertainty about the degree to which 
meteorological conditions in combination with the toJX)graphy of the 
Valley can induce trapping of JX)llutants and thereby increase ground 
level concentrations significantly. Nitrogen oxides and sulphur dioxide 
are both acid gases and it is likely that their combined effects will at least 
be additive. An analysis of Williamtown subsidence inversion data 
suggests that inversions below IOOO m leading to increased concen
trations may occur up to 40 times per year in the morning in the Upper 
Hunter Region and up to 10 times per year in the afternoon. 

The air quality assessment in the Upper Hunter Region also looked at 
the potential impacts of future development. The siting of the new 
Bayswater power station, for example, appears a good choice on air 
quality grounds. The maximum pollutant levels to be expected solely 
from this source are a little higher than those from the nearby Liddell 
power station. However the maxima from the two stations will generally 
be produced at slightly different locations. The two power station 
plumes may combine, but the combination will only occur about I to 2 
days per year when dispersive conditions are poor. 

The air quality effects for up to three additional power stations were 
also considered; at Whites Creek, Upper Saddlers Creek and Ponds 
Creek which were mentioned in the Bayswater Environmental Impact 
Statement as possible future sites. The CRES analysis indicates that 
with the addition of any of these power stations the maximum levels will 
not increase beyond that of the combined effect of Liddell and Bayswa
ter but levels in general will rise. The two sites at Upper Saddlers Creek 
and Ponds Creek are preferred on air pollution grounds to that at 
Whites Creek as fewer people will be affected by the increased pollution. 
Of these two sites, Ponds Creek is preferred as the high levels should 
occur less frequently. 

The Newcastle area 
Air JXlllution problems in the Newcastle area arc due to high acid gas 
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concentrations (which basically would include sulphur and nitrogen 
oxides), and particulate levels. Ozone levels are sometimes high and 
there is also a lead problem at Boolaroo which seems due more to 
industrial pollution than motor vehicle pollution. We deal with these in 
reverse order. 

It is highly likely that the NHMRC and USEPA standards adopted as 
guidelines by the SPCC for Ie:ad particulates has been violated. The 
guideline is 1.5 micrograms per cubic metre for a 90 day average 
whereas measurements are reported as annual means and these have 
ranged up to 4 micrograms per cubic metre. While the literature on the 
effects of various levels of lead intake on human health is confusing, it 
does seem that the adopted guideline provides a reasonable margin of 
safety. On the other hand, if ambient lead concentrations are continually 
above 5 micrograms per cubic metre then children run the risk of acute 
lead toxicity. 

Ozone measurements are taken only at Adamstown. While short-term 
(I hour to 3 hour average) air quality standards for this pollutant are 
violated by a small margin at times, it would appear that there is little 
threat of damage to vegetation and materials in the urban area and that 
there is some risk of problems such as nose, throat and eye irritation on 
the occasions that the very high levels occur. 

Total suspended particulates are also only monitored. at one station, 
Boolaroo. The levels there indicate that the SPCC's adopted guidelines 
are often violated. On the other hand, measurements of suspended 
matter at other locations are well below the SPCC's adopted criteria and 
suggest that ambient dust is not a general problem throughout Newcas
tle. Annual average levels of dust deposition are reasonably high, how
ever, fluctuating around the 4 grams per square metre per month figure 
adopted by the SPCC as an interim criterion for yielding a loss of 
amenity. 

Both annual mean levels and short-term acid gas levels have been 
quite high but suspended matter readings are low enough to indicate a 
low risk to public health from the combination of these two pollutant 
types. With respect to the air quality implications of any new develop
ment, the CR.ES modelling suggests that a low risk strategy would be to 
avoid any significant increase in acid gas emissions above present levels 
while a doubling of emissions leading to suspended particulates could be 
tolerated. Natural gas with its lower sulphur content has started to 
replace oil burning as an industrial energy source. If this substitution 
becomes substantial, then it should not be difficult to maintain such a 
strategy. 
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The Lower Hunter Region 
There are two potential air pollution problems in the Lower Hunter 
Region outside of Newcastle: from sulphur dioxide and fluoride. The 
major emissions of snlphur dioxide are from the coal-fired power sta-
tions in the south-east and the two aluminium smelters at Kurri Kurri 
and Tomago. The major fluoride emissions emanate from the above two 
aluminium smelters. Modeiling results by James et al (1983) suggest that / 
annual average sulphur dioxide levels should be quite low but short-term 
levels may exceed the more conservative air quality standards of some 
countries. On this basis, short-term nitrogen oxide levels may be of 
concern as is speculated for the Upper Hunter Region. However both 
acid gases may be of sufficiently low ambient concentration at Boolaroo, 
which is perhaps the only location where suspended particulates are 
high, that the health risk from pollutant combinations is quite low. 
Because of the poor data base any new acid-gas-producing development 
in the Lower Hunter Region should be preceded by appropriate moni
toring and modelling exercises. 

Analysis of fluoride data in the vicinity of the two aluminium smelters 
and the results of modelling by James et al (1983) indicate that the 
fluoride problem is basically in check at the moment. There are some 
high levels in forage, vegetation and in the atmosphere in the dose 
vicinity of the smelter, say less than a 5 kilometre radius. Outside the 
dose vicinity of smelters, however, ambient levels of 0.1 micrograms per 
cubic metre and fluorine leaf content of 25 to 30 micrograms per gram, 
adopted as conservative benchmarks by the State Pollution Control 
Commission, are not being violated on an annual basis. However these 
levels have been exceeded for the smelter at Kurri Kurri on a monthly 
basis which indicates that there is some chance of damage if a sufficient 
number of consecutive high pollution months are encountered in a 
growing season. 

At present, emission levels of the fully operational smelter at Tomago 
are sufficiently low to indicate some cause for optimism about future 
fluoride levels. Emissions at the Kurri Kurri plant have just been 
increased over very recent levels with the commissioning of a third 
production line in mid 1985. It is not expected, however, that total 
emissions will be higher than 1983-84 levels. This needs to be con
firmed after a reasonable operating period since any large increase in 
emissions would exacerbate ambient levels and significantly increase the 
risk of damage to sensitive vegetation species. Certainly any new devel
opment proposals which increase the present load of fluoride emissions 
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in the vicinity of Kurri Kurri, as probably would have occurred if the 
Lochinvar smelter had gone ahead, should almost categorically be re
jected. Given the state of the world aluminum industry with demand for 
its products below expectations of a few years ago, any new smelter 
development appears unlikely before 1990. 

Mobile sources of pollution 
The contribution of mobile sources to pollution levels in the Hunter 
Region is largely unknown since linle specific monitoring of related 
ambient concentrations has been carried out. A modelling exercise was 
therefore undertaken by CRES to simulate pollution levels in major 
towns subjected to traffic from coal-related and other heavy-duty trans
pon. Singleton, Maitland and Muswellbrook were chosen as towns 
worthy of investigation. It should be realised that clearly there is a 
number of uncertainties affecting the results. 

Bearing this in mind, the results are: 
• nitrogen oxides and carbon monoxide are the pollutants most likely to 

be of concern in the future; 
• maximum pollutant levels are likely to appear in the morning peak 

period between 6 am and 9 am while the afternoon peak at around 4 
pm is expected to be lower due to increased dispersion from much 
highe"r wind speeds; 

• Maitland would be the worst affected of the three towns; 
• assuming an increase in traffic volumes of 4.5 per cent per annum, by 

the year 2000 carbon monoxide concentrations are likely to remain 
below ambient air quality standards while nitrogen dioxide levels may 
then exceed at least some air quality standards in the three towns; 

• the application of nitrogen oxide emission controls on heavy-duty 
vehicles could significantly decrease expected levels; presently no 
control for nitrogen oxides is required for heavy-duty vehicles in 
Australia; application of the levels set for the state of California in 
1981 for heavy-duty vehicles would yield about a 20 per cent reduc
tion in expected levels; another reduction of about 20 per cent could 
be obtained if additional controls were placed on motor cars at the 
level set nationally in the United States in 1981. 

There are long-term proposals to build by-passes for these three towns. 
If they were to go ahead in the early 1990s then there appears little cause 
for concern about the effects of pollution emission from motor vehicles 
in the major through-traffic towns of the Hunter Region. 
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General conclusions on methodology 
The methodologies adopted in this assessment of the air quality effects 
of resource development in the Hunter Region have been based upon 
the concept of risk or the probability of occurrence of a hazardous event. 
This is consistent with. the increasing acceptance that the uncertainty 
associated with the description of environmental systems requires the 
prediction of events in probabilistic terms. And in the case of air 
pollution the relevant probabilities to consider are those related to the 
calculation of environmental damages. However, the pollutants of con
cern in the Hunter Region have not generally reached damage thresh
olds. Therefore the upper percentiles of pollution concentration should 
be examined to determine the safety margin between levels experienced, 
or likely to be experienced, and those threshold levels which cause 
damage. Such a comparison is best made on an annual basis because 
most air quality standards arc prescribed for calendar years and a one 
year period will also include many of the effects of different scl!sonal 
fluctuations in meteorology. 

Statistical models and hybrid (deterministidstatistical) models were 
developed as responses to these requirements. The hybrid area source 
model was particularly successful. It allowed the prediction of acid gas 
concentration distributions in the Newcastle airshed from rather simple 
meteorological assumptions without the need for more sophisticated 
meteorological inpu1 as would be required by more complex dc1erminis
tic models. The prediclions for the upper percentiles of concentration 
were obtained with an accuracy that is expected of deterministic models 
in estimating median concentrations. 

An important clement in assessing environmental risk is inclusion of 
the effects of fluctuations in long-term meteorology. Even when pollu
tant data bases exist they often cover a limited time span. The monitor
ing period may not include a range of meteorological conditions which 
are sufficiently representative of dispersive conditions to be expected. 
Comparison of the meteorology for the two years of monitoring of 
sulphur dioxide in the Upper Hunter Region with other years suggested 
that significant increases may occur due to changing meteorology. The 
point was more clearly demonstrated for maximum add gas levels in 
Newcastle. These may change by almost a factor of3 in one climatologi
cal period (30 years) due to meteorological influences alone. 

Where environmental problems relate to a loss of amenity, the risk is 
difficult to quantify. A useful methodology which can be adopted in 
such situalions is to carry out a perception-attitude survey of affected 
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populations and a control group. This turned out to be an effective way 
of characterising the relationship between the degree of amenity loss and 
pollutant levels, the relative ranking of the environmental effect in 
comparison to other environmental problems, and to other general 
problems in the region. 
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Recommendations 

Most of our recommendations relate to the acquisition of more pollutant 
and meteorological data and, in some instances, to the need for sub
sequent modelling exercises to illuminate the important deficiencies and 
uncertainties revealed by our regional assessment. With the information 
obtained from carrying out these recommendations, the Department of 
Environment and Planning and the State Pollution Control Commission 
will be in a stronger position to anticipate levels of resource development 
which will not compromise air quality expectations within the corn• 
munity. We also make some specific recommendations for further re
search and analysis of the use of economic incentives as policy 
instruments which could be integrated into the regulatory pollution 
control system currently operating in the state of New South Wales. The 
recommendations and their rationale are as follows: 

(a) To ensure the protection of public health, it is important to obtain a 
satisfactory measure of the levels of suspended particu
lates in areas subjected to high dustfall. Dichotomous sam
pling is recommended because it can be used to determine the 
volume of particles in air below threshold sizes which are consid
ered a risk to human health. It is especially important to sample in 
the area around Ravensworth where sulphur dioxide levels, and 
possibly nitrogen oxide levels, are relatively significant and there is 
thus a potential for cumulative effects from the three pollutants. 

(b) Our survey results show that industrial noise is a problem which 
directly affects many residents of Maison Dieu, Ravensworth and 
Broke. There is no data base on noise levels in these areas. It would 
be useful to monitor these areas for noise levels and compare the 
results obtained with relevant criteria on the effects of noise. 

(c) The State Pollution Control Commission choice of 4 g/m2/month 
(annual average) as a level of dustfall which causes loss of 
amenity has been confirmed as a very reasonable interim criterion . 
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A survey of selected population(s), not necessarily in the Hunter 
Region, subjected to annual averages between 2 g and 4 g/m2/month 
could be used to refine the criterion. 

(d) A sufficiently extensive study is needed to estimate the frequency 
and heights of meteorological inversion conditions in the 
Upper Hunter Region, particularly in the area between Single
ton and Muswellbrook. 

(e) Concurrent monitoring of sulphur dioxide maxima in the Upper 
Hunter Region is desirable during pan ofthe extensive study period 
recommended in (d) for calibration of a trapping model of 
pollution. The model could then be used to estimate the extreme 
levels to be expected when trapping conditions occur. 

(I) Some nitrogen oxides monitoring in the vicinity of power 
stations is also required to refine the basic relationship that we 
assumed between sulphur dioxide and nitrogen oxides released from 
power stations. It is also needed to determine the relative concen
trations of nitrogen dioxide which is the oxide of nitrogen which 
presents the greatest health risk. Monitoring should at least be 
carried out in the populated areas near open cut coal mines around 
5 to 10 km from the Liddell power station where cumulative 
pollutant effects are most likely. 

(g) When Bayswater power station becomes operational a monitor
ing exercise for ambient sulphur dioxide concentrations and rele
vant meteorology is recommended to calibrate a basic dispersion 
model for that source. Ideally the exercises in recommendations (d) 
to (g) would best cover overlapping periods. The fuil recommen
dations are especially important should a new generation of coal
fired power stations in the Upper Hunter Region be contemplated 
after Bayswater. 

