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The Latrobe Valley in southeastern Australia is rich in low grade brown coal which
is being utilised in meeting most of Victoria’s electricity needs. To monitor the air
quality of the Valley and to assist in the wise exploitation of its resources, the Latrobe
Valley Airshed Study was established in 1977. The Valley is one of the best
instrumented anywhere, with a current strength of four 110 m meteorological towers,
14 multiparameter air quality monitoring stations, a radiosonde station specifically
for the Study, and a doppler acoustic sounder. Given the long, unbroken time series
of data now becoming available, the interpretative and modelling phases are underway.
The presentation here, however, is concerned with some of the more fundamental
research problems that have been tackled during the establishment phase of the Study:
inversion height climatology, air pollution potential index in a region with tall stacks,
moist plume dynamics and plume visibility, partial penetration of elevated inversions,
two-plume interference study, the sea-breeze, katabatic winds, and blocking of flows
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by downwind terrain.

Introduction

Study of the air environment in major regions of
habitation and industrial activity has assumed
importance in Australia over the past 10 years or so.
Table 1 summarises one assessment of the most
significant projects that have been undertaken
(Carras and Williams 1981; EPAWA 1974; DCE
1982; Court et al. 1981; SPCC 1979; Moriarty 1984;
EPAYV 1981; Stiimer et al. 1984; Hart 1981). These
projects have drawn upon the mesoscale
meteorological skills and collaborative efforts of
tertiary institutions, environment protection
agencies, state electricity commissions, the Bureau
of Meteorology, the CSIRO, and consulting firms.

Arising from extensive public discussion of
environmental matters concerning the Latrobe Valley
and Melbourne, the Latrobe Valley Airshed Study
(LVASS) formalised and concentrated resources onto
the study of the meteorology and air quality of that
region in 1977. The primary objective has been to
assist in the wise exploitation of the Valley’s extensive
deposits of near-surface brown coal.

The Valley (Fig. 1) is 120 km east of Melbourne,
oriented east-west and bounded by the Great
Dividing Range to the north (rising to over 1500 m
above sea level) and the Strzelecki Range (up to 760
m high) 20 km to the south. It is about 80 km long,
bounded by Warragul to the west and opening out
to the sea to the east. The combined population of
60000 is spread among the several towns along the
Valley axis. Practically all of Victoria’s electricity is
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generated in the centre of the Valley by coal-burning
thermal power stations that have current installed
capacity of 4370 MW and a typical production of
3000 MW. The new 2000 MW Loy Yang Station is
currently undergoing commissioning of its 500 MW
Stage 1. Other industry includes paper, cement and
briquette manufacture — a pilot coal liquefaction
plant is under construction in the central part of the
Valley.

Emissions from the power stations account for 97,
88 and 46 per cent of the total emissions of the
respective air quality parameters sulphur dioxide,
oxides of nitrogen (NO,), and APM (airborne
particulate matter) in the Latrobe Valley area (EPAV
1979) and these are from stacks ranging from 32 m
(Jeeralang) to 260 m (Loy Yang) in height.

The LVASS has been concerned with obtaining
a comprehensive computerised emissions inventory
of the region based on statistical surveys (Dack,
Longmore and Oliver 1984) and the extensive
instrumentation of the Valley. By the end of 1979
there were four multiparameter transportable
monitoring stations in position; with the addition of
one every two months, this has increased to 14
stations (locations are given in Fig. 1). The stations
continuously record wind speed and direction at 10
m, temperature and humidity, radiation (at half the
stations), oxides of nitrogen, sulphur dioxide, APM,
ozone (at most stations) and at three ‘urban’ stations,
carbon monoxide. Four 110 m meteorological masts
measuring wind speed and direction, turbulence,
temperature and humidity at four levels, as well as
radiation and rainfall, are also in operation at
positions shown in Fig. 1. All sites are connected to
a central computer, where data are summarised in
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Table 1. Major air environment studies in Australia.

Study State Begun Status Major task

Mt Isa Qld 1973 Active Long-range transport and transformation.

Coogee WA 1972 Finish Dispersion at a coast in sea-breeze.

