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ABSTRACT

A perfluorocarbon atmospheric tracer system has been used to investigate atmospheric
dispersion processes in the region surrounding the Lucas Heights Science and Technology
Centre. Tracers have been released from two locations : a laboratory vent near the ridge of
the Woronora river valley and from the HIFAR research reactor ventilation system. Most
studies have been conducted during the early to late moming periods when valley influences
might be expected on dispersion of the tracer plume. This report summarises the
meteorological and tracer air concentration data and makes comparisons with estimates from
a simple gaussian dispersion model. It is intended that the data will also be used for
evaluation of more elaborate wind field and atmospheric models.
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1. INTRODUCTION

As part of a study to validate atmospheric dispersion, environmental impact models in
complex terrain, a number of field studies were conducted using perfluorocarbon tracers. The
tracer releases were made from two locations in the Lucas Heights Science and Technology
Centre (LHSTC). During 1996, two releases were made from a building (number 34) at the
castern end of the site, near the western ridge-line of the Woronora river valley in order to
study the effects of the early morning, valley flow under stable atmospheric conditions. In
1997, a further six releases were made from the ventilation system associated with the
HIFAR nuclear reactor containment building, at the western end of the site. Those releases
allowed a study of the influence of the local buildings and the valley on dispersion patterns of
tracer from a routinely monitored, radionuclide discharge point in the LHSTC.

In order to model the atmospheric dispersion processes in complex terrain, it is necessary
to understand the meteorological influences at a number of locations. In Figure 1 there is map
of the region that indicates the positions of the meteorological stations; the air sampler

locations are also indicated by receptor index numbers above a X. The stations at Lucas
Heights Community (cs) and Boys Town (bt) Schools and that at the LHSTC (11) are on the
plateau above the valley with that at Shackles Estate (se) on the valley floor. Measurements
at the Shackles Estate station confirm earlier short-term studies further down the Woronora
valley (Clark 1990) that under stable conditions, atmospheric flow within the valley is de-
coupled from that above the surrounding plateau. Clark (1997) has described the
climatological data collected at these stations.

One aim of the atmospheric tracer studies was to investigate the interaction between the
free-air flow above the plateau and the valley winds. Another aim was to directly measure the
impact of releases from the LHSTC on the surrounding communities. The third aim was to
use the atmospheric tracer data to validate or assign uncertainties to the predictive
atmospheric dispersion models. This will be the subject of future reports when the modelling
is complete.

The current report will detail the perfluorocarbon analysis results together with the
prevailing meteorological conditions during the field studies conducted at Lucas Heights. The
importance of various atmospheric dispersion processes to the observed tracer air
concentration patterns is also discussed and recommendations are made for future studies.

2. EXPERIMENTAL METHODS

There is a family of inert chemicals called perfluorocarbons which normally exist in a
liquid state but once vaporised are useful as atmospheric tracers of air movements because
they exist with very low ambient levels in the natural environment (Stone and Clark 1996).
Portable release systems have been developed which can be pre-programmed to turn the
tracer on and off; we also have a larger system that is not programmable Up to four releases
of perfluorocarbon tracer plumes can be made simultaneously from different locations.
Release rates are typically between S0 and 100 g h™' and releases can last up to 90 minutes.
At each downwind sampling location, air containing the perfluorocarbon gases is pumped for
30 minutes through a small stainless steel tube attached to a pre- programmed sampling
pump. The tubes contain a chemical adsorbant which removes the gases from the air stream.
After the experiment, the perfluorocarbons are desorbed from the tubes through a Gas
Chromatograph-Mass Spectrometer (GC-MS) that produces a unique signature on the
chromatogram for each different perfluorocarbon. The atmospheric tracer release, sampling
and analysis methods are described in Clark et al (2000).
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2
3. TRACER SAMPLING AND ANALYSIS SPREADSHEETS

It is appropriate to discuss in some detail the summary spreadsheets which will follow
and which show the atmospheric tracer sampling locations and analyses (see Table 3 below
as an example). Each sampler location in the region has been assigned a receptor index (Rec.
Index) (see Table 1 in Clark et al 1999). The Latitude and Longitude in UTM (m) co-
ordinates in the spreadsheets are with reference to the AMG66 datum. The start time for the
30-minute sampling period is in Eastern Standard Time (EST).

The sample tubes are matched to cach pump according to the pre-release calibrations.
Before and after each experiment the pumps are calibrated with a bubble chamber flow-meter
in which the time is measured for a SOml flow of air using a “standard” tube (number 29)
packed with adsorbent chemical. Earlier we had measured the relative flow rates through the
“standard” and real sample tubes to determine the Tube Correction factor. This meant that
after each experiment the sample tubes could be taken away for analysis and the pumps could
be quickly re-calibrated using the “standard” tube. The calculated volume of air sampled by
each pump during the 30-minute period allows the air concentration of PMCH to be
determined after analysis of the sampler tubes on the GC-MS.

The relationship of PMCH air concentration in ppt (parts by volume per trillion) versus
pgm’ [pico (107'%) grams per m™] is as follows :

1 ppt PMCH = [(1 pgm)/1000]*(22.4/350) where pgm™> = 10""2 gm™.
where the atomic mass of PMCH is 350.

Other perfluorocarbon gases would have equations modified by their molecular
weights e.g. PDCB = 300; PMCP = 300; PTCH = 450.

Ambient or background air concentrations have been estimated to be 6 x 101! gm™
(Stone and Clark (1996). However, to some extent this is determined by the GC-MS
sensitivity and may vary from experiment to experiment. In addition, if two experiments or
tield releases of PMCH are conducted in quick succession, there may be elevated background
levels due to re-circulation of perfluorocarbon tracers through the region of interest by the
cyclical/diurnal weather patterns.

The atmospheric dilution factor is calculated as ¥u/Q (m?) where ¥ is the air
concentration, u is the estimated average transport or wind speed and Q is the release rate.
With the plume dispersing over complex terrain where wind speeds are variable, an estimate
is made of the average speed from stations between the source and receptors and through the
duration of the release. This allows calculation of the dilution factors at the different
receptors for each experiment. Atmospheric dilution factors then allow an estimate of the
impact of other sources if information is available on the release rate of a pollutant and
average wind speed across the region of interest.

4. TRACER RELEASE FROM BUILDING 34 ON AUGUST 14, 1996

As this was the first tracer field study at Lucas Heights there were a number of
procedures to sott out in the tracer sampling protocols which meant that everything did not go
strictly according to plan.