(h) A spatially intensive monitoring exercise should be under
taken in the Newcastle area to determine the relative propor
tions of acid gases. Should it be determined that nitrogen oxides 
make significant contributions to acid gas levels, then separate 
monitoring of sulphur dioxide and nitrogen oxides should be imple
mented continuously. This will also help establish the potential for 
photochemical oxidant problems in the area. Continuous monitor
ing is needed, rather than just daily averages, because it is likely that 
short-term (l to 3 hour averages) air quality standards are more in 
danger of violation than the longer-term standards. 
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(i) Continuous monitoring of wind speed and wind direction 
closer to the Newcastle city area is also recommended because of the 
sensitivity of air quality levels to meteorological change. This would 
be especially important to implement in advance of further acid gas 
and particulate emitting industry proposals. With more detailed 
meteorological information our modelling results could be re
worked to evaluate the potential problems of new industry with 
more precision. 

(j) A study is required to estimate the effect oflong range transport 
of acid gases from sources outside Newcastle. The work of Dixon 
(1984) argues that such effects are significant. 

(k) Future acid gas producing development in the Lake Mac
quarie, Maitland and Cessnock areas should also be treated 
with caution. Monitoring for sulphur dioxide, nitrogen oxides and 
particulates would help clarify the air quality potential for new 
developments such as power stations producing these emissions. 
These exercises would certainly need to be undertaken for the 
assessment of such development proposals. 

(I) In the vicinity of the region's two aluminium smelters, contin
ued ambient, vegetation and forage monitoring for t~e effects of 
fluoride emissions is warranted. Furthermore, any fluoride emis
sion. increases in the area impinged by the Alcan smelter at Kurri 
Kurri, as probably would have occurred with a smelter at Lochin
var, must be considered with extreme caution. 

(m) A short period of monitoring to assess the levels of nitrogen 
dioxide from motor vehicles in the Maitland area is recom
mended. This will allow investigation of any current problem. 
With a concurrem wind speed and direction monitoring exercise, 
calibration of a model to predict the likely future impacts in such 
major through-traffic towns could also be achieved. 

There are several policy options which should be considered for the 
management of air pollution in New South Wales. The aim of 1hose 
suggested for investigation in (n)-{p) below should be either to provide 
incentives to emitters to reduce their pollution .levels as far as possible or 
co increase the cos1-effectiveness of air pollution control or both. The 
suggestions are particularly relevant to the Hunter Region. 
(n) Simulation of a market for the equitable distribution of 

pollution quotas for industry in the Newcaslie airshed should be 
undertaken. While the establishment of an effective pollution mar- 11 

ket may have problems, the major possibility being lack of sufficient 
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competition, the research costs for investigation of this possibility 
are low. 

(o) Offsetting of pollutant emissions allows deregulation of a facto
ry's individual emission sources so that its total emissions of indi
vidual pollutants can be considered as a single entity. Some sources 
may be cheaper to control than others and offsetting allows a factory 
to control individual sources as it wishes as long as total emissions 
of any individual pollutant are not increased. Offsetting should be 
considered for factory complexes up to 2.5 km square. 

(p) There is currently some consideration of the use of emission 
taxes as an incentive to reduce air pollution emissions in New 
South Wales. This should be encouraged and we suggest investi
gation be made of: 
(1) the gradation of pollution licence fees to small emitters where 

fees are proponional to emission strengths; 
(2) the scope for continuous monitoring of source emissions from 

large isolated point sources so that fees can be based On such 
operations; 

(3) the feasibility of compensation, in proportion to pollution level 
suffered and some other criteria based upon value of area 
impinged, for the effects of lead and fluorides from stationary 
sources and of dustfall. Dustfall and lead compensation schemes 
warrant immediate attention. 

(q) A central data bank should be established and administered with 
sufficient powers to house all relevant environmental data for the 
region. This would improve the accessibility of data and encourage 
the assessment process. Data are at present too fragmented among 
the SPCC, polluters and other monitoring agencies. 

(r) There has been too much uncertainty surrounding the prediction of 
pollution levels (mainly suspended and deposited particulates) 
emanating from open cut coal mining activity. Forecasts are 
needed by the end of the decade to determine the extent of buffer 
zones and/or the requisite level of pollution control on mining 
operations. To accomplish this, special intensive studies are re
quired to relate observed pollution level to emission source type. 
Extensive data collection over a three to five year period is required 
to build up a sufficient data base to identify and calibrate a useful 
model. 

(s) Air quality predictions made in Environmental Impact Statements 
tend to embody average values only. Pollution predictions should 
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delineate the potential range of impacts and their probability of 
occurrence. This would involve more widespread use of stochastic 
methodologies. 





APPENDIX I 

Dose-damage threshold 
information 

Introduction 
Air pollution dose-damage information is reviewed for identifying the 
risks of ambient air pollutants to target receptors in the Hunter Reiion. 
It has bttn noted in Chapter 2 that there is in general a safety margin 
between maximum ambient concentrations and specified damages in the 
region. Identification of the margin is therefore possible now that 
techniques such as those detailed in Appendix VII are available for 
predicting maximum concentrations within a factor of 2 accuracy. The 
information is of general interest and can be applied to assess the 
likelihood of air quality impacts in other locations. 

In the following specific dose-damage information from the literature 
is provided for the pollutants of significance in the Humer Region as 
noted in Chapter I . This is in the form of threshold levels at which 
either no damage or a specified damage has been observed. The thresh
olds are listed for human health, vegetation and materials and t he 
relevant references to their original source are listed. Some attempt will 
also be made to incorporate infonnation on synergistic effects. It is 
worth emphasising that the term threshold is not employed here in its 
strictest sense. Thus, it is not used to denote a point below which it is 
assumed no damage occurs but as a general term denoting a point at 
which the damage to be indicated has been observed. 

Fig. 1 in Chapter 1 is a map of the Hunter Region subdivided on the 
basis of local government areas into the Upper and Lower Hunter 
Subregions. It shows the location of major development including 
operational and proposed aluminium smelters and power stations, the 
major industrial area of Newcastle and the areas of open cut coal 
mining. Table I of Chapter 1 displays the relevant emissions emanating 
from these developments and vehicular traffic. Emissions known to 
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occur in negligible quantities are not included. From the table, it is seen 
that the atmospheric pollutants of the Hunter Region for which dose• 
damage thresholds are required are: sulphur dioxide, particulates includ• 
ing lead, fluorides, nitrogen oxides, ozone and noise. Hydrocarbons and 
carbon monoxide are not included since these derive mainly from 
vehicle emissions and seem 10 be of such levels to be of insignificant 
consequence compared to nitrogen oxides (see Chapter 7). The effects of 
these are basically restricted to human health and for these effects the 
interested reader is referred to Ferris (1978). 

Damage information 
The data for this section are presented as summaries in various tables. 
Each table relates to a particular pollutant and includes damage thresh
olds for receptors of interest. Although multiple results are sometimes 
reported, clearly some subjective judgments need to be made when 
assessing the literature for relevant results. References are therefore given 
to allow the reader to find the source or a review of the information so 
that some reliability can be gauged for the data presented here. The 
tables also contain the particular USEPA standards for the pollutants 
and guidelines followed by the NSW State Pollution Control Commis
sion (1982) are shown in the final table. In this way, the reader can assess 
their relevance to the damage thresholds. All levels are given in micro
grams or milligrams per cubic metre and where relevant in parts per 

million. The conversion units used are for conditions of zero degree 
Celsius and I atmosphere pressure. It should be noted that Ferris(l978) 
has critically reviewed the health effects of low level exposure to air 
pollutants from available epidemiological and clinical studies and has 
subsequently evaluated the adequacy of USEPA primary standards. Our 
results with respect-to health rely heavily on his work. 

Sulphur dioxide and particulates 
Table I contains the relevant summary for these pollutants which should 
be considered in conjunction with one another since the major heahh 
effects result from particulates carrying sulphur dioxide into the lungs. 

The information base for long-term health effects of sulphur dioxide 

and particulates can be regarded as reasonable whereas the results 
obtained for shon-1erm effcc1s are conflicting (see Ferris 1978). There is 
also a lack of information on the effects of sulphur dioxide on Australian 
native vegetation. However, most native plants are xerophytic to some 
degree and the characteristics of xerophytic plants lean them towards 



TABLE I Sulpkar diOllidc and 1111pcllded partic11latn 

VEGETATION 

Par1icula1es Dam.age .,., 
No offtct 
lncrnl«lmpiratoryoymptoms, 
decrea>Odpulmom<yfu{IC{ion 
Nodl<ct 

15Q.JSO hicn:al«lfn:qucncyofa>thma 
otad,.,inc!Hltd,.,.pimory 
,ymptomsofchronicbronchi,l 
p,ticnto,sma.ll~rsiblo 
redue1ion, inpul1110111<yfu{IC{ion 

Appendix I ~ 

Fmi,(1978) 

loog-i,rm 01-.07 ~200 - yioldrtduction ro,,,.gmbles lr,ing&Bollou(l980) 
(growing 047 114 _, 
31,ou,. 45 
24houn Ui 

yioldrtdue1ionforryt,lumn,, 

yioldrtductionforgro;Q 

thresboldinju<yforvqttablcs 
1hn::oboldi11i"'Yfor1rapes 

(Kt tat for nati,,. grwn a!ld plants a!ld for ,flKI, of 
pmiculatcson,·, p:tation) 

MATERIALS 
loog-«rm Nosi1nif,antinc1uscinstcol Yocom&Ulpham(l977) 

N,i,!11(1978) 
No sipifie1n1 inrn:,se in Yocom & Ulpham (1977) 
cros1onntetopa111ts 

2S6 21 '- inctaSCinloosofsin:nph 
for"J'O"•!ldcottoll 
80'-incrtucinlossof11n:ngth 
for nyloo 
Noincrnscforpc,l~mor 
modacrylic 

{Kttttt lorcumubti.,,Hm, *i,h p,nicub!Q) 

Toh!, !(Con!inucd) 

STANDARDS 
(USEPA) 

Primlf)' 
long·t<rm .03 86 

(onnu>lari,hmotic -,, 

Seconda,y 50 

A,,.ragingtimo 

Mcanof24houtaverages 

24hour> (IX>ltoh<~ 
mortthtn<>n«p,ty,ar) 
3houn(nOltobcacoededmort 
thinonctp,ry,,r) 



~ Air quality and resource development 

long•torm 
(growin~ <c>SM) 

,hon·term 
S hou r, 

~-
Mortth.anlmonth, 60-

5"" injuryto1<n,iri,..,plan" 
(gr,pcs, ,ladioli,,pc>eh,plwn, 
sorghum) 

O.S·2 .0 S% injury to int<rtn<dim plants 
(mostgmses,hniey,r)'<,citru,, 
oats) 
5"- injurytoruimn,pbn" 
(lucern<,mostveget>blc,) 

'i% jnjur)' to 0<n,i1iv,plmt1 
5"- injur)' toint,rmtdiateplants 
5% in juryrorcsi!lan!pl•nt, 

5% in iuryrostmitivtp1'nt, 
S% injury to intrnntdia!c plant! 
S'lloin iuryrorc,iru ntp1'm, 

'i% iniuryto>ensitivtpiants 
1-,, inj urytointerm<Ji11<plan" 
'1'- in iurytorcsi!lantpbnts 

5"- injur)'ro <cn,i1ivcplont1 
S"'- injurytoimrnntdiatcplants 
S"-injur)· torcsi,tantpiant, 

S"- injur)' 100<n,itiv,plan1< 
'i'l. injury to interm,diateplant> 
5"4injuryroresimnrplant, 

(1v,r,ge 
equivalent 

:~:!!tin, 
~vm3) 

f.ouoci!(l97 11) 

Signif1C•ntinci&nceofiam<<>e1S X11H'.lo;, I R<x1rch 
l.5- indairyc:mlc,dftctson Council(19Jla) a!ld 
2.0-- growth,milkproductH'.ln,ocvcro Sutti, (1%9) 

"'"°"' ~onddtnt1lfluoros.i, 
Chcmi<al,vi&nc, oftllJOfid< 
inges,ion, di>eernoblct>ut oon 
dam,gingbonclclion,,ch.anges in 
d<ntitionwhichdon01,mct 
wearing quality 

relative resistance to airborne pollutants. These characteristics indud~ 
high levels of cuticular wax and lower stomata! numbers. Also being 
mostly perennial and non-deciduous is an advantage since mature leaves 
are much less sensitive than recently developed leaves. Therefore, we 
assume that native vegetation is in general less sensitive to airborne 
pollutants than cultivated or other agricultural crops (Davis and 
Wilhour 1976). 



Appendix I ~ 

Damages to vegetation from particulates is not really a problem unless 
the particulates deposit on leaves in such high amounts that photosyn• 
thesis is hindered. In fact, most of the research has concentrated on the 
effects of cement kiln dusts where, in dose proximity to the source (1-2 
km) and in the presence of moisture, they form hard crusts that cannot 
be washed off and can only be removed by force. 

However, it is accepted that particulates act in several ways to heighten 
the effects of sulphur dioxide on metal surfaces (Nriagu 1978): by 
attracting sulphur dioxide and causing a localised increase in sulphur 
dioxide concentration; by reducing the humidity level at which cor
rosion can begin to occur; and by deactivating the protective oxide film 
on the metal surface. Unfortunately, quantified information is scarce but 
Nriagu (1978) gives a review of controlled experiments 10 evaluale the 
effects of pure compounds on metal corrosion. 