Kwinana WA 1976 Finish Dispersion at a coast in sea-breeze.

Hunter Valley NSW 1980 Active Transport and dispersion in coastal
valley.

Sydney oxidant NSW 1975 Finish Transport and transformation in coastal
diurnal winds.

Albury-Wodonga NSW/Vic 1975 Finish Transport and dispersion in a system of
valleys.

Melbourne Airshed Vic 1981 Active Transport and transformation in coastal
diurnal winds.

QEGB coastal siting Qld 1982 Active Dispersion in strong convection and
sea-breeze.

Latrobe Valley Airshed Vic 1977 Active Transport and dispersion in coastal
valley.

Fig. 1 The Latrobe Valley region of southeast Australia. Contours are in metres above mean sea level.
B — Boolarra, CV — Callignee Valley, G — Giffard, H — Hazelwood, LY — Loy Yang, M —

Morwell, R — Rosedale, S — Sale, T — Traralgon, W — Warragul, Y — Yallourn. @ — ajr quality
monitoring station, A — meteorological tower, ll — balloon station.
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a number of ways and then archived. There is also Records from most of these sites spanning the past
now a special radiosonde station in the centre of the three years are presently available, and the number
Valley, a Bureau of Meteorology pilot balloon wind and continuity of records are improving all the time.
station at Sale, and an acoustic sounder in operation The Study has now moved from its establishment

south of Hazelwood. phase to one of interpretation and modelling. Early
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modelling work consisted of assessing the
applicability of Gaussian plume approaches
(Williams 1981). Now exciting special-purpose
statistical and numerical models are undergoing
development. Good progress has been achieved
already in interpreting the average and extremes in
air quality found in the Valley, as well as their
relationships to the associated meteorological
circumstances (see for example, Hoy 1983; Joynt
1983; Ahmet 1984).

Concomitant research

During the formation stage of the LVASS a number
of basic meteorological research problems have been
tackled and a selection of these will be briefly
mentioned.

Inversion height climatology (Spillane and Wren
1978; Tapp and Hoy 1981; Jones 1984)

In recognition of the effect elevated inversions have
on dispersion and hence ground level concentrations
of pollutants, a two-year, daily (sometimes twice-
daily), radiosonde flight program was undertaken
from April 1975 to April 1977 in the centre of the
Valley and specially analysed for maximum detail
in the lowest 2000 m. A parallel continuous acoustic
sounder record was also obtained and analysed.
Frequencies of inversion strengths and heights were
determined and maximum mixing depths were
computed and compared with the acoustic sounder
results. As shown in Fig. 2 from Jones (1984), the
qualitative features hold no surprises, with maximum
mean mixing depths over 1000 m on summer
afternoons and up to 800 m in the winter. The
acoustic sounder has insufficient range to always
resolve the maximum mixing depth in the summer
but, as shown in Fig. 2, estimates of maximum
mixing depth using the morning radiosonde ascents
as data for application of the technique of Holzworth
(1967) have a tendency to overestimate this quantity
during the cooler months.

The study was so successful and has so influenced
other work that radiosonde soundings were
recommenced in November 1983.

Effective ventilation rate with tall stack emissions
(Moriarty 1982)

The ventilation rate, V, is defined by
V = hU

where h is the mixing depth, and U is the mean wind
in the mixing layer into which pollutants are emitted.
Usually, the larger the ventilation rate, the lower will
be the problem of high ground-level concentrations.
This index works well for Melbourne where
practically all NO, emissions (for example) are at
ground level, but in the Latrobe Valley almost 90
per cent of NO, is emitted from tall stacks. In that
case, part or all of the buoyant plumes of NO, will
often rise through the capping inversion of the

mixing layer, so not contributing to concentrations
measured at the ground.

Moriarty (1982) has derived an ‘effective’
ventilation rate

hU
Ve = T—E o, (a)

where b; is the fraction of total emissions which by
buoyant plume rise reach to the i-th elevated level,
and a; is the fraction of the i-th level emissions
retained in the mixing layer. (1-a;) is lost by partial
penetration of the elevated inversion capping the
mixing layer.

