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Summary

Foreword

In September 1997, the Commonwealth Government announced a proposal to build a replacement nuclear
research reactor at Lucas Heights in Sydney. Because of the proposal's potential to have a significant impact
on the environment, the Minister for the Environment decided that an environmental impact statement
(E1S) should be prepared.

This Summary provides an overview of the information contained in the Draft E1S prepared for the
proposed replacement nuclear research reactor (two volumes - the Main Report and the Appendices). For
a more detailed understanding of the potential impacts of the proposal, reference should be made to the Draft
E1S.

1, Proposal Objectives

The proposed replacement research reactor would be located within the Lucas Heights Science and
Technology Centre, situated in the local government area of Sutherland Shire, approximately 30
kilometres south-west of Sydney's central business district (Figure 1). A 1.6 kilometer buffer zone,
within which there is no residential development, has been established around the existing High
Flux Australian Reactor (HIFAR) and would continue to be maintained around the proposed
replacement reactor.

The specific objectives of the replacement research reactor are to:

• maintain and enhance health care benefits provided to the community and ensure security
of supply through the local production of the quantities and the known likely range of
diagnostic and therapeutic radiopharmaceuticals needed to satisfy Australia's requirements
over the next 40 to 50 years;

• maintain Australia's nuclear technical expertise in order to, provide sound advice to
Government in support of nuclear policy issues of strategic national interest and its
international obligations in this area;

a provide a neutron beam research facility which would not only meet Australia's own
scientific needs, but would also be a regional centre of scientific excellence. Research
undertaken using this facility will have broad application to investigation in a wide spectrum
of scientific and industrial fields, including the life sciences and medicine, environmental
science, chemistry, materials science and engineering science;

B provide research and research training facilities and programs to enhance the educational
opportunities available to Australia's students, particularly in science and engineering;

PPK Environment G -H



flniao Villag

Wattle
Grove

/ < ' Holsworthy

'ills \

\ \ \
• Lucas Heights
I Science and

Technology Centre
: tSite of Proposal) —J

Figure

Regional Location of
the Proposal

• provide industrial isotopes and facilities for neutron activation analysis, irradiation of
materials, and neutron radiography to service the needs of agriculture and industry,
particularly in the electronics, environmental, resource and minerals processing industries;
and

• achieve the construction and operation of the facility in a manner that meets all health,
safety, environmental and quality standards. This includes meeting all legal and regulatory
requirements and applicable standards.

Other decisions announced by the Commonwealth Government at the same time as this proposal
were that:

• a new agency to be known as the Australian Radiation Protection and Nuclear Safety
Agency (ARPANSA) would be established to regulate and license the Commonwealth's
future nuclear and radiation activities;
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a reprocessing facility for spent nuclear fuel would not be established at Lucas Heights or
anywhere else in Australia;

million would be set aside to remove existing spent fuel rods from Lucas Heights and
meet the cost of reprocessing overseas; and

• that the Government will continue to support the Australian Nuclear Science and
Technology Organisation's (ANSTO's) initiatives in developing Synroc technology as a long
term future option for safely disposing of spent fuel from the replacement reactor.

2. The Decision Making Process

Environmental Assessment Process

ANSTO is the proponent for the replacement research reactor proposal under the Environment
Protection (Impact of Proposals) Act 197A- ANSTO is therefore responsible for preparing the EIS. In
December 1997, PPK Environment & Infrastructure Pty Ltd (PPK) and specialist sub-consultants
retained by PPK were appointed by ANSTO to prepare the Draft EIS. This included NNC Limited,
a United Kingdom company specialising in nuclear related health, environmental and safety issues.
ANSTO provided technical input to the Draft EIS, particularly on the description of the proposal,
the need for the proposal and the alternatives that have been considered.

The environmental assessment process established by the Commonwealth legislation is shown in
Figure 2.

The Draft EIS examines the key issues of:

• the existing and potential future environment of the Lucas Heights Science and Technology
Centre and the site of the proposed replacement reactor;

• the potential impacts of constructing and operating a replacement reactor; and

• the measures that could be implemented to mitigate those potential impacts.

The scope of the Draft EIS was developed in response to Environment Australia's EIS Guidelines
for the proposal which were released in their final form in January 1998. Prior to this. Draft EIS
Guidelines were publicly exhibited and over 100 submissions were taken into account by
Environment Australia before it released the Final EIS Guidelines.

Consultation During Preparation of the Draft EIS

Consultation has been undertaken throughout the preparation of the Draft EIS. The main
consultation activities conducted were:

• placing advertisements in local, metropolitan and national newspapers announcing the
commencement of the EIS process, informing the audience how they may participate in the
EIS process and publicising the mobile displays;

• releasing two newsletters outlining the proposal, the EIS process and issues raised during the
consultation process to 21,000 and 40,000 households respectively in the Sutherland local
government area. These newsletters also advised how interested persons could involve
themselves in the process;
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Environmental Assessment Process

• establishing an EIS Internet website and telephone information line;

• participating in meetings with Sutherland Shire Council and a range of community interest
groups;

• conducting mobile staffed displays at Menai Marketplace, Engadine and Sutherland
Shopping Centres;

• conducting information days at Menai and Como; and

B briefing ANSTO personnel.

Regulatory Framework and Approvals Process
for Nuclear Activities

In addition to the environmental assessment process there is a separate but complementary safety
approvals and licensing process for all stages of the design and construction required by the Nuclear
Safety Bureau and its successor ARPANSA. The major stages of this approvals and licensing
process are:

h- Australian Nuclear Science and Technology Organisation



a stage 1 site agreement is required following approval of the EIS and the siting safety
assessment submission which is being undertaken in parallel with the Draft EIS;

regulatory review and approval is conducted of a preliminary safety analysis report
undertaken when the reactor design is known. This is a detailed safety assessment
undertaken with the reactor vendor during the detailed design of the reactor;

during construction, approvals are necessary before proceeding with the construction of
each major component and system. The safety assessment prepared for these approvals are
documented in the final safety analysis report;

during commissioning, regulatory approval is required to load fuel and reach criticality; and

a formal licence to operate is issued if all the above approvals are given and reviewed
periodically to ensure the reactor is operated according to current standards with an up-to-
date safety assessment and proper safety management.

3. Background fco -the Proposal

In 1987 ANSTO was established to replace the Australian Atomic Energy Commission. The role of
ANSTO is to:

m provide expert scientific and technical advice across the nuclear fuel cycle to government
and to support national strategic and nuclear policy objectives;

• develop, operate and facilitate utilisation by the Australian scientific and industrial
community of large nuclear science and technology based facilities in Australia and overseas;

• undertake research and provide training to advance the understanding of nuclear science,
nuclear technology and the nuclear fuel cycle;

• encourage, disseminate and facilitate the implementation and utilisation of the results of
such research and development;

• condition, manage and store the materials and radioactive waste arising from these
activities; and

• provide and sell goods and services arising from the production and use of radioisotopes and
the use of isotopic techniques and nuclear radiation.

Over the years there have been a number of reviews of Australia's nuclear science and technology
needs and capabilities. These included a review of the role of the Australian Atomic Energy
Commission in 1986, prior to the establishment of ANSTO; reviews by the Australian Science and
Technology Council in 1985 and in 1992, when the need for a new research reactor was identified
as one of seven items of national scientific research infrastructure needed in Australia; the Research
Reactor Review in 1993, which yielded a number of recommendations and suggested conditions in
relation to the continued operation of HIFAR and of establishing a new reactor; and a Strategic
Review of ANSTO in 1994.

All of these earlier reviews contributed to the information base on which the Government's
decision on the question of a replacement reactor was made.

PPK Environment & Infrastructure



summary

On September 3 1997, the then Minister for Science and Technology announced the proposal to
construct and operate a replacement research reactor at Lucas Heights. The purpose of this reactor
is to replace the 40 year old HIFAR which is expected to reach the end of its operational life around
2005.

4. Need for a Replacement Research Reactor

ANSTO has a statutory obligation to undertake or fulfil particular roles on behalf of the Australian
Government with respect to nuclear activities. HIFAR is now considered technologically obsolete,
being designed and built 40 to 50 years ago, and could not provide Australia with the facilities
necessary for its nuclear related roles into the next century. The replacement reactor would be a
modern multi-purpose reactor with the performance and facilities necessary for ANSTO to
continue to fulfil these roles.

The need for the proposal is based on four main factors. These are, firstly, an analysis of the current
status of HIFAR which was commissioned in 1958. It is considered technologically obsolete and it
cannot be upgraded to meet Australia's needs in the next century. Secondly, the social, economic,
environmental and national interest benefits arising from the past and current operation of HIFAR
that would continue and be enhanced by the proposal. Thirdly, an assessment of the future national
and international opportunities arising out of nuclear based knowledge and capabilities which
would be provided by the proposal and fourthly, the capacity of ANSTO to fulfil its statutory role,
particularly in relation to strategic, international and regional nuclear issues.

The replacement reactor would be multi-purpose, used to produce isotopes for both medicine and
industry, to assist in fulfilling the national strategic interest of the Government; for neutron beam
scientific research and training; and for industrial applications such as irradiation services including
silicon transmutation doping, neutron activation analysis, and to support other services to industry
including sterilisation and radiation dosimetry services.

HIFAR could not satisfy the growing demand for medical radiopharmaceuticals beyond 2004/2005.
Its neutron beams are low in flux and are degraded by excessive levels of gamma radiation which is
seriously restricting the range and output of research projects. HIFAR does not have a cold source
to produce the slow neutron beams required for examining the structure of biological and other
materials containing light elements. The Commonwealth Government would continue to require
expert advice on nuclear issues involving modern technologies. The replacement reactor is needed
to fulfil these requirements.

ii^^

5. The Proposal

The overall safety philosophy adopted for the proposal requires that:

• a design is chosen which maximises inherent safety features;

• it meets internationally agreed safety objectives for research reactors;

B it is subject to independent regulatory oversight of the safety of the reactor; and

• it satisfies internationally accepted safety criteria and standards through the design,
construction, commissioning and operational phases.

Australian Nuclear Science and Technology Organisation



The proposed replacement reactor would be built on a site adjacent to HIFAR (Figure 3). The
design of the replacement reactor would be based on a set of specifications defined by the safety
criteria and the performance characteristics that the proposed reactor would be required to meet.
The design philosophy adopted for the proposal is to tailor the facility to meet Australia's current
and future needs for a neutron source, in a manner that meets all health, environmental and safety
standards.
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Figure 3
Location of Proposed Replacement
Research Reactor

^

It is possible that a number of reactor designs could meet the performance specifications described in
the Draft EIS. Design details can therefore only be provided where design features can be predicted
with a reasonably degree of certainty. In other cases, the description of the proposal focuses on
generic characteristics that enable all possible worst case environmental impacts to be identified and
assessed. Key elements of the proposal are described below.

Characteristics of the reactor (Figure 4) would include:

II it would be a 'pool' type in which the core of the reactor is at the bottom of a pool of water
at least six metres deep;

B it would produce a higher neutron flux;

• it would have flexible core and irradiation facility arrangements;

• it would use low enriched uranium fuel;

PPK Environment & InfrEietruoture JHQJll l l
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• neutron beams for research experiments would have a wide range of energies and be cleaner
and of higher intensity than HIFAR; and

• its isotope and other irradiation facilities would have greater capacity than HIFAR and be
designed to meet current and future needs.

Associated buildings and supporting facilities (Figure 5) for the reactor would include:

• the building enclosing the reactor;

• a pond within the building for temporary storage of spent fuel;

• a discharge stack for gaseous emissions;

B cooling towers and a pumphouse for the cooling system; and

• an office block and workshop space situated within the reactor building complex; and a
beam hall, immediately adjacent to and connected to the reactor building, for research
activities.

A comprehensive policy for the management of spent fuel would be implemented and would include:

• no spent fuel being stored outside of the reactor building; and

• the maximum amount stored inside would be that resulting from nine years of operation.

fai^fffm Australian Nuclear Science and Technology Organisation



Site of Proposed
Replacement —\

Reactor \

Neutron
Guide
Hall

Reactor Building
[including office

accommodation and
workshop spacoJ

CRC
Biowaste

Facility o
Discharge

Stack

Buffer
Zone c /

Technology /
m1 I Pump

*-—-._ J House

Existing
perimeter

fence

Proposed
security

fence

Figure 5

of Replacement; Research Reactor

100 m

PPK Environment Si Infrastructure



Design and construction would commence in the year 2000 and commissioning of the replacement
reactor would be completed during 2005. It would have an operational life of at least 40 years.
HIFAR and the replacement reactor would need to operate simultaneously for a short period of up
to about six months during the commissioning of the replacement reactor. After this, HIFAR would
be shutdown permanently and be decommissioned.

The replacement reactor would be designed to provide the capacity for the production of the key
medical radioisotope molybdenum-99 to increase by a factor of four from current production levels,
and for the production of other radioisotopes to be increased by lesser amounts, but sufficiently to
meet Australia's predicted needs well into the next century. Existing infrastructure at the Centre
would be extended and upgraded to support the operation of the replacement reactor, and services
would be extended to the site of the proposed replacement reactor.

The existing buffer zone which extends 1.6 kilometres radially from HIFAR would not change as a
result of the proposal.

ANSTO's existing waste management facilities with improvements undertaken as part of the Waste
Management Action Plan initiated in 1996, would meet the requirements of the replacement
reactor. These facilities include a waste water collection and treatment system, systems for control
of airborne emissions, and systems for collection, compaction, conditioning and storage of solid
wastes. Additional facilities that are needed include a ventilation system and stack for the
replacement reactor building, and a service pool contiguous with the reactor pool for handling
irradiated materials and for interim storage of spent fuel.

The proposed strategy for managing spent fuel from the proposed replacement reactor is based on
continuing the strategy put in place and approved by the Commonwealth Government for
managing HIFAR spent fuel. Fuel would be reprocessed overseas, the waste would be conditioned
into a long-lived intermediate level waste form and would eventually be returned to Australia for
storage at a remote location.

A budget of $286.4 million (in 1997 dollars) has been identified to cover the cost of the proposed
replacement reactor proposal. The total value of domestic content of this cost is estimated to be
approximately 50 percent. Annual operating costs would be approximately $12 million per year
(1997 dollars), which includes the costs associated with environmental management such as spent
fuel management, waste management, and safety and environmental monitoring.

6. Alter natives

Several potential alternatives to the proposal have been considered in the Draft EIS. Some of the
alternatives that have been addressed are strategic alternatives, in that they represent potential
alternatives to actually building a replacement research reactor in Australia. They include
alternative technologies such as spallation sources and cyclotrons, importing radioisotopes, using
overseas services and/or facilities for industrial applications, overseas facilities for scientific research
and refurbishing HIFAR. Other alternatives considered are more specifically related to the actual
proposal and design of the replacement reactor. These include alternative reactor types and designs,
alternative sites within and outside the Lucas Heights Science and Technology Centre and
alternative fuel and waste management strategies.

None of the strategic alternatives meet all of the multi-purpose objectives of the proposal. A
cyclotron or a spallation source would be capable of meeting some of these uses, but would not fulfil
all of the uses required. Cyclotrons are not sources of neutrons and therefore could not be used for
neutron based scientific research and education, nor can they produce the majority of the medical
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isotopes required. Spallation sources on the other hand are very expensive, have not been proven
as a reliable source for the routine production of medical or industrial radioisotopes, operate in a
pulsed mode and have extensive periods of shutdown for maintenance. Importing
radiopharmaceuticals could in principle meet the demand for the most commonly used diagnostic
radioisotopes, however a number of short-lived and emerging therapeutic radioisotopes could not
be imported. There are also issues regarding reliability of supply, and expiry of 'use by' times due to
in-transit delays with importing which would affect the maintenance of current levels of health
care. In the United States a reactor is being refurbished and facilities are being constructed solely
to restore domestic United States production of major medical radioisotopes, following years of
relying on imports of these items.

Information on the advantages and disadvantages of using overseas services for Australian
industrial applications is difficult to obtain because only one company in Australia has had to utilise
this alternative at a time when HIFAR was shutdown. It is unlikely, however, that services would
be easy to access or cost effective. Similarly, using overseas facilities for scientific research has
limitations imposed by restricted access due to the demands on the facilities, priorities at facilities
which may vary from the areas of specific interest to Australia and the cost and availability of
funding. Such restrictions would also have an impact on the availability of facilities for training of
young researchers in neutron beam science.

The refurbishment of HIFAR would to a limited extent be able to meet some of the objectives of
the proposal, but Australia would still have a technologically obsolete reactor, and there would be
significant economic risk in that a failure of inbuilt components which, whilst not compromising
safety, would cause a long term or permanent shutdown of the reactor and loss of the investment.
Upgrading the facilities for industrial isotope production and other industrial applications is
possible, but would be at the expense of medical radioisotope production and neutron beam
research and training. This is due to irradiation space limitations which could not be overcome.
There is also the economic issue of keeping HIFAR in full compliance with safety requirements. The
refurbishment of HIFAR would not lead to an increase in the neutron flux and hence HIFAR could
not meet the future demand for medical radiopharmaceuticals; nor would the refurbishment lead
to an increase in the intensity of the neutron beams used for research or reduce the degradation of
those beams caused by gamma radiation.

The assessment has shown that the proposed replacement pool type reactor on the Lucas Heights
site meets all the objectives of the proposal, uses proven technology, fully satisfies the siting criteria
identified in the Draft EIS and is the most cost effective option.

V. Physical, Biological and Social Context
of the Proposal

Potential social, physical and biological characteristics of the areas and communities of interest
potentially impacted by the proposed replacement research reactor were assessed in the Draft EIS.
This included the identification of communities of interest derived from an analysis of the place of
residence of persons who made submissions to the EIS Guidelines prepared by Environment
Australia or made submissions during the preparation of the Draft EIS. These identified
communities of interest are:
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• the local "community of interest" (Figure 6) comprising the suburbs closest to the site of the
replacement research reactor from which approximately 70 percent of all submissions were
received;

• a regional, "community of interest" comprising the Sydney region; and

• the national "community of interest", comprising the whole of Australia.

Key issues derived from this consultation that are similar to issues documented from earlier
consultation undertaken for the Draft EIS Guidelines and the Research Reactor Review were:

• proposal benefits. Issues regarding the benefits of the construction and operation of a reactor
at Lucas Heights, and a need to continue these benefits into the future;

Figure S
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proposal need. Doubts about the need for the replacement reactor and concern over the costs;

alternatives. The need for the EIS to consider alternative sites away from Lucas Heights for
the construction of the replacement reactor, most commonly a remote location and the need
to consider alternative technologies;

waste and spent fuel management. Issues regarding the management of radioactive waste and
spent fuel including health and safety aspects of the replacement reactor and the need for
independent monitoring of ANSTO's environmental management activities;

hazards and risks. The hazards and risks of the proposal, particularly in an accident situation
and the resultant health implications for the community, particularly local residents; and

decommissioning issues. A desire for HIFAR to be decommissioned and no replacement
reactor to be built at Lucas Heights.

B. Geology, Soils end Water

The site of the proposed replacement reactor is located on weathered and eroded Hawkesbury
sandstone of the Woronora Plateau. Soils at the site are shallow, hard set, stony and have low
fertility. Surface hydrology of the site is naturally divided between two catchments, a southern
catchment which flows via Melinga Molong Gully to the Woronora River and a northern catchment
which flows via Bardens and Mill Creeks to the Georges River.

The groundwater regime at the site of the proposed replacement reactor has been characterised and
baseline groundwater quality analyses undertaken. Hydraulic conductivity is low so that any inflow
of shallow groundwater can be readily managed. No impacts on groundwater are, therefore,
expected during the construction. A groundwater sampling program would be incorporated into the
ANSTO ongoing environmental monitoring program.

As part of the proposal, concrete retention bunds would be installed. These bunds would be
designed to contain accidental spills or releases that might enter the stormwater system of the site
of the proposed replacement reactor. In the event of an accidental spill, these bunds permit testing
of the stormwater and redirection to the effluent treatment plant if necessary.

A survey of abnormal occurrences since 1991, showed that no incidents have occurred at the Lucas
Heights Science and Technology Centre which have resulted in the release of radioactivity to local
waterways above the NSW Clean Water Regulations 1972 standards for radioactive substances.

S. Air Quality

The principal impacts on air quality were identified as most likely to arise from dust generated by
construction activities and wind erosion from exposed surfaces. The other identified potential
source of adverse impact on air quality was exhaust emissions from plant, equipment and vehicles
operating on site and vehicles transporting materials.

Water vapour from the cooling towers of the proposed reactor during operation was identified as the
only non-radioactive air emission of any consequence. No greenhouse gases such as carbon dioxide
would be released to the atmosphere from operation of the reactor.
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summary

Mitigation measures to reduce the amount of dust generated during construction have been
identified and would be implemented through a Construction Environmental Management Plan.
With the implementation of these measures, overall impacts of construction on air quality would be
minor.

1Q. Management: of Reactor Products,
Spent Fuel and Wastes

Radioactive waste is defined as material that contains or is contaminated with radionuclides at
concentrations greater than clearance levels as established by the regulatory body, and for which no
use is foreseen. In recognition of the potential hazards associated with radioactive waste a rigorous
system of control and surveillance during the transfer, treatment, storage and discharge of
radioactive waste was set up from the beginning of activities at the Lucas Heights Science and
Technology Centre.

Each operational unit on the Lucas Heights Science and Technology Centre is required to have in
place suitable facilities for safely handling and accounting for wastes. These include facilities for
delay and decay of short-lived wastes. In addition, each unit has a system for classifying and
monitoring wastes that leave the facility.

Types of Wastes

Gaseous, liquid and solid radioactive and non-radioactive waste would be produced as a result of
the operation of the proposed replacement reactor and associated processes. These wastes would
include:

B radioactive gaseous emissions from the operation of the reactor and the production of
radioisotopes;

• general compactable low level solid radioactive wastes generated during the production of
radioisotopes and various supporting activities such as decontamination and waste
processing;

• radioactive liquid wastes which come from laboratories where radioactive materials are
handled;

• trade waste effluents which come from laboratories and workshops where radioactive
materials are not normally handled;

B non-radioactive sewage; and

B radioactive solid wastes such as filters, irradiation target cans and other plant and equipment
used in the reactor and the production of radiopharmaceuticals.

In addition to these wastes spent fuel is generated when the fissile material in the reactor has been
depleted beyond a certain amount and the fission process can no longer be maintained.

Method Used to Determine Impacts

The impacts of producing radioisotopes, spent fuel and the waste byproducts have been assessed on
the basis of the known major features of the proposed replacement reactor, the impact from the
current operation of HIFAR and the known differences between the characteristics of the proposal
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and HIFAR. The proposal has the capacity to increase the production of radioisotopes by a factor
of four and, although such an increase is not part of the proposal, the impact associated with this
increased production has been assessed in the Draft EIS.

Management of Gaseous Emissions

Radioactive gaseous emissions are currently produced from the operation of HIFAR and production
of radioisotopes. These gases are filtered to remove radioactive particles and monitored to obtain
their volumes and composition before they are discharged into the atmosphere. In addition,
buildings where iodine is produced have special charcoal traps to retain the iodine vapours, while
the main isotope production area also has systems to minimise the amounts of gaseous emissions
before they reach the stack.

Measurements of the radioactivity in the air at the Lucas Heights Science and Technology Centre
site fence are made continuously, but the levels are too low to be detectable above natural
background radiation. ANSTO calculations based on measured stack emissions and dispersion
modelling have shown that the maximum off-site dose to a member of the public is less than 0.01
millisieverts or 0.5 percent of the dose due to natural background radiation in Australia, which
arises from the air we breathe, the food we eat and drink and the buildings we live in. Independent
calculations performed for the Draft EIS have estimated the maximum dose to be even lower, at
around 0.003 millisieverts. Therefore there is no measurable impact outside the Lucas Heights
Science and Technology Centre from radioactive gases from HIFAR and the production of
radioisotopes.

The radioactivity of the gases that would be emitted from operating the proposed pool type reactor
would be less than that emitted from operating HIFAR. Although any increase in the production
of radioisotopes could result in a proportional increase in the production of radioactive gaseous
emissions, reductions would be achieved by introducing new technologies to treat gaseous
emissions. ANSTO would ensure that the maximum off-site dose to a member of the public would
remain below one percent of the pubic dose limit adopted by the National Health and Medical
Research Council of one millisievert per year.

Management of Liquid Emissions

Low level liquid emissions from the Lucas Heights Science and Technology Centre would be
managed in much the same way as the existing liquid emissions. Liquid waste would be collected,
monitored and, if necessary, treated until the radioactivity is low enough for the discharge to meet
the discharge limits set by ANSTO's Trade Waste Agreement with Sydney Water and World Health
Organisation criteria for drinking water by the time the discharge reaches the Cronulla Sewage
Treatment Plant.

Management of Solid and Intermediate Level Liquid Wastes

There would be no long term storage of any radioactive waste at the Lucas Heights Science and
Technology Centre. All intermediate level liquid wastes would be solidified using a process
developed by ANSTO. This solidified waste and all other solid wastes would be converted to a form
that was suitable for placement in the national waste repository for low level and short-lived
intermediate level waste and the national waste storage facility for long-lived intermediate level
waste .

The Commonwealth Government announced the location for this facility in February 1998 in the
central north region of South Australia and a site within this region is expected to be identified in
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early 1999. The Commonwealth Government supported by the States and Territories has also
announced the intention to co-locate an above ground storage facility for storing and managing
those wastes with levels of radioactivity that are too high for near surface disposal, that is long-lived
intermediate level waste. These two facilities would be co-located provided that the site which is
selected for the repository is also suitable for the storage facility. The repository and store are
expected to be in operation well before the replacement reactor commences operation.

Until the existing and future inventory of solid wastes are transported from the Centre, all waste
would be packaged and fully contained to preclude potential exposure routes to the public during
storage and ensure that these wastes do not contribute to any off-site dose.

Management of Spent: Fuel

The replacement reactor would have an interim fuel storage pond adjacent to the reactor pool to
accommodate the storage of irradiated spent fuel. This removes the need for any transport of fuel
around the Lucas Heights Science and Technology Centre and would enable the existing dry spent
fuel store to be decommissioned. The spent fuel strategy for the replacement reactor would be based
on that for HIFAR spent fuel. This strategy involves shipping spent fuel overseas for reprocessing
and conditioning the resulting waste into long-lived intermediate level waste for ultimate return to
Australia in a form suitable for placement in a national waste storage facility. The spent fuel arisings
would be stored at the Lucas Heights Science and Technology Centre for only as long as necessary
to meet operational requirements. For this reason, the spent fuel pond would have a capacity to
hold only 10 years arisings of spent fuel. The Commonwealth Government has stated that no waste
arising from reprocessed/conditioned spent fuel would be returned to Lucas Heights.

1 i . Hazards and Risks

Activities Generating Hazards and Risks

Operations at the Lucas Heights Science and Technology Centre that would have the potential to
generate hazards and risks when the proposed replacement reactor is in use, are the operation of the
reactor, the production of radioisotopes and some other conventional activities of a scientific
laboratory. These have been assessed in the Draft EIS and it is concluded that the most important
hazard is an accident associated with the reactor. As a result, the consequences of an accident at
the reactor, which is the worst accident that could credibly occur have been assessed.