The release took place between 0610 and 0900 EST with sampling spread between
0720 and 1010 EST. The release was from a fume cupboard in a chemical laboratory in
Building 34; the specifications for the release location and type are outlined in Table 1. The
source location was chosen due to its proximity to the Woronora river valley. In order to
ensure complete evaporation/vaporisation of the tracer, the fume cupboard booster fan was
turned ON and OFF during the release. Such a procedure would have lead to a variable plume
rise from the chimney stack. The average release rate was estimated to be 120 gh'' (over 2
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3

hours 50 minutes) from measurement of the tracer cylinder mass before and after the
experiment. Such a relatively high release rate could have resulted from abnormal behaviour
of the control system due to a swelling of the valve seats by the purgent, chloroform.

4.1 Meteorological Conditions

On this morning there was a strong vertical temperature gradient between the valley
and plateau above. Temperatures 10m above the valley floor were a minimum of 2.5°C and
on the Lucas Heights meteorological tower at 10m the minimum was 10.7°C (Table 2, Figure
2). Such a temperature gradient indicated very stable conditions and would be consistent with
minimum atmospheric dispersion in the valley during this period.

Before 0600 EST, winds were from the north-east sector but then changed to the
north-west at stations on the western ridge of the valley. At Boys Town in Engadine on the
eastern side of the valley there was a much slower transition from east-north-east to north-
west by 0745 EST. During this period, wind speeds in the valley were light at 1 ms™ in a
down-valley direction from the south-south-east. On the western side of the valley, wind
speeds at 15.7m at the LHCS site varied from 2 to 3.5 ms™, at 10m on the LHSTC tower
varied from 1.8 to 2.5 ms™ and from 5.3 to 7.7 ms™ at 49m. To the east of the valley in
Engadine, at 18.5m there were moderate wind speeds of 4.3 to 5 ms™.

For calculation of an atmospheric dilution factor for this day, wind speeds were
averaged from all plateau stations between 0615 and 0900 EST, when the tracer was being
released. The average wind speed was 4.2 ms™.

‘The wind speed in combination with the variability of the wind direction (6g) was used
to determine the Pasquill atmospheric stability category using the USEPA (1987) method
with a surface roughness length (z,) of Im. In the early part of the tracer release, at the
LHSTC the most stable category F was observed at 10m with the neutral stability category D
observed at 49m due to the stronger wind speeds at this altitude. At the other stations above
the valley the neutral category D was indicated but within the valley the more stable category
E prevailed. During this daytime release, stability categorisation scheme did not indicate a
more stable category due to the meandering nature of the light winds. After 0645 EST
(daytime) at the LHSTC there was much more variability in the near ground level wind
directions than at 49m which lead to category A stabilities at 10m and category D stabilities
at 49m. Across the network at the other stations the stabilities were from C (slightly unstable
category) to D (neutral).

4.2 Atmospheric Tracer Results — a Preliminary Interpretation

Unfamiliarity with the terrain and bush trails meant slower deployment of samplers
and lack of simultaneous sampling at many locations during the 30 minute period on this
morning. Instead, for subsequent modelling studies, five groups of “nearly simultaneous”
samples can be identified centred on the following times : 0715; 0745; 0815; 0845; 0915 EST
(Table 3). The upwind/background air concentration of PMCH on this moming was 10.5 x
10" gm? by comparison with 6 x 10" gm™ measured in other studies {Stone and Clark
1996).

Initially the plume appeared to be transported across the valley to impact the eastern
wall of the valley some 80m above the valley floor near the intersection of the Liverpool-
Heathcote Road and the Water Board pipeline road. Near river level in that region the air
concentrations were only 11 to 14 times background whereas above on the valley wall they
increased to factors of between 340 and 1050 above background. Later in the morning the
plume appeared to become entrained in the slow down valley flow to register values of 90 to
180 times background at the Needles and further down valley at the Shackles Estate site.

Atmospheric dilution factors on this morning represented those for a transition
between night and day time dispersion conditions.

5. TRACER RELEASE FROM BUILDING 34 ON AUGUST 16, 1996

This release again took place from the fume cupboard in Building 34, close to the western
ridge of the Woronora valley. The average release rate calculated from weighing the
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perfluorocarbon liquid cylinder before and after the release was 94 gh™! which was 9% lower
than the expected 103 gh™' from the release system settings. The fume cupboard exhaust fan
was set with the booster off. The release took place between 0720 and 0940 EST after
unfavourable wind directions delayed a planned earlier start.

5.1 Meteorological Conditions

Initially winds at the planned start time of 0600 EST were from the south-south-west
direction at the LHSTC with a slightly more westerly component at both the Lucas Heights
Community and Boys Town schools (Figure 3 and Table 4). In the Woronora valley winds
were near calm during this period (a 8888 coding in Table 4 indicates calm). During the
tracer release, winds gradually turned clockwise more towards and through the south-west
direction at all stations on the plateau and ridges. Wind speeds at these stations varied
between 1.6 and 4.7 ms™', Within the valley, light winds meandered between north-east and
south-east. For calculation of the atmospheric dilution factor on this day, wind speeds were
averaged from all plateau stations on the western side of Woronora valley between 0730 and
1000 EST, when the tracer was being released. The average wind speed was 3.3 ms™.

There was an increase in temperatures from a minimum of 7.7°C in the valley to0 9.9°C
at 10m on the LHSTC tower and 10.8 °C on the Lucas Heights Community School tower at
15.7m above ground level. Atmospheric stability categories at LHSTC varied between the
slightly stable category E and neutral category D at 49m to the neutral category D at 10m.

5.2 Atmospheric Tracer Results ~ a Preliminary Interpretation

In Table 5 there is a listing of the perfluorocarbon atmospheric tracer sampling and
analyses. The receptor locations are plotted in Figure 4 with solid circles scaled by the air
concentrations to indicate the tracer plume impact areas. The air concentration at the upwind
receptor (Rec. Index 75) of 52.5 x 10" gm™ was higher than the expected background levels
by nearly an order of magnitude; other sites in the region where the plume did not impact had
lower values with the minimum value on this day being 20 x 10" gm?®. These elevated
background levels may have been due to the tracer release two days previously with re-
circulation of the plume over the region following sea-breezes and regional drainage winds
during the interim period. The high air concentration values to the south of ANSTO at the
extension of Forum Rd (Rec. Index 30) cannot be explained in terms of the meteorology on
this day, but may again be due to the release several days earlier. . Alternatively they may
have resulted from other analytical and/or sampling factors.

