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SUMMARY

Ausplume, a Gaussian dispersion model was used 1o predics shor
ierm sulphur dioxide concentrations for low convective days near
alead-zinge smeiter at Boolaroo, M3W. Twe events were selected,
with major model adjustments Tor terrain. Resulis showed 10-
minute maxima were greatest downwind of the study area, due
primarily 1o increasing wind strengths over cach cvent. Further
adjustments for daily selection criterla will involve mesoscale
weather conditions and health data.

INTRODUCTION

Sulphur dioxide {80Q,), a gaseous pollutant produced from fossil
fuel burning, has been linked 10 decreased respiratory function in
both normal and asthmatic subjects (Schwartz 1989; Charpin et af

1988}, High S0, cmissions have raditionally been controlied
through the use of stacks, relying on atmospheric dispersion 1o
dilute emissions to safe concentrations before reaching ground
level, Dispersion is largely dependent upon metcorological
conditions and the topography of the surrounding arca. The
mfluence of meteorslogy does not guaranies that ground level
concentrations will meet existing health crteria (Steer and
Heskinen 1993). Optimal meteorslogical conditions for high 30,
episodes are typically characterised by fogs, inversions and
anticyclonic conditions.,

Although asthma resecarch has acknowledged the role of
meteoroiogical parameters in influencing pollwtant levely, small
scale fluctuations are oflen disregarded 1o obtain averaging times
compatible with other pollutants e.g. daily particulates (Pinki
1990), Shorter averaging Umes provide information essential to
asthma research, as two-minute exposures as low as 1100pg/m’
are known o cause acule symptoms in mild asthmatic subjects
{Balmes ez al. 1987)

This study at Beolaroo-Argenion modelied 10-minute maximum
concentrations from a smelter point seurce. The main aims were 10
test modelling procedures prior 1o the release of medical daia from
the Boolaroo-Argenton section of a regional asthma study, A
preliminary attempt was made to construct z spatial dispersion
picture and examine exposure levels,

EQUATIONS

Ausplume is a widely accepted Gaussian dispersion medel
employed Australian regulatory bodies such as the Yiciorian EPA.
Gaussian plume maodels are based upon the premisce that cross
sections through a plume from 2 point source have a Gaussian

(normaly distwibution. A three dimensional concentration ficld
with a steady source and unbounded airflow (Turnar 1964)
can be expressed as:
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o= height, with the source at z=0
Q = emission rate
H = effective height of the plume centre Hne
u = wind speed
ayor = dispersion cocfficienis reprosenting cross

wind and  vertical spread, which are
mereasing functions of x and time.

Concenirations for recepiors at ground level, can be caleulated
by reducing the above equation Lo:
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STUDY AREA

The Boolaroo-Argenton area (151°37 B 32° 56' 8) is a mixed
restdential-industrial arga, 9 kilometres south west of
Mewcastle, NEW. The Pasminco Metals-Sulphide plan,
located two kilometres nonth of Lake Macguarie, produces
lgad, zinc, and sulphuric acid from ore smeling processes.
Pasminco's cmissions are produced from the sinter and acid
plant stacks, with estimated levels at 2.2 and 280 kgir
respectively (sec Table 1), Fistorcally, ten minute SG, levels
have been high, exeeeding MSW EPA health standards',
Reduction of these levels has, in recent times improved with
recireulation of gases back thorough the sinter plant, An
upgrade of the acid plant will see further improvements 10 air
quality by 1997 (Holmes 1994).

MNEW EPA 10 minute maxima criteria = 1400pg/m.
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Tuble 1. A summary of Pasmince stack emissions,

Stack | Heightm | Flevation m | Diameterm | Temperature B | Fluz s | 307 kg/'h

Sinser &7 26 2.3 353 7.9 22

Acid 80 25 1.2 323 23.7 280
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Figure 1. The Boolarpo-Argenton study area.

puffers suburbs to the east from industrial emissions.
Argenion, separaied by an adjoining dump and rail line, is
relatively flat increasing its susceptibility to emissions.
Boolaroo directly adioins Pasminco's southern boundary
making it the most susceptible of all suburbs to local source

The predominant topographic feature, Munibung Hill (164m) has
a significant influence on air flow and nrbulence. During summer
months plumes are distupted from lnteraction with north casteriy
seabreazes, while in winter, prevailing westerlies increase uplift
and mesoscale instability. The presence of Munibung Hill also
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Figure 2. Event §, characterised by sivong dispersion south and
west of the study area. Contour values = 50 ug/m3,

Higure 3. Event 2, characterised by strong northeriy dispersion
and lower 502 concentrations, Contour values = 50 ug/m3,
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smissions, Recently a 150m buffer zone was created 10 reduce
impacts of poltution on the local community.