Risks to Workers at: the Lucas Heights Science
and Technology Centre

The risk to workers at the Lucas Heights Science and Technology Centre due to the replacement
reactor itself would not be very different from the current risk from HIFAR. The dose due to reactor
operations would continue to be small and well within regulatory limits. For the replacement
reactor, the principle of "As Low As Reasonably Achievable" (Figure 7) would form an integral part
of the design and licensing process to ensure that doses to operators are minimised. The reactor has
the capacity to increase the production of radioisotopes by a factor of four, and the total collective
dose to workers may increase in proportion to the additional benefit, but the individual doses would
be controlled in the same way as they are at present.

Since 1991, occupational exposure to radiation at the Lucas Heights Science and Technology
Centre has decreased. The average dose received is about one millisievert per year, which is around
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half the natural background radiation of 1.8 millisieverts per year. Since 1991, no worker has
exceeded the 1995 dose limit of 20 millisieverts per year that was recommended by the National
Health and Medical Research Council and adopted by the Nuclear Safety Bureau, and since 1993,
no worker has exceeded a dose of 15 millisieverts per year.
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Figure 7
Risk Levels in Relation to the ALARA Principle

Risks to the Public Near the Lucas Heights Science and
Technology Centre During Normal Operation

The maximum dose to any member of the public due to the normal operation of the proposed
replacement reactor has been assessed independently for this Draft EIS to be 0.003 millisievert per
year which is 0.15 percent of natural background radiation levels or less than that received from
flying in an aeroplane for one hour. This corresponds to a low risk of developing a latent cancer of
1.5 chances in ten million per year for a hypothesised worst case exposure. It is consistent with
earlier assessments of HIFAR and thus no impact from the replacement reactor would be expected
to be detected in studies on the health of people around the Lucas Heights Science and Technology
Centre. Health studies that have been undertaken in the past to evaluate the impact of HIFAR on
the community have shown no detectable adverse effects.

Gaseous emissions from the proposal would be less than these from HIFAR but the emissions from
the anticipated increase in the production of molybdenum-99 and iodine-131 may increase unless
new processes are put in place. The overall impact would be limited by ANSTO's commitment that
the off-site doses would remain less than one percent of the public dose limit recommended by the
National Health and Medical Research Council. This is less than 0.5 percent of the dose due to
natural background radiation in Australia.

Risks from Transport of Radioisotopes, Spent Fuel and Waste

All radioactive material that would be transported off-site would continue to meet the transport
regulations of the International Atomic Energy Agency which are applied worldwide. These require
specific standards to be met for each type of radionuclide material. For spent fuel flasks, stringent
fire and crash tests must be carried out to demonstrate the robustness of each type of transport flask.
The risk associated with the transport of fuel and waste is assessed to be low.
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Radioisotopes transported from the Lucas Heights Science and Technology Centre are stored in
solid sealed containers that are produced to standards specified by the Australian Therapeutic
Goods Administration of the Commonwealth Department of Health and Community Services and
in accordance with other international standards. Before shipment, the packages are tested and
monitored as required by the International Atomic Energy Agency Regulations for the Safe
Transport of Radioactive Materials.

Risks from Accidents

The susceptibility of the site to external hazards has been evaluated and assessed to be low for
earthquake and commercial aircraft. Protection against bushfires is provided by the proposed
separation of the replacement reactor from bushland and the fact that it would be housed in a
substantial reactor building.

The risk due to a hypothesised reference accident has been assessed. This accident bounds any
credible sequence of events that could lead to a release of radioactivity and is associated with a very
low frequency of occurrence, one in a million or less per year. The assessment is conservative
because it makes pessimistic assumptions and because no credit has been taken for any actions that
would be taken by the emergency services following the accident.

The risks to members of the public would depend on the radiation dose they received. The
maximum radiation dose that any individual might incur would depend on where they were at the
time of the accident, in terms of how close they were to the site fence, whether or not they were
downwind of the reactor and other factors such as rain. The dose would also be influenced by their
age.

The assessed "worst case" individual would be a child who spent the first 12 hours after the
hypothetised reference accident on the trail bike track, which is 400 metres north of the reactor,
when the largest releases of radioactivity occurred, assuming that the wind was blowing in that
direction and that it was raining. These are the worst weather conditions. Afterwards, it is assumed
that the child subsequently remained in the area in an ordinary house close to the edge of the buffer
zone, which was also downwind and situated under the plume of contaminated air. It has also been
assumed that the ground around the house would have residual contamination from the passage of
the plume. These are clearly artificial assumptions but were chosen to give a bound on any possible
exposure. More realistic assumptions would give substantially lower doses.

The radiation dose that such a "worst case" individual would incur in these hypothetical worst case
conditions is 3.4 millisieverts, and would be dominated by radiation from the passing plume and the
assumed consumption of contaminated foodstuffs. This dose is the same as that due to natural
radiation for a person who lives in the area for one and a half years, and less than that requiring any
emergency countermeasures.

With similar pessimistic assumptions, the maximum individual dose to anyone who was not inside
the buffer zone at the time of the accident would be 1.8 millisieverts. These doses are shown in
Figure 8.

The estimated doses to individuals and to the population as a whole can be related to the risk to
health. The doses can be converted to an estimate of the chance of a radiation induced health effect
using the International Commission on Radiological Protection's risk values per millisievert. Using
the expected likelihood of the reference accident, the maximum risk of an individual developing a
fatal cancer is calculated to be less than one in six thousand million (1 in 6,000,000,000) per year.
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The maximum risk of any harmful health effect is less than one in four thousand million (1 in
4,000,000,000) per year. These risks are all well below State, national and international limits and
comply with the requirements set by the Nuclear Safety Bureau.

A detailed assessment has been made of the total dose to the population that could arise in the
event of the reference accident for population numbers projected to be 1.64 million in the year
2016. The assessment showed that the population exposure would be greatest if the plume travelled
north-east from the reactor. The resulting total collective dose has been calculated to be 15 person-
sieverts. This would produce less than one additional fatal cancer in the total exposed population.
For reference, the normal incidence of cancer in the population is one chance in three for men and
one in four for women. For the exposed population, this means that around 470,000 people would
be expected to die from cancer from other causes.

At the level of dose estimated for the reference accident for the replacement reactor, no public
countermeasures would be required. That is, it would not be necessary for public authorities to
recommend sheltering, evacuation or the issue of stable iodine. It is concluded that there are no
credible circumstances where countermeasures would be needed beyond the buffer zone boundary.

Further, the risk that would result from operating a replacement reactor of the type envisaged would
be lower than that due to the operation of HIFAR. During the period between the proposal going
to power and HIFAR shutting down, there would be a small increase in risk due to both reactors
operating, but this would only occur for a few months.

Emergency Planning

A high level of emergency preparedness exists at the Lucas Heights Science and Technology Centre.
ANSTO and its predecessor, The Australian Atomic Energy Commission, have a long history of
emergency planning in close consultation with the NSW Emergency Services Organisations and
Emergency Management Australia at the national level. In the event of a reactor accident at the
Centre, sufficient resources and control would be available to ensure the hazard beyond the site was
maintained as low as reasonably possible.

Comparison of Impacts with Other Facilities

Based on the experience of operating HIFAR, it has been established that the dose to operators
would be within the recommended limit of the International Commission on Radiological
Protection and the maximum dose to any member of the public is a very small fraction of natural
background. This impact is comparable to the best experience at research reactors that are currently
operating. The nature of the reference accident that has been analysed in this Draft EIS is very
similar to those analysed for other similar research reactors.

18. Flora and Fauna

The proposed four hectare site of the replacement reactor was examined in order to determine the
presence or likely presence of flora and fauna of national, State or regional conservation
significance.

The site of the proposed replacement reactor contains flora and fauna typical of sandstone plateaus
throughout the Sydney region and is considered to have only low conservation significance. The
buffer zone surrounding the Lucas Heights Science and Technology Centre contains a number of
threatened species, but contains areas degraded by other land uses; consequently, its conservation
significance is considered to range from moderate to high.
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Construction of the proposed replacement reactor would involve clearing all existing vegetation at
the site, and within a 17 metre wide "fuel-reduced zone" surrounding the site for bushfire protection.
This would result in a loss of approximately 1.5 hectares of woodland and approximately one
hectare of degraded heathland. A small number of individuals of Angophora hispida (Dwarf Apple),
a plant of regional significance, would be cleared. This loss, corresponding to approximately 2.5
hectares of poor to moderate quality habitat for native fauna, would have only a minor impact due
to the abundant presence of similar habitat in the buffer zone surrounding the Lucas Heights
Science and Technology Centre.

The site of the proposed replacement reactor contains no significant roosting or feeding habitat for
threatened species. Therefore, no threatened fauna species would be affected by construction and
operation of a reactor on that site.

Taking into account the low inherent conservation significance of the site for the proposed
replacement reactor the low scale of impacts likely to result from construction activities, and the
abundance of bushland surrounding the site, overall, no significant effect on the flora and fauna of
the buffer zone is predicted.

13. Planning and Land Use

Under the Australian Nuclear Science and Technology Organisation Act 1987, ANSTO is exempt from
the application of State or Territory laws relating to the use of land, and therefore the State and
local planning controls which apply in the buffer zone.

Development of the proposed replacement reactor would not alter the current metropolitan,
regional or local planning framework which controls development outside the buffer zone. A variety
of land uses currently occur within the buffer zone, including the Holsworthy Military Area, the
Lucas Heights Waste Management Centre, a mini-bike track and a gun club. Development of the
proposed replacement reactor would have little or no effect on these land uses. The existing land
use restrictions within the buffer zone applied by ANSTO would continue during operation of the
proposal, including the exclusion of residential development.

Future land use proposals within the buffer zone would be subject to approval by ANSTO in
accordance with a range of environmental and safety criteria.

114. Traffic and Transport

Traffic generated by construction activities would be from vehicles delivering plant and equipment
and construction workers travelling by car. Compared to the total daily volume of traffic travelling
on New Illawarra Road (about 13,000 vehicles) construction traffic associated with this proposal
would result in a minor increase of approximately 100 vehicles. This increase would not have an
adverse impact on the surrounding road network.

A potential conflict may exist between trucks accessing the Lucas Heights Science and Technology
Centre, truck movements associated with the Lucas Heights Waste Management Centre and
general traffic on New Illawarra Road. This potential conflict may present a road safety issue.
ANSTO would give consideration to the installation of a seagull intersection at the entrance to the
Centre, with an extended left turn deceleration lane, to mitigate and reduction in road safety.

The increased production of radiopharmaceuticals would be accommodated without requiring
additional deliveries per day.
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Traffic impacts during operation of the proposal would be minor because the number of staff
employed at the Lucas Heights Science and Technology Centre would not increase. Although the
number of visitors and visiting scientists are expected to increase this would represent a small
proportion of the total traffic generated by the Centre.

i 5. infrastructure and Services

Construction and operation of the proposed replacement reactor would rely on infrastructure and
services currently existing at the Lucas Heights Science and Technology Centre. Existing water
supply, electrical supply and liquid effluent disposal systems would meet the requirements for
construction and operation of the proposal, including dual operation with HIFAR. However,
additional infrastructure would be necessary during construction of the proposal, including
stormwater retention ponds on the southern and northern sides of the site and facilities to meet
construction electricity requirements. Additional on-site infrastructure required for dual and
normal operation of the proposal includes:

• water distribution systems;

• storm water control systems;

• modifications to the main electricity substation;

• extensions to public address, telephone, alarm, security and computer network systems; and

• pneumatic transfer lines to Building 23 for the safe transport of isotope containers.

16. Social and Economic Impacts

Social impacts may be denned as changes to peoples' way of life, culture, tradition or community
structure and cohesion. The proposal has the potential to affect individuals and communities at the
local, regional and national levels. Positive social impacts would include benefits derived from
additional employment and economic activity generated by the proposal. The domestic component
of additional economic input would largely be expended within the Sydney region.

Direct social impacts resulting from the proposal are expected to be minor, as there would be little
impact on the aesthetic value of the environment or on recreational opportunities. Furthermore,
the stability and cohesion of the local community of interest is unlikely to be changed by the
proposal. Consultation activities for the Draft EIS identified concerns in the community regarding
safety and health. The assessment of hazards and risks in the Draft EIS however, concludes that the
proposal would have no adverse health and safety impacts. Despite this it is expected that the
construction and operation of the replacement reactor proposal would continue to be an issue of
serious concern to some members of the local community of interest.

17.1 Land Contamination

Three small areas of some land contamination were identified in the southern section of the site:
an area of ground level concrete slabs on which drums of soil containing very low levels of
radioactivity from Fishermans Bend were formerly stored, the fire training area and land around
existing buildings. Isolated heavy metals were detected in trace quantities in the southern section
of the site and approximately 30 cubic metres of soil affected by hydrocarbons was found within the
fire training area. Levels of radionuclides were at levels considered to be typical for sandstone
plateaus within the Sydney region, and are likely to result from natural concentrations of
radioactivity in existing soils and rocks.
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No off-site disposal of soil is proposed. Soil within the fire training area would be remediated on-
site and some isolated areas within the southern section of the site would undergo additional
sampling to satisfy requirements of the NSW Environment Protection Authority. No specialist
handling of soils would be required as a result of radionuclide levels detected at the site.

17.2 Bush Fire Hazard

The site of the proposed replacement reactor is situated in a zone of low fire hazard, due to its sparse
vegetation cover and flat topography. Areas immediately south of the site, however, are steeper and
more densely vegetated and consequently have a moderate fire hazard. The reactor building would
be surrounded by a fuel-free zone cleared of vegetation and would be located approximately 350
metres from the southern boundary of the site (Figure 9). The reactor core would be located within
the reactor building which would be built of non-flammable material designed to prevent the entry
of embers. The incidence of bush fire close to the site of the replacement reactor would pose no
threat to its safe operation. Radiant heat from a major fire may, however, damage cooling towers and
cause a precautionary shutdown of the reactor, as part of standard safety procedures. This potential
hazard would be considered in the design of the proposal.

Construction of the proposal would reduce bush fire hazard at the site as a result of vegetation
clearance for site preparation work. The occurrence of a bush fire in the vicinity of the site of the
proposed replacement reactor may necessitate the evacuation of construction workers and ANSTO
staff, depending on advice from the relevant fire fighting authority. However, the risk of bush fire
would not preclude the safe construction and operation of the proposal.

Current bush fire hazard reduction management at the Lucas Heights Science and Technology
Centre involves maintenance of a fuel-reduced zone, a comprehensive system of emergency
response procedures, training programs for staff and fire fighting equipment. Management during
construction and operation of the proposal would effectively be an extension of the existing bush
fire hazard system. A fire protection zone would be created, including a cleared fuel-free zone
surrounding the reactor building, and a regularly mulched "fuel-reduced zone" of low-lying
vegetation created. All new buildings would be installed with smoke detectors, fire alarms and fire
hydrants.

17.3 Noise

Noise impacts resulting from construction activities are not expected to be audible above
background noise levels for most nearby residences in suburbs such as Menai, Barden Ridge and
Woronora Heights. Adopting worst case assumptions, however, the relevant NSW Environment
Protection Authority construction noise guideline might be exceeded by one decibel at the nearest
residences in Alpine Place, Engadine if no action was taken. This worst case scenario is unlikely to
occur because it assumes that all construction plant are operating simultaneously during
unfavourable wind conditions, which is unlikely to occur in reality. Some noise disturbance to
normal operations and research activities conducted at the Lucas Heights Science and Technology
Centre may occur during construction, depending on the presence of intervening buildings. To
mitigate potential noise impacts, the period of bulk excavation works would be minimised and
quiet-running plant would be selected wherever possible.

Noise from operation of the proposed replacement reactor would not be discernible above
background noise levels. The only potential noise sources from the proposal would be a diesel
generator and the cooling towers for the replacement reactor. The maximum calculated noise levels
from these sources would not exceed those recommended by the NSW Environment Protection
Authority for the nearest residences and noise levels would generally not be discernible at the
boundary of the Centre.
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17.4 Visual and Landscape

The Lucas Heights Science and Technology Centre is surrounded by bushland, deep river valleys
and large water bodies that create a relatively high quality visual environment. The Centre has a
moderate visual impact for residents closest to the Centre in Engadine (Figure JO). For other
residents within the viewing catchment, the Centre appears as a relatively small feature nestled in
bushland on the horizon and has a low visual impact.
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/ •
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Figure 10 View of the Lucas Heights Science and Technology Centre from Engadine.

The proposed replacement reactor would have only a minor impact on local visual quality. The
reactor building and discharge stack would be visible to Engadine residents. From most views
however, these features would represent only a minor addition to the built environment of the
Centre. Night lighting would be necessary during construction of the proposal, for intermittent
periods of short duration; and operation. Most of the lighting, however, would be shielded by
existing vegetation surrounding the site.

17.5 Cultural and Heritage

No Aboriginal relics, sites or potential sites were identified within the site of the proposed
replacement reactor. The closest potential archaeological deposit is located approximately 30
metres south of the site, within Melinga Molong Gully. Environmental management for the
protection of the shelter would involve erosion and sedimentation control to protect against
damage during preparation of the fuel-reduced zone.

No non-Aboriginal cultural heritage items were identified within the site of the proposed
replacement reactor. No sites of non-Aboriginal cultural heritage significance would be affected by
the proposal.

E

I B . Environmental Management

Environmental management of ANSTO's activities at the Lucas Heights Science and Technology
Centre is governed by existing policies, including the Health, Safety and Environment Policy, the
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Occupational Health and Safety Policy and the Radioactive Waste Management Policy. These
policies form the basis of ANSTO's existing environmental management system and would
continue to apply to the proposed replacement reactor, but would be refined and updated to ensure
compliance with relevant legislation and international best practice. This would involve developing
an environmental management system that is consistent with the principles of the ISO 14000 series.
The system would also be required to comply with any conditions proposed by the new regulatory
authority ARPANSA.

Environmental management during operation of the proposal would be based on existing ANSTO
policies. The current environmental monitoring program would be modified in certain areas to
apply to the replacement reactor and would be extended to identify and measure any differences
between impacts predicted in the Draft EIS and actual impacts, should they occur. Information
would be provided to the local community on a regular basis and the annual environmental report
would provide details of the monitoring that would be undertaken during construction and
operation of the proposed replacement reactor.

Environmental commitments made by ANSTO in relation to the proposal are detailed in Appendix
I of the Draft EIS.

19. Decommissioning

Overseas experience demonstrates that with appropriate planning and management,
decommissioning can be carried out without adverse effects on health or the environment. The
decommissioning of HIFAR and eventually the proposed replacement reactor would draw on this
international experience to ensure that no adverse health or environmental impacts occur.
Decommissioning research reactors is simpler than power reactors.

All hazards and risks associated with decommissioning would be addressed in detail in a
Decommissioning Plan. Proper procedures and technologies would be identified for each potential
hazard to ensure potential adverse outcomes for health, safety and the environment are prevented
or that the consequences of outcomes are acceptable. The preferred HIFAR decommissioning
strategy is based on a three stage process extending beyond 30 years from the reactor shutdown. The
three stage decommissioning plan is designed to limit potential hazards to the decommissioning staff
and ensure that decommissioning does not pose off-site risks to the general public or the
environment. Before the 30 year period of stage 2 has expired, ANSTO would re-examine further
decommissioning options and determine the best strategy, which may involve entombing the
HIFAR reactor in concrete, complete dismantling or further delaying action until the radioactivity
levels have decayed further.

The removal of irradiated fuel and coolant from the reactor would eliminate the major radiological
hazard, after which the reactor would enter into a monitoring and surveillance period. However,
other radiological hazards would remain in the form of activated structural components and possible
surface contamination on internal components. The main hazards in dismantling activated and
contaminated structures are direct radiation exposure and generation of airborne contamination
from decommissioning activities. Monitoring of tritium and other radioactive contaminants in the
air would therefore be required throughout the decommissioning process. The outer containment
building which limits the risk of release of airborne contaminants would remain in place until the
activated and contaminated reactor structures are dismantled.
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Following decommissioning of HIFAR, the site would continue to be used for future research
activities. It is uncertain at this stage what the final use of the site of the proposed replacement
reactor would be.

The replacement reactor would have requirements for the design to include features which would
assist decommissioning at the end of its life.

"0

SO. Cumulative Impacts and
Ecologically Sustainable Development

Impacts of the proposed replacement reactor on the social, physical and biological environments
have been assessed in Part E of the Draft EIS. The cumulative impacts arising from the construction
and subsequent operation of the proposed replacement reactor for a period of not less than 40 years
are expected to be small, particularly if the management measures outlined in the Draft EIS are
implemented.

The site for the proposed replacement reactor has been well characterised and the impacts of
HIFAR monitored over the past 40 years. Provided the mitigating measures are taken, and given
the commitment that radioactive waste would be removed from Lucas Heights, the analyses in the
Draft EIS have indicated that there are no significant issues raised under the principles of
ecologically sustainable development.

Si . Overview/ of impact Assessment and Conclusions

Construction and operation of the proposed replacement reactor would result in a range of benefits
in health care, the national interest, scientific achievement and industrial capability.

None of the alternatives to the proposal considered can meet all of the objectives of the proposal.

Costs associated with the proposal are the expenditure of $286 million (in 1997 dollars) for design
and construction and the annual operating and maintenance costs. These operating and
maintenance costs are estimated to be $12 million per year and include the management of the
spent fuel from the replacement reactor as well as the environmental management costs of waste
management, safety and environmental monitoring. Decommissioning costs for the replacement
reactor would arise at the end of its lifetime, around 40 years after construction.

There are a range of environmental impacts associated with the proposal. The environmental
assessment of the proposal to construct and operate a replacement reactor described in the Draft
EIS has shown that the scale of environmental impacts that would occur would be acceptable,
provided that the management measures and commitments made by ANSTO are adopted.
Furthermore, the risk from normal operations or accidents has been shown to be well within
national and internationally accepted risk parameters.

Other issues related to the proposal that could result in a range of potential environmental impacts
arise from the need to transport spent fuel, ultimately decommission the replacement reactor and
construct the national radioactive waste repository and the national storage facility. These activities
would be subject to environmental assessments and regulatory approval processes.

PPK Environment & Infrastructure



The relative importance that should be placed on these costs and community concerns compared
to the need and benefits of the proposal is ultimately a matter for judgement by the Commonwealth
Government when considering the results of this Draft EIS, the Final EIS (which takes into account
submissions by the community) and other relevant material.

How to Make A Submission

An important objective of the EIS process is to ensure that all relevant information has been
collected and assessed so that the Commonwealth Government can make an informed decision on
the proposal. Making a submission is a way for the community to provide information to the
proponent and the decision makers about the proposal. Interested persons, groups and authorities
are encouraged to make a submission on this Draft EIS.

What: Can be Included in a Submission?

A submission can comment on any aspect of the proposal. It may provide information, options or
suggestions on the material contained in the Draft EIS or may also identify errors or omissions.
Comments may be made on general issues or specific items, they may cover related facts or topics
that should be considered and may include suggestions on how to improve the proposal.

Haw to SViake a Submission

It is helpful if you can:

B provide your comments in point form so that the issues raised are clear to the reader;

• refer each point to the appropriate sections of the Draft EIS;

• include your name, address and date; and

• ensure that the submission is as clear as possible if hand written.

All submissions will be treated as public documents unless confidentiality is requested.

The Draft EIS will be available for public review from the date published in the Australian
Government Gazette. The closing date for submissions and the locations of exhibition points will
be notified in press advertisements and in a newsletter which will be distributed to the local
community around the Lucas Heights Science and Technology Centre.

Submissions can be made by letter and should be sent to:

Replacement Research Reactor EIS
Environment Assessment Branch
Environment Australia
GPO Box 787
Canberra City
ACT 2601
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What Happens Next?

Copies of all submissions will be made available to ANSTO and PPK Environment &
Infrastructure. A Final EIS will then be prepared taking into account the content of the public
submissions received. The Final EIS will also be a public document.

After receiving the Final EIS, Environment Australia will prepare its advice to the Minister for the
Environment taking into account the contents of the Draft EIS, the Final EIS and public
submissions received. The Minister will then provide his advice on the proposal to the Minister for
Industry, Science and Tourism including any suggestions and recommendations of the protection of
the environment.

The decision on whether to proceed or not to proceed with the proposal may then be made by the
Commonwealth Government.
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Overview %¥::;the
Proposal

This chapter provides a brief history of nuclear research activities in Australia, defines the objectives of the
proposal to construct and operate a replacement nuclear research reactor at Lucas Heights and broadly
describes the study area and regional setting for the proposal. It examines the following matters raised by the
E1S Guidelines (refer Appendix A):

Section of EIS
Guidelines

2.1

2.1

2.1

Outline of Issue

Objectives of the proposal

Anticipated timing of the proposal

Ageneral descriptionof the study area and regional setting

Section of this
Chapter

1.2

1.2

1.1, 1.3

Soon after World War II, the Commonwealth Government became interested in the potential
benefits of scientific and industrial applications of atomic energy. After several years of
investigation, the Australian Atomic Energy Commission was established in 1953 to research and
develop the practical uses of atomic energy.

A major initiative to achieve this aim was the construction and commissioning of the High Flux
Australian Reactor (HIFAR) at Lucas Heights in Sydney in the mid-1950s. In 1958 the first self-
sustaining atomic chain reaction was achieved within the reactor and it has operated routinely at
full power since 1960.

HIFAR was originally built as a materials test reactor to determine how various materials and
nuclear fuels would behave in a nuclear core, and to develop knowledge of nuclear chemistry and
nuclear physics in Australia. The design of the reactor, however, provided sufficient flexibility to
ensure that it could be adapted to meet changing needs over the last 40 years. Consequently,
HIFAR has had many modifications both to satisfy increased demand for irradiation and research
capabilities, to facilitate entering into the era where an understanding of nuclear science has
resulted in it being an enabling science in developing many science and engineering disciplines, and
to upgrade its nuclear safety features.

In 1987, the Australian Nuclear Science and Technology Organisation (ANSTO) was established
to replace the Australian Atomic Energy Commission. The role of ANSTO, as set down in the
Australian Nuclear Science and Technology Act 1987, taking account of the broad enabling role of
nuclear science and technology, is to:

• provide expert scientific and technical advice across the nuclear fuel cycle to government
and to support national strategic and nuclear policy objectives;
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• develop, operate and facilitate utilisation by the Australian scientific and industrial
community of large nuclear science and technology based facilities in Australia and overseas;

• undertake research and provide training to advance the understanding of nuclear science
and nuclear fuel cycles;

• encourage disseminate and facilitate the implementation and utilisation of the results of
such research and development;

B condition, manage and store the materials and radioactive waste arising from these
activities; and

B provide and sell goods and services arising from the production and use of radioisotopes and
the use of isotopic techniques and nuclear radiation.

Over the years there have been a number of reviews of Australia's nuclear science and technology
needs and capabilities. These included reviews in 1985 and 1992 by the Australian Science and
Technology Council (Australian Science and Technology Council, 1985; Australian Science and
Technology Council, 1992) and a review of the role of the Australian Atomic Energy Commission
in 1986 (Committee of Review of the Australian Atomic Energy Commission, 1986) prior to the
establishment of ANSTO.

In 1993, the then Commonwealth Government appointed a panel led by Professor McKinnon to
investigate the present operation of HIFAR; review the need for a new research reactor; and if it
found that there is a need, consider possible locations for a new reactor, its environmental impact
at alternative locations, recommend a preferred location, and evaluate matters associated with the
regulation of the facility and organisational arrangements for reactor based research. Commonly
known as the Research Reactor Review (McKinnon, Henderson-Sellers and Hundloe, 1993a,b) a
number of recommendations and conditions were made both in relation to the continued operation
of HIFAR and the potential for the establishment of a new research reactor.

