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Summary. The Australian Nuclear Science and Technology Organisation (ANSTO) operates several national
facilities, including Australia's only research reactor, HTFAR, produces radioisotopes and radiopharmaceuticals
and carries out research in nuclear science and technology. ANSTO monitors the amount of airborne emissions,
the radioactive and non-radioactive contaminants released to the sewer, the quality of storm water leaving the
site and the quality of ground water. The potential effective dose rates to the general public from airborne
discharges and effluent release from the Lucas Heights in 2002-03 were less than 0.006 mSv/year, well below
the imSv/year dose rate limit for long term exposure that is recommended by the Australian National
Occupational Health and Safety Commission.

1. INTRODUCTION

The Australian Nuclear Science and Technology
Organisation (ANSTO) operates several national
facilities, including Australia's only research reactor,
HIFAR (the High Flux Australian Reactor),
produces radioisotopes and radiopharmaceuticals
and carries out research in nuclear science and
technology. ANSTO is an agency of the
Commonwealth Government of Australia. Most
ANSTO facilities are at the Lucas Heights Science
and Technology Centre (LHSTC), about 40 km
southwest of the Sydney. The LHSTC is surrounded
by a 1.6 km buffer zone. ANSTO also operates the
National Medical Cyclotron, located in the grounds
of the Royal Prince Alfred Hospital in Camperdown,
Sydney, which produces short-lived radioisotopes
for medical investigations.

ANSTO activities are regulated by the Australian
Radiation Protection and Nuclear Safety Agency
(ARPANSA, 2002) under the Australian Radiation
Protection and Nuclear Safety Act (1998).

ANSTO is committed to undertaking its activities in
a manner that protects human health and the
environment and is consistent with national and
international standards. This paper summarises the
results from the environmental and effluent surveys
carried out at the LHSTC and the NMC from
January 2002 to June 2003.

ANSTO has a comprehensive monitoring program
for the main pathways for potential exposure from
routine and accidental releases of radioactivity.
Annually approximately 6000 samples are taken and
some 10,000 analyses are performed.

2. AIRBORNE EMISSIONS

Airborne emissions from 15 stacks at the LHSTC
and the single stack at the NMC are monitored. The
stacks are fitted with HEPA-filters to remove

particles and where relevant, banks of charcoal
filters are used to trap or delay short-lived
radioactive vapours.

The airborne emissions are sampled continuously by
drawing off a proportion of the airflow from the
stack. Charcoal filters accumulate weekly data for
specific radionuclides such as radioiodines and are
analysed via gamma spectrometry. Noble gases like
krypton, argon and xenon are measured in-situ by
sodium iodide gamma detectors, whilst tritiated
water vapour is trapped and measured using liquid
scintillation counting.

The airborne radioactive discharge authorisation
issued by ARPANSA incorporates a system of levels
for discharges that require notification to
ARPANSA. The annual notification levels are such
that the effective dose rate to the public would not
exceed the As Low As Reasonably Achievable (the
ALARA principle) objective of 0.02 mSv/year, even
if all releases were at the notification level.

ANSTO undertakes a program of meteorological
measurements to enable estimates to be made of the
downwind concentration of any airborne pollutants.
The data collected from this program are used as
input to the atmospheric dispersion and dose-
estimation model, PC-CREAM, which is used to
compute the effective dose to an individual due to
the routine airborne release of radionuclides.

3. LIQUID EFFLUENT

Treated, low-level liquid effluent from the LHSTC
and National Medical Cyclotron is routinely
discharged to the sewer under the terms of trade
wastewater agreements with Sydney Water
Corporation. The liquid effluent discharges from the
LHSTC are required to comply with (a) the World
Health Organisation's drinking water reference
levels for radioactivity at the Cronulla STP (WHO,
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1993) and (b) concentration limits for non-
radiological components of the effluent.