The plan to conduct half the total number of field samples in two half-hour periods
was still being refined in terms of actual deployment of the samplers. Without being familiar
with some of the tetrain and geography of the streets and bush trails it took a lot longer to
deploy the samplers than had been estimated. Still the temporal progression of sampler
deployment did allow the effects of variations in wind directions on the tracer plume to be
detected during this morning. Initially with the wind from the south-south-west, samplers
were deployed along the eastern edge of Barden Creek and in cross-wind transects at
different distances towards the Menai shopping centre. As the wind moved more towards the
west, above background air concentrations were detected further in the north-east direction.
In particular, higher levels were observed between 0900 and 0930 EST at Akuna Oval,
Bangor (Rec Index 7). Lower values, but still above background, were also detected in the
Woronora valley at Prince Edward Park (Rec Index 82) between 0845 and 0915 EST., By
contrast the air concentration in Woronora Heights (Rec Index 44) was lower, although still
above background.

05/0100 c:\geoffuracer_repon



5
6. TRACER RELEASE FROM HIFAR ON JUNE 11, 1997

In 1997 it was decided to change the release point for the atmospheric tracer to the
active ventilation duct on the HIFAR reactor building (see Table 1). The tracer was injected
into the duct flow down stream of the HEPA and other filter systems. The duct follows up the
outside of the reactor containment building to a point half way across the roof towards the
apex of the building. At the point of emission to the atmosphere there is a witch’s hat on top
which would have the effect of severely limiting any plume rise. In fact, it is expected that
the plume would be entrained into any building generated turbulence and brought quickly to
ground level.

On this moring the tracer release took place between 0715 and 0950 EST. This
experiment consisted of a more intensive period of sampling around the LHSTC site in order
to investigate the near field atmospheric dispersion behaviour of a plume from HIFAR.
However, sampling also extended more generally into Engadine later in the morning after the
tracer release had finished. The release system operated normally with an assumed release
rate of 103 gh™'; the cylinder was not weighed after the release, as a protocol developed
subsequently would deem necessary.

6.1 Meteorological Conditions

During the last half of 1997 an acoustic wind profiler (called a SODAR) was installed at
Lucas Heights in order to study the influence of vertical wind profiles on near ground
atmospheric dispersion processes. A REMTECH brand SODAR was operated with the aim of
achieving consistent data to a range of S00m above ground level. It was situated in the
vicinity of the meteorological laboratory (Building 44) at the LHSTC. On this morning the
wind profiler indicated light, south-west winds near the surface with stronger winds (15 ms™)
‘from the west at 430m (Figure 5). It should be noted that as a general method of analysis, the
SODAR wind speed and direction profiles were matched with the 50m data from the LHSTC
meteorological tower. Any corrections were then applied through the total SODAR profile.

Pr10r to 0730 EST winds in the valley were very close to the stalling speed (threshold =
0.2 ms™) of the anemometer, or near calm (Figure 6, Table 6). Durmg the sampling periods,
at Shackles Estate light down valley winds were observed below 1 ms™ from the south-south-
east to south-west direction. By contrast, winds on the plateau that initially started in the
south-west gradually turned to the west with speeds, which averaged 1.5 ms” at LHSTC
(10m) and 1.7 ms™! at Boys Town. Between 0715 and 0915 EST the winds at 49m on the
LHSTC tower were turned more to the south-west by 20 to 40° compared to those at 10m.
After 0915 EST the directions became more uniform with height as the west winds from aloft
were gradually mixed through this section of the lower atmosphere (see Figure 5).

At the Lucas Heights Community School the wmds were turned slightly towards the
west-north-west with a higher average speed of 2.5 ms™. For the purposes of calculating the
atmospheric¢ dilution factors, the average wind speed between 0800 and 1000 EST (based on
LHSTC 10 and 4m and Boys Town School) is calculated to be 2.2 ms™.

There was a very strong temperature gradient observed between the Woronora valley
floor (minimum of 1.7°C) and the plateau above (5.6°C to the Lucas Heights Community
School and 6.5°C to 10m on the LHSTC tower). By contrast the increase in temperature
between 10 and 49m on the Lucas Heights tower was only 2.5°C. During this period the
atmospheric stability changed from the slightly stable category E through neutral to the
slightly unstable category C at both the 10 and 49m levels on the LHSTC meteorological
tower.
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6.2 Atmospheric Tracer Results - a Preliminary Interpretation

With a continuing difficulty in deployment of samplers through the far field region by
only two people, instead of the preferred two atmospheric tracer sampling periods, three were
identified for analysis: 0800 to 0845EST, 0900 to 0930 EST and 0930 to 1030 EST (Table 7,
Figure 7). The first period was mainly concentrated in the vicinity of the LHSTC in order to
investigate the effects of the source configuration and nearby buildings on plume dispersion.
The highest air concentration (9.3 x 10”7 gm™) was measured near the meteorological tower
(Rec. Index 51) only 187 metres downwind and after interaction of the plume with the
complex of buildings. The plume then was observed to travel further to the east-north-east
where the next highest value (3.1 x 107 gm'3) was observed at the corner of Lawrence Cres
and Hahn St. (Rec. Index 21). Then the plume bent slightly more to the east where at a
distance of 829m and opposite the Building 64 car park (Rec. Index 62) the air concentration
of PMCH was observed to be 1.5 x 107 gm™. This corresponded to an atmospheric dilution
factor of 1.2 x 10° m™. The observations down the western wall of the Woronora valley and
on the valley floor at this time were still near background levels.

The far field survey teams did not have time to reach their sampling locations for the pre-
chosen start of 0900 EST while the release system operator, who also deployed a small
network of samplers around the LHSTC, proceeded on schedule. During the second period
from 0900 to 0930 EST the near ground level winds at the LHSTC moved slightly more into
the west-south-west. This meant that the plume was now observed at the receptors on the
corner of Hahn St. and Rutherford Avenue (Rec. Index 24) [2.8 x 107 gm‘3] and on the fence
at the end of Thomson St. (Rec. Index 25) [2.3 x 107 gm’3] with higher observed air
concentrations than earlier that morning. A higher air concentration of PMCH (4.7 x 107 gm’
%) was also observed at the sampler located opposite the Building 64 car park.

Later in the morning between 0930 and 1000 EST the tracer plume was also detected at
the far-field sampler locations through the Woronora valley and in Engadine. The highest
value was measured at the corner of Sierra and Ridge Roads, just outside the 1.6 km
exclusion zone around HIFAR. There the air concentration was 3.6 x 10 gm?™, which
corresponded to an atmospheric dilution factor of 2.85 x 10® m™2. It appears that winds with a
slightly west-south-west direction exerted greatest influence on dispersion of the tracer plume
as PMCH was detected on the Needles track to the west of the Woronora river (1.4 x 10° gm’
*). Further east and later in the morning, values of 9.4 x 107 gm’3 were measured half way up
the eastern valley wall and near the top of the valley wall at Kelton Place, some 3.5 km from
HIFAR. This was equivalent to an atmospheric dilution factor of 7.44 x 107 m>.