Moriarty considered a scenario in which 90 per
cent of NO, continues to be emitted from elevated
sources in the Valley, but from tall stacks of the new
type being employed at Loy Yang (260 m high). Thus

Fig. 2 Curves of monthly mean mixing depths in
the Latrobe Valley as indicated by acoustic
sounder records. Symbols are independent
estimates of mixing depth at 0900 h, 1200
h (EST) and its maximum using the
Holzworth technique applied to
temperature profiles from morning
radiosonde ascents for the same period.
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the b; were taken to be all equal to 0.9. Utilising the
inversion data mentioned above and the plume rise
and inversion penetration models of Briggs (1975)
he compared the consequences for the Valley with
Melbourne.

The ventilation rate for Melbourne (Laverton) is
shown in Fig. 3(a). About 21 per cent of occasions
have a ventilation rate of 5 km m/s or less. An
uncritical application of ventilation rate for the
Valley gives the results shown in Fig. 3(b). It would
suggest that air dispersion in the Valley is much worse
than Melbourne, with 56 per cent of occasions with
a low ventilation rate. However, noting that the
‘effective’ ventilation rate is more applicable for the
Valley, Fig. 3(c) shows that only 11 per cent of
occasions are likely to suffer poor dispersion if a ‘tall
stacks’ policy is maintained. The Valley by this
measure would then have better air dispersion than
Melbourne.

Of course a tall stacks policy does not change the
air quality far from the emitters. It is still necessary
to exercise stringent control on the quantities of
pollutants released into the atmosphere.

Fig. 3 Frequency (days) of mid-afternoon
ventilation rate when data were available
at both Laverton and the Latrobe Valley.
Number of days is 317. (a) for Laverton,
(b) for Latrobe Valley, (c) ‘effective’
ventilation rate for Latrobe Valley.
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Moist plume dynamics and visibility (Spillane 1980,
1983; Spillane and Elsum 1983a, b)

Several power stations in Australia utilise cooling
towers to dissipate heat. The resulting moist buoyant
plumes are occasionally wet and highly visible.
Predicting the length and path of this visible cloud
has been a major problem.

Utilising essentially conventional integral
conservation equations for a moist plume, Spillane
(1983) has made some important contributions that
result in a successful model. A criterion for visibility
of the plume is established, namely that to an
observer the optical thickness due to water vapour
must be greater than 0.28 gm m-2. A plume actually
has a range of humidity values at each section, and
this is accounted for by assuming peak values to be
up to 2.15 times the bulk value, in agreement with
Briggs (1975) and confirmed by comparison of visible
plume lengths from the Yallourn W cooling towers
in the Latrobe Valley (Spillane 1980).

The model also uses a novel entrainment
assumption that has been shown to give equally good
results for both jets and plumes in their vertical and
bent-over limits and describes the bending-over phase
in a consistent manner and with small error. The
entrainment assumption says that the plume radius,
a, grows with distance travelled, s, according to the
displacement of plume centreline relative to the
ambient wind. That is
da U, — U, sing|
—= 0.16
ds

U, cos¢

+0.4

Up UD

where U, is the integral plume speed, U, the wind
speed, and ¢ is the angle of the plume centreline to
the vertical. The coefficients are in agreement with
current understanding, as is the use of the concept
of an effective transverse momentum radius 50 per
cent larger than the plume’s mass radius, a, (Briggs
1975) to describe ‘added mass’ effects in the
momentum equations.

The model has been used to predict and confirm
the visibility of the Yallourn W cooling tower plume
and the Newport D plume in Melbourne. Figure 4
summarises the comparison with observations of
plume visible length for the Yallourn W plumes and
Fig. 5 presents the comparison for the: Newport D
plume. In both cases the agreement is very
satisfactory. The frequency and length of the new
Loy Yang station plumes have also been predicted
and it will be possible to check these results.

Partial penetration of elevated inversions (Manins
1979)

Plumes from tall stacks sometimes have enough
buoyancy to penetrate the elevated capping
inversion, thereby reducing their contribution to
measured ground-level concentrations. This factor
has been incorporated in some studies (e.g. Moriarty
1982, discussed above) of Latrobe Valley plumes
utilising suggestions by Briggs (1975).