The different liquid waste streams at the LHSTC are
treated and combined in holding tanks prior to
discharge into the Sydney Water Corporation sewer.
Proportional samples of all liquid effluent discharges
were collected and analysed for gross alpha and
gross beta radioactivity, pH, biological oxygen
demand, grease, suspended solids, ammonia and
zinc. A volume-weighted composite sample is also
produced from all pipeline samples each month and
analysed for gToss alpha/beta, tritium and gamma
radioactivity. Prior to every discharge, the
radioactive content and specified non-radiological
water-quality parameters are measured.

The level of alpha emitters in the average monthly
activities in 2002-03 were all less than the minimum
detectable activity. The combined monthly activity
quotients for alpha, beta and tritium activity were
less than 12% of the allowed limit

Non-radioactive parameters of the liquid effluent
(suspended solids, pH, ammonia, biological oxygen
demand, grease and zinc) are also measured. The
levels of soluble species in discharged effluent were
at extremely low concentrations (< 1 (ig/L).

All organic-based residues in ANSTO effluent were
below the level of detection and reporting for
specific pesticide and herbicide residues.

Levels of radioactivity and non-radioactive
components of all liquid effluent discharges to the
sewer from January 2002 to June 2003 met the
standards for acceptance specified in the trade
wastewater agreement with Sydney Water
Corporation.

In 2002-03, the levels of tritium observed within the
Cronulla STP were an order of magnitude less than
those stipulated in the Sydney Water Corporation
trade wastewater agreement. ANSTO was in full
compliance with its obligations under the agreement.

Tertiary-treated sewage effluent from the Sutherland
Shire, including low-level effluent from the LHSTC,
passes through the Cronulla STP and is discharged
to the ocean at Potter Point. The radioactivity
measured in marine fish, algae and barnacles
sampled at Potter Point in 2002-03 was of natural
origin, apart from the low levels of iodine-131 found
in the algae.

Liquid effluent is discharged from the National
Medical Cyclotron to the Sydney Water Corporation
sewer under the terms of a trade wastewater
agreement that incorporates limits set by the NSW
EPA for specific radionuclides. The

radiopharmaceutical products made at the NMC are
relatively short-lived, with half-lives ranging from
minutes to hours in most cases. Consequently, a
system of delayed liquid effluent releases ensures
radionuclides have decayed significantly prior to
being released. The average levels of radionuclides
measured in discharges to sewer each month from
the NMC contained were well within the required
limits in the period from January 2002 to June 2003.

4. STORMWATER

Stormwater from the LHSTC flows into three small
streams (Bardens, Strassman and MDP Creeks) that
are classified as Class C waters under the regulations
associated with the NSW Protection of the
Environment Operations Act (1997). The Act sets
out relevant limits for gross alpha and beta
radioactivity in these waters.

Surface waters include stormwater runoff as well as
flows of near-surface groundwater. Concrete bunds
of about 2 m3 capacity on the three main stormwater
outlets at the LHSTC temporarily retain surface
water before its release off-site. These bunds are
inspected and emptied each week-day morning. The
bunds are also used as environmental monitoring
points. Local creeks and the Woronora River are
also regularly monitored for radiological water
quality.

All surface water results in 2002-03 were well below
the limits for tritium, gross alpha and gross beta
activity in the relevant regulations/guidelines

5. GROUNDWATER

A groundwater monitoring program at LHSTC was
established in 2000 with installation and
development of a groundwater piezometer network.
This groundwater monitoring network, consisting of
31 piezometers, has been designed to cover all areas
within and adjacent to the LHSTC, and to sample
representative groundwater flows.

Groundwater flow at the LHSTC is primarily
dependent on topographic features. LHSTC is
situated on top of a gently north-sloping ridge, with
several steep gullies draining into the Woronora
River on the eastern side, and shallow depressions
forming the headwaters of Bardens and Mill creeks
to the west.

After heavy rain, the stormwater system receives
surface flows from roads, buildings and surface
drainage lines, and the soil absorbs rain falling on
the vegetated portion of LHSTC. For several days
following heavy rain, water seeps from the soil into
the heads of the gullies surrounding the LHSTC.
Discharge via a deeper groundwater path, over a

149



much longer time scale and further down the gullies,
ultimately forms the base-flow of the Woronora
River. The response of the LHSTC groundwater to
heavy rainfall has also been assessed.