7. TRACER RELEASE FROM HIFAR ON JUNE 23, 1997

In common with the other 1997 releases, this release took place from the HIFAR active
ventilation duct. The release commenced at 0930 but at 1145 EST it was discovered the mass
flow controller had again malfunctioned and the release had stopped. With a release rate of
103 gh™* and measurement of the cylinder mass before and after release, it was estimated that
the actual release of PMCH ceased at 1118 EST. In spite of work on the system since the last
experiment, the malfunction was again duc to a swollen valve seat in the mass flow
controller.

Sampling commenced at the far-field locations at 1015 EST, but not until 1030 EST in
the near-field around the LHSTC, due to a breakdown in communications. Unfortunately by
the time all the samples were taken simultaneously in the near- and far-field locations at 1130
EST, the tracer release had finished prematurely.
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7.1 Meteorological Conditions

Conditions were clear and sunny during this morning. Initially there was a very strong,
stable temperature inversion (+7.7 °C per 39m) observed on the meteorological tower at the
LHSTC (Figure 8, Table 8). There was also a 5 °C increase from the Shackles Estate
minimum temperature to that at the Lucas Heights Community School. However, by the time
the tracer release commenced the strongly stable conditions had moderated and normal
daytime lapse rates and good atmospheric mixing were observed on the LHSTC tower. This
was reflected in the atmospheric stabilities, which fluctuated between the slightly unstable
(C) and neutral (D) categories at 10m and 49m. Such an observation indicated a well-mixed
atmosphere prevailed on the plateau above the valley.

Generally winds across the region were observed from the south-west to north-west sector
at all the plateau stations which favoured plume transport into the Woronora valley. At the
LHSTC, winds were from the south-west to west sector with speeds varying between 1 and 2
ms" at 10m and between 1.6 and 2.8 ms” at 49m. The SODAR had some missing data
through this period (Figure 9). However there was consistency in winds from the west-north-
west between 150 and 350m before 0830 EST. During the release period, winds above 300m
were more strongly from the north-west direction with speeds between 7 and 9 ms™'. Nearer
the ground there was more uniformity from a west direction through the lower 200m.

At Boys Town there was a similar trend in the wind directions to that at LHSTC with wind
speeds light at between 1 and 1.5 ms™. By contrast, wind directions at the Lucas Heights
Community School were turned more towards the west-north-west at speeds between 1 and
2.3 ms™. In the Woronora valley light winds were observed to fluctuate between the south-
south-east and north-east directions.

For the purposes of the atmospheric dilution factor calculations an average wind speed
across the region was determined to be 2 ms™.

7.2 Atmospheric Tracer Results — a Preliminary Interpretation

It is pethaps appropriate to first consider the near-field sampling to allow a more complete
interpretation of the far-field results, which were taken 15 minutes earlier (Table 9, Figure
10). By contrast with the release on June 11, 1997, the air concentrations at the
meteorological tower (Rec. Index 51) were higher by a factor of two. This possibly indicated
a more direct sampling of the plume centre-line or more rapid mixing of the tracer into the
HIFAR building wake; the air concentration was 2.2 x 10 gm>, representing an atmospheric
dilution factor of 1.6 x 10° m™. The two cross-wind samples at receptors 22 and 64 were
consistent with the influence of a wind from slightly south of west between 1030 and 1100
EST i.e. indicated more by the winds at 49m. The sample at the east end of Thomson St.
(Rec. Index 25) was also consistent with these winds, however, that opposite the Building 64
car park (Rec. Index 62) was anomalously low.

High values were also observed in the earlier samples in Engadine. The plume appeared to
follow a track between sl'7ght1y to the south of the intersection of Sierra and Ridge Roads
(Rec. Index 42) [1.5 x 107 gm™] and Illuta Place (Rec. Index 36) [1.1 x 107 gm™] to more
directly intercept Holmlea Place (Rec. Index 34) [1.7 x 107 gm™]. The plume also indicated
impaction on the eastern wall of the Woronora valley. The air concentration of PMCH on the
Water Board road (Rec. Index 80), some 43m below Sierra and Ridge, was lower by a factor
of four. Nearer the valley floor in the vicinity of the Needles (2.4km downwind) the air
concentrations were approximately 2.7 x 10® gm?>. This represents an atmospheric dilution
factor of 1.9 x 107 m™. Higher up the valley wall, but further down wind (3.5km from
HIFAR) at Kelton Place (Rec. Index 18) the air concentration was 2.3 x 103 gm'3
(atmospheric dilution factor of 1.7 x 10 m).

Between 1130 and 1200 EST the wind at the LHSTC tower had changed towards the
west-north-west. Given that the tracer release was estimated to have stopped at 1118 EST the
highest value at the corner of Einstein and Hahn (Rec. Index 22) was probably only due to
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remnants of tracer emanating from the vicinity of the buildings around HIFAR. At this
location it was a factor of seven lower than that observed at the meteorological tower (Rec.
Index 51) during the earlier sample period. However, as most other sampler locations also
experienced similar lower air concentrations, this sample period was not considered for
further analysis. The exceptions to the observed lower air concentrations were at the most
distant sampler locations through the valley as the remnants of the plume were slowly
advected out of the region.

8. TRACER RELEASE FROM HIFAR ON JULY 9, 1997

In an attempt to rectify problems with the release system, Teflon valve seats were fitted to
the mass flow controllers. However, there were still problems that resulted in a premature end
to the release. With favourable wind directions, the release took place between 1020 EST and
1315 EST, however it stopped sometime between 1215 and 1315 EST. Initially (1100 to
1130 EST) sampling was concentrated in the vicinity of the LHSTC to investigate the near-
field atmospheric dispersion processes. Between 1230 and 1300 EST there was a scaled
down near-field sampling program with more extensive sampling in the Woronora valley and
along the eastern valley ridge-line.

8.1 Meteorological Conditions

During the release period winds were generally from the west-south-west across the
region (Figure 11 and Table 10). At the LHSTC wind speeds were observed to be 3.5 ms™ at
10m and 6 ms™ at 49m. Average wind speeds at the Lucas Heights Community School
(LHCS) were 4 ms™! and at Boys Town School in Engadine, slightly higher at 5 ms™.
SODAR measurements (Figure 12) indicated that there was a gradual change in wind speeds
from the surface to 400m where wind speeds were measured from the west at 9 ms”'. This
pattern of vertical variation of the winds was consistent in time through the late morning
release and indicated good atmospheric mixing through the lower boundary layer. In the
valley, winds were persistent from the south-south-west at 1 to 2 ms™.