Applicable when ambient turbulence is not
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Fig. 4 Observed and predicted plume length from
Yallourn W cooling towers on 21 occasions
at about 0815 h when both photographic
evidence and nearby radiosonde data were
available. The regression lineisy = 24 +
1.014x (r = 0.84).
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important compared with plume entrainment, a
laboratory analogue of partial penetration by a
buoyant plume into an elevated inversion has been
studied and a new model put forward. The
laboratory model utilised layers of saline water as
the working medium, and a towed chimney emitting
a buoyant plume to simulate a plume in a wind.
Figure 6 summarises the results interpreted as the
fraction, f, of plume material trapped in and below
inversion level in terms of the plume parameter P,
where P = Fg/(Ubiz?) and Fg is the buoyancy
efflux from the stack, U is the crosswind speed above
stack top, and b, is the jump in buoyancy across the
inversion which is at elevation z; above stack height.
The mode! prediction is also shown and is given by

f=1 P < 0.08
f =008 + P 0.08 <P <0.3
f=0 0.3 <P.

The model agrees with Briggs (1975) with regard to
when complete plume penetration should take place,
but differs in recognising that it is possible for a
plume to be fully trapped (f = 1) at non-zero values
of the plume parameter (i.e. still with finite
buoyancy).

A recent comparison of the model with some
observations of the Gladstone power station plume
in Queensland is encouraging (Manins 1984), and
further tests are planned in the Latrobe Valley.

Two-plume interaction studies (Sawford et al. 1983)
The Latrobe Valley has a number of effectively point
source emitters and these may contribute to ground-
level concentrations at any point depending on wind

Observed cloud length {m)

Fig. 5 Observed and predicted extreme cloud
length from Newport D power station on
eleven occasions when cloud terminated in
the coherent plume. Each observed point
is the extreme sampled in approximately 30
observations each 2 mins apart. The
regression lineisy = 0.944x — 0.3 (r =
0.75).
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Fig. 6 Laboratory results from simulations of

partial penetration of an elevated inversion.
model equation; — — — — —
and are interpretations of
two models of Briggs (1975).
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direction. The trend in environment protection
agency regulations is toward specifying not only the
maximum concentrations permitted at ground level
but also the frequency of occurrence that must not
be exceeded (e.g. EPAV 1979). But the statistical
properties of plumes are poorly understood, let alone
how a number of plumes contribute to the variance
at a downwind observing point.

Small-scale field experiments involving two plumes
labelled with different tracers and continuously
monitored downwind by the hour have been
conducted recently. The experimental arrangement
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Fig. 7 Schematic arrangement of field
experiments on two-plume interactions.
The separation between sources varied
from S to 40 m; the detectors were
positioned downwind at distances from 25
to 100 m over flat terrain.
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Sk source
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is shown in Fig. 7. The sulphur hexafluoride detector
was a high speed (1 s response) continuous monitor
using an electron capture detector while a flame
photometric detector adjusted to have the same time
response was used for phosphorus. Although surface
conditions and atmospheric stability influence
absolute values of concentrations, their effects on
the results were greatly reduced by normalising
concentration records by the mean values for each
one hour run,

For individual sources the results demonstrated,
for the first time in the field, how concentration
frequency distribution depends on location within
the plume: as shown in Fig. 8, near the plume
centreline it falls off faster than an exponential and
is well described by a Gaussian distribution. Further
from the centreline the frequency distribution
approximates a simple exponential although there is
still a more rapid fall-off at the higher values of
concentration ratio.

The interaction of a pair of partially overlapping
plumes has also been measured for the first time in
the field. Figure 9 shows frequency distributions for
the total concentration from two sources separated
by 5 m at a downwind distance of 25 m. The
detectors were on the approximate mean plume
centreline and results from 5 experiments are shown
and compared with a representative frequency
distribution for an isolated source. It can be seen that
the probability of a given concentration ratio being
exceeded is considerably smaller than for an isolated
plume at the higher ratios. This is a reflection of the
incomplete correlation of concentration distributions
downwind of the separated sources.