Fluoride 
Table 2 contains the most relevant results for fluoride. Health and 
material effects are not considered because the levels necessary for 
damage are far in excess of those necessary to kill sensitive vegetation. 
The daily human intake of fluoride inhaled from ambient ai r is only a 
few hundredths ofa milligram which represents only a small fraction of 
the normal total fluoride intake. For instance, if a person is exposed to 
ambient ' air containing about I µg/m 3 of fluoride, his/her daily intake 
from this source would be approximately 20 µg whereas it has been 
estimated that the fluoride intake from other sources such as food and 
water usually approximates 1200 µg/day (National Research Council 
1971a). 

Animals, on the other hand, may additionally be exposed to fluoride 
from ingested fresh forage or hay, feed supplements and the water supply 
in areas where fluoride pollution is a problem. The damage thresholds 
for animals in Table 3 have been obtained from controlled experiments 
(National Research Council 1971a) where a relationship has been as
sumed between forage concentration and ambient concentration (Suttie 
1969). 

The damage thresholds specified for vegetation relate to injury defined 
as any measurable effect on the plant as a result of exposure. 

Nitrogen Dioxide 
Table 3 provides our summary of damage thresholds for nitrogen diox
ide. The other oxides of nitrogen are not considered because nitrogen 
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dioxide alone appears to be the oxide responsible for effects on health 
(Ferris 1978), vegetation (Taylor et al 1975) and materials (Yocom and 
Ulpham 1977). Unfortunately, there is little quantification of the effects 
of nitrogen dioxides on materials. However, being an acid gas, nitrogen 
dioxide would produce similar effects to sulphur dioxide but these 
effects would generally occur at much higher concentrations. Of course, 
there are some compounds which react more readily with nitric acid 
than sulphuric acid. 

TABLE 3 NitN11tn dio1ide 
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As has been pointed ou1 by Ferris ( 1978), an evaluation of the effects of 
ozone on heahh is fraught wi1h many difficul1ies. These include the 
reactivity of ozone and its ability to be transponed over considerable 
distances both vertically and horizontally. In addition, the reliabiliry and 
accuracy of the Kl method which has been used extensively to measure 
total oxidant have been seriously questioned. These limitations, fonu
na1ely, Should not apply as seriously to controlled experiments on 
vegetation and materials. 

Noise 
The major effect of noise pollution is clearly on human health, the 
severi1y of which varies according to lhe intensity and frequency of the 
sound and the time period of exposure. The range of effects includes 
hearing loss, increased risk of heart disease, stress, interference with 
sleep and lack of warning of accidents (Australian Academy of Science 
1976; USEPA 1978). Quantification of such effects is difficult, however, 
because response is considered to vary widely between individuals and 
because most responses on any individual can only be gauged quali
tatively. Consequently, no thresholds are specified here. 

Nevenheless, a strong correlation between expressed annoyance and 
noise intensity has been hypothesised (USEPA 1972) based on a survey 
of3,500 people in 1he United States and another in Sweden. In the latter 
case, 1he proponion of people annoyed increased linearly with noise 
levels above 50 dBA. 
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Of course, noise may also cause damage to natural or built structures if 
sufficiently high enough to set up troublesome vibrations . 

Lead and human health 
Three criticial types of lead toxicity to humans are documented: gastro
intestinal cramps (lead colic), central and peripheral nervous s~tem 
effects (lead encephalitis, wrist drop) and anaemia. Kidney disease, 
excess frequency of hypertension, and vascular disease have been re
ported but are not universally accepted as long-term effects (Goldsmith 
and Friberg 1977). In the following, it is shown that there is sufficient 
reliable information in the literature to ascertain a reasonable estimate of 
ambient levels which cause critical and less overt effects. 

The critical or threshold average absorbed daily intake of lead for 
humans from all sources is about 100 µg (Jaworski 1979). Using the lead 
loss figures of Chamberlain {1983), this gives a steady state load of 
5000 µg. Assuming an average blood volume in humans of 6 lit~, this 
yields a steady state blood lead level of83 µg/100 g. Such a figure agrees 
well with blood lead levels that cause acute lead toxicity (Goldsmith and 
Friberg 1977). Now we need to relate this to ambient levels required 
after subtracting out normal dietary intakes. 

The average dietary intake oflead from food is about 160 µg per day of 
which only 16 µg is absorbed. Additionally, 6 µg per day is absorbed on 
average from water consumption (Jaworski 1979). Converting these 
figures to steady state blood concentrations yields 13 µg /100 g and 5 µg/ 
100 g respectively. For the critical level of83 µg/100 g this leaves 65 µg/ 
I 00 g at steady state to be derived from ambiem sources; that is, 78 µg of 
lead absorbed from air per day. About fifty percent of the lead inhaled is 
deposited in the lung (US EPA 1972). Of this 50-80 per cent is absorbed 
(Goldsmith and Friberg 1977; Chamberlain 1983). Therefore 25-40 per 
cent of the lead inhaled is absorbed. Given an average volume of air 
inhaled daily of 20 m3, this provides a critical average ambient concen
tration of9.8- 15.6 µglm 3• 

Goldsmith and Friberg (1977) state that 40-60 µg/100 g blood lead 
level results in a subclinical metabolic effect manifested by a slight 
increase in urinary aminolevulinic acid. These levels therefore result 
from ambient concentrations of3.3- 5.3 µg/m3 for 40, and 6.3- 10.l µg/ 
m3 for 60 µg/100 g. 

The Australian (NHMRC) 90 day standard for lead is 1.5 µg/m3 

which seems on the above basis to provide a reasonable safety margin to 
protect health. 
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TABLE 5 State Pollutioa Co11trol Commiuloa (NSW) <>hJe<ti-

•Acid gt1<1(24bour) 

•Su,pcndedma,tu(2ibour) 

Total ,uspcndedpo.ni<ulo<t 

Non-methanehydroci!bons 

Nitrogendi<llide 

Sulphurdiolide 

60 ~gtm 3 (Annu, I mean) 

40~gim3 (Annual mean) 

IIO~glm3 (Annuol g,ometti<mean) 
260 ~glm 3 (24 hour maximum) 

l.l l'tlm3(110d,yaver,ge) 

35ppm(I hourmuimum) 

24pphm(3hourmnimum) 

17pphm(lbourmoximwn) 
~ pphm (Annual orithmctic mean) 

12pphm(lbour muimum) 

14pphm(24hoormuimum) 
2pphm(Annu.olarithmm i<mean) 

' Acid p.,.1nd1u,pcndcd mattcrconsidoredinCt111ju nction..-ithonc1oother. 

Pollutant combinations 
Human health 

Ag,nq 

lllHO 

NHMRC 
USEPA 

WHO/USEPA 

L1SEPA 

NHMRC 

USEPA 
NHMRC 

Since nearly all the data on the effects of multiple pollutants on human 
health are derived from field (ie usually urban or industrial) exposures, it 
is often difficult to delineate the effect of one pollutant in the 'soup' from 
another. Because of this, there is very little hard data on the effects of 
pollutant combinations, except for sulphur dioxide and particulates, on 
human health. This delineation problem is especially evident in the case 
of sulphur dioxide and nitrogen dioxide. These two acid gases usually 
occur at similar concentrations in an industrial environment, but the 
effects of the nitrogen dioxide are usually either ignored or incorporated 
into the sulphur dioxide effects. 

Materials 
Again the information of pollutant combinations is minimal. The effects 
of nitrogen dioxide on the corrosion of metals etc., goes virtually unmen
tioned, and there has been no effort made to delineate between the 
effects of sulphur dioxide and nitrogen dioxide. Corrosion by sulphur 
dioxide has been demonstrated to be enhanced by particulates (see 
earlier section) and retarded by oxidants (see Yocom and Ulpham 1977). 
Apart from these examples there is very little information on the effects 
of pollutant combinations on materials. 

Vegetation 
The literature on the effects on vegetation of interaction between pollu
tants, or between a pollutant and another factor is also very scarce. The 
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work that has been done is often inconclusive and because of the 
methods employed, unable to be compared with other similar work. 
Despite these shon-comings, the evidence is mounting that cenain 
pollutant combinations actually cause effects equal to, or greater than 
the sum of the effects of the pollutants individually, that is the pollutants 
act additively or synergistically. 

Varshney and Garg ( 1979) and Reinen et al ( 1975) incorporate shon 
reviews of the effects of various combinations of pollutants. It is gen er• 
ally their conclusion that sulphur dioxide/nitrogen dioxide, sulphur 
dioxide/hydrogen fluoride and sulphur dioxide/ozone act additively or 
synergistically on various plant types, on various mechanisms, and at a 
range of concentrations. These effects may be to lower threshold concen
trations, cause more damage or dysfunction, or alter growth characteris
tics. Although the trends are obvious, quantification of the effects are 
still far from adequate, and therefore the economic significance of 
pollutant combinations is still unknown. 



APPENDIX II 

Institutional framework for 
environmental control and 

planning 

In the following sections the institutional arrangements in New South 
Wales for the control of environmental quality and the management and 
planning of the environment in general are discussed. The salient 
features of the major legislative mechanisms used to accomplish these 
aims, the Clean Air Act and the Environmental Planning and A'.ssess
ment Act, the administration of these Acts as well as the complementary 
roles ofthe Depanment of Environment and Planning and its associated 
control agency, the State Pollution Control Commission, are outlined. 

In Chapter 8, the control philosophy of the State Pollution Control 
Commission which is based upon best practicable means, is presented 
and compared with alternatives. 

Clean air legislation in NSW 
The Clean Air Act 1961 commenced operation in May 1962 and 
regulations under the act were proclaimed in 1964 prescribing a wide 
range of emission s1andards. The Act was amended in 1972 to allow the 
control of open-burning and also regulations relating to the control of 
motor vehicle emissions. By 1974 there were regulations to control 
emissions of smoke, hydrocarbons and carbon monoxide from motor 
vehicles and also regulations controlling odours. In 1975 regulations 
were introduced to limit the lead content of petrol sold in Sydney, 
Newcastle and Wollongong as well as controls on evaporative emissions 
from motor vehicles. 

Gilpin (1980) summarises the Clean Air Act as follows: 
The Clean Air Act provides for the control of air pollution from any 
premises and prescribes 1hat certain works may not be carried out 
without approval. The occupier of premises may be required to carry 
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out appropriate works. Emission standards may be prescribed and 
enforced; where such standards have not been prescribed, the best 
practicable means are to be used to prevent or minimize air pollution. 
Licensing provisions apply to premises scheduled under the act. 
Conditions designed to prevent or reduce air pollution may be at
tached to the licence. The act prohibits the sale or use of motor 
vehicles that emit excessive air impurities, and provides for the fitting 
of anti-pollution devices. The minister may prohibit the use of fuel or 
any class of fuel, fuel-burning plant or industrial plant, in nominated 
areas. He may order the cessation of any activity which is, or is likely 
to be, injurious to public health or to cause discomfon or inconven
ience to persons. Aggrieved persons have a right of appeal to the 
District Court. Penalties under the act are up to $10,000 for a single 
offence, and $5,000 for each day the offence continues. 
In addition to the Clean Air Act, the SPCC uses as guidelines some of 

the ambient air pollution criteria set by the United States Environmental 
Protection Agency (USEPA), the National Health and Medical Research 
Council of Australia (NHMRC) and the World Health Organisation 
(WHO). These criteria are given in Table 4 in Appendix I. They are no.1. 
used strictly as environmental standards never to be violated but '"iitliei V · 
as a guide in the achievement of a desired level of environmental quality 
when negotiations through best practicable means between polluter and 
control agency takes place. 

The government agencies associated with air pollu-
ti6ifco11.ltof- -

Initially the Health Commission ofNSW was responsible for pollution 
control. Then, in 1971, the State Pollution Control Commission 
(SPCC) was given responsibility for the prevention and control of 
pollution in NSW under the State Pollution Control Act 1970. The 
functions of the SPCC as outlined in sections 11 and 12 of the Act, are 
to ensure 

that all practical measures are taken ... to prevent, control, abate or 
mitigate the pollution of the environment, to control or regulate the 
disposal of waste, to protect the environment from defacement, defile
ment or deterioration, to co-ordinate the activities of all public 
authorities in relation thereto, to initiate and undertake research into 
measures adopted to achieve those aims, and to provide information 
and guidance on pollution control methods (Bates 1983). 
Bates (1983) describes the relationship between the SPCC and other 

bodies in 1he following way: 
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To assist the Commission in carrying out its functions, there is a 
Technical Advisory Committee . which is made up of representa
tives from all other public services which in some way have an interest 
in the formulation of pollution control policy. Represented, for exam
ple, are the Departments of Health, Transport and Public Works, the 
National Parks, Waste Disposal, Planning and Conservation Authori
ties, and the Sewage and Maritime Services Boards, as well as other 
technical experts. The commission also has its own advisory commit
tees on clean waters, air pollution and noise, and these also contain 
experts from appropriate public, technical and environmental bodies. 
Apart from administering the Clean Air Act 1963, the Clean Waters 
Act 1970 and the Noise Control Act 1975, one of the commission's 
most important continuing functions is to undertake environmental 
inquiries . and field studies and investigations into matters of 
particular environmental concern. 

Gilpin (1980) describes the operation of the SPCC as follows: • 
To implement the Clean Air Act, the Commission employs engineers, 
chemists, and technicians, who engage in day-to-day control activities, 
monitor air pollution levels in the atmosphere, and conduct research 
into the scientific aspects of the problem. Source testing plays an 
important part in the implementation of emission standards; the 
practical aspect of this work has been well developed over the years. 