On 3 September 1997 the Minister for Science and Technology announced the proposal to
construct a replacement research reactor at Lucas Heights (McGauran, Hon. P, 1997). This reactor
is to replace the 40 year old, technologically obsolete HIFAR which is expected to reach the end of
its operational life around 2005. Given the eight year lead time necessary to specify, design,
construct and commission any replacement reactor, all critical decisions were needed in a timely
manner. The Minister stated that the proposal "will meet the strictest international nuclear safety
standards and its construction will be subject to a stringent environmental assessment process under the
Environmental Protection Act 1974 (sic), which will be open to public comment" (McGauran, Hon. R
1997). Other initiatives or decisions announced at the same time included:

B the establishment of a new agency to be known as the Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA) to regulate and licence the Commonwealth's future
nuclear and radiation activities. ARPANSA will combine the existing resources of the
Australian Radiation Laboratory and the Nuclear Safety Bureau. The legislation to establish
ARPANSA is currently before the Federal Parliament;

• that the Government has decided not to establish a reprocessing facility for spent nuclear
fuel at Lucas Heights or anywhere else in Australia;

• the setting aside of $88 million to remove spent nuclear fuel rods from the existing facility
at Lucas Heights and meet the costs of reprocessing overseas; and
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• that the Government will continue to support ANSTO's initiatives in developing Synroc
technology as a long term future option for safely disposing of waste arising from spent fuel
and other nuclear activities from the replacement reactor.

Because of the proposal's potential to have a significant impact on the environment, the
Commonwealth Minister for the Environment decided that it would be appropriate to prepare an
environmental impact statement (EIS) in accordance with the procedures contained in the
Environment Protection (Impact of Proposals) Act 1974- In January 1998, Environment Australia
prepared and issued final Guidelines for the EIS following a period of public review and comment
(refer Appendix A). This Draft EIS addresses the potential environmental impacts in the context of
the issues raised by the Guidelines.

In October 1997 the Commonwealth Senate referred the proposal to construct a new research
reactor to the Senate Economics References Committee. The findings of the Committee were not
available to be considered during the preparation of this Draft EIS, however, key submissions made
to the Committee by interested parties were considered.

•••• •.—•'"rfris^Jff-y---^^-"^—':..:. .- - J

The purpose of the replacement research reactor is to replace the technologically obsolete HIFAR
and to provide the Australian medical and science community and industry with access to a
modern, multi-purpose reactor with the performance and facilities necessary to maintain and
enhance Australia's nuclear science and technology capabilities across the range of defined needs.
The specific objectives of the proposal are to:

• maintain and enhance health care benefits provided to the community and ensure security
of supply through the local production of the quantities and the known likely range of
diagnostic and therapeutic radiopharmaceuticals needed to satisfy Australia's requirements
over the next 40 to 50 years;

• maintain Australia's nuclear technical expertise in order to provide sound advice to
Government in support of nuclear policy issues of strategic national interest and its
international obligations in this area;

B provide a neutron beam research facility which would not only meet Australia's own
scientific and industrial research needs, but would also be a regional centre of excellence.
Research undertaken using this facility will have broad applications to investigations in a
wide spectrum of scientific and industrial fields, including the life sciences and medicine,
environmental science, chemistry, materials science and engineering science;

• provide research and research training facilities and programs to enhance the educational
opportunities available to Australia's scientists and engineers;

• provide industrial isotopes and facilities for neutron activation analysis, irradiation of
materials, and neutron radiography to service the needs of agriculture and industry,
particularly in the electronics, environmental, resource and minerals processing industries;
and

• achieve the construction and operation of the facility in a manner that meets all health,
safety, environmental and quality standards. This includes meeting community expectations
as well as all legal and regulatory requirements and applicable standards.
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To meet these objectives it is proposed to construct and operate a replacement research reactor at
the Lucas Heights Science and Technology Centre site in Lucas Heights, located 30 kilometres
south-west of Sydney's central business district as shown in Figure 1.1. The replacement reactor
would be located near the existing HIFAR as shown on Figure 1.2.

Key elements of the proposal, which are discussed in greater detail in Ouipter 5 of this Draft EIS,
include:

• the proposed reactor itself, which would be a pool type with a higher neutron flux and
enhanced flexibility, capability and facilities for production of neutron beams for research
and irradiation purposes compared to the existing closed tank design of HIFAR;

• use of low enriched uranium fuel compared to the existing use of high enriched uranium in
HIFAR; and

• associated buildings and supporting facilities such as:

- the building enclosing the reactor;

- a pond for temporary storage of spent fuel;

- a discharge stack for gaseous emissions;

- cooling towers and a pumphouse for the cooling system;
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- an office block and workshop space situated within the reactor building complex; and

- a beam hall, immediately adjacent to and connected to the reactor building, for research
activities; and

• management of spent fuel from the proposed reactor.

Design and construction would be anticipated to commence in the year 2000 and commissioning
of the replacement research reactor would be completed by 2005. It would have an operational life
of at least 40 years. HIFAR and the replacement reactor would need to operate simultaneously for
a short period during the commissioning of the replacement reactor. After this, HIFAR would be
shutdown permanently and decommissioned.

1.3.1 Social Context

The proposed replacement research reactor would be located within the Lucas Heights Science and
Technology Centre which is situated within the local government area of Sutherland Shire. A 1.6
kilometre buffer zone within which there is no residential development, exists around the existing
HIFAR facility and would continue to be maintained around the proposed replacement reactor.

Extensive urban development has occurred over the last 30 years in the western portion of the
Sutherland Shire. Consequently, relatively new suburbs exist to the east and north-east of the buffer
zone. The suburbs of Engadine and Heathcote existed at the time the Lucas Heights Science and
Technology Centre was established. To the south and west of the buffer zone there are large areas
of bushland located within Heathcote National Park and the Holsworthy Military Area.

Sutherland Shire has a population of approximately 194,000 persons at the 1996 Census. The more
established suburbs in the eastern portion of the Shire have generally experienced a decline in
population over the past two decades, with the newer suburbs in the western portion of the Shire
where the Lucas Heights Science and Technology Centre is located, experiencing steady growth
over this period. A six percent increase in the population of Sutherland Shire is expected by the
year 2021 as described in Chapter 7.

Interest in the proposal can be described on a local, regional and national level. Based on available
data on community participation and interest in the proposal as discussed in Sections 2.1.4, and
73.1, the potential impacts of the proposal on local, regional and national communities addressed
in this Draft EIS have been based on the following assumptions:

• that there is a local "community of interest", encompassing residents in 22 suburbs located
near (up to a distance of 13 kilometres) the Lucas Heights Science and Technology Centre,
which presently has a population of approximately 129,000 persons;

• that there is a regional "community of interest" which is based on the whole of the Sydney
region, which presently has a population of approximately 3.7 million persons; and

• that there is a national "community of interest" that includes the whole of Australia, which
presently has a population of approximately 18.3 million persons.
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1.3.2 Physical and Biological Context

The Lucas Heights Science and Technology Centre is located on the Woronora Plateau which
includes a series of deeply incised river valleys that generally flow in a north-easterly direction
towards the Georges River. The Plateau and surrounding areas contain large tracks of protected
bushland within the Royal and Heathcote National Parks. There is also a significant level of
protection for the bushland contained within the buffer zone surrounding the Centre and the
Holsworthy Military Area. This bushland significantly influences the biodiversity values and visual
character of the regional physical and biological environment.

Studies of the physical and biological impacts of the proposal undertaken for this Draft EIS involved
defining a number of different study areas based on the nature of the particular issue being
examined. These study areas included the actual site of the proposed replacement reactor (an area
of approximately four hectares), the area of the whole of the Lucas Heights Science and Technology
Centre (an area of approximately 70 hectares), the buffer zone surrounding the Centre (an area of
approximately 1,000 hectares) and the region which has generally been defined to include the
Woronora Plateau geographic region which extends from Campbelltown to the eastern seaboard
and from the Georges River to Wollongong (an area of approximately 210,000 hectares) (Herbert
andHelby, 1980).
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The Decision Making

This chapter outlines how a decision on the proposal will be made, identifies the proponent, and describes
the requirements and procedures for carrying out an environmental assessment. The role and structure of
this Draft EIS is outlined, and related legislation, agreements and conventions identified. It examines the
following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS
Guidelines

2.1

2.1

2.2

2.2

2.2

Outline of Issue

Scope and legislative basis for this EIS

Role of this EIS in decision making process

Brief description of studies/surveys/'consultations

Summary of consultations

Structure of this EIS

Section of this
Chapter

2.1.1, 2.2.1,2.2.2,2A

2.13,23.1,23.2

2.14,2.2.1

2.1.4

233

2.1.1 Why is an EIS Required*?

The proposal by the Commonwealth Government to construct and operate a replacement research
reactor at the Lucas Heights Science and Technology Centre is subject to environmental assessment
under Commonwealth environmental legislation. The main legislation of relevance is the
Environment Protection (Impact of Proposals) Act 1974, and its regulations and administrative
procedures. The environmental assessment process established by this legislation is illustrated in
Figure 2.1 and is described below.

The environmental assessment process is triggered when, in the judgement of the responsible
Commonwealth Minister, a proposed action or works could have significant consequences for the
environment. In this circumstance, the matter is referred by the responsible Minister to the Minister
for the Environment, who requires the proponent of the action or works to submit a Notice of
Intention, outlining the proposal in greater detail. In the case of the replacement research reactor,
the responsible Minister is the Minister for Industry, Science and Tourism.

On the basis of the Notice of Intention, the Minister for the Environment, or Environment
Australia on his/her behalf, determines the level of environmental assessment necessary to meet the
objectives of the Act. For the proposed replacement research reactor the Minister determined that
an EIS would be required. Environment Australia then consults with the proponent and issues
guidelines for preparation of the appropriate documentation, often after consultation with other
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Figure 2.1
Environmental Assessment Process

organisations or individuals, or following public consultation. Following the close of a period of
public review, the comments received are analysed and the guidelines finalised. While the
legislation establishes the general requirements of an environmental impact assessment, it is these
final detailed guidelines as drawn up by Environment Australia that are of specific relevance to the
preparation of this Draft EIS. However, as pointed out by Environment Australia in the Final EIS
Guidelines, "while every attempt has been made to ensure these guidelines address all relevant issues
associated with this proposal, they are not necessarily exhaustive" and do not exclude from consideration
additional matters that emerge as important from environmental studies or consultations associated
with preparation of the Draft EIS. These guidelines are set out in Appendix A.
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2.1.3 Who is Preparing this Draft ESS?

ANSTO has been designated the proponent, under the Environment Protection (Impact of Proposals)
Act 1974, for the proposal to construct and operate a replacement research reactor. As proponent,
ANSTO is responsible for preparation and submission of the EIS in relation to the proposal. PPK
Environment & Infrastructure Pty Ltd (PPK) was appointed by ANSTO in December 1997 to
prepare the EIS.

For all EISs that are prepared, the proponent has a role to provide information about the description
of the proposal and any alternatives to the proposal that have been considered. ANSTO has
provided such information for this EIS. PPK has reviewed the information and has identified the
potential impacts of the proposal by carrying out a range of studies and technical investigations.

PPK has assembled an EIS study team for this purpose. The EIS study team is listed in Appendix B.
NNC Limited, a specialist consulting firm from the United Kingdom with nuclear expertise, was
engaged by PPK as part of the EIS study team to undertake a hazard and risk assessment, and studies
of emissions and waste management issues. Assistance was also provided by NNC to PPK in
contributing to and reviewing aspects of the proposal relating to its description, the need and
alternatives to the proposal, decommissioning and regulatory matters.

2.1.3 Making the Decision

When the Draft EIS prepared in accordance with the guidelines is completed, it is placed on public
exhibition for a minimum period of 28 days. Advertisements are placed in national, metropolitan
and local newspapers, advising where copies may be viewed or purchased.

During this review phase of the Draft EIS, any interested person, group or authority may make a
submission on it to Environment Australia. Environment Australia forwards copies of all
submissions received to ANSTO for response. A Supplement to the Draft EIS is then prepared by
ANSTO, which includes responses to all the issues raised in the submissions, as well as any
additional information that may be relevant.

The Draft and Supplement together make up the Final EIS which is then submitted to Environment
Australia so that it can:

• examine the document to ensure that the intent and requirements of the relevant legislation
and the guidelines have been met;

• determine whether additional information is required;

• assess the environmental impacts of the proposal; and

• formulate recommendations.

Environment Australia then presents an Assessment Report to the Minister for the Environment.
The Minister considers the Final EIS, taking account of the Assessment Report, and may make
comments and/or recommendations to the responsible Commonwealth Minister. These
recommendations would include measures that the Minister considers necessary for the protection
of the environment.

The Final EIS and the Assessment Report will be made available to the public.
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S.I . 4 ConsuItatiDn

Consultation Prior to Preparing the EiS

Draft guidelines for this EIS were prepared by Environment Australia and made available for public
review in November 1997. The purpose of issuing draft guidelines is to ensure all relevant issues are
identified and to facilitate public understanding of the EIS process. The draft guidelines were
finalised after considering the 117 submissions received during the public review period and
released in January 1998. Copies of the guidelines were subsequently made available at all
consultation activities held throughout the preparation of the Draft EIS.

Requirements for Consultation During Preparation
and Public Exhibition of the EiS

Requirements for consultation contained in the Environment Protection (Impact of Proposals) Act
1974 involve placing the Draft EIS on public exhibition for a period of not less than 28 days and
taking into account any submissions made during this period before making a decision on the
proposal. This Act does not specify a requirement for consultation prior to the preparation of the
Draft EIS, however, ANSTO, through PPK has adopted a consultation approach which has sought
to involve the community throughout the entire environmental assessment process, including the
public exhibition of the Draft EIS.

The objectives of the consultation approach for the Draft EIS were to:

• design and implement an appropriate consultation program to operate for the duration of the
EIS process;

• identify key stakeholders and understand their interest in the project;

a liaise as required with community groups, industry groups and other stakeholders on matters
which arise during the course of the study;

• build awareness and understanding of the EIS process especially the roles of the proponent,
Environment Australia and PPK;

• provide opportunities for the community to raise issues for consideration in the EIS process;

• provide feedback to the community on issues raised;

• develop appropriate material and aids to adequately communicate the results of the EIS to
all interested audiences; and

B comply, as a minimum, with the statutory requirements for public review of the Draft EIS.

The main consultation activities conducted during preparation of this Draft EIS are described in
Appendix C and are summarised as follows:

B distributing two newsletters outlining the proposal, the EIS process and issues raised during
the process to 21,000 and 40,000 households respectively in the Sutherland Local
Government Area. The first distribution to households relates to the area with which
ANSTO regularly communicates, while the second distribution relates to the local
community of interest defined in Chapter 7;

• establishing an EIS Internet website and telephone information line;
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B participating in meetings with Sutherland Shire Council and a range of community
interest groups;

• conducting mobile staffed displays at Menai Marketplace, Engadine and Sutherland
Shopping Centres;

• conducting information days at Menai and Como;

• participating in an open day at the Lucas Heights Science and Technology Centre;

• conducting a briefing for internal ANSTO personnel; and

• placing advertisements in local, metropolitan and national newspapers announcing the
commencement of the EIS process, informing the audience how they may participate in the
EIS process and publicising the mobile displays.

Ongoing Consultation

A similar range of consultation activities will be carried out during the exhibition period of this
Draft EIS. Advertisements announcing where the Draft EIS may be viewed or purchased have been
placed in local, metropolitan and national newspapers. Selected exhibition locations will be staffed
by members of the EIS study team for most Saturdays during the public exhibition of the Draft EIS.

All interested individuals and groups are invited to make submissions in writing to Environment
Australia. Guidelines explaining how to make a submission are outlined in the Summary of this
Draft EIS.

S.S.I Scope of the Environmental Assessment

This Draft EIS assesses the environmental impacts of the construction and operation of a
replacement research reactor at the Lucas Heights Science and Technology Centre. The issues
examined in this Draft EIS are fully detailed in the guidelines prepared by Environment Australia
(refer Appendix A).

This Draft EIS makes a contribution to public information and understanding of the potential
environmental impacts of the proposal by addressing relevant aspects of the construction and
operation of a replacement nuclear research reactor. The adequacy of the overall scope of the
environmental assessment is subject to review during and after exhibition of the Draft EIS, and will
be a matter for consideration by the Commonwealth Government.

The EIS addresses environmental issues relating to the treatment, disposal and environmental
management of spent nuclear fuel rods from the proposed replacement research reactor. While
these issues are addressed in the context of the management strategy for spent fuel from the HIFAR
facility, the EIS Guidelines exclude from consideration in the Draft EIS issues associated with the
treatment of spent fuel from the existing HIFAR facility. This issue has been and will continue to
be subject to separate assessment, including under the Environment Protection (Impact of Proposals)
Act 1974.

In addition, this Draft EIS generally addresses issues associated with the eventual decommissioning
of the proposed replacement research reactor, and decommissioning of the existing HIFAR facility.

Environment & Infrastructure Pfcy Ltd



the decision making process

Feasible options for decommissioning, likely timing and constraints are outlined in this Draft EIS,
however, decommissioning of either the HIFAR facility or the proposed replacement reactor will
not proceed until further detailed studies and environmental assessment are undertaken by the
relevant Commonwealth Government.

Further, this Draft EIS sets out the site selection criteria taken into account by the Commonwealth
Government in selecting Lucas Heights as being a suitable site for the replacement reactor. The
Guidelines issued by Environment Australia do not require this EIS to address or investigate
alternative locations outside the site of the Lucas Heights Science and Technology Centre.
However this issue is addressed in a generic sense in Sections 3.8 and 6.8.

During preparation of an EIS there are often various technical and scientific issues arising, which
limit the scope of a particular specialised assessment. In some cases this is because of the long time
periods (up to 30 years) over which subsequent decisions have to be made and partly because of the
need to undertake more detailed environmental assessment closer to the time of carrying out that
decision or action. Where such issues exist, which affect the results or assessment in any one
specialist area, these limitations are identified at the appropriate place in the Draft EIS.

2.S.S Ecologically Sustainable Development

An important international convention that has been adopted by the Commonwealth is the
principle of ecologically sustainable development. While no universally accepted definition exists of
what constitutes such development, in 1990 the Commonwealth Government suggested the
following definition for ecologically sustainable development in Australia:

"Using, conserving and enhancing the community's resources so that ecological processes, on which life
depends, are maintained, and the total quality of life, now and in the future, can be increased"
(Commonwealth of Australia, 1992).

The National Strategy for Ecologically Sustainable Development defines the goal and establishes
appropriate core objectives and guiding principles. The core objectives are (Commonwealth of
Australia, 1992):

• to enhance individual and community well-being and welfare by following a path of
economic development that safeguards the welfare of future generations;

• to provide for equity within and between generations; and

• to protect biological diversity and maintain essential ecological processes and life
support systems.

The core objectives and guiding principles of the National Strategy for Ecologically Sustainable
Development have been reduced to four principles for environmental impact assessment in NSW.
These principles are also consistent with those contained in the Intergovernmental Agreement on
the Environment (Council of Australian Governments, 1992) agreed by the Commonwealth,
State and Territories. They are set out in the NSW Environment Planning and Assessment
Regulation 1994 and have been adopted as the basis for considering ecologically sustainable
development in this Draft EIS:

• the precautionary principle. If there are threats of serious or irreversible environmental
damage, lack of full scientific certainty should not be used as a reason for postponing
measures to prevent environmental degradation;
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B inter-generational equity. The present generation should ensure that the health, diversity
and productivity of the environment is maintained or enhanced for the benefit of future
generations;

• conservation of biological diversity and ecological integrity; and

• improved valuation and pricing of environmental resources.

The manner in which the principles of ecologically sustainable development have been
incorporated into this Draft EIS is explained in Chapters 7 and 20.

^ MSHIgiiEBaSflagBkt't^i'-^jiitj-Role and Structu
Impact Statemen

2.3. i Role of this Draft EIS

The environmental assessment process seeks to ensure that all relevant environmental matters are
examined, and that community groups with particular interests have had the opportunity to raise
relevant issues. The EIS is an important part of this process, but not the only part.

The Draft EIS provides information about the proposal to decision makers within the relevant
authorities, as well as to interest groups and the community generally, and provides a basis for them
to convey their views on the proposal to the government. It documents, assesses and quantifies
where possible, potential impacts and benefits associated with the proposal. The data and
information contained in the EIS also provide a useful baseline for future monitoring of the
environmental performance of the proposal.

The role of this Draft EIS is to assist those with the responsibility for making a decision on the
matter, but the Draft EIS does not make the decision itself. The environmental assessment does not
attempt to weigh up or place values on all the issues the Commonwealth Government will consider
when reaching a decision. It does, however, provide information to the Commonwealth and other
levels of government, to various authorities, interest groups and the community, that enables them
to form an opinion as to which are the most and least important issues to be considered. The EIS
helps to ensure that the government makes its decision with full available knowledge of the positive
and negative impacts of the proposal.

2.3.S Objectives of this Draft EIS

The Environment Protection (Impact of Proposals) Act 1974 seeks 'to ensure, to the greatest extent that
is practicable, that matters affecting the environment to a significant extent are fully examined and taken
into account' (Section 5). Having regard to the Act, and the objectives set out in the EIS Guidelines
(Appendix A), the following objectives have been adopted for this Draft EIS:

H to comply with relevant legislative requirements for the environmental assessment of the
replacement nuclear research reactor proposal;

0 to provide a source of information to the Commonwealth Government, the community and
other interested parties, about the need for the proposal and any available alternatives; the
environment of the proposal and what potential impacts it would have on that environment;
and the measures that might be taken to mitigate the impacts;
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• to provide an overview of the cumulative benefits and adverse impacts of the proposal and
its ability to satisfy the principles of ecologically sustainable development;

• to facilitate public consultation and informed public comment on the proposal; and

• in conjunction with the Supplement, to provide the Commonwealth Government with a
framework that will assist it to take into account in its decision making process the
environmental impacts of the proposal, and community opinion of those impacts.

2.3.3 Structure of this Draft EIS

Figure 2.2 provides an outline of the structure of the Draft EIS. A list of resource documents used
in its preparation is contained in the Reference list. This Draft EIS is structured to provide a logical
progression of the issues and to be consistent with the general content, format and style specified in
the guidelines. Three key considerations have shaped the structure of this Draft EIS:

• the need to describe the background to, and need for the proposal in the context of relevant
nuclear issues and activities in Australia (Part B);

• the need to describe the scale and physical characteristics of the proposed replacement
research reactor in the most effective way, using performance specifications as a basis for that
description (Part C); and

• the need to examine the environmental factors identified in the EIS guidelines, by interest
groups and the EIS study team, as being of most relevance in assessing the environmental
impacts of the proposal (Parts D and E).

This Draft EIS has been printed as two volumes. Volume 1 provides the main results of the
environmental assessment while Volume 2 provides more detailed information in appendices.
Detailed technical assessments of emissions and waste management and the technical analysis of
the reference accident have been included in Appendix F and Appendix G respectively. This has been
done to ensure that the assessment of issues is easily understood by those reading this Draft EIS and
that the EIS is as complete and self-contained as practical. An explanation of the meaning of the
most commonly used technical terms is contained in the Glossary at the end of this volume.

^^^^^^^it^^^^^^^^^^SE

In addition to this Draft EIS taking into consideration a range of legislation, agreements and
conventions relevant to the environmental impact assessment of the proposal, many of these will
continue to apply and influence subsequent decision making processes should a decision be made
to proceed with the replacement research reactor proposal. The legislation, agreements and
conventions governing this environmental assessment process, and also the regulatory regime for
Commonwealth nuclear activities, are set out in summary form in Appendix D and discussed further
in Section 3.6. While many important pieces of legislation and agreements affect these activities, the
following are highlighted:

• Commonwealth Environment Protection (Impact of Proposals) Act 1974, together with the
Regulations, Administrative Procedures and Guidelines;

• Australian Nuclear Science and Technology Organisation Act 1987;
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• Australian Radiation Protection and Nuclear Safety Agency Act 1998;

• Environment Protection (Nuclear Codes) Act 1978;

m Nuclear Non-Proliferation (Safeguards) Act 1987; and

• Occupational Health and Safety (Commonwealth Employment) Act 1991.

Under the Australian Nuclear Science and Technology Organisation Act 1987, ANSTO is required to
fulfil its over-riding obligation for reactor safety through management, assessment and review. The
Nuclear Safety Bureau, which was established by the Act, presently functions to monitor and review
the safety of any reactor operated by ANSTO. The Australian Radiation Protection and Nuclear
Safety Agency (ARPANSA) will be established to replace the Nuclear Safety Bureau and the
Australian Radiation Laboratory as the Commonwealth regulatory authority for nuclear activities.
The legislation to establish ARPANSA is currently before the Federal Parliament.

The design, construction and operation of the replacement research reactor will be reviewed and
approved by ARPANSA subject to meeting essential safety codes and standards. A Licence for
Nuclear Installation would need to be obtained by ANSTO to undertake site preparation activities
and to construct, commission, operate, maintain and modify the replacement research reactor. The
regulatory process is explained in more detail in Chapters 5 and 11, and its relationship to the
environmental assessment process is shown in Figure 2.3.

ANSTO is also subject to the requirements of several international treaties and conventions to
which Australia is a party (for a further discussion refer to Section 3.5). In some cases, these
conventions have resulted in the enactment of both Commonwealth and State legislation to control
nuclear materials and wastes (for further details refer to Appendix D). In addition, guidelines
developed by the International Commission on Radiological Protection and the International
Atomic Energy Agency will be adopted in the operation of the replacement research reactor
through the development of codes and standards by the new regulatory agency.

ANSTO has adopted a policy of complying with the standards set in relevant NSW environmental
and radiation protection statutes. These include the Radiation Control Act 1990, the Clean Waters
Act 1970, the Clean Air Act 1961, and the Water Board Act 1987 (and the requirements of the
various Regulations under these). These laws govern radiological exposures, airborne emissions,
discharges of wastewater to the Sydney sewer system and discharge of stormwater to waterways in
the surrounding area. ANSTO will continue to meet these standards pending introduction of
relevant Commonwealth legislation.
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background to the proposal

Background to the

This chapter provides the background to the proposal for a replacement nuclear research reactor. It describes
what a research reactor is and the general functions of research reactors. This serves as a background to
nuclear research activities in Australia and of ANSTO in particular. It also describes the regulatory
environment for the proposal. It examines the following matters raised by the EIS Guidelines (refer
Appendix A):

Section of EIS Outline of Issue Section of
Guidelines This Chapter

3.1 Description of objectives and functions ofANSTO, legislative basis 33,3.4
and activities undertakenat the Lucas Heights Science and Technology
Centre and other related sites

3.2 Brief history of HIFAR facility and related nuclear activities 3.2

3.3 Re commendations and conclusions of research reactor review and any 3.5
other relevant reviews

3.4 Backgroundbehind Government's decision for proposal 3.5

3.5 Timing considerations 3.5,3.8

3.6 Outline of various types of research reactors 3.7

3.7 General information on research reactors with a similar function to the 3.7
proposal in operation throughout the world

3.8 General information on responsibilities and relationships between 3.6
Commonwealth andState regulatory agencies on nuclear matters

3.9 implications, if any, ofGovernment strategies or arrangements for 3.8
management of radioactive wastes; proposals for low or intermediate
waste repository

3.10 Government decisions inregard to a nuclear fuel reprocessing facility 3.8

3.11 Consistency of the proposal with Austra lia 's non-proliferation and 3.6
related safeguards obligations

3.12 General management of reactor products and nuclear wastes from 3.8
research re actor activities at the Centre and regulatory environment

5.3 Siting requirements for proposed replacement reactor. Compliance with 3.8.1
Nuclear Safety Bureau and other criteria

8.58 Commonwealth State andLocal Government involvement and 3.6
responsibilities in regard to activities at the Centre and to the proposal,
nuclear products and disposal of wastes

10.9 Overview of regulations and role of regulatory authorities 3.6
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3.1.1 General Roles of Nuclear Research Reactors

Nuclear research reactors are used for production of radioisotopes for medical and industrial uses;
for scientific, medical and industrial research; for analysis of environmental and industrial samples;
for analysis of structures; for investigation into the characteristics of materials; for analysis of process
technologies; for the testing of new power nuclear reactor designs and in some countries, for
defence-related purposes. These functions are shown in Figure 3. J. The specific functions of a multi-
purpose or high neutron flux research reactor are discussed below.