Temperatures at all stations also remained remarkably constant with time, There was a
1.6°C decrease from 13.1°C at 10m to 11.5°C at 49m on the LHSTC meteorological tower.
At LHCS the temperature was 13.0°C and at Boys Town it was 12.4°C, by contrast with the
13.7°C at Shackles Estate in the Woronora valiey. The Pasquill atmospheric stability
category was determined to be the neutral category D at both 10 and 49m altitudes,
confirming the presence of good vertical mixing of the atmosphere.

8.2 Atmospheric Tracer Results — a Preliminary Interpretation

In spite of stronger winds and neutral atmospheric stability conditions, the tracer plume
from HIFAR did not seem to impact ground level as quickly as in past tests. During the first
sampling period (Table 11, Figure 13), the values of PMCH air concentrations at the
meteorological tower were lower [1.5 x 107 gm™] than further downwind. For example, there
were similar values on Hahn St, at Lawrence Cres and Einstein Ave [3.3x 107 gm’3], a slight
decrease to near the CSIRO (Rec. Index 66) [3.2 x 107 gm™] and higher values again were
observed at the End of Thomson St. {3.7 x 107 gm'3]. The plume seemed to follow a rather
meandering trajectory through the LHSTC site with what seemed to be an anomalously low
air concentration near Building 64 and very low values not far off the plume centre-line i.e.
relatively close to the highest observed concentrations.

For the second sampling period between 1230 and 1300 EST, which could have occurred
after the PMCH release had ceased, the results from the near-field samplers were rather
difficult to interpret. The highest air concentration was measured at the most southern
sampler location on the LHSTC (cnr. Einstein Ave and Hahn St.) [4.7 x 107 gm'3]. Without
any building or source configuration influences this would require a wind from the west-
north-west which would also have caused an impact at the meteorological tower. However,
such an impact was not observed and the winds varied from slightly south of west near
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ground-level to between 271 and 276° at 49m. Such near ground level winds could account
for the second highest air concentration which was observed near Building 23 (Rec. Index
37), very close to the source and upwind of the meteorological tower. |

In the far-field samplers, the air concentrations were only significantly above background
at threc sampler locations. The plume appeared to impact the castern side of the Woronora
valley near the intersection of Sierra and Ridge Rds. (Rec. Index 42, altitude 113m). There
the air concentration was [2.0 x 107 gm?) compared to just a little below at the gate SW of
Sarbugal (Rec. Index 80, altitude 70m) were it was [1.6 x 107 gm"3]. Further south behind
Allsine 1;1. (Rec Index 58, altitude 130m) the air concentration of PMCH was reduced to 4.5 x
107 gm™,

9. TRACER RELEASE FROM HIFAR ON AUGUST 13, 1997

In a further attempt to solve the release system problem, stainless steel valve seats
replaced the Teflon valve seals in the mass flow controller and as a result the release system
worked as designed. Favourable winds were observed during the early morning and a
decision was made to conduct a tracer release. The release started at 1122 EST and finished
at 1206 EST.. The 30-minute sample period commenced at 1130 EST. and was conducted in
the "near-field", around the LHSTC.

9.1 Meteorological Conditions

As the sampling was close to the source it is sufficient to only discuss the meteorological
conditions which influence the local atmospheric dispersion processes. Figure 14 and Table
12 indicate winds between 1130 and 1200 EST were from the west-south-west with speeds of
4.5 ms™ at 10m and 7 ms™ at 49m above ground level. For subsequent atmospheric dilution
factor calculations the average wind speed between 10 and 49m was taken as 5.8 ms™. The
SODAR indicated that wind directions were uniform up to an altitude of 250m above which
they turned more to the north-west (Figure 15). There was a maximum in the wind speed
profile at slightly above 10 ms” at 425m. Nearer ground level there was a temperature
decrease of 2.2°C between 10 and 49m. The stronger winds combined with a turbulent wind

direction lead to a neutral type D atmospheric dispersion stability category at both 10 and
49m,

9.2 Atmospheric Tracer Results — a Preliminary Interpretation

The atmospheric tracer was quickly mixed to ground level in the wake of the HIFAR
building complex (Table 13, Figure 16). The highest air concentration was measured very
close to the source, near Building 23A (Rec. Index 37) [7.9 x 107 gm'3]. Other high values
were also measured in the vicinity of the meteorological tower. Lower air concentrations
were observed across the plume along Hahn Ave. before a secondary peak of air
concentrations was observed along Roentgen Ave. This was maintained further east-north-
cast at the Building 64 car park (Rec. Index 62) where the PMCH air concentration was 2.3 x
107 gm™, This corresponded to an atmospheric dilution factor of 4.7 x 107 m™.

10. TRACER RELEASE FROM HIFAR ON AUGUST 28, 1997

The atmospheric tracer release system again performed well. The tracer release
commenced at 0705 EST and finished at 1015 EST. Two 30 minute sampling periods were
conducted at 0800 and 0945 EST. Samples were collected in both the near- and far- field
locations.
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10.1 Meteorological Conditions

Prior to sunrise at 0606 EST, a 4°C strong increase in temperature was observed between
10 and 49m on the meteorological tower (Figure 17 and Table 14). Between 0800 and 0830
EST, solar radiational heating of the lower atmosphere had reversed this gradient with a 2°C
decrease then observed up the tower. The prevailing atmospheric stability category was
mainly near the neutral category D at both levels on the tower. For the second sample period,
the atmospheric stability category varied between the unstable category B and neutral
category D at 10m and remained in the neutral category D at 49m.

There were considerable wind direction changes both in time and space across the region.
At the LHSTC tower, wind directions were in transition from west-south-west through west
during the first sample period and from the north-west during the second sample period.
Between 0800 and 0830 EST wind speeds varied from 1.8 ms™ at 10m to 2.5 ms™ at 49m. At
the LHCS the winds were also similar from around the west at 2.5 ms™. Across the valley in
Engadine, winds varied from 203 to 242° with a speed of 1.5 ms™. In the Woronora valley
winds were from the south-south-east at 1.1 ms™.

There was a similar confusion of wind directions and speeds evident from the SODAR
profiles (Figure 18). Between 0800 and 0830 EST the winds were uniform westerlies from
the surface up to 175m. Above this altitude there was a gradual change to north-west
directions at 300m and then a swing back to stronger south-west winds above this level. By
the time of the second sample period between 0945 and 1015 EST, winds had become
uniform in height from the west-north-west to north-west direction. Similar directions were
observed at Boys Town and LHCS with wind speeds generally between 2 and 3 ms™. In the
valley, even with unstable to neutral atmospheric conditions, winds varied from north-east to
south-south-east at 1.9 ms™.