However, under the Environmental Planning and Assessment Act 
1979, the responsibility for environmental planning and environmental 
impact assessment is now with the Department of Environment and 
Planning (DEP) created by this Act. Bates (1983) summarises 1he 
involvement of this body and other government agencies with the SPCC 
as follows: 

Responsibility for environmental planning and environmental impact 
assessment, however, falls within the competence of the new Depart
ment ofEnvironment and Planning created under the Environmental 
Planning and Assessment Act 1979. One of the department's con
cerns under this act is 'the emission of pollution and means for its 
prevention or control or mitigation'. Naturally, the task of the Pollu
tion Control Commission will be greatly assisted by the sensible 
planning of new development, and so provision for adequate consul
tation between the two is of extreme importance if pollution control 
policy is to be really effective in the yean ahead. The commission is 
accordingly represented on the Advisory Co-ordinating Committee, 
which advises the minister on the content and priorities to be set by 
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environmental planning instruments, and the co-ordination of effort 
between all public authorities involved in environmental planning 
and protection ... The commission also has a seal on the Local 
Government Liaison Committee for similar reasons ... The 1reat• 
ment and disposal of waste, including sewage and trade wastes, does 
not fall wi1hin the State Pollution Comrol Commission's terms of 
reference. Responsibility for 1his rests either with 1he local councils 
under the Local Government Act 1919 or, in the Sydney area, wi1h 
the Metropolitan Waste Disposal Authority (under the Waste Disposal 
Act 1970) and the Metropolitan Water, Sewerage and Drainage Board 
(under the Metropolitan Water, Sewerage and Drainage Act 1938). 
Local councils also have significant powers to comrol pollution under 
the Clean Air and Clean Waters Acts, the Public Health Ac1 1902, the 
Noise Control Act and the Noxious Trades Act 1902 ... prevention 
of pollution in or on navigable waters is also the responsibility of the 
Maritime Services Board. Under the authority of the Maritime Ser• 
vices Act 1935 the board has made regulations comrolling water and 
smoke pollution, and is also responsible for the administration of the 
Prevention of Oil Pollution in Navigable Waters Act 1960. The board 
also has powers to control noise under the Noise Control Act 1975. 
Because of this division of function amongst other bodies, overall 
policy co-ordination is assisted by including on the commission's 
Technical Advisory Committee representatives of the various boards 
and 01her authorit ies. 

Environmental planning in NSW 
The defini1ion of the environment adopted in the 1979 Act includes all 
aspects oft he surroundings of man, whether affecting him as an individ• 
ual or in his social groupings. 

The concept of environmental planning adopted by 1he Departmem 
of Environmenl and Planning is described by Bosward and Staveley 
( 1982) in a discussion paper as follows: 

The nature and scope of environmental planning are broader and 
more comprehensive than the 'land use' or 'town and country plan• 
ning' approach which was adopted in the former planning sys1em. 
Environmental planning is directed to questions of land resource 
allocation and use, the essential difference of this approach to that 
taken under 1he Local Government Act is its more complete concern 
for and comprehension of community and environmental issues rela
tive 10 planning decisions. The term connotes an integration of land 
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use planning and techniques for environmental protection with rt:
spect to assessing the capability of the environment to support 
planned change or planned non-change. 
A major requirement of such an approach is the implementation of an 

environmental study before major planning decisions are made. An 
essential part of such a study is the drawing up of an environmental 
impact assessment (EIA) or environmental impact statement (EIS). 

Administration 
Bosward and Staveley (1982) give a detailed account of the adminis
tration of the 1979 Act. We shall only briefly describe the adminstrative 
arrangements here. 

The Minister for Planning and Environment is the minister respon
sible under the Act for its implementation and administration. The 
Director of Environment and Planning has advisory functions with the 
Minister and, in some cases, executive power. The Department of 
Environment and Planning assists both the Minister and the Director 
and confines itself to matters of State or Regional significance. The 
preparation and administration of local environmental plans is the 
responsibility of local government councils. 

T he Land and Environment Court has been established by the Land 
and Environment Court Act 1979 and is administered by the State 
Attorney-General. The Court has jurisdiction in appeals and legal 
proceedings in the related fields of environmental planning, pollution 
control, local government, land valuation and compensation. Commis
sioners of Inquiry are created by the Environmental Planning and 
Assessment Act 1979 and are responsible for the undertaking of a 
Commission oflnquiry when directed by the Minister for Planning and 
Environment. These Commissioners are appointed for seven years and 
hold a Statutory office. 

Commissions of Inquiry arc public inquiries which may be called by 
the minister, but are not subject to Ministerial direction. These commis
sions lead to public reports and recommendations to the Minister. There 
are also committees formed ·to allow interaction between the heads of 
government agencies affected by planning, the representatives of local 
government, and the representatives of conservation groups, developers, 
professionals, and academics. 

Three types of environmental planning instruments are created by the 
Environmental Planning and Assessment Act: 
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• State Environmental Planning Policies, involving broad issues such as 
issues in planning land; 

• Regional Environmental Plans, in which regions are not established 
by the Act but are declared as regions by the Minister to allow 
flexibility of application; 

• Local Environmental Plans, which must be approved by the Director 
as being consistent with S1a1e and Regional Plans prior to the Minis
ter's approval. 
Bosward and Staveley (1982) note that ' local plans will continue to be 

the primary vehicle of development control and planning regulation'. 
Th,: Act also describes three types of development-'normal', desig• 

nated, and advertised. The first two require environmental impact 
statements relating to development defined in the Act as possibly having 
environmental effects, while the last is envisaged as contentious rather 
than affecting the environment. 

Public participation is allowed through submissions to the consent 
authorities relating to proposed plans, submissions to a Commission of 
Inquiry should the Minister call one, and finally by appeals to the Land 
and Environment Court if there are disagreements with the decisions of 
the court authorities on a Commission of Inquiry. Most of the disagree
ment centres around the environmental impact statement (EIS) prepared 
by a developer. 

Environmental Impact Assessment (EIA) 
An EIS or EIA report sets out the conclusions of an environmental 
study carried out by a developer. For example, for a power station there 
would be references to air quality impact, noise effects, water resource 
use, to name but a few. Bos ward. and Staveley ( 1982) sum up the NSW 
experience as follows: 

From the review of a number of environmental impact statements and 
an overall experience in environmental impact assessment, it is appar
ent that both developers and consent or determining authorities have 
experienced difficulties relating to consideration of development in 
the environment due mainly to a lack of experience in addressing 
environmental issues. To date, we have been progressing through a 
trai'isitioruiistagcTrom a time when little attention was given to 
environmental impact to a time when the ultimate in consideration is 
being sought. Most of this transition has occurred in less than a 
decade-with the greatest development taking place, as far as Australia 
is concerned, in the last five years. Many of the proposals that have 
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been presented to date were conceived and developed before tech
niques for environmental impact assessment were evolved. 
The SPCC may be called upon by the Department of Environment 

and Planning to comment on sections of an EIS and even to collect 
information regarding possible effects. For instance, in the Hunter 
Region under study in this monograph we have detailed in Chapters 3-6 
the monitoring network set up by the SPCC in co-operation with such 
organisations as the Newcastle City Council and the State Electricity 
Commission of NSW. We have made a num~r of suggestions in those 
chapters as to how such a network might be improved. 

Fowler (1982) makes the following points about the relationships 
between an EIA and pollution controls: 

The need to question the role of EIA arises from the possible 
existence of adequate or adaptable existing controls. However, since 
pollution controls are levelled at only ono specific aspect of a pro
posal, rather than its comprehensive or overall impact, they are fnuch 
more limited in scope than either EIA or land-use planning systems, 
and do not therefore present a viable alternative; rather, they consti
tute an adjunct to whatever form of comprehensive project appraisal 
method is preferred. 

There are also limits to the power of the control agency as Fowler points 
out: 

The narrow ambit of pollution controls in Australia has been under
lined in two recent decisions concerning the Victorian Environment 
Protection Allthority. The High Court had held that the Authority is 
empowered to have regard only to environmental considerations in 
exercising its licensing functions, and must disregard economic or 
social factors. It is doubtful, however, that the Authority can consider 
even the full range of considerations arising from a proposal which 
may relat"e to environmental quality in general, rather than the specific 
subject of pollution. The further judical limitation has been imposed 
on the Authority that, in C?Kercising its licensing functions, it may 
only impose such conditions as fairly and reasonably relate to the 
activity or use ~ ing licensed. Hence, the Authority could not deal 
with the problem of odours emanating from an abattoir by way of 
conditions attached to a licence for air emissions from two chimneys 
on the premises. In licensing air pollution, the Authority must con
fine i1s attention to matters related to the project air emissions. 
This judgment has implications for other control agencies as Fowler 

indicates: 



Appendix II~ 

These restraints arose in the context of the particular legislation 
governing the functions of the Victorian Environment Protection 
Authority, but it is reasonable to assume that similar restrictions apply 
to most pollution control systems in Australia. In relation to licensing 
functions involving the assessment of particular proposals, it would 
seem likely that the po11~tion control authorities are confined to a 
consideration of the relatively narrow compass of the specific forms of 
pollution involved in each instance, according to the general tenor of 
the legislation which they administer. 

Public participation in EIA 
The Environmental Planning and Assessment Act provides for public 
participation at a number of stages in the plan-making and development 
control process. Any person may participate in the following processes 
by making submissions (Bosward and Staveley 1982): 

Plan-making- exhibitions of local environmental studies, draft local 
environmental plans (any person may also request a hearing of their 
submission before the local council), regional environmental studies, 
draft regional environmental plans, draft state environmental plan
ning policy; 

Development control-exhibitions of advertised development, desig
nated development (where submission is an objection, the objector 
may appeal to the Court or be heard at a Commission of Inquiry); 

Part V of the Act (relates to government and semi-governmental agencies 
not requiring official development consent}-exhibition of an EIS 
(any person may attend a Commission of Inquiry). 

Thus there are facilities for participation throughout the entire plan
ning process. In addition the Minister may intervene in the decision
making process for any development application or any matter related to 
the administration of the Act and by doing so is obliged to call a 
Commission of Inquiry to investigate. 
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Environmental survey 
questionnaire 

The Australian National University 
Centrt for Resource and Environmental Studies 

Environmental effects survey 
Thi1 i1 a survey to set what paru of your cnvi1;mmen1 affect your life style and how• 
importantcachpanistoyoo,as anindividual,and alsotoyourfamily.Somcofthc 
questio11$m,facrual andsornc•"coll«mcdwiththc w:i.yyoufttlaboutthing$ 
Pla sctrytocomplete all the questions. Thert areno'right'or'wmng'answrrs. 
Thankyoufuryourcoopcllltion 

Background information 

I.Se, ___ __ _ 

2.{a)Whatisyouroccupation? ___________ _ 

(b) lfyouh.iveaspcmsc,wh.atishislheroccupation? _______ _ 

3. A~ 1~25 ____ _ 

26-35 ____ _ 

¼-45 ____ _ 

46-55 ____ _ 

5{,- 65 ____ _ 

66- 75 ____ _ 

, .. ____ _ 
4.lnwhatycardidyoucomehcn:?l9 _ _ 

5. {Ifapplicabk) 

(a) Bcforeyoucamehcrewhmdidyoulive? ________ _ 

(b)Forhowlong? _____________ _ 
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(c)Whydidyouleav•? ~ - - ----------

6. (a) If you had the, choi~, when: would you like to livt, mll51? _____ ~ 

(b) Why? _______________ _ 

7. What an: three most cnjoyliblc things about living here? (cg bting in a wine-making region} 

8.What an: thm:thingsyoulikclm t aboutlivinghc,re?(cgpoorshoppingfacilitics) 

9. What m: three things you would like to change most about living here? (eg bumpy roads) 

JO. (a) Compared to tM last place you spent some time {at least a year) how much do you like living 
hcre?(Plcascci rclc) 

Very much less Less Neutral More Very much more 

(b)Why? ~ ---- -----------

11. Bclowan:lllistofthingswhichsomcpcoplcfindupsmthcircnjoymcntoflivingbothinthc 
house and outside. Pleue indic:uc how you fo:cl about thcsi: things by ticking tM description you 
thinkhntn:pracntsyour fo:clings 

Industrial smoke 

Litter on streets 

Largc1rucks 

Industrial noise 

Dust 

"""""' rnclllot 
ltannoys 

me a linlc 

l b= 
noftclings 
aboutthis 
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Ciguene smoke 

Linerin recrea1ionalareas 

Industrial odours 

River pollution 

U.ckof-111ge 

Tood0$(l01main[(l,ld 

12. Nowplease go throughthelisi againbutthistimeticktbccatcgoryyouthinkba.treprac:nts 
howoftrnyoon01io:thcsethings. 

lndus1ri.ll$IDOke 

Lineronstrttts 

t...rge1111cb 

Industrial noise 

D,m 

Cigarcttcsmoke 

Litter in recreational areas 

Industrial odours 

River pollution 

UCkof-nige 

Too c[,- 10 1 main road 

!notice ln01ice ln01io: l mdy !don't 
it almost it some it only n01ice n01io: 

everyday da)'10r ondil)'I unow 11 11 
orevery someuma whenit butl all 

time! when I isWOr$C used to 
thanusual 

13. If1Ilyof1hcse 1hings!is1edinque51ionll abovcd!rm lyafftcts yourlifccouldyouindica1e 

(1) which \b) how they affect you (c) wha1youdo aboutit 

I (a) ______ _ 

~1-------,,, ______ _ 
3. (•l-------

(b) ______ _ 

2. (a) ______ _ 

(b) ______ _ 

,,, ______ _ 
4. (a) ______ _ 

OI-------
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{,) ______ _ {c) _ _____ _ 

Ifyounctdmon:sp:icc,plcascwritconthcbackofthesh«t. 