1ESEARCH REACTORS

• Reactor Core
Physics

• Liquid Fuel
Solution for Fuel
Cycle Plants

• Gross Section
Measurements

Power Reactor
Design,
Demonstration
and Optimisation

Operator Training • Multi-purpose

Rfuoiear
Physics

1 Decay
Scheme
and Crass
Section
Studies

Neutron Heam
Applications

• Neutron
Scattering
and
Radiography

• Analysis of
structure and
characteristics
of solid and
liquid materials

isotope
P d t i

Fuel
Performance

Material
Teas Reactor

Medical
Irradiation

Activation
Analysis

1 Wide Range
of Industrial
and M8o"ical
Purposes

Figure 3. 1
Types of Research Reactors and Thair Functions
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3.1.3 Specific Functions

Medical Applications

Irradiation of an appropriate target by neutrons in a nuclear reactor is the means by which most
medical radioisotopes are produced. In the form of radiopharmaceuticals, reactor produced
radioisotopes are the foundation of nuclear medicine. Radiopharmaceuticals are used for both
diagnosis and therapy while certain other radioisotopes are used in the form of sealed sources for
cancer therapy. The diagnostic use of radiopharmaceuticals is now reaching its maturity whereas
therapeutic use is comparatively in its infancy (Department of Industry, Science and Tourism and
ANSTO 1998).

Radiopharmaceuticals are administered in two forms. They can be in the form of a simple medical
grade radioisotope or be combined with what is known as a "cold kit". ANSTO currently only
provide the former, however are gradually beginning to form alliances with small companies that
provide cold kits.

According to a recent study carried out by the Organisation for Economic Cooperation and
Development Nuclear Energy Agency, technetium-99m is used "in about 80 percent of the some 20
million nuclear medicine procedures performed each year worldwide" (Organisation for Economic
Cooperation and Development, NEA, in press). The six-hour half-life of technetium-99m and
single gamma emission of 140 kilo electron volts make it ideal for diagnostic imaging. Its chemical
properties make it suitable for labelling a wide range of compounds, which are taken up by disease
sites or organs in the body. The concentration of the radioactive compound at these sites can be
imaged externally in real-time with a gamma camera to aid diagnosis.

Technetium-99m is generated from the radioactive decay of molybdenum-99, which has a half-life
of 67 hours. It is supplied to hospitals as molybdenum99-technetiurn-99m generators. The high
specific activity molybdenum-99 required for the technetium-99m generators can only be
produced by separation from fission products resulting from the irradiation of small uranium-235
targets in research reactors (Organisation for Economic Cooperation and Development, NEA, in
press). Currently at the Lucaj Heights Science and Technology Centre, the parent molybdenum-
99 is produced by neutron irradiation of uranium-235 enriched (2.2 percent) uranium oxide
targets in the core of HIFAR.

The range of reactor produced radioisotopes used for medical diagnosis is continuing to increase.
Other commonly used reactor-produced radioisotopes in medicine, their half-lives, sources and
applications are shown in Table 3.1 (refer also Table 6.2 in Chapter 6)
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Half-life
28 days

5.2 years

2.3 hours

65 hours

26.8 hours

60 days

8 days

74 days

14 days

47 hours

6 hours

5.3 days

Application
dia gnos is

teletherapy andbrachytherapy

therapy

brachytherapy

therapy

diagnosis

diagnosis/therapy

brachytherapy

therapy

therapy

diagnosis

dia gnos is

Table 3 . 1 : Some Common Reactor Produced Radioisobopes Used in Medicine

Name

Chromium-51

Cobalt-60

Dysprosium-165

Gold-198

Holmium-166

Iodine-125

Iodine-131

Iridium-192

Phosphorus-3 2

Samarium-153

Technetium-99m

Xenon-133

Yttrium-90 64 hours therapy

Source: [Adapted from McKinnan, Henderson-Sellers and Hundloe, 1993s).

In diagnostic medicine, radiopharmaceuticals are used to provide information, through imaging, on
the physiological functions of the body, and to indicate when these are changed by the onset of
disease. In the case of lung cancer, for example, a single nuclear medicine scan with a diagnostic
radiopharmaceutical can assist the surgeon in evaluating whether or not a patient will benefit from
surgery (Department of Industry, Science and Tourism and ANSTO, 1998). Radioisotopes such as
iodine-125 are also used as radioactive tracer sources for in vitro medical diagnosis.

Examples of the uses of diagnostic radioisotopes are included in Table 3.2.

In recent times, three radioisotopes have dominated therapeutic applications. These are iodine-
131 (thyroid disorders), yttrium-90 (joint disorders) and phosphorus-32 (blood disorders), all of
which are produced in research reactors (McKinnon, Henderson-Sellers and Hundloe, 1993a).
The therapeutic use of strontium-89, rhenium-186 and erbium-169 is developing rapidly with
growing demand.

Radiopharmaceuticals are being increasingly used for palliative therapy to reduce pain or to delay
disease progression. For example, ANSTO now produces samarium-153 for palliation of bone pain
associated with metastatic cancer. Radionuclide therapy can be used to destroy cancer cells while
minimising the radiation dose to healthy organs. In this regard it can be compared favourably with
chemotherapy or external beam therapy.
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Table 3.S: Examples of Uses of Diagnostic Radioisofcopes

isotope Diagnostic Application

Technetium-99m Thyroid function

Heart disease

Kidney disease

Metastatic bonedisease

Lung disease

Liver function

Numerous other applications

Iodine-131 Thyroid function

Thyroid cancer

Neuroblastoma

Chromium-51 Anaemia

Kidney disease

Copper-64 Genetic disotders

(Wilson's disease and Menkes disease)

Iodine-125 In-vitro hormone analysis

Tha!lium-201 Heart disease

Source: ANSTD Sales Daca.

Scientific Research and Education

Modern research reactors provide high fluxes of neutrons with a wide range of energies
(neutrons are usually classified as cold - very low energies, thermal - intermediate energies, hot
- high energies).

The scattering of these neutrons by the nuclei of materials has become an important tool for
condensed matter research with, for example, around 4,000 neutron beam researchers in Europe
and over 1,000 in North America. In Europe the distribution of users by discipline is physics 46
percent, chemistry 26 percent, materials science 20 percent, life sciences four percent, engineering
three percent and earth sciences one percent (Riste, 1995), with users in the latter three disciplines
growing rapidly with development of new techniques. In Australia, there have been more than 130
higher degrees awarded for research predominantly using neutron beams (Kjems, 1997), and
between 1960 and 1990 more than 10 percent of Australian PhD graduates in the physical and
materials sciences used HIFAR's neutron beam facilities.

The strength of neutron scattering as an analytical tool stems from the unique properties of
neutrons: wavelength comparable to atomic spacings in solids and liquids; energy comparable to
excitations in solids and liquids; no electric charge so that they penetrate deeply into matter; and
sensitivity to nuclear and magnetic interactions.

PPK Environment & Infrastructure
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Neutrons have provided a number of scientific insights in the past into molecular materials such as
polymer blends, surfactants, emulsions and colloids and are generally expected to become even
more relevant as more complex soft materials are developed. The scattering of cold neutrons has
produced a revolution in our understanding of the structure and dynamics of polymeric solids and
fluids. However there are many other materials that are of practical importance in our lives for
which neutron scattering provides vital information. Examples include glasses, cementitious
materials, amorphous materials and liquids.

Areas in biology and biotechnology in which neutron scattering plays a significant role are
macromolecular assemblies, membranes and proteins. The function of proteins is intimately
associated with changes in their conformation. Neutrons provide insights into these processes
which are complementary to those obtained using X-rays or NMR techniques.

There are growing applications in the environmental and earth sciences in providing understanding
of fluid transport and behaviour processes. For example, neutrons can be used to elucidate the pore
structures in rocks through which fluids, such as salt water and hydrocarbons, move and accumulate
or through which formation fluids, that led to mineralisation, moved in the geological past. Direct
knowledge of the architecture of these pore spaces helps to reduce the exploration risk for both
directly extractable fluids, such as oil and gas, and for the other minerals. It also helps to reduce the
risks of extracting coal where methane can be "trapped" in coal seams.

There are also growing applications in process studies. Neutrons are being applied to probe the
interiors of running gas turbine engines, for example, to non-invasively measure temperature
profiles in key locations and to study engine wear. Other examples include: studying the behaviour
of lubricants inside working engines; stresses in rotating machinery; in situ investigations of bulk
dynamics and mechanisms controlling wall effects in processing of soft materials; and monitoring of
processes, such as powder processing, sintering and hardening.

industrial Applications

Research reactors are also used for a variety of industrial applications. Some of the major
applications include:

• neutron transmutation doping of silicon for use in silicon chip manufacture. This process
involves irradiating silicon ingots with neutrons in the reactor and produces silicon with
electrical properties superior to those produced by conventional chemical doping techniques;

B neutron activation analysis. This process involves activating samples of a material through
neutron-induced reactions and measuring the presence or concentrations of constituents by
detecting emitted gamma and X-rays. The technique is used to accurately measure minute
quantities of certain elements in samples, such as gold in ore samples. Areas of application
include mineral prospecting and exploration, in the resources industries, in environmental
pollution studies and the forensic investigation of crime;

B materials testing programs. These are undertaken to investigate changes in molecular
structure or damage caused by fast neutron irradiation. Such programs are also used in
studies to test the compatibility between different component materials used in power
reactors or other high radiation environments;

B radioactive sources for environmental applications. Radioisotopes are used as tracers to
study environmental processes. Examples include the offshore dispersion of sewage; and
sediment transport; contaminant transport dispersion and interaction in fresh water; and
groundwater tracing studies, including water velocity and water direction research
(ANSTO, 1995b);
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• neutron radiography. This non-destructive testing process, somewhat analogous to the use
of X-rays, involving using neutron beams to probe through manufactured components for
internal flows. Areas of application include examination of welds of turbine blades in jet
engines and in high speed steam turbines for electricity generation, and of a wide variety of
other industrial components that must function in extreme environments, including space;

• radioisotope sources for industrial radiography and nuclear gauges. Sealed radioisotope
sources are used for irradiation purposes by a wide range of industry sectors, such as plastics,
steel, concrete and minerals processing, to for example, measure levels and densities of
materials with high precision, to polymerise plastics and to "cure" rubber compounds; and

• gamma ray irradiation. Cobalt-60 produced from research reactors is used to provide
specialist industrial x-ray irradiation for the sterilisation of medical and veterinary products,
Pharmaceuticals, foods, plants and plant materials, as well as of insects for the sterile insect
technique of controlling infestations.

Except for neutron radiography, all of these applications have been or are being carried out with
HIFAR. Neutron radiography was carried out on the now shut down MOATA reactor which did
not have the space limitations of HIFAR. The proposed replacement reactor would enhance
capability in these areas and add neutron radiography to the range of industrial applications.

History of Nuclear Activities in Australia

3.S.I Overview of Nuclear Activities

Nuclear related activities in Australia began with the establishment of the Australian Atomic
Energy Commission by the passing of the Atomic Energy Act in 1953. The role of the Australian
Atomic Energy Commission was to consolidate all matters associated with atomic energy, in
particular to:

• develop the practical uses of atomic energy, by constructing and operating plant and
equipment, carrying out and assisting research;

• promote the search for, mining and treatment of uranium in Australia; and

• collect and distribute information relating to uranium and atomic energy (ANSTO, 1993b).

The particular interest of the Government at that time was to introduce nuclear technology to
promote national development and emphasis was given to a research and development program
to build up national nuclear expertise, including in nuclear chemistry, nuclear physics and
nuclear engineering.

In 1987 the Australian Nuclear Science and Technology Organisation Act established ANSTO to
replace the Australian Atomic Energy Commission.

Table 3.3 provides a chronological overview of the history of nuclear research activities in Australia
primarily related to scientific medical and industrial research. This assists in establishing the context
and background for the activities undertaken at the Lucas Heights Science and Technology Centre
and the history of HIFAR itself.
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Table 3.3: History of Nuclear Research Activities in Australia

Date

1946

1949

1953

1954

1955

1958

1960

1961

1963

1969

1972

1974

1975

1976

1979

Statutory/Policy/ Organisational
Events

Atomic Energy (Control of Material) Act
passed

Atomic Energy Act passed Royal Assent

Cabinet approved revised Australian
Atomic Energy Commission research
program, including a high flux materials
test reactor

Initiation of Commonwealth-State
discussions on introducing nuclear power.
Announcement of a nuclear power plant
for Jervis Bay

Jervis Bay project deferred indefinitely

Australian Atomic Energy Commission
participation in uranium exploration,
mining, treatment and sales in the
Northern Territory announced

Australian Atomic Energy Commission
began uranium exploration in the
Northern Territory

Australian Atomic Energy Commission
began solar and other energy studies

Development Events

Emphasis on securing a secure supply of uranium

Uranium discovered at Rum Jungle, Northern
Territory and at Radium Hill, South Australia

Australian Atomic Energy Commission formally
established

Cabinet approved Australian Atomic Energy
Commission laboratories to be built in Sydney

Land at Lucas Heights selected as Australian
Atomic Energy Commission Research
Establishment site. Site development begins. Order
placed in London for a heavy water research
reactor

HIFAR achieved initial criticality

Australian Atomic Energy Commission Research
Establishment opened

HIFAR began routine full power operation

Moata reactor attained initial criticality

Rum Jungle contract completed and mining
finished

Van de Graaff accelerator commissioned at the
Lucas Heights Science and Technology Centre

Work on Synroc radioactive waste technology
began in collaboration with Australian National
University
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Statutory/Policy/ Organisational
Events

CSIRO given responsibility for non-
nuclear energy research at Lucas Heights

Legislation introduced to replace the
Australian Atomic Energy Commission
with ANSTO

Date

1981

1985

1986

1987

1991

1992

1997

Source: ANSTO [1933b), [1393d].

ANSTO Act 1987 passed. ANSTO
established

Development Events

Silicon irradiation on behalf of Japanese companies
began at HIFAR

A plan of management adopted for the 1.6

kilometre buffer zone around HIFAR

Synroc demonstration pilot plant commissioned

Tandem accelerator officially opened at the Lucas
Heights Science and Technology Centre

National Medical Cyclotron at Royal Prince Alfred
Hospital officially opened.

Proposal to construct and operate a replacement
research reactor announced. Environmental
impact assessment process commenced

3.2.2 History of the Lucas Heights Science and
Technology Centre

In 1955 the Lucas Heights site was chosen for Australia's nuclear activities. The history of the Lucas
Heights Science and Technology Centre can be discussed according to specific developments that
have occurred since 1955. Photo 3.1 provides an aerial view of one stage of the development of the
Centre in April 1958.

Photo 3.1 Development of the Lucas Heights Science and Technology Centre

During the first construction phase, from 1955 to 1958, HIFAR was established and commissioned,
and associated reactor buildings and engineering and administrative buildings were constructed.
HIFAR was to be used as an intense neutron source to test power reactor materials. The second
construction phase from 1958 to 1963 saw the completion of most of the major buildings and

PPK Environment & Infrastructure



background to the proposal

equipment on the site. In 1961 a small experimental reactor called Moata commenced operation.
Moata was to be used to train physicists in reactor control and neutron behaviour (ANSTO,
1993b). The 3 MeV Van De Graaff particle accelerator was also constructed during this period for
research on fast neutron and ion beams.

Site developments in the period 1964 to 1981 involved the addition of new buildings to
accommodate new research programs and facilities. For example, in the mid 1960s a bulk nuclear
materials store was built to house uranium ore concentrate produced at Rum Jungle (ANSTO,
1993a). Extensions to existing buildings and utilisation of early buildings for purposes other than
those for which they were intended were also undertaken.

In 1987, construction of the non-radioactive Synroc demonstration plant was completed. At that
time, ANSTO was given funding which enabled longer-term planning such that emphasis could,
once again, be given to a site refurbishment and building program. Major works undertaken during
this phase were the installation of the Australian National Tandem Accelerator for Applied
Research, the establishment of a Business and Technology Park and construction of the Australian
Small Angle Neutron Scattering Instrument.

In 1991 the Australian National Tandem Accelerator for Applied Research commenced operation.
It is used to detect naturally occurring isotopes, including carbon-14 used in dating artefacts.
Increasingly, this accelerator has been developed and is being applied to environmental studies and
for work in support of Australia's safeguards program, complementary to the reactor-based
activities. In the same year, the supercomputer was opened and used for extensive modelling and
particularly in environmental science, bio-medicine and health, neutron scattering and other
research (ANSTO Website -http//www.ansto.gov.au).

In 1993, a state-of-the-art Secondary Ion Mass Spectrometer was acquired for use in
environmental and materials science research. This facility provided complementary analytical
capability to the reactor and the tandem accelerator. This was and still is the only instrument of
its type in Australia and is being used not only by ANSTO staff but also by researchers from
Australian universities and industry.

3.2.3 History of HIFAR

In the early 1950s Australia had access to and technical information from the advanced nuclear
research and development programs in the United Kingdom, in particular, to design information
and technical specifications for the 10 megawatt, heavy water moderated, high neutron flux
materials test reactor then under construction in the United Kingdom. This reactor design became
the basis for the design and construction of Australia's HIFAR facility. Construction of HIFAR
commenced in the mid 1950s and the reactor achieved criticality in 1958. Photo 3.2 shows HIFAR
as it appears today. HIFAR was originally built as a materials test reactor which meant that its
purpose was to establish how the materials to be used for structural components, neutron
moderators and nuclear fuels would behave in the nuclear core (Australian Atomic Energy
Commission, 1956). In order to accelerate such testing the reactor needed to have a high neutron
flux; higher than that anticipated to exist in power reactors. The design also incorporated some
flexibility for other uses which has enabled the use of HIFAR to be adapted to changing needs over
its 40 year life, which included research in nuclear physics and nuclear chemistry.
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Photo 3.2 HIFAR

The first experimental programs of HIFAR were related to power reactor design. Early research was
into the application of beryllium oxide moderated, high temperature, gas cooled reactor systems.
However, by the mid 1960s it was apparent that beryllium oxide based systems would be unable to
compete with the more developed systems reaching near-commercial status overseas. Research at
HIFAR therefore changed to testing reactors using heavy water as the moderator. The water reactor
work reached a peak in the late 1960s. The Commonwealth Government in 1972 decided not to
proceed with a power reactor in Australia, which resulted in the phasing out of all power reactor
related irradiation work at HIFAR.

From the late 1960s, HIFAR was progressively adapted to serve more as a multi-purpose reactor.
HIFAR was used to produce radioisotopes for medical diagnosis and therapy, industrial applications
and research, and neutron beams for research. From the early 1960s the radioisotopes produced
were used in industrial applications, either for radiography or as tracers to study industrial processes.
The production of radioisotopes for use in nuclear medicine emerged during the late 1960s and
1970s. The increasing demand for radioisotopes, particularly molybdenum-99 for technetium-99m
generation coincided with the phasing out of irradiation studies into reactor components.

HIFAR has routinely operated at full power since 1960.

_ _ l

3.3.1 Objectives of ANSTO

In 1987 the Australian Nuclear Science and Technology Organisation Act (ANSTO Act, 1987)
established ANSTO to replace the Australian Atomic Energy Commission (ANSTO, 1993b). The
purpose of the Act was to create an organisation to undertake research and development in the use
of isotopic techniques and radiation for medicine, science, industry, commerce and agriculture, and
to facilitate entering into an era where an understanding of nuclear science has resulted in it being
an enabling science in developing many science and engineering disciplines.
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ANSTO's role and objectives include to (ANSTO Act 1987):

• provide expert scientific and technical advice across the nuclear fuel cycle to government
and to support the national strategic and nuclear policy objectives;

• develop operate and facilitate utilisation by the Australian scientific and industrial
community to large nuclear science and technology based facilities in Australia and overseas;

• undertake research and provide training to advance the understanding of nuclear science,
nuclear technology and nuclear fuel cycles;

• encourage and facilitate the implementation and utilisation of the results of such research
and development;

• condition, manage and store the materials and radioactive waste arising from these
activities; and

• provide and sell goods and services arising from the production and use of radioisotopes and
the use of isotopic techniques and nuclear radiation.

ANSTO research and development is strongly stakeholder needs driven, with an aim for 70 percent
of its research to be applied.

3.3.8 Present Role of H1FAR

Since its commissioning, HIFAR has had many modifications to satisfy increased demand for its
irradiation and neutron research capabilities and to upgrade its engineered safety features. A major
HIFAR refurbishment program was undertaken in 1981. This included improvements to air
conditioning systems, modifications to the reactor aluminium tank, and replacement of the original
flammable material in the reactor building insulation by non-flammable insulation. This
refurbishment resulted in substantial enhancements of HIFAR's safety systems.

3.3.3 Other Activities of ANSTO

The primary activities undertaken by ANSTO at the Lucas Heights Science and Technology
depend either directly or indirectly on the operation of HIFAR and the expertise associated with
operating that facility. HIFAR is a relatively complex facility that requires an effective infrastructure
to be available 24 hours a day and seven days a week to ensure the effective and efficient conduct
of production operations as well as research. These activities require muki- disciplinary teams of
scientists, engineers, technicians and operators to ensure the necessary wide range of expertise is
available to enable the regulatory conditions for HIFAR operation to be met.

Examples of the expertise required for reactor operation include: materials expertise to enable the
remote examination of irradiated fuels and materials and the assessment of component plant
safety; physics expertise is necessary in nuclear physics, nuclear criticality assessment, radiation
metrology, electronics and safeguards instrumentation; environmental science expertise is
required for radiochemical and conventional chemical analytical skills for environmental
monitoring, analysis and modelling releases of radioactivity; health and safety expertise is
required for health physics monitoring including ventilation, operator and public health
assessments and overall safety infrastructure; and engineering expertise is required for hazards
analysis and the execution of plant modifications.
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In most cases, this specialised expertise is not fully committed to reactor related issues and is used
to undertake ANSTO's other core business activities. The expertise must, however, be available on-
call as required to support reactor operation. All these disciplines also have wider applications. They
include scientific research and development, production of isotopes for medical and industrial
applications, environmental research, silicon irradiation and waste management activities. These
types of activities are generally described in Section 3.1. The production of isotopes for medical and
industrial applications is undertaken by Australian Radioisotopes (commonly called ARI) which is
a part of ANSTO. It carries out the manufacture, quality control and distribution of around 100
products based on isotope production.

Complementary accelerator facilities operated on site are the Van de Graaff accelerator and the
tandem accelerator. They are used for air pollution studies and for surface studies of materials and
trace element analysis, complementary to those done with the reactor.

Other activities and facilities operated by ANSTO at the Lucas Heights Science and Technology
Centre include the HIFAR training centre, the laundry and decontamination centre for the nuclear
technology program; a commercial workshop and garages; an exhibition centre and reception; and
ANSTO security and the computing centre.

The other accelerator facility in Sydney owned and operated by ANSTO is the National Medical
Cyclotron, which commenced operation in 1992 at the Royal Prince Alfred Hospital in
Camperdown. The cyclotron produces several very short-lived isotopes, for Position Emission
Tomography (PET) and Single Photon Emission Computer Tomography (SPECT) at the Royal
Prince Alfred Hospital and at the other centres, as well as several longer-lived isotopes, such as
thallium-201 and gallium-67 which are distributed nationally.

Apart from ANSTO, there are a number of other organisations operating at the Lucas Heights
Science and Technology Centre. These include:

• the Commonwealth Scientific and Industrial Research Organisation (CSIRO), which
employs around 107 people in its Energy Technology and Mineral and Process
Engineering Divisions;

• the Australian Institute of Nuclear Science and Engineering, which is a consortium of 36
Australian universities operating in partnership with ANSTO to promote research and
training in nuclear science and engineering. It is located at the Lucas Heights Science and
Technology Centre to facilitate access by these universities to HIFAR and associated
experimental equipment at the Centre;

• Tracerco Australasia, which is a joint venture company between ANSTO and ORICA
(formerly known as ICI Australia Operations), providing radioisotope tracer expertise for
industrial problem-solving;

• Becquerel Laboratories, which undertakes commercial neutron activation analysis of mining
and exploration samples, environmental samples, and samples from research organisations
including Co-operative Research Centres directed to resource management;
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several industries located in the Business and Technology Park, including: Tetley
Manufacturing Limited, which specialises in medical technology; ATA Scientific Pty Ltd,
which provides a range of scientific products and analytical instruments; Biliara Aviation
Services, which provides high technology goods and services to the aviation industry; and
Information Advantage Technologies, which provides custom compact disk solutions for the
delivery of information and software to the corporate sector.

Background to the Announcement of the Proposal

3.5.1 Reviews Relevant -to the Proposal

Prior to the 1 SS3 Research Reactor Review/

There have been several reviews of Australia's science and technology needs and of ANSTO's
facilities and activities that are relevant to the government's proposal to replace HIFAR with a
new reactor.

In 1985 the Australian Science and Technology Council undertook a review examining nuclear
science and technology in Australia and the resources and facilities needed to optimise Australia's
future participation (Australian Science and Technology Council, 1985). The review concluded
that it was important for Australia to maintain a suitable level of expertise in nuclear science and
technology for economic, scientific, social and foreign policy reasons. It also stated that it was
essential that Australia have a nuclear reactor "to support a base of world-class basic and applied
research in Australia" (Australian Science and Technology Council, 1985). At the time of the review,
however, it was considered that replacement of HIFAR with a reactor of equivalent neutron flux
was not economically justified. The recommendation in this regard was to make funds available "to
maintain and upgrade HIFAR so that its continued safe operation can be guaranteed and improvements
made to the neutron beam instrumentation" (Australian Science and Technology Council, 1985).

In June 1986, the then Minister for Resources and Energy commissioned a review of the Australian
Atomic Energy Commission (Committee of Review of the Australian Atomic Energy Commission,
1986). The purpose of this review was to assess the appropriateness of the objectives, programs,
organisation and staffing of the Australian Atomic Energy Commission's successor organisation,
ANSTO. The review recommended that ANSTO commence with clearly defined objectives. Since
inception ANSTO has been guided by a strategic planning process, with corporate plans and
strategic plans in place since 1987 and 1988 respectively, a new strategic plan, covering the period
1996/1997-1999/2000, being released in 1996/1997.