10.2 Atmospheric Tracer Results — a Preliminary Interpretation

Apart from samples taken at the meteorological tower (Rec. Index 51) [1.6 x 10° gm™]
and at the Rutherford Ave. entrance to HIFAR (Rec. Index 68) [3.5 x 107 gm's] the other air
concentrations were much lower than usual for the LHSTC locations (Table 15, Figure 19);
the N/A values resulted from a problem in the analyses. There were indications that the
tracer plume centre-line impacted more on the locations east-north-east of HIFAR than those
to the east. The magnitude of the air concentrations also indicates a possible swing of the
plume across the sampler array with a relatively short impact time on the samplers as the
wind direction changed. Duplicate samples at the corner of Rutherford and Hahn Aves. (Rec.
Index 24) give an indication of the accuracy of the sampling and analysis techniques; the
values were 9.2 and 3.7 x 107 gm™.

At the far-field sampler locations the air concentrations observed also appeared to be
influenced by the shift in the winds were from the south-west to west sector, The PMCH air
concentrations generally across the Menai region varied between 3 and 7 x 107 gm™ except
for the Menai Town Centre (Rec, Index 50) and the intersection of New Illawarra and Barden
Roads (Rec. Index 39) where the values were 1.9 x 10® gm’3. At the bottom of the hill,
further down Barden Road under the High Tension powerline (Rec. Index 13) the value was
very low at 5.4 x 107'% gm™. This could have resulted from local topographic influences.

By the time of the second sampling period starting at 0945 EST, winds had continued to
swing to the north-west direction. Near the LHSTC the measured air concentrations were
similar in magnitude to those observed previously near Menai Town Centre. In Engadine
there was a small impact on locations along the ridge-line with values between 3 and 7 x 107
gm>, Again a duplicate sample behind Alpine Place (Rec. Index 58) indicated a variation
between 2.7 and 9.2 x 10 gm™.
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11. TRACER RELEASE FROM HIFAR ON OCTOBER 1, 1997

An early morning tracer release that started at 0710 EST went smoothly in terms of the
release mechanism behaving normally and two sampling periods being conducted during the
morning. The first samples were taken at 0800 and the second commenced at 0930 EST. The
person conducting the release took near-field samples but most sampling was undertaken
through the valley and in Engadine.

11.1 Meteorological Conditions

Early in the morning there was a strong temperature inversion evident on the LHSTC
meteorological tower with a typical increase of temperature measured from 8°C at 10m to
12.8°C at 49m (Figure 20, Table 16). The temperatures from 10m on Shackles Estate in the
valley were similar to those at 10m on the LHSTC tower. By contrast, temperatures at both
Boys Town and LHCS were between the 10 and 49m LHSTC values which reflected the
higher measurement levels at both of these sites. By the time of the first sampling period
between 0800 and 0830 EST, the temperatures had risen to nearly 16°C at 10m with a
decrease to higher altitudes. This decrease in atmospheric stability indicated the onset of
vertical mixing through the lower atmosphere.

The atmospheric stability dispersion categories based on the USEPA (1987) scheme also
reflected the changing thermal structure in the lower atmosphere. At the 10m level on the
meteorological tower the unstable (C) to neutral category (D) was observed between 0800
and 0830 EST whereas category D was estimated from the 49m wind data. Between 0930
and 1000 EST, conditions had become less stable near the ground with the most unstable
category A observed at 10m. With stronger winds aloft, Pasquill category D was estimated
from the 49m data.

Winds were hght and variable early in the tracer release period. At LHSTC the speeds
were less than 1 ms™ at 10m and only 1.3 ms™ at 49m. Similar observations were made at
both the school sites. Initially winds were from the south-west at 10m and from the north-
west at 49m at the LHSTC. Similar variability was observed at both the LHCS and Boys
Town with winds gradually turning from the south-west to west-north-west during the first
sample period. Wind speeds had increased to between 2 and 3 ms™ across the region. As
usual winds at Shackles Estate at the bottom of the valley were de-couplcd from the flow
above, with directions that varied from south-south-east to south at 1.3 ms™. For the purposes
of estimation of atmosphenc dilution factors, the average wind speed during this sample
period was taken as 2.3 ms” using the LHSTC and Boys Town wind data.

By the time of the second sample period from 0930 to 1000 EST, on the plateau the
north-west winds from aloft were being more strongly mixed down to the surface. Wind
speeds had remained between 2 and 3 ms™. In the valley there was 2 gradual change in
direction towards the north-east with a spced between 1.5 and 1.8 ms™. This was the first
indication of the arrival of a sea breeze in the reglon The wind speed for calculating the
atmospheric dilution factors was estimated to be 2.6 ms™

The influence of atmospheric mixing can be seen more clearly in the vertical wind
profiles from the SODAR (Figure 21). Between 0800 and 0830 EST the winds above 100m
turn through north-west to north above 250m. There appears to be a layer developing in time
in which the winds start with a north-west direction near the surface and turn more to the
north at the top of the layer. Above that layer there is a sharp increase in wind speeds and
turning back of wind directions to the west and south-west. This layer reached an altitude of
550m by 1015 EST and developed beyond the range of the SODAR soon after. After 1100
EST winds up to 600m had become more uniform from the north-north-west to north
direction. The gradual turning of the wind with time could exert an important influence on
the near ground level tracer plume dispersion.
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11.2 Atmospheric Tracer Results — a Preliminary Interpretation

At the five near-field samplers within the LHSTC (Table 17, Figure 22), between 0800
and 0830 EST there was an indication of a narrow plume with major impact at only two
locations. At the meteorological tower the air concentration was 5.3 x 10° gm™ and on the
corner of Einstein and Hahn Avenues it had decreased to 1.2 x 10 gm'3; all other locations
recorded less than 2.5 x 10® gm™. A wind direction from west-north-west might lead to such
an observation. This corresponds to a direction inferred from interpolation between the 10m
and 49m observations on the meteorological tower.

The distribution of air concentrations along the ridge-line in Engadine also reflected a
similar wind direction influence. The highest values between Range Place (Rec. Index 17)
and Ferntree Reserve (Rec. Index 32) were observed to be approximately 3 x 107 gm”
which corresponds to an atmospheric dilution factor of 2.4 x 10° m™. Even though there were
slightly unstable C to neutral category D atmospheric dispersion conditions, there were no
significant levels measured in the valley below Ferntree Reserve at the Woronora bridge
(Rec. Index 47) where the air concentration was 1.6 x 107 gm”.

Between 0930 and 1000 EST there was no significant impact of the plume on the
LHSTC. Across the valley there seemed to be a bifurcation of the plume with one maximum
of air concentrations observed downwind to the south-east of HIFAR and another in the east-
north-east direction. The highest air concentration was observed at the bottom of Kelton
Place (Rec. Index 18) with 4.4 x 107 gm™ which corresponded to an atmospheric dilution
factor of 4.0 x 10 m™. This was a surprising result given that the site is east-north-east of
INIFAR and the winds were turning through the north-west at the plateau stations. Other
significant values were observed at Holmlea Place (Rec. Index 34; 2.9 x 107 gm'3) which is
in a similar direction to Kelton Place. More in line with the wind direction were the observed
air concentrations at Fairview Ave (Rec. Index 28; 1.4 x 107 gm’3) and Ferntree Reserve
(Rec. Index 32; 1.8 x 107 gm™).