14. Doyoufcclthatsomcthingcouldbtdonc aboutthesethings? _ _ _ __ _ 

15. Whos.cresponMbilitydoyouthinkitiSrodosomcthingaboutthesethings? __ _ 

Health background. Only to be filled in if not an,-rw by another household member 

16. During the last six months please indicate approximately how rn.,.ny times you or your family 
wcmto a doctor. 

My.elf 
0-4timcs 
5.9 ___ _ 
10-14 _ 
15-19 ___ _ 
20, _ __ _ 

ChildJ 

5.9 ___ _ 
10-]4 ___ _ 
1519 
20, ___ _ 

Child! 
0-4tnncs 
5.9 _ __ _ 
10-14 
15-19 ___ _ 

'°' ---
MySpou,e 
0-4timcs __ _ 
5.9 ___ _ 
10-14 _ _ _ _ 
15-19 ___ _ 

'"' ---

Child2 
0-4timcs __ _ 
5.9 __ _ 
10-14 ___ _ 
15-19 ___ _ 

'°'--- -
01/rn family m,m/,m 
0-4timc:J __ _ 
5.9 ___ _ 
10-14 _ _ _ _ 
15-19 ___ _ 
20, ___ _ 

17. Please indicate for yourself and your family what the most common n:ason(s} for visiting the 

doctorwcn:: 

Earinfection 

Colds/Flu ___ _ 

Stomach Problems _____________ _ 

Bronchial Problems _______ _____ _ 

Allergies _______________ _ 

Coughs _ __ _ 

Headaches _______________ _ 

Asthma _ 

Other(pleasespecify) _____________ _ 

18. An:anyof1hese pr~i1ting problcmswhichhavcbccnaroundforalong timc?lfso,plcasc 

indicatcwhcnthcproblcmaroseandwhohasit. 

______ hasbccn aroundfor ______ month:;/ycars 

_ _ _ ____ il;thconc suffcringfromit 
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19. Whichif anyofyourfamilysmokcs? _ _ ___ ___ _ _ _ 

20. What appliances do you !ia~ in your homa that ue thm because of environmental problems? 

(egairdeaner) 

------- --- --- ---
----- --------- ------
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Dustfall levels 

Dust deposition data in or near the rcgion11um:~ i11um1muiK<'.I in Table 6. The accompanying 
figura 1 t0Sindicatcthc loc:11ion1of1hcgauges and1hcpopulationsmorcprtciscly. 

TABLE I Rtprewami~ duJtfaU lov,lt i:,r Loudo"' ,u~cd 

Aug78-
May79 

~8~; 
Mu82· 
J1n8l 

Apr80-
Ju1 82 

""" Ju182 

Av,n.g<Ltvtt. • 
ovu11l g1ugn 

No Mttn Scd.d<:v. Timt (Range) 
Gaurn J,'1112/month g/m2/m(l<lth P,:rioo. , 11112/m«nh Sourt, 

0.94 
0, 42 

" .. .. 
u ,, 
"' 
J.2 1 

•.M 
10.13 .. 

0.66 0.68 
0.28 (04-0.9) 

0.7 12monrh, 09 
0.3 (0.6-1.2) 

o.s J.J 
0.6 (0,8-2.5) ,, .. , 
B'i 
9.42 

10.9 ,., 
.. , 

(l.0-16.5) 

0.99 0,51 
2.76 J.00 

16.H 16.5 
6.25 8,6 
1.85 0.49 
6.19 7.42 

059 

10.61 
l,J 
2.61 
J.89 
2.11 ,. 

(l.7-3.0) 
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S...,h 
Mu1,.,,llbrool< 

Mayn 
Jul82 

J•n 81 
Dcc81 

""" M•y8l 
0.45 
0,4J ·~ OM 
0.89 
0.47 
0.61 .. ~ 

0.24 
0.26 
0.71 .. ~ 
1.17 ·~ 0.25 
0.21 

• ln,olubk ,oli<h tor puga in rcpinc:nmi .. •ru. oftl\o: 1<gion ronc.mcd 

t Ov.r11ll p ug,i. 12 mon1h •v,:r,g<:111'< taU:n from tl\o: 0001<I1<nwno:m of th,: dita ><1 

Soutttt A Prcli,nina ryEISIOIS.xon,-.lo: Mino 
B Suonv•ltAnnualRtpons(En,-ironlt'l<ntal A1p<ct1) 
C Buchanan BortholesCollitry 
D Elwricity Commiuion 
E Mu,,.,, llbrool< Council 
F UnitedColli<ryPro;«tEIS 

... 
(0, 4-1.1) 

u 
(1.2-2.1 ) 
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:saxonvale 
,' Mining Lease 

,' Boundary 

* 
0 1000 1500m 

Dustfall gauges 

0 Aug 78-May 79 

D Jan81-Dec81 * Mar 82- Jan 83 

FIGURE I l.ocacion of dK1lfllll 1au~ and popula1iu1 >Ul'W)'<d in the Bro\• atta 
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500 1000m 

Duslfall gauges * Jun 81 - Dec 81 

FIGURE2 Looationofdu11fallgauge, andpopulatiooo1ur,;eyodiotbe Mai,onDieu an:a 
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N 

Dustfa ll Gauges 

* May 77- Jul 82 * Jan81-Dec8 1 

Not to sca le 

FlGUREl Loc,•1icni orduld'all p u,nud popWl1io■1 11LrWYCd in lb~ South M111 .. llbrwk area 
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* 
500 1000m 

Dustfall Gauges * Nov 76-M ar 80 * Dec BO-May 81 

FIGURE 5 Location &f dusd'aU pugu amd p,:,p11l.a1lottt fll~d UI th,.. Warlnoortli ar-u 



APPENDIX V 

Statistical models 

The Larsen model 

The statis1ical model developed by Larsen (1971) assumes that air 
pollution concentrations have two-parameter lognormal frequency distri
butions. Two-parameter lognormal cumulative frequency distributions 

plot as straight lines on lognormal probability paper, where the natural 
logarithm of the air pollution concentrations are plotted against Z, the 
number of standard deviations from the median. An example of ~uch a 
plot is shown in Fig. 6 where the 1981 24 hour concentrations ofSO2 

recorded at the Watt Street station in Newcastle are plotted in such a 
way. It is clear from Fig. 6 that a straight line is a good fit to the upper 

percentile ordinates so that a two-parameter lognormal distribution 
appears to be a good representation of such data. 

Numerous investigators have disputed the validity of the lognormal 

assumption (eg Mage and Ott 1978). This is acknowledged by Larsen 
(1973) himself but it is also true that the model works quite well (eg 
Larsen 1971, McGuire and Noll 1971, Shoji and Tsukatani 1973, 

Bencala and Seinfeld 1976, Surman et al 1982). Certainly the results 
such as those shown in Fig. 6 support the conclusion that the Larsen 
model is a malhematical model which is useful in forecasting maximum 
levels of air pollutants and the number of times a standard is equalled or 

exceeded. 

The two-parameter frequency distribution is of 1he form 

ftx) = (.../ 2,r X ln /3r1 exp {- (In X - In a)2 I (Al) 
2 ln2{3 

were ftx) is the probability density function for the random variate x, {3 

is the geometric standard deviation, and a is the geometric mean. It 

follows from equation (Al) that estimates of a and {3 completely deter
mine the distribution. 
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- 08S 
____ FIT 

FIGURE 6 Cumulative frequency distribution for daily acid gas 
levels (at Watt St for 1981). 

The estimation of a and f3 adopted by Larsen (1971) is simple and 
straightforward and therefore useful to air pollution control managers. 
The cumulative frequency distribution of a two-parameter lognormal 
distribution plots as a straight line using Jognormal probability plots and 
the slope of this straight line is In {3. Therefore Larsen (1971) suggested 
using two points on the cumulative frequency distribution of the air 
pollution observations to determine this slope. For example, for most 
cases Larsen ( 1971) suggested using the 0.1 · and 30-percentile ordinates 
to determine this slope. However any two ordinates could in principle be 
used if the lognormal assumption was valid. In Fig. 6 it is clear any two 
ordinates from the 1- to the SO-percentile points could be used. 

So /3 is given by 

/3 = exp { In x 1 - In x2 I (A2) 
2 1 - 2 2 
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where x 1 and x2 are the air pollution concentrations corresponding to 
the Z values, 2 1 and Z2, respectively. For the 0.1- and 30-percentiles, 2 1 

= 3.09 and Z2 = 0.52. In Fig. 6, since 24 hour concentrations are used 
for a data set of one year, the I-percentile point is clearly preferable to 
the 0.1-percentile point and the Z-value for this is 2.33. For the data 
used in Fig. 6 then, 

f3 = exp I In (168) - In (59) I = 1.78 
2.33 - 0.52 

The values obtained by fitting a straight line to the upper 50 per cent of 
the data is 1.89. 

The value of a was estimated by Larsen (1971) using the relation 

(A3) 

where x is the concentration corresponding to Z. For the data in Fig. 6, 
using the 30-percentile point, 

a = 59/(1.78)°·52 = 44 µ.gm-3 

For a two-parameter lognonnal distribution the geometric mean is the 
median, and the median in Fig. 6 is 40 µ.gm -3. 

The maximum concentration Xm is given by 

xm=a{3Zm (A4) 

where Zm is the Z-value corresponding to the time period of interest. For 
example, for 24 hour values, Z = 2.94 (see Larsen 1971). So, for Fig. 6, 

Xm = (44) X (1.78)2-94 = 240 µ.gm- 3 

Xm = (40) X (1.89)2·94 = 260 µ.gm-3 

The observed maximum is 188 µ.gm-3• In Chapter 5 it was mentioned 
that, as the sulphur dioxide observations used in Fig. 6, were collected 5 
days/week then a value of Z = 2.83 would be more appropriate in 
comparing the estimates using the Larsen model and the observed 
maximum. Using Z = 2.83 the estimates are 225 µ.gm- 3 and 242 µ.gm-3; 

respectively, little different from those for Z = 2.94. 
The WHO standard for 24 hour values of sulphur dioxide is an annual 

mean of 60 µ.gm-3 and a level of 200 µ.gm-3 not to be exceeded more 
than 2 per cent of the time, and this 2 per cent is not to be on 
consecutive days. 
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Using Larsen's model, the Z-value, Z., corresponding to a given 
standard, x,, is simply 

z = ~ 
' In ,8 

(AS) 

For01 ""44,,8 = 1.78,x, = 200,thenZ, = 2.63. ForOI = 40,(3 = 1.89, 
x. = 200, then Z. = 2.53. So the probability of the standard being 
equalled or exceeded is between 0.0086 (Z = 2.63) and 0.0118 (Z = 
2.53). For 24 hour concentrations for a year, this is 3 to 4 times per year 
for 365 days or 2 to 3 times per year for 260 days("' 5 days/week). The 
standard is observed to be exceeded only once, with a probability "' 
0.005. There were four high values deleted in December of 198 1 after 
consultation with the SPCC. However it is clear that the WHO standard 
still is not exceeded for 1981 even with all the data used since 2 per cent 
of the time requires the value of200 pgm-3 to be exceeded more than 7 
times a year. Obviously the Larsen model is of little use in determining 
whether a standard is exceeded on consecutive days. Continuous moni
toring would be necessary to determine this. 

Larsen ( 1971) has also developed an empirical model which relates 
frequency distributions at different averaging times. The empirical 
mathematical model proposed by Larsen has the following assumptions: 
(a) concentrations are lognormally distributed for all averaging times; 
(b) the inedian concentration is proportional to the averaging time raised 

to an exponent; 
(c) the arithmetic mean concentration is the same for all averaging 

times; 
(d) for the longest averaging time calculated (usually one year), the 

arithmetic mean, geometric mean, maximum and minimum concen
trations are all equal; and 

(e) the maximum concentration is approximately inversely proponional 
to the averaging time raised to an exponent, for averaging times of 
one month or less. 

Larsen has used those assumptions to forecast maximum concen
tration at one averaging time using the parameters from another averag
ing time. In particular he has shown that 

f32 = ,B!P 

v=~2) 
ln(t,jt 1) 

(A6) 
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where t1oi is the largest averaging time (usually one year) at which 
assumption (d) holds, and 

a 2 = aif3 1 0.5(1- 11) ln/3 1 

where {3 1 and {32 are the geometric standard deviations corresponding to 
averaging times t 1 and t2, respectively, and a 1 and a 2 are the correspond
ing geometric means. The estimated maximum concentration, (eg Lar
sen 1971) Xm, is given by equation (A4). 

Therefore, using a 1 and {3 1, it is possible, to estimate a 2 and {32 and 
thus, from equation (A6), the corresponding maximum. In fuct, from 
assumption (e), Larsen suggests a form 

Xm2 = Xrn1 ( ~) p ,, (A7) 

where Xrni and Xrn2 are the maximum concentrations corresponding to 
averaging times t 1 and t2, respectively, and p is estimated from {3 1, t 1, and 
the maximum ti, Xrnl· 

An important assumption in Larsen's model is the use of order 
statistics. The plotting position frequency is given in percent by 

f= 100(~.4)% 
N 

(AS) 

where, r = rank order of observation and N is the number of obser
vations. The use of such an approach implies that the observations are 
independent, clearly an assumption not satisfied for most air pollution 
data sets, as indicated by Patel (1973), Neustadter and Sidik (1974), 
Darby and Gregory(1976), and Horowitz and Barakat (1979). However, 
in response, Larsen (1973) stresses the empirical nature of the model and 
that its usefulness be measured by its performance. This is the approach 
adopted here. 