In 1992, the Australian Science and Technology Council undertook a review of Major National
Research Facilities (Australian Science and Technology Council, 1992) in Australia. It argued that
planning for major national research facilities must become an integral part of national research and
technology priority setting and that Australia "cannot afford to be a participant in every major
development in science and technology" (Australian Science and Technology Council, 1992).
Nevertheless, it acknowledged that broad social need has been a factor in the establishment of some
major national research facilities such as those at the Lucas Heights Science and Technology
Centre. This review identified a high flux research reactor as one of seven major new items of
national scientific research infrastructure for which it recommended government funding be
provided (Australian Science and Technology Council, 1992).
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Research Reactor Review

The various reviews addressing the need to maintain Australia's nuclear research reactor, clearly
demonstrate that the issue of what to do as HIFAR approached the end of its operational life was
an important one for the government. The Research Reactor Review (McKinnon, Henderson-Sellers
and Hundloe, 1993a,b), was set up by the Minister for Science and Technology in September 1992
to review Australia's need for a new nuclear research reactor to replace HIFAR at the Lucas Heights
Science and Technology Centre. The Review also was to assess the benefits and costs of HIFAR
operations, its likely remaining useful life and its eventual closure and decommissioning and to
consider possible locations for a new reactor, environmental impacts at alternative locations, a
recommended preferred location, and regulatory and organisational arrangements for reactor based
research (McKinnon, Henderson-Sellers and Hundloe, 1993a).

The Research Reactor Reweu> heard evidence from 150 people during 13 days of public hearings in
Sydney and other capital cities. Some 400 submissions and supplementary submissions were
received as part of the Review, all of which were recorded as public documents.

The Review found that within its design and operational limits, HIFAR was efficient and safe,
operating well within international safety standards and that there was no case to decommission it
in the near future. It also stated that the final disposal of high level wastes would be an essential
prerequisite to a decision on a new reactor and that if such a decision were to be made Lucas
Heights would not necessarily be the best location.

The Research Reactor Review recommendations can be summarised as follows:

• "keep HIFAR going;

m commission a Probabilistic Risk Assessment to ascertain HIFAR's remaining life and refurbishment
possibilities;

• provide an additional $2 million per year for scientists to gain access to international advanced
neutron scattering facilities;

m commence work immediately to identify and establish a high level waste repository;

m accept the financial implications of the fact that neither the current nor any new reactor can be
completely commercial;

• accept in consequence that any decision on a new reactor or other neutron source must rest primarily
on the assessed benefits to science and Australia's national interest; and

m make a decision on a new neutron source in about five years' time when the relative arguments
relating to spoliation sources, cyclotrons and reactors might be clearer, and when Australia's
scientific neutron scattering performance is more evident" (McKinnon, Henderson-Sellers and
Hundloe, 1993a).

The Research Reactor Review recognised that the government took a strong position on the
importance of national interest and might want to make a decision about a new reactor for the same
reasons and in the same way as it does for Defence and other national interest issues. The Review
also stated that there was no need to make a final decision immediately and it set out a number of
conditions which it considered, if satisfied, would make it appropriate for a decision to be made on
a new reactor after about five years. These conditions were that:
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"1/ at the end of a further period of about five years:

• a high level waste site has been firmly identified and work started on proving its suitability;

B there is no evidence that spoliation technology can economically offer as much as or more than
a new reactor;

• there has been no practicable initiation of a cyclotron anywhere world-wide to produce
Technetium-99m;

B there is good evidence of strong and diverse applications of neutron scattering capability in
Australian science, including many young scientists, and a complex of industrial uses; and

• the national interest remains a high priority;

it would be appropriate to make a positive decision on a new reactor. The most suitable site would
need to be identified. If any one of these onerous requirements is not met, either a negative decision,
or a decision to delay further would be indicated."

The Commonwealth Government regarded the report of the Research Reactor Review as providing
useful background for Government deliberations on a replacement reactor (Department of Industry,
Science and Tourism and ANSTO, 1998). While its conclusions were taken into account in
consideration of the issue, the Government did not regard the Research Reactor Review
recommendations and conditions as pre-requisites for the Government's decisions, because:

• a research reactor spent fuel management strategy had been developed which is different from
that envisaged by the Research Reactor Review, in that it avoids Australia having to establish a
high level radioactive waste repository (refer Section 3.8.2). The strategy would be
implemented, following further assessment and approval by the Commonwealth Government;

• a spallation neutron source is a useful scientific tool, but it cannot support the range of
nuclear activities required by Australia. There is very limited radioisotope production at
some of the existing spallation sources, but not of the mainstream radiopharmaceuticals
required by the nuclear medicine community. Some of the proposed spallation sources may
include some radioisotope production capability but this would normally be limited to small
quantities of radioisotopes for research applications. These systems could not support
Australia's national strategic interest requirements. Further discussion on spallation sources
is provided in Chapter 6;

• the utilisation of cyclotrons for the production of the radioisotope technetium-99m for
nuclear medicine is not commercially feasible at present and may not become so in the near
future. Further discussion on cyclotrons is provided in Chapter 6;

• the present capacity of HIFAR, in terms of its neutron flux, energy of neutrons, irradiation
volumes and physical access, is sufficiently limited to make many industrial applications
almost impossible. Industry is, however, keen to make use of this technology in the future.
The proposed replacement reactor would be able to accommodate a range of advanced
industrial applications because it would have a higher neutron flux, improved irradiation
facilities, better quality beams and improved accessibility via a beam hall. There is also good
evidence of strong and diverse applications of neutron scattering capability in Australian
science, including its use by many young scientists. Notwithstanding Australian scientific
strengths in this area, limitations in HIFAR's performance and design and the lack of a cold
neutron source severely restrict the application of neutron scattering techniques to
industrial purposes; and
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• the Department of Foreign Affairs and Trade and the Australian Safeguards Office clearly
identify the essential contribution by ANSTO on nuclear matters to Australia's national
strategic interests. Government policies on expanded uranium mining, possible new
safeguards agreements, and the expanding use of nuclear technologies in the South-East
Asian region and Australia, all point to an increased need to maintain nuclear expertise
in the national interest. The operation of a research reactor underpins the credibility of
Australia's technical advice and influential regional role in nuclear issues. The
Department of Foreign Affairs and Trade has made it clear that the national interest is a
high priority, that in some aspects this has become a more important and pressing
consideration and that an ongoing research reactor capability in Australia is integral to
maintaining this national interest role (Department of Foreign Affairs and Trade and
Australian Safeguards Office, 1998).

3.5.S Investigations and Decisions Since the Research
Reactor Review

The Research Reactor Review provides a useful background on the Government's deliberations
related to the question of a replacement research reactor (McKinnon, Henderson-Sellers and
Hundloe, 1993a,b). However, several developments leading to the announcement of the proposal
took place since this review. As part of a Strategy Review of ANSTO undertaken in 1994 (Bain
International/Battelle Memorial Institute, 1994) four neutron source options for ANSTO's future
were examined: closing down HIFAR; upgrading HIFAR; building a replacement reactor; and
building a spallation neutron source. The preferred option was identified as the construction of a
replacement, multi-purpose research reactor on the basis that it would satisfy the wide range of
Australia's nuclear requirements (Bain International/Battelle Memorial Institute, 1994).

The Strategy Review noted that ANSTO had undergone enormous change since its predecessor the
Australian Atomic Energy Commission was founded in 1953 and the recommendations arising from
this review were adopted, that is, that ANSTO's major objectives should be to:

• support the Government's nuclear policies;

• support industrial competitiveness and innovation through technology transfer; and

• maintain a high quality nuclear science base and enable academic institutions and other
science organisations to perform research by providing access to unique facilities and expertise.

One of the recommendations of the Research Reactor Review was that a "Probabilistic Risk Assessment
is essential to assess the remaining life possibilities of HIFAR" (McKinnon, Henderson-Sellers and
Hundloe, 1993a). In 1996 a probabilistic safety assessment was commenced on behalf of the
Department of Industry, Science and Tourism. The main objectives of the assessment were to assess
the level of safety of HIFAR in relation to safety criteria developed as part of the study. A
companion remaining life study evaluated the passive components of HIFAR that are not easy to
repair or replace. These studies were released by the Government in May 1998. The conclusions of
these assessments are discussed in Chapter 6.

It is against this background and the major reviews undertaken in the 1990s that the
Commonwealth Government in September 1997 announced a proposal to replace the existing
research reactor at the Lucas Heights Science and Technology Centre. The decision to locate the
replacement reactor at Lucas Heights is discussed in Section 3.8.1.
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3.5.3 Senate Economics References Committee
inquiry

On 2 October 1997, the Senate referred to the Senate Economics References Committee the issue
of whether or not a new research reactor should be built to replace HIFAR at Lucas Heights, and
whether such a facility should be built on that site or on some other site in Australia. In its inquiry
the Committee was directed to make reference to:

"a) the suitability of building a new reactor in a densely populated suburban area of Sydney and the
impact on the environment of the Sutherland Shire community of a new reactor on the Lucas
Heights site;

b) the availability of alternative technologies to generate neutrons for medical, scientific, mining,
industrial and other uses;

c) the safety, cost, viability and effectiveness of alternative technologies such as cyclotrons and
spoliation sources compared with the long-term commissioning, operation and decommissioning of a
new reactor; and

d) whether the issues raised by the 1993 Research Reactor Review have been satisfactorily addressed
in the context of the decision to proceed with a new reactor at Lucas Heights."

Public hearings were held on 15 and 16 April 1998 and on 11 May 1998. The Committee heard
submissions from ANSTO, Sutherland Shire Council, Sutherland Shire Environment Centre,
Australian Manufacturing Workers' Union, Nuclear Safety Bureau and medical and industry
organisations. Thirty one submissions were received for the Committee's consideration. While the
findings of the Committee were not available to be included in this Draft EIS, the contents of key
submissions made to the Committee were considered.

Regulatory Framework for Nuclear Activities

3.B.I International Atomic Energy Agency

The International Atomic Energy Agency is an international body within the framework of the
United Nations that has a broad remit in the nuclear field, including developing and issuing
international safety codes and guidelines for nuclear activities. Its policy is that Governments
should ensure "an adequate legal and regulatory basis for overseeing the safety implications of the
development of nuclear projects" (International Atomic Energy Agency, 1992a,b). The Agency also
states clearly that it requires the regulatory body to be independent of the operating organisation of
a reactor and further requires that the responsibility for the safety of the facility rests with the
management of the operating organisation, not the regulatory body (International Atomic Energy
Agency, 1992a,b).

The International Atomic Energy Agency provides extensive guidance on regulatory matters in the
form of publications outlining safety fundamentals, standards, guidelines and recommendations. A
challenge to regulatory bodies is to clarify areas of most importance, priority and focus when
assessing the safety of nuclear facilities (Nuclear Safety Bureau, 1997a). This emphasis may vary
from country to country depending on nuclear activities and facilities.

The construction and operation of the replacement research reactor would comply with the
International Atomic Energy Agency's International Basic Safety Standards for Protection Against
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Ionising Radiation and for the Safety of Radiation Sources (International Atomic Energy Agency,
1996a) and the requirements of the International Commission on Radiological Protection as
incorporated into Australian standards.

Furthermore, Australia was involved in the preparation of the joint Convention on the Safety of Spent
Fuel Management and on the Safety of Radioactive Waste Management (adopted in September 1997)
which specifically addresses the issue of management of radioactive wastes. Waste management
issues and the ANSTO Waste Management Plan are discussed in Chapters 5 and 10.

3.B.S International Non-proliferation and Safeguards
Obligations

Australia is a signatory to several international treaties and conventions which are of relevance to
the regulation of ANSTO and the proposed replacement nuclear research reactor. These treaties
and conventions place obligations on Australia to address issues of international significance. Key
amongst these are international obligations in relation to non-proliferation and safeguards.

Non-proliferation safeguards obligations are the commitments given and measures accepted by a
country to proscribe its use of nuclear energy for non-peaceful purposes. The international nuclear
non-proliferation regime primarily consists of: the Treaty on the 'Non-Proliferation of Nuclear Weapons;
the International Atomic Energy Agency and its safeguards system; the nuclear export control
regime; and regional nuclear-weapon-free zone treaties.

Both internationally and domestically, Australia has accepted an obligation for the peaceful
application of nuclear energy and actively participates in "endeavours to inhibit the spread of nuclear
weapons capability throughout the world" (ANSTO, 1993c). Internationally, Australia is known "as a
strong supporter of an effective nuclear non-proliferation regime" (Australian Safeguards Office and
Chemical Weapons Convention Office, 1997), and has a good reputation for promoting initiatives
in international and regional arms control (Wilson, 1995).

Non-proliferation of Nuclear Weapons

The Treaty on the Non-Proliferation of Nuclear Weapons is the centrepiece of the international non-
proliferation regime. It was established in 1970. The Treaty has established the conditions under
which countries have been prepared to renounce nuclear weapons. Treaty parties voluntarily accept
a balance of rights and obligations which may be summarised as follows:

• nuclear weapon states (Britain, China, France, Russia and the United States) agree not to
assist any non-nuclear weapon states (all other states) to acquire nuclear weapons or other
nuclear explosive devices (Article I);

• non-nuclear weapon states agree not to acquire nuclear weapons or other nuclear explosive
devices (Article II), and to accept International Atomic Energy Agency safeguards on all
current and future holdings of "nuclear material" (uranium, plutonium and thorium) and not
to supply nuclear material or equipment or material specially designed (or prepared) for the
processing, use or production of "special fissionable material" (uranium-233, uranium
enriched in the isotopes uranium-233 or uranium-235, and plutonium-239) to any non-
nuclear weapon state unless the nuclear material is subject to Agency safeguards (Article III);

• all parties " [have the right] to develop research, production and use of nuclear energy for
peaceful purposes" and "undertake to facilitate, and have the right to participate in,"
cooperation in the peaceful uses of nuclear energy (Article IV);
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• all parties agree to pursue complete and general disarmament (Article VI); and

• any group of parties has the right to conclude regional treaties in order to assure the total
absence of nuclear weapons in their respective territories (Article VII).

Australia became a signatory to the Treaty on 23 January 1973 and as such has voluntarily given a
commitment (binding international law) that it will not seek to acquire nuclear weapons and that
it will accept measures to verify that it is honouring that commitment.

Australia's obligations under the Treaty are implemented through the Nuclear Non-Proliferation
(Safeguards) Act 1987, administered by the Director of Safeguards and the Australian Safeguards Office.

There is also other legislation which governs Australia's role in non-proliferation and its safeguards
obligations. These are the South Pacific Nuclear Free Zone Treaty Act 1986; the Environment Protection
(Sea Dumping) Act 1981; Nuclear Safeguards (Producers of Uranium Ore Concentrates) Charge Act
1993; Chemical Weapons (Prohibition) Act 1994; Weapons of Mass Destruction (Prevention of
Proliferation) Act 1995; and Schedule of the Customs (Prohibited Exports Regulations. The first two of
these Acts implement Australia's obligations as party to the South Pacific Nuclear Free Zone Treaty.
The latter two, in conjunction with the Nuclear Non-Proliferation (Safeguards) Act 1987, implement
domestic export controls on trade in nuclear related equipment and technology, consistent with
international arrangements to which Australia is party.

International Atomic Energy Agency Safeguards

The Commonwealth Government pursues its non-proliferation and safeguards policies through the
International Atomic Energy Agency (McKinnon, Henderson-Sellers and Hundloe, 1993a).

International Atomic Energy Agency safeguards are a system of declarations by states, verified by
independent inspections and evaluations. The system comprises technical measures:

• for the timely detection of the diversion of nuclear material from safeguarded activities and
to deter diversion by the risk of early detection; and

B to provide assurance to the international community that countries are honouring their
commitments to use nuclear materials and facilities exclusively for peaceful purposes
(Australian Safeguards Office and Chemical Weapons Convention Office, 1997).

A non-nuclear weapon state party to the Treaty on the Non-proliferation of Nuclear Weapons is
required to conclude an agreement with the Agency to provide for the application of Agency
safeguards in that state.

Australia's safeguards agreement with the Agency entered into force on 10 July 1974- In accordance
with the provisions of this agreement, Australia declared to the Agency information concerning
Australia's holdings of nuclear material as at 31 July 1974, and continues to provide the Agency
with all of the information required by the agreement.

Dilaterai Safeguards Agreements

A number of supplier states continue to attach conditions to the supply of nuclear material in
addition to those required for the application of International Atomic Energy Agency safeguards.
In some cases, supplier states also attach conditions to the supply of nuclear-related equipment,
material and technology to ensure that these items cannot benefit nuclear weapon or other
military programs.
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In accordance with its nuclear safeguards policy for the export of uranium, Australia has negotiated
a number of bilateral agreements concerning cooperation in the peaceful uses of nuclear energy
and/or transfers of nuclear material. These agreements are referred to as Australia's 'bilateral
safeguards agreements'. A number of Australia's agreement partner states have equivalent nuclear
safeguards policies.

Australia's obligations under bilateral safeguards agreements are also implemented through the
Nuclear Non-Proliferation (Safeguards) Act 1987.

Recent: Developments to Strengthen Safeguards

In 1997, the International Atomic Energy Agency adopted measures to strengthen the capacity of
the safeguards system to detect undeclared nuclear activities. These measures are set out in a 'model
Protocol' to be used as the basis for each state to conclude a Protocol additional to existing
safeguards agreements with the Agency.

Australia was the first country to conclude a Protocol based on the new model with the Agency.
Australia's Protocol entered into force on 12 December 1997. Under the Protocol, Australia has:

• provided an expanded declaration of its nuclear-related activities and plans;

• granted extended access to Agency inspectors at both nuclear facilities and locations
identified in its expanded declaration. This means that, effectively, Agency inspectors now
have access to any location in Australia; and

• granted the Agency the right to undertake, anywhere in Australia, environmental sampling
and other measures to verify that Australia is not undertaking undeclared nuclear activities.

Following this the Nuclear Non-Proliferation (Safeguards) Act 1987 will be amended to put the
agreement into effect domestically.

According to the Australian Safeguards Office, continuing active involvement in the International
Atomic Energy Agency and Organisation for Economic Co-operation Development's Nuclear
Energy Agency and other fora by Australia is essential to encourage early adoption of the protocol
by other nations. This requires a high degree of technical expertise in the nuclear fuel cycle and
state-of-the-art monitoring, analysis and assessment capabilities to assist in developing new
safeguard approaches and technology and to ensure that the International Atomic Energy Agency
obtains the resources it needs to fulfil its new tasks (Australian Safeguards Office and Chemical
Weapons Convention Office, 1997).

3.G.3 Consistency of Proposal with Australia's Non-
proliferation and Safeguards Obligations

Since 1974, Australia's holdings of nuclear material have been subject to regular safeguards
inspection by the International Atomic Energy Agency. The results of the Agency's inspection
activities are published each year in the Annual Report of the Director of Safeguards.

During the 1996-97 year, the Australian Safeguards Office carried out nine routine safeguards
inspections and inspected physical protection arrangements at the Lucas Heights Science and
Technology Centre (Australian Safeguards Office and Chemical Weapons Convention Office,
1997). Physical protection at ANSTO was reported to be of a high standard. The Australian
Safeguards Office acts as the intermediary between the International Atomic Energy Agency and
ANSTO on all safeguards matters. The Agency has never commented adversely on Australia's

PPK Environment & Infrastructure



background ta the proposal

accounting for and control of nuclear material, and in 1996-97 confirmed the satisfactory discharge
of the obligations assumed under Australia's safeguards agreement with the International Atomic
Energy Agency (Australian Safeguards Office and Chemical Weapons Convention Office, 1997).

While some people or groups in the community believe that the continued operation of a research
reactor enhances Australia's nuclear capabilities and increases Australia's vulnerability or potential
for involvement in non-peaceful uses of nuclear materials, the Department of Foreign Affairs and
Trade does not (Department of Foreign Affairs and Trade and Australian Safeguards Office, 1998)
and considers that the proposal for the replacement research reactor is fully consistent with
Australia's international non-proliferation and related safeguards obligations. The development of
a replacement research reactor would not increase the risk of nuclear weapons proliferation in
Australia or elsewhere. Australia's safeguards obligation to the International Atomic Energy Agency
for the proposed reactor — to provide design information — would be complied with when detailed
design specifications are established. All other requirements of Australia's safeguards agreement and
Protocol with the International Atomic Energy Agency would be met.

Specific bilateral safeguards obligations concerning the design and supply of the replacement
research reactor, and of the nuclear material to be used in fuel for that reactor, cannot be specified
until a design and/or sources of supply for the reactor and its fuel have been selected. In the event
that the design, components and/or nuclear material for the reactor are to be sourced from a
supplier state with whom Australia does not currently have an appropriate bilateral safeguards
agreement, Australia would comply with a request by the prospective supplier state to enter into
such an agreement.

3.B.<4 CommonwEalth Regulatory Authorities

ANSTO was created as a body corporate under the Australian Nuclear Science and Technology
Organisation Act, 1997. Under this Act ANSTO is required to fulfil its obligation to ensure reactor
safety through management, assessment and review. A number of Commonwealth authorities
currently have regulatory or auditing responsibilities for the activities of ANSTO, as described below.

Nuclear Safety Bureau

The Nuclear Safety Bureau was established to monitor and review the safety of any nuclear plant
owned or operated by ANSTO. It is empowered, as necessary, to impose restrictions or conditions
on the operation of nuclear plant owned or operated by ANSTO and to require ANSTO to comply
with any such conditions or restrictions.

The technical requirements of and administrative arrangements for the safe operation of HIFAR
are identified in various Authorisations to operate. The Authorisation was first introduced in 1983
and sets out the specific safety requirements of the Nuclear Safety Bureau; documentation of
ANSTO's arrangements to satisfy the Bureau; and an approval by the Executive Director of
ANSTO to operate the reactor accordingly (Nuclear Safety Bureau, 1997a). The Authorisation was
updated in 1995, and further upgraded in 1997 with the implementation of an airborne Radioactive
Discharge Authorisation for HIFAR (ANSTO/Nuclear Safety Bureau, letter correspondence, 14
August 1997). The Authorisation to operate does not, however, carry the legal force of a licence,
which the Reactor Research Review concluded is inconsistent with International Atomic Energy
Agency principles and requirements (McKinnon, Henderson-Sellers and Hundloe, 1993a). The
establishment of ARPANSA will rectify this (see Section 3.6.7).
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Safety Review Committee

The Safety Review Committee was established by the ANSTO Act, 1987. It functions to review and
assess the effectiveness of the standards, practices and procedures adopted by ANSTO to ensure
the safety of its operations. It is chaired by a former deputy director of the Nuclear Safety Bureau
and currently includes members from Australian Radiation Laboratory, the University of NSW^
Sutherland Shire Council and ANSTO. The Research Reactor Review notes that it appears to have
fulfilled both a review role for ANSTO and as a review body for the quality of interaction between
ANSTO and the Nuclear Safety Bureau (McKinnon, Henderson-Sellers and Hundloe, 1993a). The
Safety Review Committee has particularly focused on the safety and operation of ANSTO's nuclear
plant and management of radioactive wastes, including ongoing reviews of potential radiological
impacts on the public from effluent discharges and on site waste storage facilities.

Australian Radiation Laboratory

The Australian Radiation Laboratory undertakes research and provides services relating to
radiation used for medical purposes, the measurement of radiation and radioactivity, methods of
protection from radiation and the consequences to human health of exposure to radiation. It
obtains its authority from the National Health Act under an Order in Council of September 1987. It
also provides advice to the general community regarding minimising exposure to radiation and on
the substances and devices that emit radiation used in medical diagnosis, treatment and research.
An important role of the Australian Radiation Laboratory is the development and maintenance of
national standards and codes of practice for the control of radiation hazards. The Australian
Radiation Laboratory audits liquid and airborne effluent releases from the Lucas Height Science
and Technology Centre.

Australian Safeguards Office

The Australian Safeguards Office was established by the Nuclear Non-Proliferation (Safeguards) Act
1987 and has a regulatory role in specific aspects of nuclear activities in Australia. The Office is the
national authority for the application of safeguards and keeps account of all nuclear materials within
Australia. It reports to the International Atomic Energy Agency and facilitates the inspection of
nuclear facilities by Agency representatives.

3.S.5 Other Commonwealth Regulatory Requirements

There are a number of Acts and Regulations of relevance to the construction and operation of the
replacement nuclear research reactor. HIFAR and the proposal would be subject to the
requirements of such Acts as the Nuclear Non-Proliferation (Safeguards) Act 1987, and the
Environment Protection (Nuclear Codes) Act 1978. Relevant Commonwealth legislation is described
in more detail in Appendix D.

3.B.6 State Regulations

Under the Constitution of Australia (Section 52(1)) the Commonwealth has exclusive legislative
power with regard to Commonwealth places, which includes the Lucas Heights Science and
Technology Centre operated by ANSTO. In effect, this legislative power means that State laws are
not generally applied to Commonwealth places. Some State laws have been given application by the
Commonwealth to many Commonwealth places by virtue of the Commonwealth Places (Application
of Laws) Act, 1970. Pursuant to Section 7A of the ANSTO Act 1987, ANSTO is exempt from
application of State or Territory laws where these laws relate to the use of land, environmental
consequences of the activities of ANSTO, radioactive materials and dangerous goods, or certain
types of licensing.
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Notwithstanding this situation, ANSTO has adopted a policy of complying with standards set
in certain NSW environmental and radiation protection statutes. This is in accordance with the
principles underlying the Inter-Governmental Agreement on the Environment (Council of
Australian Governments, 1992) and includes consultation with NSW regulatory authorities
such as the Environment Protection Authority, the Department of Urban Affairs and Planning,
and the WorkCover Authority to ensure that all regional issues are addressed and relevant
standards are observed.

ANSTO's commitment to observing NSW regulatory requirements includes adhering to the
standards in legislation such as the Radiation Control Act 1990, Clean Air Act 1961, and Clean
Waters Act 1970 (and the requirements of the various Regulations under these). These laws govern
the use of radioactive material, discharge of airborne emissions and discharges of pollutants to
waterways. ANSTO would continue to comply with these and other relevant Acts (as detailed
further in Appendix D) during the construction and operation of the proposal.

ANSTO also holds an agreement with Sydney Water for discharges of wastewater to sewer. Under
the terms of this Agreement ANSTO complies with the levels specified in the former Radioactive
Substances Regulations, 1959 and the World Health Organisations Guidelines for Drinking Water
Quality, 1993 at the point of discharge of treated effluent from the Cronulla Sewage Treatment
Plant. This is addressed further in Chapter 10.

3.6.7 Future Regulatory Framework

To better organise and consolidate the existing regulatory responsibilities for nuclear activities, the
Commonwealth Government has announced its decision to establish the Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA).

The ARPANSA Bill was introduced into Parliament in April 1998. ARPANSA will replace the
Nuclear Safety Bureau and the Australian Radiation Laboratory and will also make the Safety
Review Committee redundant. The Agency will specify requirements for the protection of people
and the environment from adverse effects associated with exposure or potential exposure to ionising
radiation and harmful non-ionising radiation and for the safety of radiation sources, while
recognising the beneficial use of radiation. The Agency will fulfil the following functions (House of
Representatives Hansard, 8 April 1998):

a regulate activities within the Commonwealth which involve radiation and nuclear safety,
most of which are not presently regulated;

a develop, jointly with the States and Territories, uniform radiation protection and nuclear
safety controls throughout Australia, to protect workers and the public, including for
research reactors and the management of radioactive waste;

• provide advice on radiation protection and nuclear safety to the Government and the
public; and

0 undertake research and provide services of a high standard to ensure radiation protection
and nuclear safety.

ARPANSA will establish safety standards and ensure that Commonwealth users of radiation adhere
to them by requiring all radiation sources and nuclear facilities to be registered and users and
operators to be licensed. Under the legislation to create the Agency, there will be a legal power to
audit the performance of Commonwealth users, enforce compliance with standards and codes of
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practice, and impose penalties for significant deficiencies. At present the Nuclear Safety Bureau
does not have such regulatory power.