The air concentrations of tracer in the valley increased as the atmosphere had become
more unstable and dispersive. Even on the floor of the valley near the Needles (Rec. Index
54) the air concentration was 5 x 10 gm™. This indicated some entrainment of the tracer
plume moving across the valley into a general down valley flow.

12. DISCUSSION OF 1996 AND 1997 TRACER FIELD STUDIES

The atmospheric tracer studies conducted to date from the LHSTC site are summarised

in Table 18. These results and more general conclusions are that :

1. Most studies to date have been conducted in the morning period usually around the
transition between nocturnal to daytime atmospheric dispersion conditions.

2. As a result, atmospheric stability conditions mostly varied from neutral to unstable i.e.
good for increased atmospheric dispersion.

3. New experimental techniques had to be developed for the Lucas Heights field studies.
These involved the release system, sampling and analytical methods. It took some time to
refine the techniques before results of consistent quality were obtained.

It is of interest to now look at how the atmospheric dispersion models used in estimating
the impact of routine discharges would compare with the atmospheric tracer results. This
class of model (like PC-Cream) is usually based on the Gaussian dispersion model which
relies on meteorological data from the source location. Therefore, the wind speed and
atmospheric stability data from the LHSTC meteorological tower at 10 and 49m are used in
the following calculations. In addition, an average wind speed across the region (defined as
the Atmospheric Dilution Wind Speed, Udil, in Table 18) is used for comparison. Field
studies where there were sufficient cross-wind samples to allow measurement of a horizontal
profile of the tracer air concentrations are now analysed in more detail.
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In order to eliminate any influence of wind directions at the source, which mi ght not be
appropriate to the downwind dispersion of the tracer plume, only the centre-line air
concentrations were calculated with the Gaussian model. This eliminates the néed to consider
the overall question of the horizontal variation of the wind field and its influence on
dispersion patterns, which is the subject of the broader model validation study. These centre-
line concentrations were then compared with the maxima tracer concentrations on the cross-
plume arc of samplers. The 1997 tracer releases from HIFAR were found suitable for these
analyses. Even though the release from HIFAR was from the roof level (23m) it was
observed from the tracer data that the plume was quickly brought to ground level. Therefore,
a ground level release was also modelled. Initial enhanced dilution due to building wake
effects was not included in the model, as it has so far not been used in any of the routine
environmental impact models used at Lucas Heights (Petersen 1994, Simmonds et al 1995).

The results of these comparisons are shown in Table 19, Some background information
is required to interpret this table. Two atmospheric stability categories are somelimes
analysed with the model because meteorological data collected each 15 minutes indicated
variation during the 30 minute tracer sampling period. In addition, two release heights are
modelled, one from the surface (Om) and the other from an elevated location (23m). With
some atmospheric stabilities the plume centre-line may not be modelled to impact ground
level at sampler locations close to the source (like the meteorological tower), This would lead
to lower predicted air concentrations at ground level at these locations, The air concentration
columns headed UlOm (wind speed at 10m), U49m (wind speed at 49m) and Udil
(atmospheric dilution wind speed from Table 18) use these respective wind speeds in the
model calculations. The locations of the source and receptors in this table are according to the
AMGO66 datum,

It is useful to separate discussion into the near- and far- field regions. The near-field
region embraces tracer measurements out to the LHSTC boundary. In general, the tracer air
concentrations in the near field region arc lower than those predicted by the Gaussian model
for all stabilities, wind speeds and release heights. The exceptions are the slightly more stable
atmospheric stability categories on June 11 and 23 with an assumed release from 23m. This
shows that there is some enhancement of atmospheric dispersion and increased dilution of the
plume near the source, probably due to building influences and the chimney top behaviour.

At the far-field locations across the valley and at Menai Town Centre, there is generally
good agreement between the tracer and Gaussian model predicted air concentrations. Thus,
even though there is an increased initial dilution of the plume, the subsequent dispersion
further downwind is diminished to that predicted by the prevailing stability category. One
explanation is that when the plume is transported across the Woronora valley, it is not subject
to the same near surface atmospheric turbulence. This could lead to a more stable
atmospheric dispersion category on this part of the trajectory. There may also be a different
stability regime between the LHSTC and Menai which could lead to lack of horizontal
homogeneity in the atmospheric dispersion field. Such features will be further investigated in
the validation study of the wind field models,

13. ATMOSPHERIC TRACER RESULTS - ERROR ANALYSIS

The accuracy of the finally calculated tracer air concentrations is a function of many
variables. First, the pumps that are used for the sampling have press fitted tube fittings that
are subject to some stress when being deployed and retrieved. The batteries in the pumps are
re-chargeable and will start to degrade with time thus causing air pumping volumes to
decrease. The calibration procedures are designed to minimise these problems. The effects of
the pumps on the accuracy of the tracer air concentrations has been analysed in more detail
during a recent multi-tracer release experiment conducted at Yennora in western Sydney.
Deployment of duplicate pumps at the same location indicated that the air concentrations
were consistent to + 10%.
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Analysis of the perfluorocarbon gases on the GC-MS depends first on the ability to
desorb the chemicals from the Haysep-B adsorption materials in the sample tubes. Repeat
desorption of the same tube indicates an efficiency usually in excess of 99.9% for the first
desorption. With a very complex electro-mechanical device like a GC-MS there are multiple
opportunities for minor variations to occur in the analysis procedures which when integrated
could cause some larger uncertainties in the results. Consistency checks between pairs of
multiple tracers that were released simultaneously through the same syringe in a portable
release system indicated agreement to within 8%. Such agreement can possibly be further
improved by running the same "standard" gas sample at regular intervals through analysis of
a batch of samples. This method will allow for compensation of any drift of the GC-MS
machine sensitivity. Agreement to better than 8% between multiple tracers gives some
confidence in the subsequent use of the technique to differentiate the effects of different stack
releases on downwind receptors.

The final tracer concentration depends on the calibration curves developed from the
Standard Gas which has been obtained from Brookhaven National Laboratory, New York,
U.S.A.. The calibration gas has been quoted by the supplier to be accurate to + 5%. Overall,

the final air concentrations measured using this technique are estimated to be accurate to +
15%.