The exponential model 
The Larsen model outlined in (A6) is useful in analysing data in an 
airshed with a large number of sources eg Newcastle. However, it is not 
useful in analysing data from a single point source such as the Liddell 
power station. 

The SO2 data collected at Glennies Creek monitoring site approxi
mately 16 km SE of the power station are shown in Fig. 7 for a year of 
data, 1/11/80-30/10/81, for which 86 per cent of the½ hourly data were 
available. Fig. 7 shows the cumulative frequency distribution plotted on 
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S02 CONG ( PPHM) 

FIGURE 7 Cumulative frequency distribulions of S02 data at 
Glennies Creek on a lognormal scale for ½ hour, 1 
hour, 3 hou.r, 8 hour and 24 hour time averages, 
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FIGURE 8 Same as in Figure 7 but using an exponential scale. 
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a lognormal scale. In Fig. 8 the same data is ploued on an exponential 
scale. Cll",arly 1he exponential distribu1ion is a bener representalion of 
1he da1a and sia!istical tests confirm this. 

The probability density function, fb:), for a one-parameter exponen
tial distribution is 

and the cumulative frequency distribution, F(x) is given by 

F(x) • exp (- ~) 
b 

where F(x) = prob (x <!: x). 

(A9) 

(AIO) 

Simpson et al (1984) have suggested a one-parameter exponential 
model for non-zero data to relate the maxima at different averaging times 
from a single point source. The model assumes 
(a) the air pollution data due to a single isolated point source have an 

exponential distribution; 
(b) the maximum concentration is approximately inversely proportional 

to the- averaging time raised to an exponent; and 
(c) the observed arithmetic mean is the same at all averaging times. 

From these assumptions it is possible to derive a relationship between 
Xml and Xm2 of the form 

Xm2 = µ1-• (Xmil' (All) 

where " is defined in equation (A6). This relationship is easily derived 
from (A 7) given that the maximum at the longest averaging time is just 
the meanµ.. 

The maximum, Xml of an exponential distribution for averaging time 
t 1 defined by the scale parame1er, b, is 

Xm1 = b In(.!._ ) 
pm 

with Pm = probability of maximum, Xml> 

and 

(Al2) 

(A13) 
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with N 1 being the number of sample points at averaging time t1. 

found (e.g. Simpson et al 1984) to be applicable to exponential distri
butions as well. 

Simpson et al ( 1984) have shown that the model using the 8 hour data 
set to forecast the maxima at the 3 hour, I hour and 1h hour time 
averages yields good resuhs. An attempt to use the 24 hour average data 
sets to reproduce the maxima for an 8 hour, 3 hour, I hour and ½ hour 
data sets yielded poor results. 

Other distributional models and methods 
In a series of papers, Taylor et al (in press) and Jakeman et al (in press) 
investigate methodologies for identifying 1he most appropriate distribu• 
tional form for air quality data and for estimating the parameters in the 
form identified. The lognormal, gamma, Weibull and exponential distri
butions are used as examples. 
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Mathematical models for 
atmospheric dispersion 

The Gaussian plume model and ATDL model have been well docu
mented by many investigators (e.g. Turner 1970) and only the model 
forms adopted in this monograph are detailed here·. We consider first the 
two plume models used in Chapter 4 to predict concentrations from an 
elevated point source. In the following section, the Gaussian line source 
model used in Chapter 7 is presented. Finally, a brief description of the 
ATDL model used in Chapters 5 and 7 is given. 

Gaussian plume model for point sources 
The model predicts that the ground level concentration, Xgk• due to a 
point source release at height Z, is given by 

Xgk (x, y, o, H) = ______9__.!_09 
exp (- _i_ ) exp (- H2 

1r ay a, u 20/ ~ 2 ) (AI4) 

where x is the horizontal wind direction and y the horizontal crosswind 
direction, Q is the source strength (kgs-1, u is the horizontal wind speed 
(ms-1), a y and u, are the horizontal and vertical dispersion parameters 
(m), and His the effective height of emission (m). Xgk is in µgm- 3. 

The experimental validity of this model has long been a question of 
conjecture but most investigators support the conclusion of Pasquill 
(1974) that it is a reasonable representation of time-averaged obser
vations of one hour or more. More recently Lamb (1979) has shown that 
numerical simulations of dispersion of non-buoyant plumes from ele
vated sources agree reasonably well with equation (Al4). 

Given equation (AI4), two other submodels are needed. Values of uy 

and a, are required, and a submodel for plume rise, .6.H, where 

H=Z1 +.6.H (AIS) 
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The experimental work of Carras and Williams (1983) and Chambers 
et al (1982) has established that the empirical values of ay and a, 
determined by Carras and Williams (1981) in their investigation of the 
Mt Isa smelter plumes are reasonable representations of the dispersion 
parameters for the Liddell power station for convective conditions. 
Carras and Williams (1983) have also shown that their values compare 
favourably with those of Lamb, shown in Table 7. Lamb's values were 
derived from numberical simulations of non buoyant elevated emissions. 
The Carras and Williams ( 1981) values are 

ay = a, = 3.St0 ·67 (Al6) 

where t = time of travel. As seen in Table 7 Lamb suggests that a, is 
proportion to t, instead of t0·67 as suggested by Carras and Williams. 
Carras and Williams ( 1983) argue the reason for the difference with 
Lamb's results are because Lamb deals with nonbuoyant releases while 
the Mt Isa experimental work of Carras and Williams (1981) is based on 
buoyant releases. Carras (1983) has also suggested restricting a, to a, s 
1/2 h, where h is the height of the inversion layer, by analogy with Lamb 
who has restricted a, :S 1/1 h for non-buoyant releases and½ > 0.1 h. 
(Carras and Williams (1983) have shown that, for Liddell, z. 2: 0.1 h). 

The submodel used for the computation of plume rise t..H, by Carras 
and Williams (1981) is a correction to the Briggs' (1975) formula: 

(A17) 

where Fis a buoyancy flux parameter. The factor, 1.3, has replaced the 
factor, 1.6, used by Briggs. Carras and Williams (1981) found that the 
buoyant Mt Isa plume on average stopped rising in convective con
ditions about 100s after leaving the stack so the final plume rise, t..Hr, is 

t..Hr = 1.3 F 1/3 (100 u//3 u- 1 

(Al8) 

Chambers et al (1982) suggest using for Liddell power station the 
plume rise formula of Montgomery et al (1973) of 

i1H = 190 F 1/3 u- 1 exp !-0.64 ~l (Al9) 
a, 

where ae/Jz is the vertical potential temperature gradient (degrees 
Kelvin/I 00 m). Chambers et al also derived an empirical relationship for 
F of 

F = 1.45 P (A20) 
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where P = the power (MW) generated by the units connected to each 
stack at Liddell power station. For example, during the intensive study 
period at Liddell power station in which both the Carras and Williams 
group and the Chambers et al group were involved, Carras and Williams 
(1983) measured a mean value of F of 700 m4s-3, quite comparable to 

the value of Chambers et al of approximately 769 m4s-3• 

However the two formulae given by (Al8) and (Al9) for plume rise 
arc quite different. For F = 700 m4s- 1 and ae1a, = 0, equation (Al9) 
becomes 

LlH = 1687/u (A21) 

In fact the form of(A21) is very similar to the result obtained using the 
Briggs' formula for final plume rise. 

6Hr = 1.6 F 1f3 (3.5 x*)2/J u- 1 (A22) 

where 

x* = 34 p2f5 (since F > 55) 
= 467 (for F = 700) 

Therefore 

6H = 1.6 F1/ 3 (1635)213 u- 1 (A23) 

Using 1.3 instead of 1.6 as suggested by Carras and Williams (1981), 
(A23) becomes 

6Hr = 1602/u (A24) 

quite comparable with (A21). So the Montgomery et al (1973) result is 
similar to Briggs (1975). However, as pointed out by Carras and Wil
liams (1981), for low wind speeds (A2I) and (A24) suggest plume rises 
over a kilometre. On the other hand Chambers et al (1982) have shown 
the model results using (A21) arc quite good. A comparison of results 
using the two different plume rise calculations is shown in Fig. 9 for 
both summer and winter situations. 

Following the results ofBridgman and Chambers (1981), the summer 
values ofQ and P chosen where 1.58 kgs- 1 and 530 MW, respectively, 
and the winter values were 1.75 kgs- 1 and 850 MW, respectively. From 
Carras and Williams (1983), the summer values ofx* and h chosen were 
2 ms- 1 and 1500 m respectively. Since Venkatram (1983) has suggested 
that the ratio x*/h is constant, the winter values ofx* and h chosen were 
1.5 ms- 1 and 1000 m respectively. 
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FIGURE 9 Summer and winter dispersion for two different plume 
rise assumptions. 

The results plotted in Fig. 9 are for the maximum sulphur dioxide 
value occurring at each distance. The maximum sulphur dioxide value 
was computed by finding the critical wind speed at which the maximum 
occurred for each distance. 

Bridgman and Chambers (1981) found that use ofthe Montgomery et 
al formula for plume rise yields good agreement with observation. In 
Fig. 9 it is seen that the use of this formula predicts a maximum sulphur 
dioxide level of about I O pphm occurring at about 6 km from the power 
station. The observed maximum was found to be of the order of 
20 pphm between 5-7 km from th,: source. On the other hand the 
model predictions using the plume rise formula suggested by (Al8) 
predict the maximum to be about 40 pphm about I km from the power 
station. On the basis of these results, the Montgomery et al formula 
given by (Al9) has been used here. Since observations of(a9/az) are not 
available for our work it has been assumed that ae/az = 0. As we only 
consider model applications during the day between I 000 and 1500 
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hours then, from Bridgman and Chambers (1981) observations of iJ0/0z 
this assumption is reasonable for these time periods during winter 1980 
and summer 1980/81. 

The maximum S02 levels recorded around Liddell power station 
probably occur due to 'trapping' conditions. The mechanism envisaged 
starts with the plume for the power station emitted into a stable atmos
phere at night and staying aloft as a radiation inversion sets in beneath a 
subsidence inversion. At sunrise the radiation inversion begins to break 
up and the plume is brought to the ground. If the subsidence inversion 
persists throughout the morning then the emissions from the power 
station will be 'trapped' by this inversion layer and will not be able to 
rise any further and subsequently more pollution will occur at ground 
level than would have if the subsidence inversion were not there. 

ln such circumstances the Gaussian plume formula becomes (e.g. 
Turner 1970), 

- Q 109 x (x,o,o,H) - --
(21r)½u hay 

(A25) 

Montgomery et al (1973) have used this model for TVA power stations 
and derived a model of the form 

x (x,o,o,H) = ~ (A26) 
• (21r) lf2 C1y1ZS LJ 

Where 

zs = height of the trapping inversion, 

aye = 1.32 x 0.55 + 0.47 [Ht/1.1-(2.15) (6.71) x 0.21] 

The different expression for "vt is an acknowledgement that there is 
more crosswind spreading in trapping conditions. 

To convert the prediction to I hour average readings Montgomery et al 
(1973) suggests dividing equation (A26) by 2. Chambers et al (1982) 
suggest multiplying by 0.47, about the same fuctor. We have used the 
Montgomery er al factor. 

Gaussian line source model 
The form of Gaussian line source model used in this monograph in 
Chapter 7 is known as the GM model (Chock 1978). It calculates the 
concentrations at height z above the ground and distance x from the 
source using the equation 
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TABLE 1 Valut1 ofoy, •z <unnt<d by Lamb' (1179) 

x • horirontal di11.1nct dir«t!ydo.rnwind, 

u • hori100talwind ,pttd, 

'• • height ofcmiuions. 

• Thc$,:rm,.l11jrt Only...,, liJ lorhl- L > 10,,,f-1. > 1, l .2 .. ·' s us 6 w' (whert Li, the MoninClbukh<,,, 
length) 

•· ('.,,,.,and Williams (1983)h"~ shown tha t thisoondition i, " t isflCd at Liddell ro"'~' ,u.,ion tor F,bruary 1981 

where Q is the emission rate per unit length, u is 1he effective crossroad 
wind speed and h0 is the plume height. The effect of vertical dispersion 
on the distribution of concentration is represented by the dispersion 
parameter (J,. The functional form given for a, is 

a, = (a + bxf (A28) 

where a, b and c are dependent on atmospheric stability and x again is 
the distance from the source. 

The values of the parameters a, band c as given in equation (A28) are 
those evaluated by Chock (1978) from experimental observation under 
the three fundamental atmospheric stability categories, (stable, neutral 
and unstable). This model is applied only where the wind speed is 
greater than 2 ms- 1 so the values for neutral atmospheric stability (a = 
1.14, b = 0.10 and c = 0.97) were chosen. 

The plume height h0 requires no correction for plume rise when the 
wind speed is greater than I ms- 1• Thus h0 is the source height. For a 
stream of traffic consisting of both lighl duty and heavy duty vehicles a 
value of~ = Im was adopted although the sensitivity of this assump
tion is demonstrated in Chapter 7. 
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ATDLmodel 
For a grid pattern with uniform source strengths in each square, the 
ground level concentration, Xo, in a grid square, is given for the ATDL 
model by 

Xo = (2hr) ½ (dx.1-b [u a(I-b)r 1 {Q, + ~ (2i + 1)1- h J (A29) 
iaJ 

where N is the number of upstream grid squares contributing to the grid 
square under consideration (designated by the subscript "o"), a and b 
are parameters dependent on atmospheric stability, dX is the size of the 
grid square, u is the average horizontal wind speed (assumed to be in the 
x---direction), and Q (i :: 0, 1,2' ... N) are the area sourtt strengths for 
each grid square. 