The Bill also provides for the establishment of the Radiation Health and Safety Advisory Council
to provide expert advice. The Council will be subject to a regulation under the Act and is likely to
involve community representatives. Other expert committees are also likely to be established to
provide advice about specific areas of nuclear safety and radiation protection.

The design, construction and operation of the replacement nuclear research reactor would be
reviewed and approved by ARPANSA subject to meeting essential safety codes and standards.
ANSTO would have to obtain a Licence for Nuclear Installation to enable them to prepare the site,
construct, commission, operate, maintain and modify the replacement nuclear research reactor.
ANSTO would be required to demonstrate the acceptability of the reactor's design, safety features
and proposed management procedures. Part of this would be the development of a comprehensive
Safety Analysis Report by ANSTO and the vendor of the replacement reactor. The safety
assessment and licensing process is described in Chapters 2 and I1.

3.7.1 What is a Nuclear1 Reactor?

A nuclear research reactor is a facility in which a fission chain reaction can be maintained and
controlled (ANSTO, 1995b).

There are three principal nuclear processes which can lead to the generation of free neutrons:
fission, fusion and spallation. The harnessing of fusion and spallation processes is the subject of
current research, the latter is discussed in more detail in Chapter 6. It is the fission process which
is at the centre of current nuclear technology. Fission is the splitting of a heavy nucleus into two
similar, but generally unequal masses, resulting in the emission of neutrons, gamma rays and a great
deal of energy. Fission is the source of neutrons and energy in a nuclear reactor (Department of
Industry, Science and Tourism and ANSTO, 1998).

Nuclear reactors are designed to exploit the fission process. All nuclear reactor systems exploit
neutron induced fission of isotopes of the heavy elements uranium and plutonium. The replacement
reactor would be fuelled with uranium enriched to less than 20 percent of the isotope uranium-235.
When a neutron is absorbed by the uranium-235 nucleus, the resulting compound nucleus has a
high probability of dividing into two fragments of similar size, with the release of two or three
neutrons. A nuclear reactor is designed to maintain this chain reaction under conditions of safety,
in order either to produce heat or to produce neutrons (McKinnon, Henderson-Sellers and
Hundloe, 1993a). The process is self-sustaining and controlled if one of the neutrons released in
each fission causes a subsequent fission event.

3.7.2 Difference Between Nuclear Power and Nuclear
Research Reactors

Nuclear power reactors are designed to generate and then harness the heat that is given off in the
process of fission. A power reactor aims to maximise the amount of heat produced so that water can
be turned into steam to rotate turbines and generate electricity. To produce enough heat, a very
large number of fissions have to occur per second. The fission reaction is simply a means of
producing the heat (McKinnon, Henderson-Sellers and Hundloe, 1993a). About 17 percent of the
world's electricity needs are met in this way (ANSTO, 1995b).
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There are no nuclear power reactors in Australia. HIFAR and the replacement reactor would be
research reactors that do not produce electricity.

In a research reactor the neutrons themselves are the desired product, to be used for isotope
production and research applications. The heat produced is waste, which must be disposed of
through heat exchangers and cooling towers. In research reactors it is the intensity of neutrons or
"flux" produced that is important (the neutron flux is the number of neutrons crossing one square
centimetre per second)(McKinnon, Henderson-Sellers and Hundloe, 1993a).

There are a number of design features that distinguish nuclear power reactors from nuclear
research reactors. The most obvious of these is the size and power of the reactor core. Power
reactors operate in the 1,000 to 3,000 megawatt thermal range, whereas research reactors have a
power level sometimes only measured in kilowatts, but often in the five to 15 megawatt range
(McKinnon, Henderson-Sellers and Hundloe, 1993a). In power reactors, the need to keep the
power density of the core low, and to produce a lot of power economically, results in the use of
large cores and associated large inventories of irradiated fuel, in contrast to research reactors,
which have small cores.

A second feature of power reactors is their high operating temperature. Since the heat produced in
power reactors is used to generate steam, which drives steam turbines to produce electricity, power
reactors must operate at high temperatures to operate efficiently. Most power reactors typically
operate with coolant temperatures of around 400°C to 500°C when the coolant leaves the core.
Typically, research reactors operate at temperatures less than 70oC.

In addition, power reactors (for example, the Sizewell B reactor in the United Kingdom) have a
much greater uranium fuel load - 89 tonnes compared to around nine kilograms for the proposed
replacement reactor; and operate at much higher pressures - 155 bars compared to atmospheric
pressure for HIFAR.

Also, in general, no provision is made on nuclear power reactors for scientific research or isotope
production, although in Canada, for example, one of the power reactors is used to produce cobalt-60.

3.7.3 Types of Nuclear Research Reactors

While nuclear research reactors are used for a large variety of purposes there is one notable
exception. Unlike power reactors they are not used for electricity generation. These uses include:
elemental analyses; basic and applied scientific research; isotope production; reactor physics
studies; prototype design demonstration and reactor operator training. This large diversity of
applications defies simple classification by reactor type. It is only when reactors are reviewed within
the context of their main applications that common design features emerge. Four main types of
reactors can be identified, as shown in Figure 3.1: zero power critical assemblies; prototype reactors;
training reactors; and neutron source (or high flux) reactors. The key design features and
applications of these four types of nuclear research reactors are shown in Table 3.4.
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Table 3.«* Types of Nuclear Research Reactors'

Reactor Type

Configuration

Uranium Fuel Load
(U-235kg)

Operating
temperatures (°C)

Heat Output
(Thermal Power)

Moderator

Confinement/
Containment
Building

Main Purpose

Zero Power
Critical

Assembly

Pool type

8

Room
temperature

0.1 kW

Light water

No

Criticality
measurements

Prototype

High temperature
gas-cooled reactor

15

750

22 MW

Graphite

Yes

Feasibility
demonstration

Training

Tank type

2.1

50

10 kW

Light
water

No

Operator
training

Neutron Source tar
High Flux)

Hi FAR

Tank type

3.1

51

10 MW

Heavy
water

Yes

Source of
neutrons

Proposed
Reactor

Pool type

Typically 9

Below 50

14-20 MW

Light water

Yes

Source of
neutrons

Note 1 . Design features are examples of a typical reactor for zero power critical assembly, prototype and
training reactor -type.

Zero Power Critical Assemblies

Zero power critical assemblies are used to investigate and test the design and safety of proposed
nuclear power reactors. They are used to make measurements of global reactor parameters such as
the height of the critical water level, particular isotopic reaction rates, and the fission rate
distribution inside individual fuel rods to determine the effect of different material compositions.
Their value for other types of research is limited.

These facilities are normally zero-power devices with powers typically of the order of 0.1 kilowatts.
Most facilities allow for a choice of fuel design and composition.

Now that the design of nuclear power reactors is well established, the number of zero power critical
assemblies has reduced considerably such that there are now only 27 zero power critical assemblies
operating in the world (International Atomic Energy Agency, 1998).

Prototype Reactors

Most reactors in this class were constructed during the expansion phase of the United States and
European nuclear power programs in the 1960s and 1970s. Prototype reactors were constructed to
demonstrate the technical feasibility of various power reactor designs. As such, a large number of
different reactor designs were built, although many have since been shutdown. Although the
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usefulness of demonstration prototypes may have passed, many prototype reactors have had their
life spans successfully extended through conversion into irradiation facilities. An example is the
research reactor at Halden in Norway, operated by the OECD. This started life as a prototype
reactor and is now used as a materials test reactor (Koonen, 1996). For this reason, there is only one
prototype reactor noted as being in operation in the International Atomic Energy Agency database
(International Atomic Energy Agency, 1998).

Training Reactors

Research reactors are also used for the training of reactor operators. The International Atomic
Energy Agency databank identifies 42 reactors that are primarily operated for this function
(International Atomic Energy Agency, 1998). Although, in principle, any research reactor could be
used for training, in practice small, purpose built, low-power reactors are often used by operators of
nuclear power plants.

Neutron Source Cor High FluxJ Reactors

Neutron source reactors (or high flux reactors) are used to irradiate materials with intense numbers
of neutrons. They can either perform the irradiation in-core or externally through the use of neutron
beam tubes (essentially holes in the side of the core) which give access to the high neutron flux from
the core. Both HIFAR and the proposed replacement reactor belong to this class of reactor.

High flux reactors represent the main class of research reactors. If material test reactors are
included, then around 195 of the total number of research reactors in the world are of this class.
Their dominance is due to flexibility in their range of applications and their use as multi-purpose
facilities. The roles and functions of this type of research reactor are discussed in Section 3.1.

Since research with neutrons requires a very intense concentration of neutrons, high flux research
reactors tend to be small compared with power reactors, and generally use enriched fuel to ensure
a compact design with a very high power density. The actual power level of a research reactor in
absolute terms is therefore modest in comparison with power reactors. Since the number of
neutrons produced within a core is directly proportional to the power of the reactor most of the
major facilities in this class operate with reactor powers above about 10 megawatts. Since research
reactors are not used for power generation, most operate at temperatures much lower than power
reactors, typically less than 50°C.

3.7.4 Research Reactor Fuel

The fuel used in research reactors consists of uranium, a naturally occurring metallic element that
contains 92 protons in its nucleus. In nature, uranium consists almost entirely of the isotope
uranium-238. This form contains 146 neutrons in its nucleus and hence its atomic weight is 238 (92
protons plus 146 neutrons). Natural uranium also contains around 0.7 percent of the isotope that
has only 143 neutrons in its nucleus and hence is called uranium-235. In the vast majority of
reactors, it is this uranium-235 isotope that is fissionable and used to sustain the chain reaction. To
make the fuel for HIFAR, the content of uranium-235 is increased from its natural level (0.7
percent) up to 60 percent. This process is known as the enrichment of uranium.

The fuel used for HIFAR is high enriched uranium, which is defined by the International Atomic
Energy Agency as being fuel enriched where uranium-235 is increased to greater than 20 percent.
When the level of enrichment is less than 20 percent the fuel is known as low enriched uranium.
These alternative types of fuel are discussed further in Chapter 6.
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Many countries and the International Atomic Energy Agency consider that fuel enriched to greater
than 20 percent could be used to construct simple nuclear weapons without further enrichment.
Therefore the fuel inventory for research reactors using highly enriched uranium is considered to
potentially represent a source of weapons grade material which could be diverted to non-peaceful
purposes. Low enriched uranium is much more difficult to divert to non-peaceful purposes as it
would have to be subject to considerable enrichment before it could be used this way. For this
reason the fuel to be used in the proposed replacement reactor would be low enriched.

3.7.5 Nuclear Research Reactors Overseas

The term "research reactor" can be applied to a range of facilities. In December 1997, the
International Atomic Energy Agency (International Atomic Energy Agency, 1998) listed 265
research reactors operating in 59 countries, with 12 under construction. Of those in operation, 178
were in the category of "research" and 17 were "test" (that is, fuels and materials testing) reactors.
The distinction between these categories is blurred as some reactors designated "research" carry out
extensive testing as well as other functions, and some "test" reactors have facilities for neutron beam
and irradiation research.

It is possible to identify those research reactors which can reasonably be called "multi-purpose"
using the definition provided in Section 3.73 (International Atomic Energy Agency, 1998). As such,
54 multi-purpose reactors with power levels above five megawatts can be identified from the total
of 265. Nine of these multi-purpose research reactors have been constructed over the past ten years.
The designs of some of these reactors have been optimised for a particular function, usually neutron
beam production. A list of these reactors with information on their power level, age, ownership,
licensing authority and location is provided in Appendix E. The 54 multi-purpose reactors listed are
spread across 37 countries. The majority of these reactors are in urban or semi-urban environments,
being national facilities for research workers from a variety of disciplines and institutions. From a
safety viewpoint, international nuclear regulatory authorities place these reactors at the low end of
the nuclear risk class and often require minimal separation from the nearest dwellings.

Appendix E also provides details of some of the existing research reactors that have similar functions
and power levels to those proposed for the replacement reactor. These are described to illustrate the
type and characteristics of reactors being used overseas, the range of sites where they are located
and the functions to which they are being applied.

Although high flux reactors are by far the most common type of research reactor, many were
constructed during the expansion phase of the western nuclear construction programs in the 1960s
and 1970s and are now approaching the end of their operating life. Two thirds of all research
reactors in operation in the world are over 25 years old and, having reached the end of their design
life, are likely to be closed early in the next century. For this reason, nine countries in the past ten
years have constructed multi-purpose research reactors and others are looking to construct new
high flux research reactors in the near future. These include:

• Canada, which is planning to replace its ageing National Research Universal reactor, and is
currently building two 10 megawatt MAPLE reactors, designed as dedicated medical
radioisotope production facilities;

• France, which is planning to replace its two fuel and material test reactors with a new
materials test research reactor. Although still in the design phase, the reactor is likely to be
a 100 megawatts pool-type to be used for material testing and to have facilities for medical
isotope production;
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Germany, which has commenced constructing FRM-II, a 20 megawatts high flux reactor in
Munich. FRM-II is optimised for neutron beam applications but will also have irradiation
facilities for isotope production and silicon irradiation;

Thailand, which has ordered a 10 megawatt TRIGA reactor. The reactor will have facilities
for the production of radioisotopes for domestic use and for neutron beam research;

there are several other projects to build new research reactors in Asia. China is reported to
be planning to upgrade its 15 megawatt HWRR-II reactor in Beijing to a 60 megawatt
Advanced Research Reactor. Taiwan envisages refurbishing its 40 megawatts TRR reactor
and the Japanese Atomic Energy Research Institute has undertaken a design study for a new
fuel irradiation test reactor; and

Egypt has a 22 megawatt pool-type research reactor under construction, whilst Argentina
has a project for a 20 megawatt research reactor.

Government Initiatives and Decisions Related to

3.8.1 Selection of Lucas Heights as the Site of the
Proposed Replacement Research Reactor

The International Atomic Energy Agency recommends the consideration of the following broad
issues when evaluating the suitability of a chosen site for a research reactor (International Atomic
Energy Agency, 1987):

• the effects of external events, either natural or human-induced occurring in the region;

• the characteristics of the site and its environment which could influence the transfer of
released radioactive materials to humans; and

ii the population density and distribution of other off-site characteristics in relation to the
possibility of implementing emergency measures and the need to evaluate the risk to
individuals and the population.

Neither the International Atomic Energy Agency (1987; 1992a,b; 1996a) nor the Nuclear Safety
Bureau (1998a) have specified criteria which might aid site selection, rather their emphasis is on
assessing the suitability of a proposed site in terms of nuclear safety. This includes consideration of
site characteristics and how these might influence or affect the primary safety objective, but
consideration of social, economic or other criteria are specifically excluded.

Specific sitting safety criteria which are used as the basis for the assessment of hazards and risks of
the proposal are provided in Chapter 11. How these relate to developing and implementing the
replacement research reactor proposal is described in Chapter 5. The basis for the Commonwealth
Government's decision that Lucas Heights is a suitable site for the proposed replacement research
reactor is provided below.

In the absence of any specific guidelines relating to site selection, ANSTO in its submission to the
Research Reactor Review adopted criteria for the purpose of evaluating alternative sites (Miller et al,
1992; ANSTO, 1993d,f). These criteria included consideration of accessibility, health and safety,
environmental protection, availability of resources and cost factors and are set out in Table 3.5. The
extent to which the Lucas Heights site satisfies these criteria is also shown in Table 3.5.

Australian Nuclear Science and Technology Organisation



background to the proposal

Table 3.5: Site Selection Criteria for Locating the Proposed Replacement
Research Reactor at Lucas Heights

issue/Criterion

Accessibility

Travel times to radioisotope
customers

Travel times for external
researchers

Proximity to professional staff

Health and Safety

External events:

• Seismic conditions

• Cyclonic conditions

• Flood risk

• Hazardous industry

Receptor pathways:

• Other land uses

• Meteorology

• Hydrology

Geology

Goal

Areas within one hour's road travel
of a major national airport with high
service frequency

Areas with same day travel from
major centres of research

Areas with reasonable proximity to
major population and research
centres

Areas oflow seismicity

Areas oflow cyclonic activity

Areas oflow flood potential

Areas not affected by other
hazardous land use

Areas without incompatible land
uses in close proximity

Areas with favourable dispersion
characteristics

Areas with low potential for
waterborne pathways

Areas of stable geological
formations

Houv Lucas Heights Satisfies
the Criteria

Within one hour of Sydney Airport

Within two to three hours of most
NSW country customers

The majority of beam users are
situated on the eastern seaboard
and extensive travel access to the
Lucas Heights Science and
Te chnology Centre is not required

Within a region noted for
educational and recreational
opportunities

Situated within an area oflow
seismicity

Not susceptible to extreme weather
events

Not susceptible to flooding

Only impact from other industry is
from military exercises in the
Holsworthy Military Area

A 1.6 km buffer zone excludes
incompatible land uses such as
permanent residential development

Lucas Heights is not characterised
by unfavourable meteorological
dispersion patterns

Lucas Heights has favourable
topography. Although the
Woronora Rover is close to the site,
it is downstream and generally
downwind of the Woronora Dam

The sandstone substrata at Lucas
Heights provides suitable underlying
stability
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issue/Criterion Goal

Population issues:

• Density and distribution Areas having a low population
density within close proximity

• Emergency response

Environmental Protection

Biological environment

Physical environment

Areas where emergency response is
possible within a reasonable time

Areas not having significant
ecological sensitivity and
conservation value

Areas not having significant
potential for adverse impact

Socio-economic environment Areas not having significant
cultural, archaeological, heritage or
recreational value

Availability of Resources

Infrastructure:

• Electricity

• Water

Operational resources:

• Materials

• Services

• Technical staff

Emergency services

Land availability

Areas having access to adequate
power s upply

Areas having access to adequate
water supply

Areas with reasonable proximity to
main material supp liers

Areas with reasonable proximity to
reliable service provideB and
contractors

Areas with reasonable proximity to
suitably qualified support staff

Areas with emergency response
available in sufficient time

Adequate land area available for
reactor and associated facilities

How Lucas Heights Satisfies
the Criteria

No population within a 1.6
kilometre radius

Major population areas are beyond
1.6 kilometres from the Lucas
Heights site

Local emergency services are
available

Although adjacent areas identified
as having ecological value, the site
has limited potential to affect these
values

Environmentally sensitive places
would not be adversely affected

Sit es of archaeological or cultural
significance would unlikely be
affected

A reliable power supply is available

A reliable water supply is available

Material suppliers are available
within reasonable proximity to
Lucas Heights

Arrangements with service suppliers
and contractors is well established

Experienced staff are located within
reasonable proximity to Lucas
Heights; approximately 50 percent
live in Sutherland Shiie

Emergency services and planning
procedures are well established and
available in close proximity

Abuffer zone of approximately
1,000 hectares is already established
incorporating the Lucas Heights
Scie nee and Technology Centre
which excludes sensitive land uses
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Issue/Criterion Goal How Lucas Heights Satisfies
the Criteria

Cost

Construction costs Cost of site-related construction $286 million

Infrastructure costs Costs of providing infrastructure Nil additional

Land costs Cost of land acquisition Nil additional

Staff reloca tion costs Nil

Source: ANSTD, 1 993f, Department of Industry Science and Tourism and ANSTO, 1998.

In 1993 the Research Reactor Review stated that (McKinnon, Henderson-Sellers and Hundloe, 1993a):

"On the basis of the information provided by the studies commissioned by the Review, and on the
balance of evidence from other sources, the Review considers that the claims made about the
unsuitability of the Lucas Heights site, on public and occupational health and safety grounds, and
on alleged widespread opposition to the present facility, have not been substantiated.

Nonetheless, if a positive decision on a new reactor is to be made, full consideration should be given,
not only to the cost disadvantages of anew site, but also the views of the Sutherland Shire community."

In respect of logistics and siting the Review concluded:

"If a decision were to be made to construct a new reactor, it would not necessarily best be placed at
Lucas Heights. An appropriate site would best be decided after exhaustive search, taking into
account community views."

ANSTO has advised the Senate Economics References Committee that a process involving
consideration of alternative sites, subsequent to the Research Reactor Review, was conducted by
officers within the Department of Industry, Science and Tourism, with input from ANSTO. The site
selection criteria indicated that greenfield sites, which fulfil accessibility, health and safety,
environmental protection and availability of resources criteria, are available with proximity to
Canberra, Sydney, Melbourne, Brisbane, Adelaide, Perth and some regional centres. In addition, the
costing methods comparing locating a replacement reactor at Lucas Heights and alternative sites
were reviewed by the Commonwealth Department of Finance. This process was conducted prior to
the preparation of this Draft EIS and has not been reviewed as part of the scope of this Draft EIS.

The joint submission of the Department of Industry, Science and Tourism and ANSTO to the
Senate Economics References Committee Inquiry (Department of Industry, Science and Tourism,
1998 and ANSTO) stated that:

"In terms of the criteria above, Lucas Heights is particularly suitable for the scale of nuclear
activities undertaken there at present or likely to be undertaken in the future. The site is substantially
surrounded by the Heathcote National Park, the Holsworthy Military Reserve, the Waste
Management Centre - Lucas Heights, and bushland. Permanent residential development is not, and
will not be, permitted within the buffer zone. A large body of environmental information has been
collected since the site was established in the 1950s. Construction of the replacement reactor at
Lucas Heights will maximise returns from the estimated $700 million that has been invested in the
site during the last 40 years or so, primarily in support of operations associated with a research
reactor. The site is close to educational and other institutions with which ANSTO interacts, and to
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Sydney airport - which avoids disruption to existing arrangements for the national distribution of
radiopharmaceuticals. ANSTO will be able to retain the services of experienced staff who would
not be prepared to relocate."

3.B.S Government Initiatives on -bhe Management of
Radioactive Waste

The major Government initiative on the management of radioactive waste is the proposal to
establish a national radioactive waste repository.

The Commonwealth, State and Territory Governments have agreed that a national waste repository
is needed to safely manage Australia's low level and short-lived intermediate level radioactive waste
(Bureau of Resource Sciences, 1997). A three phase study managed by the Department of Primary
Industries and Energy to find a suitable site for this repository commenced in June 1992.

In early 1998 the Government announced that it had chosen an area in South Australia out of eight
possible regions because it contains the largest area of land considered suitable for a repository site.
The region chosen by the Commonwealth Government is known as the central-north region of
South Australia and is 67,000 square kilometres in area. Within this region a 2.5 hectare site will
be chosen as a repository for low level and short-lived intermediate level waste. It is proposed to
surround the site with a buffer zone bringing the total area to just under two square kilometres.

The wastes to be disposed of in the repository are currently stored at over 50 locations around
Australia. The material includes items such as lightly contaminated plastics, paper, laboratory
equipment and clothing, industrial smoke detectors and radium-painted luminous watch faces,
compasses and instrument dials. About 3,500 cubic metres of this type of waste have accumulated
in Australia during 40 years of using radioactive materials in medicine, research and industry. Most
of ANSTO's waste is low level.

The region is currently the subject of detailed field investigations which includes a program of
community consultation. The selected site will undergo environmental assessment under the
Environment Protection (Impact of Proposals) Act 1974-

Once the exact site is finalised for the national waste repository, co-location of a storage facility for
long-lived intermediate level radioactive wastes will be considered. The Commonwealth, State and
Territory Governments agree that colocation of the storage facility and the repository at a single site
would provide a comprehensive strategy for Australia's small inventory of radioactive waste. Such
an overall facility would be suitable for the management of all such waste produced by ANSTO in
the past, and for any such waste produced in the future. It would also be suitable for the
management of the wastes encapsulated in cement which will be returned, in due course, from the
United Kingdom (Department of Industry, Science and Tourism and ANSTO, 1998).

3.B.3 Related Government Policy Decisions

The proposal to construct and operate a replacement research reactor at Lucas Heights was
announced by the Commonwealth Government in September, 1997 (McGauran, Hon. P, 1997). At
the same time a number of other policy decisions were announced, including:

• the establishment of ARPANSA, as outlined in Section 3.6.7;

• the decision not to establish a reprocessing facility for spent nuclear fuel at Lucas Heights or
anywhere else in Australia;
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the setting aside of $88 million to remove existing spent fuel rods from Lucas Heights and
meet the costs of overseas reprocessing; and

continued support of ANSTO's initiatives in developing Synroc technology as a long term
option for safely disposing of wastes arising from spent fuel and other nuclear activities from
the replacement reactor.
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Weed :fOP' tfie Proposal

This chapter examines the need for the proposed replacement reactor in the context of the multiple purposes
the reactor is intended to fulfil. The benefits and costs of the proposal are outlined as well as the
consequences of not proceeding with the proposal. It examines the following matters raised by the E1S
Guidelines (refer Appendix A):

Section of E1S Outline of Issue Section of
Guidelines this Chapter

4.1 Purpose of the proposal 4-1.1

4.2 Specific objectives the proposal is intended to meet 4-1.2

4.3 Summary of environmental, economic and social arguments in regard 4.2
to the need for the proposal, including national interest arguments

4.5 Andysis of expected local, regional, S tate or national benefits and costs 4-2, 43

4.7 Consequences of not f>roceeding with the proposal 4.4

4.8 ComparisonbetiveenexistingHlFAR facility and proposed 4-5
replacement reactor

6-7.4 Researchinto technologies in both medicine andindustry which could 4.2
lead to a change in the need for services provided by a proposed
replacement reactor

4.1.1 Purpose

The Commonwealth Government announced on 3 September 1997 that it had agreed, subject to
the outcomes of an environmental assessment process, to construct a replacement research reactor
at the Lucas Heights Science and Technology Centre to "serve Australia's nuclear science and
technology needs well into the next century" (McGauran, Hon. P, 1997).

ANSTO was established to undertake or fulfil particular roles on behalf of the Australian
Government with respect to nuclear activities. Appropriate nuclear infrastructure and facilities are
required for ANSTO to fulfil these roles. The existing HIFAR is now technologically obsolete. The
replacement reactor would provide Australian stakeholders with access to a modern multi-purpose
reactor with the performance and facilities necessary to maintain and enhance Australia's current
nuclear science and technology capabilities. The reasons why the Commonwealth Government
considers HIFAR to be technologically obsolete are discussed in Section 4-5.
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4.1.2 Objectives

Specific objectives of the proposed replacement reactor are to:

• maintain and enhance health care benefits provided to the community and ensure security
of supply through the local production of the quantities and the known, likely range of
diagnostic and therapeutic radiopharmaceuticals needed to satisfy Australia's requirements
over the next 40 to 50 years;

• maintain Australia's nuclear technical expertise in order to provide sound advice to
Government in support of nuclear policy issues of strategic national interest and its
international obligations in this area;

• provide a neutron beam research facility which would not only meet Australia's own scientific
and industrial research needs, but would also be a regional centre of excellence. Research
undertaken using this facility will have broad applications to investigations in a wide spectrum
of scientific and industrial fields, including in the life sciences and medicine, environmental
science, chemistry, materials science and engineering science;

• provide research and research training facilities and programs to enhance the educational
opportunities available to Australia's scientists and engineers;

• provide industrial isotopes and facilities for neutron activation analysis, irradiation of
materials, and neutron radiography to service the needs of agriculture and industry,
particularly in the electronics, environmental and resource and minerals processing
industries; and

• achieve the construction and operation of the facility in a manner that meets all health,
safety, environmental and quality standards. This includes meeting all legal and regulatory
requirements and applicable standards.