14. FUTURE FIELD STUDIES

Although the main purpose of the tracer releases from the LHSTC was to collect
atmospheric dispersion data suitable for assessment of the emergency environmental impact
atmospheric impact computer models, they are also important for looking at the relative
impacts of routine discharges from different sources on downwind receptors. Therefore,
future field tests will also involve simultaneous release of four tracers from different sources
in the LHSTC. The sources identified to be of interest are HIFAR, the Building 2/54 chimney
stack, the ventilation stack on Building 23A and the stack on Building 20 in the Waste
Management area. A typical maximum release time of 100 minutes for the portable/syringe
release systems and the time for a tracer plume to reach those locations may restrict the
downwind extent of sampling.

To date the field tests have mainly been conducted in daylight during the early to late
morning time periods. It is also the intention to conduct further studies into conditions when
well developed, light wind nocturnal drainage winds might be observed. These conditions are
more likely to occur during the winter months and it is the intention to conduct another
intensive campaign during the year 2000, Of course there will be additional logistical
difficulties in deployment of samplers on bush tracks at night, but these will probably mainly
involve a longer lead in to the start time for sampling from the decision time to conduct an
experiment.

15. CONCLUSIONS

The atmospheric tracer studies conducted so far at Lucas Heights provide the start of a
unique database of atmospheric dispersion measurements. Some of the studies will be
suitable for comparison with a range of atmospheric dispersion models which can account for
complex meteorology and topography through the surrounding area. Comparison with the
more simple, continuous Gaussian model has so far shown that in the near-field region to the
boundary of the LHSTC, there is generally a more rapid dispersion of plumes to ground level
than would be predicted with an elevated release. This most probably indicates the influence
of the chimney stack emission behaviour as well as that of the atmospheric turbulence
generated from the surrounding building complex. However, further downwind across the
Woronora valley, there is generally good agreement between the tracer air concentration

05/01/00 ci\geoffuracer_report



15
measurements and the predictions from the simple model. Most of the studies to date have
been conducted in early moming near daytime conditions when the strongest influence of
complex terrain of local wind and dispersion patterns may have diminished. Future studies
will also focus on nocturnal conditions when the Woronora river valley might be expected to
exert a stronger influence on atmospheric dispersion patterns.
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Location Building 34 HIFAR
Longitude ("E) 150.9898 150.9794
Latitude (°S) 34.0481 34.0531
Easting (m) 314450 313500
Northing (m) 6230679 6230100
Altitude (m) 144 156
Stack height (m) 7.61 23
Stack diameter (m) 0.37 N/A
Efflux velocity (ms™) 12.7/6.72° N/A

Tracer release source specifications
Table 1

"Release on 14/8/96 = 12.7 ms™'; Release on 16/8/96 = 6.72 ms’"

N/A = see the text for why these data are not applicable
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Northing [UTM] (m)

Regional topography - locations of meteorological stations and samplers
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Lucas Heights Perfluorocarbon (PMCH) Tracer Air Concentrations (g/m**3)
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Lucas Heights Perfluorocarbon (PMCH) Tracer Study
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The solid circles are scaled in size by the air concentrations al each sampler location.
The scales are shown in the box in the lower section of the plot.
N.B. Air concentrations at Receptors 22 & 37 have not been plotted as selid circles
due to the large values at these locations.

Figure 13



49

2310157 S3]¥IRyS
[ooyos umoi sfiog
[QOUDS "wwo] "K'
Wwey Jamol 18y HI
wal Jemol 13l H

a1@1s3 sapoReyg
[ooyos umo] sfiog
[O0YDS "wwa]y “p "1
Uy J8Mol 18l H]
wpl Jemol 18l K1

91RQ1S3 S3|¥oRys
[Qoyag wmo] shPog
[Q0UDG "Wwwo] °“H'1
wgy Jamol I3 H1
ugl J89moi 131 H

* + X OO0 * + X 00

¥ + XD O

1 2m3ng

(154} ssull
1680E1
81 cl 90 ®®.®
T T oooocooQaldooooooooooooooooooooo
H-.-':.-.u-..nunuenuu;-qu mmnsamanmmuss;-xmmumm-x-zmmnmaumnn-amnusm
L L Ll L Lok e
§ ob
OUBRE 0T DODDTTOTOD. - ouusuTTounoe—oT] @'
cooooooooooooooooo°ooooooooooooOOOooooooo ooo 5000 0°22x mxnm-mmmmmmm mm*m . oa
mm et FEELPTTL
mummwmwma,mgwmm*um&a e L *..*rmummmmmm x.mmm R 09
4021
M @ 81
u
00 o o
=3 —H=
OO
] oQ
%m m mm momooooo 0000oooooo00000000ooooooooooooooooooooooo m 000% 00 500 o o 00| s
il L aa..ﬁummmamimm«...mﬂmgmuagmm-w..ummumu%m.am«mummm« m.._umu o mmﬁ&m?m SyppgevEeed m
xxx x u

eleg [eoiBojodoslay woibay siybisy seoam

(2) dwsl quy
puim “

(S w) paads

uo1oadi(
puim



-‘-A-“A--A‘-A---‘--“-N

wggx\;@ R
ier 5 E\k ‘\‘\\ti
i‘u
N n”n’m”

m —

@ o

t 3
~ o & 0
N L e o
o 9 9 =
& O W =
™M o &D
— LLi

J

G @

[}

1 O

o

O

8 ¢

K 8s

-

&Q&& 28

—_

C

e

o

a

G

o

a

o

m -

F,
kﬁ
%

Ew&mw §

. “,

w
;ww&%

f(((§{(§(

[AN)
®®®®®
93] [~ D B Q 8

éé&

(X
L




51

Lucas Heights Perfluorocarbon (PMCH) Tracer Air Concentrations {g/m**3)
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The solid circles are scaled in size by the air concentrations at each sampler location.
The scales are shown in the box in the upper section of the plot.

Figure 16
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Lucas Heights Perfluorocarbon (PMCH) Tracer Study
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The solid circles are scaled in size by the air concentrations at each sampler location.
The scales are shown in the box in the lower section of the plot.
N.B. The air concentrations at Receptors 51 and 68 are nol plotted as solid circles
due to the very large values at these locations.
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The solid circles are scaled in size by the air concentrations al each sampler location.,
The scales are shown in the box in the lower section of the plot.

Figure 19
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Lucas Heights Perfluorocarbon (PMCH) Tracer Air Study
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The solid circles are scaled in size by the air concenirations at sach sampler focation.
The scales are shown in the box in the lower section of the plot.
N.B. The air concenlrations at Receptors 51 and 22 are not plotted as solid circles
due to the very large values at these locations.
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The solid ¢ircles are scaled in size by the air concentrations at sach sampler location.
The scales are shown in the box in the jower section of the plot.

Figure 22