The above equation may be simplified to 

CQ,, 
Xo "' ~ (A30) 

where C is a constant which depends on atmospheric stability. Equation 
(A30) follows from equation (A29) only for smooth area source distri• 
butions in which the terms involving Q (i 4:- 0) in equation (A29) are 
significantly less than the Q, term. This assumption is valid for the 
towns investigated where the central business districts contain a con-
fined high density- low speed traffic flow. · 

TABLE 8 Hourly V11l11a ol tbe paramelu C/~ whtrt C ii tbe 
a~ra~dally .a:l11e of C • x0 W<l.:, 

Howofd>y 

,_, ,_, 
•-• 
9- 10 
10--11 
11- 12 
12-ll 
lJ--14 
l4--l5 
!5--16 
16- 17 
l7-l8 

Soum: Hanna(J978) 

oc 
0.78 
0.71 
0.71 
0.6! 
0.53 
0.57 
0.49 
0.47 
0,(7 
0.48 
ow 
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The diurnal variation of the stability factor, as CIC where C is the 
average daily value, in the simple ATDL dispersion model was deter• 
mined by Hanna ( 1978) and has been employed in our calculations. The 
data are given in Table 8 and were derived from observed variations of 

CO concentrations, traffic frequencies and wind speeds. These data were 
employed by Hanna to predict CO concentrations in a Los Angeles 
airshed with an accuracy as good as or better than more complex models. 
Using CO concentrations for Canberra, Australia, a similar diurnal 
variation in the stability factor to that of Hanna was observed. 
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The CRES model for urban air 
pollution levels 

Two basic approaches have been adopted in air pollution modelling 
attempts to simulate the dispersion of air pollutants (eg for point sources 
see Appendix VI). A number of reviews exists for deterministic urban 
models (eg Simpson and Hanna 1981). The statistical modelling ap
pioach consists of estimating the frequency distributions for the air 
pollutants and estimating the expected maximum concentration and the 
number of times a standard is exceeded. Examples of such an approach 
are detailed in Appendix V. 

More recently an attempt has been made to combine both approaches 
in constructing air quality models at the Centre for Resource and 
Environmental Studies (CRES) (Simpson et al 1983 present the first 
combined or hybrid model for urban area sources). This -work has 
consisted of using the Atmospheric Turbulence and Diffusion Labora
tory (ATDL) model of Gifford and Hanna (1973) to estimate the me
dian urban air pollution levels and then to compute the cumulative 
frequency distribution from these results using the method of Larsen. 
The CRES model has been applied to a one-year record of 8 hour 
carbon monoxide data for Canberra and a one year record of daily total 
suspended particulate data for Brisbane (Simpson et al 1983) and found 
to be satisfactory for both. However the model was less satisfactory for 
short-time averaged data (eg l hour). The approach has also been 
applied to ten years of daily averages of acid gas levels from Newcastle in 
Chapter 5. It follows from this work that it is possible to estimate how 
the fluctuations in the long term meteorology over this period affect the 
observed maximum acid gas concentrations. The CRES model for 
urban area sources is briefly described in this Appendix. Implemen
tation of the approach to line and point sources and to further area 
source data has also very recently been validated (Taylor et al 1985a, 
1985b, Jakeman and Taylor 1985). 
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The ATDL model 
As shown in Appendix VI the ATDL model developed by Gifford and 
Hanna (1973) uses a simple relationship between wind speed, u, and air 
pollution concentration, X· In its simplest form, as developed by Hanna 
(1971), this relationship is 

(AJI) 

where Q is source strength and C is a constant depending on atmo
spheric stability. Simpson and Hanna (1981) have shown that such a 
model compares quite well with more complex models in predicting 
mean concentrations for inert gases. 

The deterministic part of the method consists of assuming a relation
ship between air pollution concentration, x, and wind speed, u, given by 

X = K/u • (A32) 

where K = CQ from (A31). Therefore the constant K depends on 
source strength and atmospheric stability. Theoretically C may change 
by up to an order of magnitude with change in atmospheric stability, but 
Hanna (1971) has shown that the empirical evidence suggests only a 
weak dependence of C on atmospheric stability. 

The CRES model 
The CRES model as used here makes two assumptions: (1) the air 
pollution data and wind speed are lognormally distributed, and (2) there 
is an inverse rdationship between the opposing percentile values of 
wind speed and air pollution in the statistical distributions of the data. 

Condition (1) has been observed to be valid for many air pollution data 
sets eg Larsen (1969, 1971) and Surman et a/(1982). Condition (2) is 
similar to the assumptions underlying the ATDL model. 

It can be shown (eg Bencala and Seinfeld 1976) that ifu and x are 
related by equation (A32) and, if the wind speed frequency distribution 
is two-parameter lognormal, then the air pollution concentration fre
quency distribution is two-parameter lognormal. Theoretically, only two 
points are needed to determine the parameters of a two-parameter 
lognormal cumulative frequency distribution (eg see Larsen 1971), but, 
given the errors in the data, some form of fitting procedure is preferable. 
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Assume that the wind speed u, and concentration x, arc related by 

(A33) 

where g(u) is a monotonically decrt:asing function of u. 
Let F(x) be the probability that the concentration is grt:atcr than or 

equal to x 

i.e. F(x) = Prob (x 2:: x) 

Let G(u) '"' Prob (U .?:: u). 

Then it follows that 

F(x) • Prob (g(U) >c g(u)) 
= Prob(U :S u) 

since g(u) is a monotonically decreasing function of u. Consequently 

F(x) • I - G(u) (A34) 

Therefore the p-perccntilc ordinate F(p/100) on a cumulative fre
quency distribution for x should correspond to the (100-p}-perccntile 
ordinate, G(l-p/100), on the distribution for u. If we assume equation 
(A32) where K is a constant, 

. K 
IC X "" -

the product of the opposite percentile (abscissae) values of concentration 
and wind speed for these percentile ordinates should yield the same 
values for K. This is shown in Table 9 for Watt St acid gas data. 

Given conditions (A31) and (A32) we can predict maximum levels. For 
a two-parameter lognonnal distribution the maximum air pollutant 
level, Xm, is given by 

(A35) 

(cg see Larsen 1971) whcrt: ax is the median concentration of air 
pollution data, flx the geometric mean, and Zm the number of standard 
deviations from the mean corresponding to the percentile point for the 
maximum value. Larsen (1971) has used (0.6/N) as the probability 
corresponding to this value, where N is the number of points used. Here 
N varies ranges from 237 to 260 points (e.g. N = 260, Z = 2.83). 

Our model implies that the {j value of the wind data, flu, is the same as 
f3x, and that 
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K 
a x =

a, 
(A36) 

following (A32). For example, in Table 7, it is dear that the 50-

percentile point lies in the valid range for applying equation (A32). In 
practice, therefore, we have adopted the simple procedure of estimating 

K from (A36), ie 

K = axau (A37) 

using i3u in (A35), yielding for Xm, the expression, 

Xm • ~ $,2 m (A38) 

The results of using (A38) are shown in Table 9 for Mounter St and 

Watt St. The observed maxima are also shown for comparison. 

It is dear that the model does quite well, the notable di!ferences 

occurring when the lognormality assumption is invalid and also per• 

haps, given the discussion in the last section, because the simple inverse 
relationship in (A3I) is not always appropriate. Nevertheless the accu• 

racy is of the order of a factor of 2 in general which is as good as can be 

expected. Simpson and Jakeman (1984) show in detail how the model 
may be used to estimate the effect of long-term meteorological change in 

the wind speed distributions on maximum levels. 

TABLE I fati111ai .. ofK (,.gn,·2, - 1)focwind t pe~,u,intlten.n~ ,1 ,s u S , ,...-I 

Ptrcrn,ik • Ordi nates 
' 

2.0l " " 21 1 H 103 2.21 24 'il 2.01 47 94 

2.21 44 100 2.42 22 'iJ 2.11 44 93 

2.'i2 39 '18 2.73 21 57 2.27 40 91 

2.73 3'i % 2.S8 20 58 2.57 36 9\ 

294 11 97 1.24 19 112 2.78 32 89 

l24 29 94 H'i 18 62 2.94 30 S8 

J.60 2'i 'lO 3.81 17 65 HI 25 86 
21 82 l76 2! 19 

3.91 17 67 

. r:;, ::~•:;i~l~i:dr:;,'::=•~t~:: :;j: :;::~f~:!1,: :.'~n:;:,~,•~~,;:;~ 
i... ,h, n o< <qual IQ prol,2.biliti<:s for ,..in,d spttd (1tt ,qualioo AJ'i) , g in 1972, 40 ptr cent ofth< wind •reed data 

111<rrlnslh.anor<qualto2.ll m,· 1. Thusu • G- 1(1-pil00)1rindspeedinms· l,X • F- l(pilOO)roi>e,n1r11ion 
so2 ;. , gm-3 
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(EIS) 7, 81, 104, 114-5, 
119-21, 127, 195, 206,208, 
226, 236, 254-7 

Environmental Planning and 
Asscssmen1 Act 1979 209, 
250, 252, 254, 257 

Environmental Pro1ection 
Authority, Victoria 
su Victoria, Environment 

Protection Authori1y 
environmental survey 

questionnaire 
su environmental anitude 

•=y 
Eraring power station 9, 16, 

153-4, 156-7, 159 
Europe 169, 200 
exhaust emission 

s« mo1or vehicles, exhaust 
emission 

apon s 3, 5, 6, 12 

Index ii9" 

Fern Bay monitoring station 138 
fertiliser production 129, 218 
fibres, man-made 

J« ICXt ilcs 
flora and fauna 

s« animals; vegetation 
fisheries 5 
fluorides 6, 9, JO, I I, 14, 81, 

104-7, ll4, 116, 129, 138- 9, 
153-4, 160-5, 217-9, 225, 
228, 235-6, 240, 243, 249 

forcsiry 5 

gaseous pollutants 
su pollutants, gaseous 

Gaussian line source 
model 283-4 

Gaussian plume model 18, 30, 
96, 99, 108, 109, 112, 117-8, 
121 , 159, 168-70, 195-6, 206 

General Motors (GM) 
model 169, 171, 174, 179, 
186-7, 189, 283-4 

glassworks 218 
Glendel\ 206 
Glennie, Creek 40 

S02 monitoring station 83, 
84, 106, 274 

GM model 
JN General Moiors (GM) 

model 
government investment I 94 

health 8, 14, 17, 28, 31 , 41 , 67, 
112, 136, 139, 150, 193--4, 
202, 209, 225, 228, 233--4, 
244-8 
dust effect on 15, 35, 36, 79 
lead toxicity 227, 246-7 
public 11, 187, 189, 223, 

251 
standards 13, 35, 82, 100-2, 

116, 126, 138 
su also names of countries eg 

Canada 
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synergistic effect on 9, 79, 
239,249 

threshold levels 239-40 
see also National Health and 

Medical Research Council 
Health Commissioo 

see NSW Health Commission 
Health Department 

see NSW Department of 
health 

heavy duty vehicles 
see motor vehicles, diesel 

powered 
highway models 196 
hi-volume samplers 39 

see also dichotomous hi-
volume samplers 

HIWAY model 170 
Hunter River 3, 11,121 
hybrid model 287 
hydrocarbons 6, 137, 205, 212, 

240,250 

industrial pollution 
see major industrial sources of 

pollution 
inflation 201 
inversion conditions 15, 84, 

108-9,II0,112,113,118, 
127-8, 157- 8, 196,204,207, 
234,283 
see also subsidence inversion 

iron and steel industry 5, 129, 
209,213,217-8 

Japan, standards 99, 118, 156, 
195 

Lake Munmorah 106 
Land and Environment Act 

1979 254 
Land and Environment 

Court 195, 254-5 
land degradation 6 
Larsen model 170- 1, 270-4, 

287 
lead 7, 15, 31,136,205, 217-9, 

227,236,240,246,250 
Leontief input-output 

models 209 
licences 

ue price incentives, licences 
Liddell 

meteorological station 87, 89, 
91,117,174 

power station 8, 9, 14, 81-

ii6,1~~9~'1 ~~~,1~!:s.1 :t., 
196,204,225- 6,234,274, 
280-3 

SO2 monitoring station 83, 
93 

State Mine 83, 93 
line source emissions 214, 287 
Local Environmental Plans 255 
Local Government Act 

1919 253 
Local Government Liaison 

Committee 253 
Lochinvar, proposed smelter 10, 

153,159,162-3,229,235 
loss of amenity 

see disamenity, levels of 

Jerrys Plains 121 Mclnerny's Farm So2 monitoring 
Joint Coal Board 3 station 83, 99, 104, 106 

Maison Dieu 41, 43, 44, 45, 50, 
K.llgoorlie, W.A. 116 55, 58, 59, 61, 62, 64, 65, 66, 
Kl method 245 68, 72, 74, 76-80, 224, 233 
K.ooragang Island 161 Maitland 3, 11, 16, 153, 159, 
Kurri Kurri 167, 174, 178, 186, 189, 229, 

see Akan smelter, Kurri Kurri 235 
major industrial sources of 

Lake Macquarie 3, 134, 153, pollution 153-165, 227 
157, 159,209,214,235 Maritime Services Act 1935 253 



Maritime Services Board 253 
marketing of pollution permits 

see price incentives, marketing 
of pollution permits 

materials, damage to 15, 17, 31, 
35, 82, 103-4, 116, 160, 223, 
225,227, 239, 243-4 
see also building materials; 

corrosion; paint; textiles 
mathematical models 279- 86 

see aifo names of mathematical 
models e.g. Gaussian 
plume model 

metal corrosion 
see corrosion 

meteorological regime5 13, 16, 
17, 26, 32, 39, 95, 96, 116, 
133, 148- 9, 162-3, 199,206, 
213,215,217,226,230,234 
changes 129, 139-42, 144-5, 

151, 193, 212 
data 82, 87, 89, 93, 173, 

208, 233 
stations 84, 174 

Metropolitan Waste Disposal 
Authority 253 

Metropolitan Water, Sewerage 
and Drainage Act 1938 253 

Metropolitan Water, Sewerage 
and Drainage Board 253 

Minister for Planning and 
Environment 254-5, 257 

mobile sources of pollution 
see motor vchicle5 

monitoring stations 194-5, 199, 
256 
see also names of stations e.g. 