These objectives have been developed by ANSTO to meet Australia's future needs, as agreed by
the Commonwealth Government.

4.1.3 Government Policy Context

The Commonwealth Government's in principle decision to fund ANSTO to construct and operate
a replacement reactor at the Lucas Heights Science and Technology Centre to enable ANSTO to
continue to fulfil its statutory role, was based on consideration of a number of factors. These
included the benefits that have been derived from the existing research reactor, HIFAR, and the
additional opportunities that would arise from the availability of a modern, multi-purpose, high flux
research reactor. In particular, this consideration involved:

• an analysis of the current status of HIFAR. HIFAR was commissioned in 1958 and is now
considered technologically obsolete. It is based on a design developed in the late 1940s and
early 1950s. There were six similar reactors built and of these, three reactors are still
operating, all having been substantially rebuilt a number of years ago. The features of HIFAR
are not considered suitable to meet Australia's needs in the next century;

B social, economic, environmental and national interest benefits arising from the past and
current operation of HIFAR that would continue and be enhanced by the proposed
replacement reactor. These consist of benefits to the community arising from improved
health care as well as from contributions to agriculture, industry, the environment, science
and education;
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• an assessment of the future national and international opportunities arising out of nuclear
based knowledge and capabilities which would be provided by the proposed replacement
reactor; and

• the capacity of ANSTO to fulfil its statutory role, in particular in relation to strategic
international and regional nuclear issues.

The statement of why the proposal is needed and its benefits are documented in the following
sections, including the consequences of not proceeding with the proposal. An overview of the need
for the proposal, including environmental impacts associated with the proposal, is provided in
Chapter 21. Some benefits are quantifiable such as the medical and industrial benefits. It is
important to note, however, that justification for the proposal is still partly a matter of Government
policy decision, as many of the benefits and costs cannot be readily quantified, in particular the
outcomes from future scientific research and the strategic national interest benefits.

Given the multi-purpose nature of the proposed replacement reactor, the potential benefits and
impacts of the proposal are diverse, and no single benefit can or should be used in isolation to justify
the need for the proposal (Rowe, 1997). As discussed in Chapter 3, like HIFAR, the replacement
research reactor would serve primarily as a source of neutrons for the production of medical and
industrial isotopes, for scientific and industrial research and training and to support the national
interest and strategic needs. Recent international scientific assessments (NSERC Committee on
Materials Research Facilities, 1994; Basic Energy Sciences Advisory Committee Panel on Neutron
Sources, 1993; European Neutron Scattering Association, 1996) rate the neutrons produced by
research reactors as a unique scientific tool, broadly applicable across a wide range of scientific and
technological disciplines. A relevant issue is the concept of technology infrastructure which refers
to a country's science base, generic technologies as well as standards, technical measurement and
testing methodologies that are essential to conduct state-of-the-art research and development.
Those latter measurement related elements, known as infratechnologies, are considered to be of
critical importance to the innovation process and to require public investment because no one firm
can capture the long term economic benefits (Tassey, 1992; NRC, 1998).

The proposed replacement reactor would provide a range of services and products. Many current
services and products based on past scientific research undertaken on HIFAR in the 1950s, 60s and
70s can be quantified, and it is possible to forecast and quantify the level and significance of future
benefits and costs of these services. The benefit of relatively recent scientific research which has
resulted in new technologies and processes can also be quantified. For other activities, such as
current scientific research and the strategic national interest, it is not possible to provide reliable
quantifiable forecasts of future benefits and costs. It is however, not unreasonable to expect that a
similar or even higher level of future benefits may flow from scientific and industrial research
applications, given that the proposed replacement reactor would be of a modern design and
internationally competitive in its performance.

Access Economics has recently attempted to quantify some of these expected benefits (Access
Economics, 1997). Their study indicated that the current benefit from one early research activity
with HIFAR is at least $50 million annually to the minerals and process industries. Investigating the
impact of selected recent research projects in mining and other specified industries, the study
identified the greatest impact has been on the mining sector with an estimated annual gross
economic benefit of a further $100 million or more. The general contribution to better industry
infrastructure and identified impacts on industries other than mining were each in the order of $25
million annually.
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Benefits of this order from these activities are ongoing (Access Economics, 1997). The study also
concluded that significant economic benefits also appear to flow from other activities not
specifically included in the study and that enhanced levels of gross economic benefits would be
likely to flow if a modern reactor facility was available.

Most of ANSTO's science and technology activities depend either directly or indirectly on the
operation of HIFAR. The range of benefits stemming from the proposal would be primarily at the
State and national level because of the nature of the reactor facility and the types of services and
products it would provide. However, several benefits would also occur at the local or regional level.
These relate mainly to employment and multiplier impacts and are discussed in Chapter 16.

It should be noted that the need for a replacement research reactor has been previously addressed
by three major reviews of the current facilities at the Lucas Heights Science and Technology Centre.
These are discussed in Chapter 3 and are the Review of Major National Research Facilities (Australian
Science and Technology Council, 1992), the Research Reactor Review (McKinnon, Henderson-
Sellers and Hundloe, 1993a,b) and the ANSTO Strategic Review (Bain International/Battelle
Memorial Institute, 1994).

There has, however, been arguments put forward by some groups and individuals that the
stated need for a replacement reactor is not justified. This has occurred mainly over the past
five or six years, following the Research Reactor Review (McKinnon, Henderson-Sellers and
Hundloe, 1993a,b) (for example, Sutherland Shire Council, 1993; Panter, 1992; other
submissions to the Research Reactor Review; submissions to the Draft EIS Guidelines;
submissions to this Draft EIS). They consider that there are either other means of achieving
the proposal objectives or that the objectives are not justified. In relation to the former an
assessment of alternatives to the proposal is provided in Chapter 6. This Draft EIS examines
whether the proposal can be justified in terms of the stated objectives developed by ANSTO
to meet Australia's needs into the next century, and agreed with the Government. Agreement
to those objectives is of course a matter of Government policy; a policy formulated in the
context of all the responsibilities of the Commonwealth.

Consistent with the objectives for the proposal, its needs and benefits are discussed in terms of:

• nuclear medicine and health;

• the national interest;

• scientific and industrial research, and education; and

B industrial applications and the diffusion of nuclear technology to the general scientific and
business community.

4.S. i Nuclear Medicine and Health

Australia has played a leading role in the early development of nuclear medicine and is considered
an advanced country in the utilisation of nuclear medicine (United Nations Scientific Committee
on the Effects of Atomic Radiation, 1993). ANSTO has well established infrastructure and
radiopharmaceutical supply arrangements and has been providing radiopharmaceuticals to the
Australian health and medical sector for over 35 years. Examples of past achievements in this area
which have relied on the HIFAR facility include:
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• the Australian Atomic Energy Commission (now ANSTO) played a major role in the
development of large fission product molybdenum/technetium generators, a concept which
has evolved into the industry standard (Boyd, 1973);

• HIFAR has been routinely producing iodine-131 for some 30 years. Iodine-131 has been
used as a therapeutic agent for thyroid cancer for nearly a half a century, and more than a
million patients have been treated safely worldwide (Hoefhagel, 1998);

• the potential of Quadramet, a samarium-153 labelled agent for bone pain palliation caused
by breast, lung and prostate metastasies was recognised early in Australia. Australia was
the second country to register this agent for general marketing approval (Submissions by
ANZSM, ANZAPNM and Professor Harvey Turner to the Senate Economics References
Committee Inquiry, 1998);

a both yttrium-90 and holmium-166 containing microspheres are in clinical use for the
therapeutical treatment of liver cancer. These agents are both joint Australian developments
between ANSTO and medical clinicians;

• the Australian nuclear medicine community is respected internationally because of access to
quality nuclear medicine research and production facilities at ANSTO (Submissions by
ANZSM, ANZAPNM and Professor Harvey Turner to the Senate Economics References
Committee Inquiry, 1998); and

• Tetley Medical Limited, a private company based at the ANSTO Business and Technology
Park, has developed and marketed worldwide the technetium-99m based agent 'Technegas'
widely regarded as the world's best system for lung ventilation diagnostic imaging (pers.
comm. Burch W, Tetley, 1998). Technegas generators are sold in 32 countries.

ANSTO currently produces about 430,000 patient doses of radiopharmaceuticals annually
(mainly molybdenum-99 for generation of technetium-99m) and of these about 80,000 are patient
doses of cyclotron radiopharmaceuticals which have a different suite of applications (refer Chapter
6, Table 6.2 and Chapter 10, Table 10.1 for principal reactor-produced and cyclotron-produced
medical radioisotopes).

Because many of these radiopharmaceuticals are short-lived, a domestic source is highly valued,
saving "losses" in activity due to the time spent travelling from an overseas source. The advantages
and disadvantages of sourcing isotopes from overseas are addressed in Chapter 6. Despite increasing
competition from overseas for some of the longer lived isotopes, ANSTO has maintained its role as
the major domestic supplier by developing a strong distribution network and a rationalised range of
radiopharmaceutical products. This is due to its capacity to provide services and products for
emergencies and its ability to trial new radioisotopes locally for early introduction into Australia.
Estimates made by ANSTO indicate that it provides 85 to 90 percent of Australia's
radiopharmaceuticals, providing 100 percent of iodine-131 and 90 percent of technetium-99m in
the form of molybdenum-99 generators to the marketplace. It is likely however that although
production quantities would increase in the future to meet increased demand, the market share of
85 to 90 percent would not change. The resulting employment, research and development and
economic developments would remain in Australia. In addition to the Australian market for these
products, the Australian radiopharmaceutical industry has also developed a significant Asian
market for those products able to be dispatched in a single non-stop flight to main centres.

The use and types of reactor sourced radiopharmaceuticals have continued to grow over recent
years. Figure 4-1 shows that there has been a steady increase in the demand for
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radiopharmaceuticals over the past 28
years, with both reactor produced
and cyclotron produced isotopes
increasing (Carr, 1998). For example,
ANSTO has begun to supply three
new reactor produced shortlived
radiopharmaceuticals. One is a pain
palliative agent and the other two
are therapeutic products for the
treatment of liver cancer. In the
coming decades, therapeutic
applications of radiopharmaceuticals
promise to further improve patient care
by reducing pain, improving quality of
life and reducing costs to health
services. Cost reductions arise because
most nuclear medicine procedures can
be carried out on an outpatient basis
which do not require costly stays in
hospital. A steady increase in the
demand for reactor produced
radiopharmaceuticals is predicted. The
Commonwealth Department of Health
and Family Services has estimated that
the demand for medical procedures
requiring radiopharmaceuticals would
increase at about 14 percent per annum
over the next 10 years (that is, an
increase of four fold over the period

from 1997 to 2007) (pers. comm. Department of Health and Family Services, 1998) (also refer
Section 10.6.2). This is in line with United States projections for growth (Frost and Sullivan, 1997).
The bulk of these procedures would rely on reactor produced radiopharmaceuticals. Table 10.5 in
CJiapter 10 indicates the present and projected future sales of reactor produced radioisotopes.

Because of capacity limitations, HIFAR would not be able to supply the domestic market beyond
2004- The situation is approaching when, based on statistical analysis, almost every Australian will
benefit from a radiopharmaceutical during the course of their lives. The domestic supply of many of
these materials over the coming decades would not be possible without the replacement reactor.
Domestic production enhances the security and reliability of the supply of radiopharmaceuticals,
thereby contributing to the well being of patients and to the efficiency and standard of health care
delivery in Australia.

Additional benefits would also be derived from the development of new radiopharmaceuticals and
drug delivery systems. New radiopharmaceuticals designed to provide a greater understanding of
and improvements to the diagnosis of neurological disease and cancers are being developed. This
potential is illustrated by a recent assessment of the United States market, focussing explicitly on
reactor produced radioisotopes, which has predicted a growth potential over the period from 1996
to 2020 of 125-fold in the emerging therapeutics market and 30-fold in nuclear diagnostics (Frost
and Sullivan, 1990). Another United States study also suggests that "therapeutic isotopes would
surpass the diagnostic market subsegment in the next five to 10 years (United States Department
of Energy, 1996b). Currently there are over 90 clinical trials in the United States researching the

YEAR

Figure 4.1
Annual Total Nuclear Medicine
Doses from Reactor and Cyclotron
Radioisotopes in Australia

M S Reactor produced radioisotopes

"13 HI Cyclotron produced nadioisotopes
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potential of nuclear therapeutics with 35 investigating different new products, particularly for
cancer treatment. It is expected that this experience of increased demand and opportunities for
radiopharmaceuticals will be reflected over time in other developed countries, including Australia.

Estimates of annual economic net benefit from medical radioisotopes range between $8 million and
$10 million currently and are expected to increase to between $27 million and $32 million in
2005/06 (Access Economics, 1997). These figures exclude the economic benefit arising from lives
saved, improvements in quality of life, minimisation of hospital stays and the contribution to
maintaining a research network across Australia. The total Australian radiopharmaceutical market,
including the cold kit component supplied by other companies (refer Chapter 3) is expected to grow
to over $40 million annually over the next 10 years. In addition, the export of some longer lived
radiopharmaceuticals to nearby countries is expected to expand, with the regional international
market increasing to more than $150 million annually over the same period based on the expected
increase in demand. Two recent studies by different groups (Organisation for Economic Co-
operation and Development, unpublished; Organisation for Economic Co-operation and
Development and NEA, in press) concluded that for isotope production or materials testing,
multipurpose reactors with beam holes and large irradiation volumes will continue to play a unique
and important role.

4.2.2 National interest;

An important area of benefit from the operation of a research reactor is the national interest. This
can be defined as the contribution made by the reactor to national security and non-proliferation,
nuclear safety, economic development and to Australian access to technology. However, in the
absence of a modern reactor, Australia's credibility as the regional scientific and technical leader in
nuclear issues is becoming increasingly difficult to maintain.

Australia's national security interests require that the Government has the ability to undertake, or
have knowledge of, a number of nuclear-related activities, in particular to:

• monitor nuclear activities and developments to enable independent assessments of other
countries' nuclear program activities, their possible proliferation relevance and their
potential economic significance to Australia;

• monitor the use of Australian uranium in the international nuclear fuel cycle;

• monitor the adequacy of international nuclear safety, radiation protection and radioactive
waste management norms and their implementation at nuclear technology-related facilities;

• assess nuclear safety, radiation protection and radioactive waste management implications in
a radiological emergency situation;

• assess the adequacy of and participate in determining the regulations and guidelines relating
to international arrangements for the transport of radioactive materials;

• assess the effectiveness of international non-proliferation, disarmament, nuclear safeguards,
physical protective and export control measures and contribute to their development;

• provide assistance to developing countries in the peaceful uses of nuclear science and
technology consistent with Australia's obligations under Article IV of the Treaty on the Non-
Proliferation of Nuclear Weapons; and

B determine and ensure effective arrangements for nuclear powered warship visits consistent
with our alliance obligations and public safety.

PPK Enviranment & Infrastructure



need far the proposal

Australia has a vital interest in understanding nuclear weapon developments from a national
security perspective in ensuring that its environment remains free of nuclear weapons and in the
international safeguards system which ensures that nuclear energy is not diverted from peaceful
uses. As one of the world's major exporters of uranium, Australia also derives economic benefits
from the international non-proliferation regime and safeguards which provide the underpinning
framework for trade in nuclear materials. Hence, the Government has a need for technical expertise
in order to contribute to Australia's security and non-proliferation policies on nuclear issues. This
role in security, non-proliferation and international safeguards is discussed in Chapter 3.

ANSTO is the prime provider of nuclear technical expertise and technical advice to the
Government and its competence arises directly from the operation of a research reactor. In addition
to ANSTO, the Government looks for technical expertise and advice from a number of other
agencies, including the Nuclear Safety Bureau, the Australian Radiation Laboratory and the
Australian Safeguards Office. In order to carry out its mission, ANSTO currently has a number of
core competencies, including within the areas of:

B nuclear research reactor operation;

• nuclear safety;

• radiation protection;

• radioactive waste management; and

• transport of radioactive materials.

These core competencies underpin technologies and areas of expertise of the highest priority to
Australia's national strategic interests.

Nuclear safety and the development of a safety culture within the Asia Pacific region are important
issues for Australia. ANSTO actively supports the development of a regional safety culture through:

• its own research programs within ANSTO's Safety Division; and

• running a regional project under the Regional Nuclear Cooperation in Asia.

These interests were addressed comprehensively by the Department of Foreign Affairs and Trade
and the Australian Safeguards Office in their submission to the Senate Economics References
Committee Inquiry into a reactor at Lucas Heights (Department of Foreign Affairs and Trade and
Australian Safeguards Office, 1998). In their submission these two bodies state, referring to the
1993 Research Reactor Review conditions for establishing a new reactor, that "the national interest
reasons in favour of anew research reactor have not diminished since 1993, that they remain a high priority
and that in some respects they have become a more important and pressing consideration".

Their submission also argues that "any assessment of the effectiveness of alternative technologies to a new
reactor must take into account the national interest reasons which a new reactor would serve. If alternative
technologies do not enable national interest requirements to be met at all or to the same degree, then they
cannot be regarded as genuine or full alternatives. For instance, while large spallation sources are a possible
alternative technology for neutron scattering they do not provide the expertise necessary to support the
national interest requirements. Such expertise does, however, flow from a multipurpose research reactor"
(Department of Foreign Affairs and Trade and Australian Safeguards Office, 1998).
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The benefits derived from the presence of a research reactor in Australia in terms of national
interest are not quantifiable in dollar terms. A conclusion of the Research Reactor Review was that
"the national interest component of justification for a reactor is assessed as very important: but only the
Government can decide whether this is best served by expenditure on a new reactor" (McKinnon,
Henderson-Sellers and Hundloe, 1993a). The Commonwealth Government considers these
benefits to be important and that they can only continue if Australia has a modern research reactor
capability and associated nuclear fuel cycle expertise.

4.2.3 Scientific Research and Education

HIFAR was one of the first major national research facilities in Australia and it has provided many
benefits in terms of scientific research and also education and training. The prime research tool of
the reactor is the neutron beam.

International scientific assessments rate the neutrons produced by research reactors as a unique and
broadly applicable scientific tool for leading edge, basic and applied investigations across a wide
range of scientific and technological disciplines in soft matter, materials and engineering science,
physics, chemistry, biology, medicine and environmental science. In essence, medium flux reactors
are an invaluable source of new science and new techniques for the advancement of neutron
materials science and technology development worldwide (NRC, 1998; Basic Energy Sciences
Advisory Committee Panel on Neutron Sources, 1993; and European Neutron Scattering
Association, 1996).

Australian scientists are currently applying neutron diffraction techniques in research on the
fundamental structures and functioning of condensed and soft matter. Neutron studies are
complementary to X-ray methods for studying the structure and dynamics of matter. HIFAR
facilities for instance, have been used in explaining the structure and function of new materials such
as fullerenes ("Buckey Balls"), high temperature super-conductors and advanced ceramics.

Of direct relevance to Australia is the report of the Beam Facilities Consultative Group (ANSTO,
1998e) which comprised representatives from the Academy of Science, the Academy of
Technological, Science and Engineering, Institute of Physics, Royal Australian Chemical Institute,
a nominated life scientist, two Australian Institute for Nuclear Science and Engineering nominees
and industry representatives. These included representatives from all States and comprised
knowledge of most areas of neutron use. The group sought to establish the foundations of a priority
program of neutron beam research on the replacement reactor and identified the opportunities for
future reactor based scientific research summarised in Table 4-1 •

With the replacement reactor, researchers would benefit, not only from an enhanced neutron flux,
but also from the new facilities which would include a cold neutron source, a hot neutron source,
tangential beams and the provision of adequate space for a wide range of research instrumentation
which would allow industrial processes to be followed in real time under various temperature,
pressure and stress regimes. A cold neutron source on the replacement reactor, coupled with the
small angle neutron scattering facility transferred from HIFAR, would provide a powerful tool for
studying, for instance, polymer structures, nanostructures and biological molecules. The availability
of a cold neutron source for both the United States and Japan has more than trebled the number
of users and expanded the applications of neutron science significantly (NRC, 1998). A range of
other opportunities are listed in Table 4-1 •
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Table Significance of Reactor Based Scientific Research for Australia and Che
Asia-Pacific Region

Area of
Research

Significance for Australia Regional
Significance'

Polymers and
Soft Matter

Disordered
crystalline
materials,
liquids and
glass es

Biology and
Biotechnology

Condensed
Matter Physics

Structural
Chemistry and
Materials

Engineering
Science

Earth/
Environment
Sciences

Perceived
Future

Activity in
RSeutron

Scattering
Polymerisation,
surfactants, colloids
and emulsions

Cements, glasses,
sol/gels,
crystallisation
kinetics

Increasing
applications in
macromolecular
assemblies,
membranes and
proteins

Magnetic structures,
flux transport

Structures of new
materials, phase
transitions.

Residual stress,
texture

In situ studies of
mineral structures,
geological pore
s tructures

Neutron optics Interactions at
and
fundamental
physics

Ed ucation

Clinical
Medicine

materials interfaces

Like I v
Research

Organisations'1

CSIRO, CRC's,
Universities

Universities,
ANSTO, CSIRO

CSIRO, AIMS,
Universities

Universities, CSIRO,
ANSTO

ANSTO, CRC's,
Universities, DSTO

ANSTO, CRC's,
Universities, DSTO

Universities, CSIRO,
AGSO

Universities

Relevant
Industrial

Applications

chemical and
petroleum, lubricant,
plastics, paints,
adhesives

Non-composites,
sensors, glasses,
communications

Pharmaceutical,
Biotechnology

Communications,
electronics, defence,
motors

Neutrons to
complement
current strengths

Neutrons to
complement
current strengths

Neutrons to
complement
current strengths

Enable Australia to
continue to make
important
contributions

Co mmunications,
electronics, defence,
nuclear, chemical and
petroleum

Manufacturing, space Limited
systems, defence,
vehicles, engine

Petroleum, mineral
exploration, mining

Enable Australia to
continue to make

important
contributions

Limited

Development and Enable Australia to
optimisation of
neutron beam devices

Research training for ANSTO, Universities Training
undergraduate
scientists and
engineers

None expected in the ANSTO, Universities Cancer treatment
foreseeable future centres

continue to make
important
contributions

IAEA1, RNCA1

Limited

ANSTO [1BBB6).

CSIRO - Commonwealth Scientific and industrial Research Organisation
CRC - Cooperative Research CentrES
AIMS - Australian Institute of Marine Science
•STQ - Defence Science and Technology Organisation
AGSO - Australian Geological Survey Organisation
IAEA - International Atomic Energy Agency
RfMCA - Regional Nuclear Cooperation in Asia

One purpose of the proposal is to enhance the quality of science and technology m areas wnere Australia
is already strong, and to add to these in a manner which is complementary tc other facilities in the Asian
region in such a way as to allow for exchange and interchange in the region.
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The availability of an Australian reactor would ensure the ability to locally study new materials,
with minimum delay and without the interference of gamma radiation as currently occurs with
HIFAR. This would contribute to the basic technological capacity of Australian industry assisting
it to maintain a leading edge in the next century. Neutron techniques would be applied to a range
of emerging materials in the aerospace, automotive, biotechnology, petrochemical, food technology
and telecommunication fields.

It is widely recognised that wealth creation in the 21st century will depend less on ownership of raw
materials and that wealth will be "increasingly derived from access to and utilisation of advanced
materials and process technologies as well as the design skills to convert materials into world-class
components, products and systems" (refer Figure 4.2) (NRC, 1998).
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Organisation for Economic Co-operation and Development countries have identified materials
technologies, biotechnologies and information technologies as strategic technologies with key
materials science topics having a significant impact not only on wealth creation but quality of life.
The development and subsequent industrial application of new or improved materials requires an
understanding of the structure and dynamics of the substance at the molecular level, which as
described above is undertaken by neutron studies.
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Potential economic benefits to Australia will stem from this research. A recent United States study
has identified strong empirical evidence of the linkage between public sector research and industrial
technology (Nairn et al, 1998). However, there does not appear to be any formal cost benefit analysis
approach to placing dollar values on the benefits of scientific research (Coopers and Lybrand, 1993;
Organisation for Economic Co-operation and Development, 1987). Part of the reason for this is that
whilst some development outputs produce immediately saleable products and services, there is often
a significant time lag between the outputs and an eventual use for scientific research. The problem
is further complicated when scientific research from a number of sources is combined to produce a
single product.

It is, however, possible to quantify some of the benefits of the research reactor to education and
training. HIFAR has made a major contribution to the training and education of research scientists,
principally through AINSE, the Australian Institute for Nuclear Science and Engineering. AINSE
was founded in 1958 as a vehicle for university staff and research students to gain access to the
facilities at Lucas Heights. It now comprises 36 universities with science-based programs as well as
ANSTO. Between 1993 and 1996, the number of university research projects using HIFAR
increased by about two thirds. Access to the key neutron scattering facilities was totally booked in
1993 and continues to be fully booked, even though ANSTO has made very substantial
improvements to the efficiency with which data can be collected. In 1996-97, university staff and
post-graduate researchers occupied 544 instrument days of research time on HIFAR. Further, there
has been a trebling in the use of overseas neutron facilities by Australia's top research scientists, but
even they have been unable to obtain the instrument time they have sought. In recent years, around
15 percent of PhD candidates in the physical sciences and engineering at Australian universities
have used HIFAR in the course of their research.

As a measure of ANSTO's scientific impact on the international nuclear research community, a
study (Coopers and Lybrand, 1993) benchmarked the research output of ANSTO against overseas
best practice and found it to be of world standard both in terms of the number of research papers
produced and the assessed quality of the papers. An important index of scientific output is the
number of publications. The increasing trend of ANSTO publications is shown in Figure 4.3. In

1996/97, total ANSTO
publications were around
620, with con fe rence
p a p e r s / a b s t r a c t s ,
commercial and technical
reports, and journal articles
accounting for approximately
96 percent of this total
(ANSTO, 1997a). As an
indicator of the quality of the
publications it should be
noted that the level of
citations are double and the
number of papers SCI indexed
is more than double that of
t h e A u s t r a l i a n a n d

-<s? ,(f ' O r g a n i s a t i o n f o r

Figure A a Economic Co-operation
AN8TO Publications by Type (19BQ-199O) and Development average
1994/95 to 1995/96 (ANSTO, 1996a).

a

LA
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Figure A.A

Total Number of Postgraduate
Students using AN8TO Facilities
C19BO/81 to 1S36/97J

The use made of ANSTO's facilities by visiting researchers is continuing to increase. Since
1992/93 it is estimated that the number of postgraduate students has increased almost five fold as
shown in Figure 4-4-

The impact of neutron science in
Australia reflects overseas trends.
Currently a worldwide scientific
community of the order of 6,000
scientists uses neutron scattering
for research across a wide
spectrum of scientific disciplines.
More than half are PhD students
and postdoctorals, who in
addition to carrying out frontline
research are being educated in
the international environment of
neutron establishments, thereby
preparing them for the challenges
of professional activity in an
increasingly global scientific and
industrial world (European
Neutron Scattering Association,

1997). ANSTO considers that it is important that Australians contribute to this process if
this country is to be internationally competitive in the next century.

It is recognised that early next century there will be a period when there is expected to be a lack of
neutron sources (Riste, 1995; Organisation for Economic Co-operation and Development,
unpublished). The replacement reactor and other facilities elsewhere would contribute to reducing
the "impact of the neutron gap and at the same time provide the network of well-equipped intermediate
sources needed to serve national communities as a home base for the large class of experimmts which do not
need the highest flux, and for the development of new techniques" (Organisation for Economic Co-
operation and Development, unpublished).