These experiments confirm and extend laboratory
and theoretical work on the problem and should
reduce the level of conservatism that currently results
from assuming that the variances, as well as the mean
concentration, add in these circumstances.

Fig. 8 Frequency distributions of concentrations
measured over one-hour intervals in a
plume from an isolated source.
Determinations were made 25 m downwind
of the source and at the indicated
normalised distances from the centreline of
the plume. Straight dashed line represents
an exponential distribution; curved dashed
line, a Gaussian distribution.
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The sea-breeze (Tapp and Hoy 1980; Physick 1982,
1983) .

The sea-breeze is an important event in summer in
the Latrobe Valley. Results from studies of wind
records and experiments involving tracking the sea-
breeze along the floor of the Valley by instrumented
vehicle have shown that it can on occasion penetrate
110 km or more inland from the coast to the east
to Warragul (Fig. 1). The experiments have also
shown that the sea-breeze sometimes progresses in
a surging manner as illustrated by Fig. 10.

Two different sea-breeze regimes exist. One
originates at the coastline east of Sale or sometimes
near Giffard to the southeast, and regularly
penetrates as far as Hazelwood (Refer to Fig. 1). The
second sea-breeze comes over the Strzelecki Range
at the saddle near Boolarra and travels down the
Morwell River Valley to reach Hazelwood from the
southwest. This sea-breeze originates at the south
coast and occurs less frequently than that from the
east coast, probably because of the topographic
barrier some 200 m high in its path. Both sea-breezes
can occur at the same location on the same day,
usually meeting somewhere between Hazelwood and
Traralgon. It is in these conditions that the present
industrial complex area of the Valley is likely to
experience the highest pollutant concentrations
associated with sea-breezes, as emissions into the
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Fig. 9 Frequency distributions of total
concentrations determined from five
experiments involving two interacting
plumes from sources separated by 5 m. The
receptors were on the mean centreline as
indicated in Fig. 7, 25 m downwind of the
sources,. — — — — — representative
frequency distribution for an isolated
source in similar conditions.
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southwesterly sea-breeze are brought back by the sea-
breeze from the east. Otherwise the arrival of the sea-
breeze from the east should usually mean an influx
of relatively clean marine air to the Valley. Re-
circulation of pollutants by the sea-breeze
characterises some other centres with heavy industry
close to the coast (e.g. SPCC 1979).

Katabatic winds (Manins and Sawford 1979a, b;
Manins 1983)

During establishment of the early radiosonde
program the possibility was entertained that plume
impingement on the Valley sides could, in
appropriate circumstances, be returned to the Valley
floor by katabatic or nocturnal slope winds. It was
soon found that very little of the detail of these winds
was understood, particularly how the thermal and
wind-structure varied with height and how the flow
might grow with distance downslope. This led to the
first reported detailed simultaneous field
measurements of thermal and mean-wind profiles of
these winds, and the development of a theory of

Fig. 10 Illustration of surging 1.5 m above ground
level during the onset of the sea-breeze in
the Latrobe Valley. Wet-bulb depression
(upper curve) is generally a better indicator
of the arrival of the sea-breeze than either
temperature or wind speed (lower curve).
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katabatic wind that invoked plume entrainment
concepts for the first time. Figure 11 shows sample
profiles of a katabatic wind above the Callignee
Valley which slopes down northward for 5§ km to
Traralgon South (see Fig. 1). The energy and
momentum balance in these flows demonstrate the
fundamental importance of the divergence of long-
wave radiation within the air layer adjacent to the
slope and the dominance of momentum exchange
between the background air and the slope flow.

Figure 12 illustrates the mixing (momentum
exchange) taking place between a katabatic flow and
the ambient wind by showing that a measure of the
intensity of mixing and instability, the gradient
Richardson number, as determined by profile
measurements obtained every 7 to 10 m in the vertical
by a tethered balloon, was as low as 0.26 near the
top of the flow. If profiles were first smoothed, the
region of low Richardson number extended for 60 m
above the flow, averaging a value of 0.27 + 0.1.
These values are characteristic of strong dynamical
instability.