Groundwater quality at LHSTC is typical of what
would be expected for a sandstone aquifer.
Groundwaters are acidic to slightly acidic, ranging
in pH from 3.88 to 6.30 and low in total dissolved
solids. The pH and electrical conductivity values
reflect fresh groundwater originating from local
rainfall, flowing through the system at a slow rate
(ranging from 0.01 to 4 m/year).

The field chemical data and major ion data confirms
that the rate of groundwater movement from rainfall
to discharge is small, as also reflected in the
generally low ionic concentrations of the
groundwater in the area.

Levels of alpha, beta and gamma radioactivity were
found to be negligible in groundwaters in the
LHSTC. The few small detections are attributed to
natural background, generally associated with
potassium-40, uranium-238 and thorium-232.
Tritium was detected in the LHSTC groundwaters
with a maximum of 600 Bq/L. These tritium
activities were higher than normal rainfall
background in Australian waters, but the maximum
activity was less than 10% of the Australian
Drinking Water Guidelines (NHMRC and
ARMCANZ 1996). The elevated levels of tritium
reflect rainout of tritiated water vapour airborne
emission associated with HTFAR operations.

Routine six-monthly groundwater level monitoring
and sampling from the Little Forest Burial Ground is
also undertaken. Tritium activities were below levels
considered safe for drinking water in Australia. The
gross alpha and gross beta activities in the
groundwater were below the levels prescribed for
surface waters in New South Wales. The majority of
gross alpha and gross beta results were below 0.5
Bq/L which is the level recommended in the
Australian Drinking Water Guideline (NHMRC and
ARMCANZ 1996). This comparison provides a
context as these guidelines are not applicable to
groundwaters that do not contribute to public water
supply.

6. SOIL AND SEDIMENT

Sediment that accumulates in stormwater bunds is
removed at least once each year. These sediments
are analysed, prior to their removal, for gross alpha,
gross beta and gamma radioactivity. Measured gross
alpha/beta activities correspond to background levels
for similar sandy soils of the Sydney region.
Gamma-emitters that were detected include
naturally-occurring potassium-40 and members of

the uranium-238 and thorium-232 decay series. Very
low levels of fission and activation products were
detected, far below the relevant ARPANSA
exemption levels for classification of radioactive
materials.

7. POTENTIAL DOSES TO THE PUBLIC AND
THE ENVIRONMENT

The principal sources of potential radiation exposure
to members of the public from routine ANSTO
operations at the LHSTC and National Medical
Cyclotron are from airborne emissions and low-level
liquid effluent discharges.

The effective dose to a hypothetical individual
potentially exposed to radiation in routine airborne
discharges from the LHSTC during the 2002-2003
financial year was less than 0.006 mSv/year, based
on stack discharge data and concurrent
meteorological information. This effective dose is
well below the ALARA objective of 0.02 mSv/year
and less than 1% of the public dose rate limit of
1 mSv/year. It is also less than 1% of the natural
background annual dose in Australia of about 1.5
mSv/year (Webb et al. 1999).

Thermoluminescent dosimeters placed around the
LHSTC and at some local residences also
demonstrate that the external gamma radiation levels
at residential locations in the vicinity of the LHSTC
were al normal background levels and not noticeably
affected by ANSTO's operations.

8. CONCLUSION

ANSTO's operations at the LHSTC and the NMC
make only a very small addition to the background
radiation dose, even for the comparatively few
members of the public identified as potentially
exposed to radionuclides entering the environment
from ANSTO sites.

The results of the monitoring program are published
annually in documents within the series
Environmental and Effluent Monitoring at ANSTO
Sites (Hoffmann et al 2003 and references therein),
copies of which are available from the Sutherland
Shire Central Library or on request from ANSTO's
Communication Manager.
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