City Hall 
air pollution, Newcastle 

132-9, 151, 156, 194-5 
see afro p. lJ0 for names and 

types of stations 
so, 
set p. 85 for names of stations 

Monte-Carlo simulation 168, 
172-3 

Index 3li 

moral suasion 194 
motor vehicles 10, 11, 16, 41, 

45, 61, 66, 67, 70, 72-5, 
136-7, 149-50, 167-89, 214, 
227, 229, 235, 239 
die5el powered 178-9 
exhaust emission 176- 189, 

250 
Mt Arthur meteorological 

station 82, 87, 88, 89, 117 
Mt Isa, Qld 116,118, 126,206, 

280 
Mounter St. monitoring 

station 139-41, 147,290 
'multi-bubble' concept 214 
Munmorah power station 8, 16, 

153, 158 
Murrurundi 43, 45, 50, 55, 58, 

59, 61, 71 
Muswellbrook 3, 5, II, 16, 81, 

89, 104, 121, 167, 174, 178-
9, 186, 189,229,234 
South 41, 43, 44, 59, 61, 62, 

72, 78 

National Health and Medical 
Research Council 
(NHMRC) 36, 39, 104, 137, 
187,205,224,227,246,25 1 

National Parks and Wildlife 
Service 252 

natural gas 227 
Newcastle City 3, 5, 7, 10, II, 

15, 30, 31, 109, 129-5 1, 154, 
167,204,209,213, 226-7, 
235, 239, 250, 270, 274, 287 
acid gas pollution 145, 159 
airshed 212,219, 230 
Council 256 
surrounding area 108, 126, 

149, 156,234 
NHMRC 

see National Health and 
Medical Research Council 
(NHMRC) 

nitrogen dioxide 205, 234, 243-
4, 248- 9 
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nitrogen oxides 6, 9, 10, l I, 14, 
16, 30, 38, 39, 67, 81-2, 104, 
106, 114, 116, 126, 128, 133, 
l37, 159, 167, 170, 178-9, 
185, 189, 212-3, 217-8, 223-
4, 226-9, 233, 235: 240 
5et! also acid gas 

Noise Control Act 1975 252- 3 
noise pollution 6, 8, II, 14, 35, 

39, 41, 45, 58, 59, 66, 67-72, 
74-5, 77, 79,233,240, 245-6 

Noxious Trades Act 1902 253 
NSW Department of 

Environment and 
Planning 17, 195, 204, 233, 
250, 252-4, 256 

NSW Depanment of Health 64, 
251 

NSW Department of Public 
Works 252 

NSW Department of 
Transport 252 

NSW Elcc1ricity Commission 6, 
39, 66, 81 - 4, 94, 104-6, 108, 
114,153,156,174,209,256 

NSW Health Commission 251 
NSW Station Pollution Control 

Commission 6, 7, 8, 17, 31, 
35, 39, 40, 64, 129, 140, 165, 
178, 194, 204-5, 214,224, 
233, 250, 252, 256, 273 
data supplied 82, 84, 108, 

144 
dustfall 68, 79, l36 
guidelines 32, 106, 133, 

160-2, 195, 227-8, 240, 
251 

monitoring 15, 132, 138, 
196, 199 

Technical Advisory 
Committee 252-3 

NSW State Transport Study 
Group 173-4 

odours 250 
OECD Environment 

Directorate 201 

offsetting 
5ee 'bubble concept' 

oil burning, industrial 227 
open-burning control 250 
open cut coal mines 

su coal mining industry, open 
ru< 

ore handling 129 
overburden removal 214 
ozone 7, 133, 137, 167, 189, 

227, 240, 245, 249 

paint 103 
'Parcto improvement' in 

welfare 202 
particulate pollution 6, 8, 9, 14, 

36, 39-40, 67, 100-2, 104-6, 
116, 129, 159,202, 204-5, • 
209,212, 217-8, ~23-7, 235, 
240, 243, 248 
5et also ash; dusl pollurion; 

lead; suspended 
particulates (SP); total 
suspended particulates 
(TSP) 

petrol, lead content 250 
petroleum industry 201 
photochemical oxidants 7, l37, 

170, 205, 212, 234 
physico--chemical transport 

systems 24 
Planning and Conservation 

Au1horitics 252 
point source emissions 9, 16, 

30, 40, 81-99, 105, 106, I 13-
26, 139, 145, 149, 156, 193-
6, 206, 211-4, 217-9, 236, 
274, 279, 287 
5et also environmental control 

and planning; price 
incentives 

emission standards 250 
su also standards of NHMRC, 

and Britain, Canada, 
Japan, USEPA, West 
Germany, WHO 

Pokolbin 160 



policies on air pollution 
su air pollution management; 

direct controls; government 
investment; moral suasion; 
price incent ives 

pollutants, gaseous 
s« names of gaseous 

pollutants eg nitrogen 
oxides; sulphur oxides 

'polluter pays' principle 199 
pollution permits 198-20 I 

su also price incentives, 
licences 

Ponds Creek 119, 121, 127,226 
power stations, thnmal 5, 8, 9, 

14, 16, 67, 106, 11 8, 129, 
153, 156, 162,204,209,214, 
217,228,234,239 
s« also names of power 

stations, Bayswater, 
Eraring, Liddell, 
Munmorah, Wangi; names 
of sites, Ponds Creek, 
Upper Saddlers Creek, 
Whites Cn:ek 

future possible 15, 23, 82, 
113, 119-2 1, 127,235, 
239,255 

Prevent ion of Oil Pollu1ion in 
Navigable Wa1ers Al:t 
1960 253 

price incentives 194, 198-201, 
210- 19, 235 
emission subsidies 198- 20 I 
emission taxes 198- 201, 210, 

213-4, 216, 217-9, 236 
licences 21 4,219,236,251 
marUting of pollution 

permi1s 198, 200-202, 
211 - 12, 214, 215, 235 

transferrable rights 200,2 11, 
213 

su alw 'best practical means' 
philosophy; cocn•benefit 
analysis 

primary industries 
s« rural sector 

productivity 201,203 
public health 

JU health, public 

Index ill 

Public Heiillh h:.t 1902 253 
Public Works Dcpanmen1 

JU NSW Oep.inment of 
Publ ic Works 

quality of li fe 41, 43-50 
questionnaire 

JU environmental anitude 
survey 

radiosonde balloon flights !09 
rail transpon 10, 63, 167-8 
Ravensworth 40, 41, 43, 44, 45, 

50, 59, 62, 64, 65, 66, 68, 72, 
74, 76, 77- 80, 224- 6, 233 

Ravensworth Farm S02 
monitoring station 83, 9 1, 
99, 106 

Raymond Terrace 16 1 
Regional Environmental 

Plans 255 
risk assessment 19- 32 
road transport I I, 16, 63, 167-

89 
JU alw motor vehicles 

ro;idways 
JU motor vehicles 

rural sector 
m agriculture; cattle industry; 

fishe ries; forestry; sheep 
and wool industry; 
viticulture 

Scone 3 
SEPP 

suVic1oria, State 
Environment Protection 
Policy (SEPP) 

sheep and wool industry 5, 10, 
102-3, 163, 228, 235, 243 
su alw animalsi vegetat ion 

Singleton 3, 5, 11 , 16, 40, 89, 
104, 121, 167, 174, 178-9, 
186,, 189, 229, 234 
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smeared concentration 
approximation (SCA) 
model 159, 160 

smelters 6, 10, 11, 129, 204, 
209, 217-9, 228-9, J.35, 239 
see also Lochinvar propostd 

smelter; names of smelters, 
Alcan and Tomago 

smog 
see photochemical oxidants 

South Muswellbrook 
see Muswellbrook, South 

SPCC 
see NSW State Pollution 

Control Commission 
stacks 212 

height and design 9, 81-2, 
105, 108, 114, 126, 156, 
195, 199 

standards 
set health, standards; point 

source emissions, emission 
standards 

State Environmental Planning 
Policies 255 

State Mine 
see Liddell, State Mine 

State Pollution Control Act 
1970 250 

State Pollution Control 
Commission 
see NSW State Pollution 

Control Commission 
statistical models 270-78, 287 

see also names of statistical 
models eg Larsen model 

sted industry 
see iron and steel industry 

Stockton monitoring station 138 
subsidence inversion 10 
subsidies 

set price incentives, emission 
subsidies 

Sulphide Corporation 218 
sulphur dioxide 6, 14, 30, 31, 

67, 81-2, 100-6, 108, 110, 
114-121, 127, 146, 149, 153-

4, 217-8, 223,228,243 
effects on heallh 202, 248 
measu~ment 84, 86, 102, 

151, 156-9, 206,230, 
233-5, 240, 270, 274, 282 

s1andards 100, 225- 6, 272 
synergistic effects 11, 79, 

204, 209, 224, 249 
trapping 11 2 
wet scrubbing 126, 218 

set also acid gas 
sulphur oxides 9, 10, 38, 39, 

129, 140,205,227 
suspended particulates 

(SP) 100-2, 106, I 16, 126, 
133, 205,209, 225-7, 233 
see also particulate pollution; 

total suspended particulates 
(TSP) 

Sweden · 245 
Sydney 250 
synergistic effects 9, 11, 31, 32, 

38, 39, 79, 189,204,209, 
223-4, 239, 248- 9 

see price incentives, emission 
taxes 

Technical Advisory Committee 
see NSW State Pollution 

Control Commission, 
Technical Advisory 
Committee 

Tennessee Valley Authority 
(TVA) 109, ll8 

1ex1ile industry 201 
textiles 103-4 
threshold 

see dose-damage information; 
health, lhreshold levels 

Tomago aluminium smeller 10, 
16, 139, 153-4, 160-2, 164-
5, 228 

total suspended particulates 
(TSP) 28, 35, 36, 132, 134, 
136, 147-51, 171,223,227, 
287 



see also particulate pollution; 
suspended particulates (SP) 

traffic counts 174, 285 
transport 6, 10, 11, 21, 35, 229 

see also motor vehicles; rail 
transport; road transport 

transport of air pollutants 26, 
28,214 

Transport Department 
see NSW Department of 

Transport 
trapping conditions 108, 110, 

112, 118-9, 121, 126-7, 159, 
196, 226, 234, 283 

trucks 
see motor vehicles 

unemployment 6,201,203, 
209,219 

United Kingdom standards and 
controls 195 

University of New South 
Wales 6 

Upper Saddlers Creek 119, 121, 
127,226 

USA 169, 200, 201-2, 214, 
218, 224,229,245,286 

US Clean Air Act 20 
US Clean Air Scientific Advisory 

Committee 36 
US Council of Environmental 

Quality 202 
US Environmental Protection 

Agency (USEPA) 31, 35, 38, 
39, 106, 118, 126, 156, 170, 
196, 199-200, 205-7, 217, 
224-5, 227, 240, 251 

US standards 10, 11, 20, 35, 36, 
99,157, 179, 187,189,223 

Vales Point power stations 
(A&B) 8, 16, 153, 15 7 

vegetables 103, 163 
see also vegetation 

vegetation 9, 15, 17, 26, 31, 35, 
36, 38, 82, 102-3, 106, 160-
5, 225, 227-8, 235, 239-49 

vehicle emissions 11 
Victoria 

Index 315 

Environment Protection 
Authority (EPA) 195, 
201, 204, 210, 256-7 

standards and controls 195-6 
State Environment Protection 

Policy (SEPP) l 95 
viticul ture 5, 103, 160-2, 164 

see also vegetation 

Wangi power stations (A&B) 8, 
16, 153 

Warkworth 40, 41, 43, 44, 45, 
50, 59, 61, 65, 72, 77-9, 224 

washeries 
see coal washeries 

Waste Disposal 252 
Waste Disposal Act 1970 253 
Watt St monitoring station 139-

42, 145, 147,270, 289-90 
West Germany, standards 99, 

156-7, 195 
Western Australian 

vineyards 160 
wet scrubbing 126,218 
Whites Creek 119, 121, 127, 

226 
WHO 

see World Health Organisation 
(WHO) standards 

Williamtown 10, 84, 108, 109, 
110, 126, 139- 40, 145, 148, 
158,226 

'willingness to pay' 
approach 201-2 

wind conditions 9, 26, 28, 40, 
84, 87- 93, 97-8, 105, 110, 
112, 114-7, 119, 121, 140, 
170-5, 179, 185, 214, 229, 
281, 284- 6, 288 
see also windshear 

windshear I 18 
Wollongong 250 
World Health Organisation 

(WHO) standards 118, 129, 
132- 7, 146, 148, 150,205, 
224,251, 272-3 
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