MEASUREMEMNTS AND METHODOLOGY

As these investigations were a pilot prior o the use of health data,
an indicator of asthma potential was needed o select days of
interest. For this study, a stability index was derived from batioon
data at Willismtown, 25 kilometres porih-cast of Boslaroo.
Ranking of the index provided a crude indicator for modelling
episodes, Two days of interest were chosen; September 16 (Event
1) and Cetober 14 (Event 2) 1994, In both events, constant rates
(gfs ) were assumed for acid plant and sinter stack cmissions.
Meteorological information (temperature, wind parameters and
humidity) was obtained from Pasminco's on site weather station.
Due 1o the absence of tower data, initial mixing height depth was
eslimated from balioon iraces adjusted using a time-varying depth
caleulation. Pasquill stability class was assigned by diwnal patiern,
sigma theta and wind speed values (Michell 1982). Terrain for
the Morth Lake Macquarie area was converied into a 9 by 8
kilometre grid with 230 metre node spacings, with information
upon wpography also entered mio the model mput file. To
pvercome the effects of Munibung Hill, an Bgan vaiue of 0.9% was
used for ail Pasquill stability classes, which assumed that plumes
were extremely close 1o Munibung Hill upon release,  Results of
dispersion events were drawn on a grid file using Surfer™
software and key features, such as urban aress and hydrology werg
drawn using a computer aided design package.

RESULTE AND DISCUSSION

Figores 1 and 2 show the resuls of dispersion for the sclected days.
Event 1 was 2 fine day characterised by dry sunny conditions and
light norih easterly winds. Amn elongated high pressure sysiem
situated over central Australia, extended across eastern MNEW
produced stable conditions. Temperatures 2t Boolaroe ranged
from 10-25°C. By 0900, convective warming crealed strong
vertical mixing, with increasing wind strengths in the afternoon,

One dispersion area was predicied 1-2 km south-west of the
source. Some minor deposition was found near the plant is
apparent dug to rbulence from Munibung Hill. Highest predicted
concentrations (780 ng/m’) were over unpopulated guarry and
mine sites io the west. Another dispersion area, 2-3 km south of
the source was situated over Lake Macquarie and more distant
suburban aress {see Figure 2. Both dispersion arcas extended off
the bounds of the grid, suggesiing the impact of increasing
afternoon wind stength.

In Event two, 2 major high pressure sysiem centred direcily over
the NSW coast, brought fine sunny conditions, South westerly
mesoscale winds were gusty, particularly in the moming, ranging
from 1.9-3.6 mys. Temperaturss for Boolaroo ranged from 14-
2°C. Two major concentrations were predicied 2-4 km north of
Argenion, with deposition on distant ierrain and elevaled suburban
areas. Minor concentrations was alse found west of the plant.
Predicted concentrations were comparatively lower, with maximum
values at 380 ng/m’
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CONCLUSION

A Gaussian plume dispersion model was used to evaluate ten
minuwe maxima for days of high asthma potential, besed on an
aymospheric stability indicater. This paper, a precurser for an
asthma study inchuding the Boolaroe-Argenton area, showed
that impacts of 30, on the study area were minimal, due 1
increasing afternoon winds, causing deposition at more distant
sites

The selection criieria for days of high asthma will need further
refining. Allowances for topographic variation belween
Boolarco and Willilamtown may be necessary, due to the
impacts of Munibung Hill and Lake Macquarie. The use of
asthma data and mesoscale weather patterns will be
ncorporated inte future criteria for the selection of modelied
avenis.

Adjustments for Ausphume will be necessary in a number of
areas.  Modification  of Egan wvalues will be needed to
accosamodate terrain more distant from the source. Although
values of 0.9%9 were suitable for Munibung Hill, downwind
dispersion would unlikely result In high levels on distant
terrain.  Predicted values  will need validating against
monitored data using single point averaging times. Previous
fits of the modelled 50, area found that Ausplume consistently
under predicied concentrations over one year, suggesting levels
much higher than predicted (Holmes 1994). Further aceuracy
will be obiainabic using hourly stack emission raies.

Ausplume itself has a number of limitalions. The prediction
of channelling arpund hill slopes camnot be handled,
conlributing (o inaccurate concentrations near hills. Pasquill
stability classes, stored in the Ausplume files, do not simulate
dispersion rates during sea breeze events. This may be
overcome by selecting  howtly periods unaffecied by sea-
breeze conditions.

Predicied Ievels for this paper are below health criterin for
normal subjects, but impacts on the asthmatic population
remain 10 be seen. The effects of complex terrain make it
difficult to predict trug spatial concentrations, hut a more

thorough understanding of short term effects will enhance the
details of medical information over the study peried.
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