The replacement reactor would lead to enhanced collaboration with leading institutions overseas,
encouraging joint projects and scientific exchange. Young scientists in Australia would benefit not
only from access to a local facility of international significance, but also, as a consequence of the
quality of their work, would gain ready access to the best facilities and research teams in the world.
Independent of considerations of the 'neutron gap', the ANSTO Strategic Review (Bain
International/Battelle Memorial Institute, 1994) recognised that a replacement research reactor
would be an important element of Australia's overall scientific infrastructure.

4.S.<a Industrial Applications

Background

Scientists at the Lucas Heights Science and Technology Centre have been closely involved in
developing radioisotope applications and transferring them to industry. Within a few years of its
commissioning, HIFAR produced radionuclides which were being applied to many industrial
sectors. They were used, for example, to measure flow rates of raw materials in power stations; to
gauge river flow rates; to monitor sand movements in harbours and estuaries; to measure
groundwater flow; to investigate contaminant transports, and sewage dispersion; to measure wear
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rates of engines and to study the processes in blast furnaces. Table 4.2 is indicative of the historical
development of the industrial applications of radioisotopes by ANSTO and their uses in industry.

Table 4.S: Historical Development of the industrial Applications of
Radiaisatopes (Selected Major Projects]

Year Radioisotope

Coastal Engineering

1960 to 1965 gold-198
copper-64
chromium-51

1978 to 1985 chromium-51
iridium-192
gold-198
scandium-46

1980 to 1985 gold-198

1985 to 1987 gold-198

1988 to 1989 iridium-192

Contamination Dispersion

1976 to 1978 zinc-65
manganese-54
gold-198
technetium-99m
tritium

1976 to 1993 gold-198
technetium-99m
tritium

1983

1979 to 1987

Entomology

1970 to 1983

1970 to 1983

gold-198

bromium-82
tritium
technetium-99m

scandium-46
lanthanum-140

lanthanum-140

industrial Application

Sil t movement in N ewcas d e
Harbour

Sand movement in Moreton
Bay — north-east shipping
channel

Channel siltation in Port
Hacking

Sand movements around sea
grass beds in St Vincents Gulf,
SA

Dredged sand as beach
supplement, Bribie Island

Study of heavy metal (Zn and
Mn) and sediment dispersion
across the Mage la Plains NT

Post commissioning trials - deep
ocean sewage outfalls

Dispersion of industrial effluent
in Bass Strait

Behaviour of sewage and waste
water treatment lagoons -
various locations in NSW

Examples of Clients

Hunter Valley Rese arch
Foundation; Maritime
Services Board

Port of Brisbane Authority

NSW Department of Public
Works

SADepartment of Fisheries,
S A Department of
Environment and Planning

Queensland Mines and
Department of Harbours and
Marines

Ranger Uranium Mines;
Pancontinental Mining Ltd

Unisearch WRL, NSW
Environment Protection
Authority and Sydney Water

Trioxide, Burnie, Tasmania

Department of Housing and
Construction

Measurement of termite With CS1RO and Fo restry
populati ons and tra eking in NT and Timber Burea u
andWA

Measurement of termite NSW Government Heritage
infestation in historic buildings Council
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Year
Flow Rates

1960

1962 to 1963

1973 to 1974

1979 to 1981

Radioisotope

go Id-198
copper-64

go Id-198

krypton-85

technetium-99m

Industrial Application

Flow rate in Murrumbidgee
River

River flow for planned power
station

Measurement of gas flow/
calibration

Flow rate in power station
coolins water

Examples of Clients

Snowy Mountains Hydro-
Electric Authority

Electricity Trust of SA

Licenced to ACI Technical
Services Ltd

CIGP/LPortKembla

1992 technetium-99m

General Industry

1977 to 1987 Neutron activation
of piston rings

1979 to 1987 gold-198
cobalt-60
lanthanum-140
silver-110m

1985 to 1987 gold-198

1990 to 1991 gold-198

Chemical and Petrochemical

1980 to 1981 caesium-137

1985 to 1987 sodium-24

How rates through sewage
treatment plant, Malabar

Wear study on jet engine fuel
pumps

Measurement of blast furnace
efficiencies

Mass balance check in gold
refining

Production efficiency in
aluminium reduction cells

Detection of condensate in
petroleum gas pipelines

Sydney Water

Lucas Aerospace

BHPPortKemblaand
N ewcastle

Johnson Matthey

Comalco

Woodside Petroleum, Esso-
BHP

Measurement of cellulose fibres APM
in paper

In a submission to the Research Reactor Review it was identified that international assessments
identify the average economic benefits of using tracer techniques in industry as 20 times the cost of
the service (Tracerco submission to the Research Reactor Review). Tracer studies for industry are now
undertaken by the industries themselves or, for complex studies by Tracerco.

Another significant research activity from the mid 1960s was the development of a range of
nucleonics (or radioisotope) gauges for the minerals processing and coal industries. This was
undertaken by the Australian Atomic Energy Agency and the Commonwealth Scientific and
Industrial Research Organisation at the Lucas Heights Science and Technology Centre. The gauges
are marketed by Amdel Ltd and MCI Ltd which contribute more than $7.5 million annually to
Australia's export income (pers. comm. Amdel, MCI, 1998). The Australian mining industry
benefits by productivity increases which have been estimated to be about $50 million annually. The
developments led to a number of awards, culminating in the Australia Prize in 1992. They would
not have been possible without direct access to the isotope sources and engineering infrastructure
developed around HIFAR.
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The field of radioisotope tracing, which complements applications of installed nucleonic gauges, has
also developed over the years. In 1989, Tracerco Australasia, a Joint Venture between ANSTO and
ICI Australia (now ORICA), was established for the commercial exploitation of the technology.
The company operates in most States of Australia, New Zealand and Asia. The technology is based
primarily on reactor produced isotopes. The volume of business is steadily increasing and is leading
to significant savings to Australian industry. Sales now exceed $1 million annually.

ANSTO recently commissioned an independent consultant's report on the ongoing viability of
Tracerco (Business Generation, 1997). It was concluded that the average annual sales growth
between 1996 and 2000 would be 14 percent. The replacement reactor would facilitate the supply
of (usually short lived) isotopes on which Tracerco's industrial applications depend. Enhanced
industrial activity would translate into an increase in demand for these products.

ANSTO has been traditionally engaged in the development of radiotracer techniques and
nucleonic systems to support environmental and coastal engineering. The development of
nucleonic field equipment is now being undertaken in collaboration with Minekin Australia, a small
Queensland company (refer Table 43). The nucleonic systems have contributed not only to
ANSTO's domestic projects, but also to Australia's projection abroad as a source of international
best practice technology for specialised field applications. Systems have been sold to 17 countries in
Asia, South America and North Africa through the International Atomic Energy Agency.

ANSTO itself is continuing to provide a range of services to industry based on products or
capabilities dependent on the reactor together with ANSTO's ongoing program of research. Four
examples are cited. Firstly, ANSTO is involved in neutron transmutation doping for the production
of semi-conductor material from ultra-pure silicon. It is widely recognised that the use of neutrons
produces a more uniform, and therefore a better product, than alternatives. Irradiation services
currently generate income of $2.5 million annually.

Secondly, ANSTO is providing a range of sterilisation, radiation dosimetry and irradiation services
to industry and government using the reactor produced cobalt-60. As an example, ANSTO has
adapted to local conditions, the sterile insect technique for the control or eradication of fruit fly.
The project is being underwritten by the Tri-State Venture (NSW, Victoria and South Australia
with the Commonwealth) and applied to the maintenance of the fruit fly eradication zone in the
Riverina. Flies are bred in a purpose built facility at Camden by the NSW Department of
Agriculture; ANSTO provides precision irradiation services.

Thirdly, ANSTO has recently won a major contract to the value of $20 million to supply Thailand
with specialised radioisotope handling facilities associated with their new research reactor. The
awarding of this contract was based on ANSTO's reputation for the reactor production and
subsequent downstream processing of pharmaceutical quality radioisotopes.

Fourthly, ANSTO is collaborating with consulting engineers to undertake investigations on the
impact of pollutant release on the coastal zone. The approach involves the development of
predictive mathematical models and their validation using radiotracer techniques. Examples
include the investigation of the release of sewage from ocean outfalls in Sydney and Hong Kong.
Most recently, interest has been directed to extending the range of application of transport codes to
the detailed study of the deposition of contaminant particles in the immediate vicinity of the sewage
outfalls, and the transport of sand and sediments under extreme sea (storm) conditions. Validation
of complex models using short lived radiotracers is an essential element of this research.

The impact of reactor based products and capabilities extends beyond activities at the Lucas
Heights Science and Technology Centre. Examples of the significant support for small and medium
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business and of the widespread diffusion of nuclear technologies to the general scientific and
industrial communities are provided in the following sections. The Industry Commission (1995)
indicated that the rate of return from industrial research and development is likely to be of the order
of 150 percent, with the social return, that is, the permanent increase in national output generated
by a unit increase in the stock of knowledge as a further 50 percent return. Access Economics (pers.
comm. Access Economics, 1998) suggests that the economic benefit from such research is usually
in the range of two to five times cost.

Support; for Small and Medium Business

Several research activities and services based on nuclear technology provided the basis of the
operation of small business as shown in Table 4.3.

Table <4.3: Applications for Small Business

Application

On-line analysis for
mineral industry
(AAEC/CSIRO)

Coalscan technology
(AAEC/CSIRO)

Industrial applications of
radio isotopes

Ne utron activation
analysis

Field monitoring
radioisotope equipment

Radiation dosimetry

Off-shore radiotracing

Benefiting
Business

Amdel

MCI Ltd

Economic Benefit of
Application1

Years of
Application

mid-1970s onwards Total export income $7.5 million
annually

1981 onwards

Tracerco Australasia 1989 onwards
(a joint venture
between ANSTO and
Orica)

Becquerel Ltd 1987 onwards

Minekin Australia 1992 onwards

Steritech Ltd 1960s onwards

UnisearchWRL 19 90s onwards

Economic benefits to Australian
industryofthe minerals and coal
scan technologies estimated at
$50 million annually

Sales currently $1 million
annually. Sales growth in recent
years averaged over 10 percent

Over 25,000 samples assayed
annually with substantial benefit
to mining exploration companies

Minekin Australia and ANSTO
are providing equipment
principally through the IAEA.
Current sales about $180,000
annually

ANSTO provides this essential
service to Steritech on a
commercial basis

ANSTO support s WRL in p ost
commissioning trials of sewage
outfalls for Sydney Water and
Montgomery Watson Hong
Kong. ANSTO component
about $70,000 annually

Note 1 : Using Examples of clients.

Neutron activation analysis is a growing activity based directly on the reactor. It is a non-destructive
technique for measuring trace element concentrations of a wide range of industrial, geological,
biological and environmental samples. Over 25,000 samples are measured annually by a small
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company, Becquerel Ltd, using HIFAR neutrons. Independent studies (Coopers and Lybrand, 1993;
MacKenzie and Woodall, 1987) have indicated that the economic benefit of identifying precious
metals and valuable minerals using this method is far greater than the direct revenue earned from
charges for such services.

A specialised reactor based technique known as fission track analysis is used to measure the level
and distribution of uranium in host rock. A unique application of this technique to the assessment
of the hydrocarbon potential of a region was developed in Australia. Reactor irradiation is an
essential step in the process. The service was developed and is marketed internationally by the
private company Geotrack.

ANSTO supports the cobalt-60 gamma irradiation company Steritech Ltd through the provision of
dosimetry calibration services, and, from time to time, the development of processes which lead to
requirements for commercial irradiation. An example of the latter is the irradiation of beehives to
rid them of American fowl brood disease. In the absence of the irradiation, large numbers of hives
would need to be destroyed annually at substantial cost to the industry.

Diffusion of Technology

There has been a widespread diffusion of nuclear related technology to the general scientific and
industrial communities with significant benefits to the Australian economy. Most has required
neutron based analysis to develop the product or process. It can be argued that without a
replacement reactor, this process would be substantially slowed and the benefits limited. Examples
of this are provided in Table 4-4-

Table Examples of Diffusion of Technology into the Broader Community

Activity Organisation Description Benefits

Ceramic
techno logy
applications

ANSTO

Minerals
proces sing
technology

ANSTO

Management of
acid mine
drainage

ANSTO

Applications of ceramic
technology derived from
the Synroc (radioactive
waste) program

Application s of skil Is
and capabilities
developed from the long
term involvement in
uranium processing

Modelling and long
term prediction of
pollutant transport from
mine sites

Applications to coatings on metals,
corrosion protection and a variety of
small electrical applications. Recent
commercial projects involving ANSTO
include a ceramic burner, medical
equipment and an application for solar
window technology. Neutron beam
analysis has been used to assess ceramic
structures and efficiency of pro cessing.

ANSTO has developed and
implemented processing technologies to
remove naturally occurring radioactive
by-products associated with a number of
minerals. Optimisation of the process
relied on neutron activation analysis.
Processes used by many different mining
companies.

This field of research was derived
originally from the application of
neutron transport calculation methods
from reactor physics. It has contributed
to the rehabilitation of a number of
mine sites in Australia and around the
world.
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Activity

Remaining life
analysis

Organisation

ANSTO

Sub-sea multiple CSIRO,
phase flow Division of
nucleonic gauge Minerals

Description

Assessment of the
remaining life of
engineering components
and systems

Measurement of oil/gas/
water composition at
off-shore oil production
well heads

Industrial
tomography

Monash
University,
Physics

Three dime nsional
stru ctures of
components or of
heterogeneous materials

Benefits

These techniques have been developed
to support the reactor andbeen applied
to general industry on a commercial
basis. The main beneficiary has been
Pacific Power which has benefited by
avoiding the premature replacement of
high cost components. Other
petrochemical and utility companies an;
now benefiting.

Ongoing development of nucleonic
gauges (arising from the earlier
Australian Atomic Energy Commission
nucleonic research) by CSIRO at the
Lucas Heights Science and Technology
Centre. A sub-sea gauge is currently
undergoing commercialisation.

Industrial tomography capability to the
advanced pre-commercial stage.
Applications to the timber industry
have been demonstrated.

B
The estimated financial costs of constructing and operating the proposed replacement research
reactor are provided in Section 5.9. Estimated costs of decommissioning HIFAR are provided in
Chapter 19 as well as the potential costs of decommissioning the proposed replacement reactor.

Other potential costs of the proposal include those that are difficult to quantify. These are the
potential costs associated with adverse environmental impacts, sometimes referred to as
externalities. These costs are intangible, in that they cannot be readily valued in economic terms or
that it is considered that attempts to assign monetary values on these may be inappropriate. Table
4-5 provides a list of potential unquantifiable costs of the proposal. The nature and extent of these
potential costs are assessed in the relevant chapters in Part E of this Draft EIS. The perceived
community costs of the proposal have been identified and discussed in Chapters 7 and 16.

It should be noted that the intangible costs of constructing and operating a replacement reactor at
another site outside Lucas Heights would be higher than at the Lucas Heights Science and
Technology Centre. This is because the Lucas Heights Science and Technology Centre is an
established location for the reactor and many of the environmental costs have already been
incurred over the last 40 to 50 years of its existence. The intangible costs of setting up a new
greenfield site would therefore be more significant. The associated infrastructure costs of
establishing a new greenfield site would also be significantly greater (refer Chapters 5 and 6).
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Table 4.5: Potential Wan-Quantifiable or Intangible Coses of the Proposal

Potential Intangible Costs Where Assessed in Draft; EIS

• Impacts on water quality Chapters 8 and / 0

• Impacts on air quality Chapters 9 and 10

• Impacts of wastes Chapter 10

• Impacts on public health including risks Chapters 10 and J 1

• Impacts on flora and fauna Chapter 12

• Residential amenity Chapter 13

• Traffic disruption during construction Chapter 14

• Social impacts including perceived costs and risks Chapter 16

• Impacts on bush fire hazard Chapter 17.2

• Noise intrusion Chapter 17.3

• Visual amenity Chapter 17A

• Impacts on Aboriginal archaeological resources Chapter 17.5

• Impacts on principles of ecologically sustainable development Chapter 20

There are also opportunity costs associated with the proposed replacement reactor. These are the
benefits foregone by choosing to build and operate a replacement reactor compared to using the
resources needed to do this for other projects.

There are several opportunity costs that can be identified for the proposal. Firstly, the ongoing
opportunity cost for the land within the buffer zone is one which arises as a result of the proposal
for a replacement reactor. By continuing to use the Lucas Heights Science and Technology Centre
as a nuclear site by constructing a replacement reactor, the land within the buffer zone is restricted
in its use. Although much of the area is constrained, for example, the Holsworthy Military Area and
Waste Management Centre occupy part of this buffer zone, some of the area could potentially be
used for other uses such as residential development. Foregoing the opportunity to have residential
development in this area is potentially one opportunity cost of building a replacement reactor. This,
however, is only the case if the buffer zone was no longer required if there is no reactor. A study
undertaken by ANSTO in 1997 (ANSTO, 1997a) indicates, nevertheless, that only around 27
hectares of the buffer zone is potentially suitable for residential development. Other land not in the
ownership of government or private landholders was assessed to be too steep to build on. These
factors combined with the potentially high costs of remediating parts of the site and buffer zone to
remove drains etc would potentially make this opportunity cost less significant.

Another potential opportunity cost that can be identified is scientific research that is foregone on
other research projects within Australia. There is, however, no guarantee that funding for the
proposal would necessarily go to other projects if the proposal were not to proceed as the funds are
not coming from any earmarked scientific budget.
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4.4.1 Introduction

There would be a number of consequences and implications of the commonly referred to "do
nothing" option which would be not proceeding with the proposed replacement research reactor.
Underpinning these is the stated position of the Nuclear Safety Bureau that HIFAR would require
a major refurbishment and safety systems upgrade by about 2003 if it is to be permitted to operate
significantly beyond that date (Nuclear Safety Bureau, 1995). Such an upgrade would be specified
and assessed by ARPANSA against criteria for a new reactor. It is unlikely that the high cost for
such an upgrade could be justified for the purpose of extending the reactor life some decades beyond
its existing 45 year life, particularly as it would in no way improve the performance limitations of
the reactor and would still leave it inadequate to meet Australia's needs for the next century. It is
therefore assumed that the effect of not proceeding with the proposal would be to shut HIFAR
down by about 2003 and to leave Australia without a reactor neutron source.

It could be argued that the consequence of not proceeding with a replacement research reactor does
not equate to doing nothing. Strategic alternatives to the proposal such as refurbishing HIFAR or
developing alternative technologies are discussed in Chapter 6.

In the absence of an Australian research reactor, many of the benefits outlined in the previous
sections, would not accrue.

4.4.a Nuclear Medicine and Health

If there were no Australian research reactor, the patients receiving longer-lived reactor-produced
radiopharmaceuticals (currently ANSTO delivers 347,000 patient doses annually) would be solely
dependent on the importation of radiopharmaceuticals. Newly developed short-lived reactor-based
radiopharmaceuticals would not be available to Australian patients. Since these products are
critical to the effective functioning of the nation's health services and by their nature cannot be
stockpiled, questions of security and reliability of supply would arise. In the absence of domestic
production, it would be necessary to factor into patient management, an allowance for possible
additional delays and uncertainties in the delivery of the relatively short-lived isotopes from distant
sources. This would result in added burdens to the health budget and a decrease in the quality of
service to the patient. Regional centres would be harder hit than the major cities. The minimisation
of avoidable costs to health delivery is essential if the quality of service is to be maintained in the
longer term to an aging population.

If the proposal does not proceed, Australia's current position of self-sufficiency in the supply of
many key reactor based radiopharmaceuticals would be reduced to that of an importer of these
products. Although individual scientists could continue to be involved in research associated with
reactor based radiopharmaceuticals, Australia as a nation would lose substantial direct benefits from
the research that would accrue from manufacturing an increasing range of products (Submissions
by ANZSM, ANZAPNM and Professor Harvey Turner to the Senate Economics References
Committee Inquiry, 1998).

4.4.3 National interest

The benefits to the national interest from the replacement reactor are outlined in Section 4-2.2. If
the proposal does not proceed, these benefits would be foregone to a large extent. A decision not
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to build the replacement reactor would be interpreted by other counties as meaning that Australia
places nuclear science and technology at a low priority. It would be difficult to maintain Australia's
designated position as the country in the region most advanced in atomic energy. Australia's
designated seat on the International Atomic Energy Agency Board of Governors would be
threatened, and as a consequence Australia would have a greatly reduced influence at the highest
level in, say, the ongoing development of safeguards policy. This view is upheld by the Department
of Foreign Affairs and Trade as stated in their submission to the Senate Economics References
Committee Inquiry (Department of Foreign Affairs and Trade and Australian Safeguards Office,
1998). The maintenance of a strong safeguards regime under the Treat} on the Non-Proliferation of
Nuclear Weapons has implications for uranium export policy and for Australia's strong support for
the Comprehensive Test Ban Treaty and its verification. An effective program of technical
assistance in the peaceful uses of nuclear science and technology to developing countries also
represents a committment by Australia under Article IV of the Treaty on the Non-Proliferation of
Nuclear Weapons.

A decision by Australia not to proceed with the replacement reactor would not influence the
decisions of other countries in this region to embrace nuclear power and other aspects of nuclear
technology. These are and would be driven by their desires to enhance the standard of living of their
people in a greenhouse conscious world and by their concepts of the development of nationhood.

In the absence of a replacement reactor, Australia could, in principle, continue to participate in
regional nuclear technical cooperation programs. However, this would be very much in a minor way
and the opportunities for playing a lead role would be lost to another country. Under Article IV of
the Treaty on the Non-Proliferation of Nuclear Weapons, Australia would not be seen as an advanced
country, able to co-operate in contributing to the "further development of the applications of nuclear
energy for peaceful purposes, especially in the territories of non-nuclear weapon States party to the Treaty,
with due consideration for the needs of developing areas of the world" (Article IV). This would flow on
to the loss of our seat on the Board of Governors as discussed above. This would adversely impact,
for instance, on our contribution to the ongoing development of a safety culture within the region.

4.4.4 Scientific Research end Education

In the absence of a reactor, all significant neutron based scientific research would need to be
conducted overseas. In the short term, Australian scientists with established reputations would
most likely continue to maintain access to overseas facilities. However, if Australia dropped out of
being part of the global network of neutron sources, the basis for establishing truly collaborative
programs based on two way scientific exchange would be lost. This global network is made up of a
complementary mix of spallation sources, very high flux reactors and high/medium flux facilities
with sophisticated instrumentation such as the proposed replacement reactor. These classes of
facilities all have well-defined and complementary roles. In the absence of the replacement reactor,
the opportunity for the brightest young scientists to work with overseas colleagues on co-operative
programs, reflecting Australian priorities, both at home and on major facilities abroad would be
compromised. Without the replacement reactor, the normal avenue of incorporating such programs
into the highest realm of global science would be lost. What is at stake, is the involvement of
Australia, at the national level, in neutron and associated materials science at international best
practice levels. In the absence of such involvement, access of local high technology industry to the
output of this research would be much more difficult and risks the loss of intellectual property, and
the loss of potential for Australia to benefit from the wealth creation dependent on advanced
materials, considered an important element by the Organisation for Economic Co-operation and
Development countries.
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Another consequence of rejecting the proposal would be the dismantling of the education and
training infrastructure developed around HIFAR over many years. As discussed previously, around
15 percent of all PhDs in the physical and material sciences have been based on work using
ANSTO's facilities.

4.4.5 Industrial Applications

In the absence of the replacement reactor, there would be no domestic source for neutron activation
analysis, transmutation doping of silicon or fission track applications. Some of Tracerco Australasia's
services to Australian and nearby South East Asian countries, which are based on short lived
radioisotopes, would be curtailed or redesigned to use less satisfactory longer lived tracers. More
importantly, the ability of Tracerco to respond quickly to clients requests for urgent services would
be curtailed in many instances.

Examples of the national benefits derived from the diffusion of nuclear technology into the general
scientific and industrial communities were provided in Section 4-2.4- If Australia effectively opted
out of nuclear science and technology by not proceeding with the proposal, new locally developed
ideas and products would eventually dry up as would the benefits of technology diffusion which is
sustained by these developments.

4.4.6 Environmental Impacts

If the proposal did not go ahead, the potential environmental impacts that are outlined in this Draft
EIS would not occur. There would be a need only to continue to provide management measures to
satisfy human health and safety and environmental protection in respect of HIFAR up until HIFAR
is shut down. A new range of management measures would then need to be introduced to satisfy
regulatory requirements for decommissioning of HIFAR. There could, however, be potential
development pressures on the buffer zone as this zone would no longer be required if there were no
reactor on the Lucas Heights Science and Technology Centre site. This could impact on the natural
setting of the area.

Current local community concerns and perceptions of risk surrounding the research reactor would
partially be alleviated if the proposal was not to proceed. There would however, still be a nuclear
site at Lucas Heights for at least 30 years after 2003, and some community concerns and issues such
as those surrounding waste management and decommissioning would still exist. The need to build
a low and intermediate level waste repository in Australia would not be changed as a result of not
proceeding with the proposal. This is further discussed in Chapter 3.

Although the Lucas Heights Science and Technology Centre could continue to exist, there would
be adverse local employment impacts as a result of not having a replacement reactor. ANSTO is
one of the largest single employers within the Sutherland Shire and many contracting businesses
have ANSTO as a major client. Currently ANSTO spends around $10 million annually on
Australian businesses, with 60 percent of this being spent in Sutherland Shire. A significant fraction
of these externally generated (Commonwealth) resources would be put at risk. Further, the
economic benefit derived from the large number of visiting scientists (143 who on average spent up
to two months of the year at ANSTO during the previous 12 months), students and other visitors
(6,784, excluding organised tour groups, in the previous 12 months), many of whom come from
overseas (421), would be lost to the local community and to NSW as a whole.

In the absence of a reactor, on the Lucas Heights site, the range and extent of activities at the Lucas
Heights Science and Technology Centre would be significantly reduced. There would be little use for
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much of the nuclear related infrastructure that has been built up over the decades and there would
be a concomitant loss in staff.

If the government decided to use the site for some other use it is likely that much of the infrastructure
would not be able to be used efficiently or effectively There would need to be substantial investment
and changes to the site to enable it to be used for another purpose. Even under the most optimistic
scenario, it is thus likely that there would be a significant loss of employment and economic activity
at the Lucas Heights Science and Technology Centre with flow on effects to the community.

HIFAR is technologically obsolete and cannot meet stakeholder requirements. None of the
alternatives considered in Chapter 6 would provide the existing range of reactor based products,
services and nuclear science and technology knowledge currently available from HIFAR and that
would be provided by a modern multi-purpose research reactor.

HIFAR is considered technologically obsolete because it is based on a design which is 50 years old.
The reactor was adapted and used for purposes different from those for which it was designed,
necessitating compromise in many facets of its use. Its capabilities compare unfavourably with
modern research reactors operating within the region as well as those in Europe and North America.

The performance capabilities of HIFAR are now considered to be below modern standards. This is
affecting the nature of the research which can be undertaken, and imposing constraints on
radioisotope production. ANSTO has assessed that HIFAR may not be able to meet the domestic
demand for reactor produced radiopharmaceuticals after about 2004.

The Nuclear Safety Bureau, which currently has regulatory responsibilities over ANSTO's nuclear
plant has made it clear in its 1994-95 Annual Report that the upgrading of HIFAR safety systems
would be necessary by about 2003 if the reactor were to be operated significantly beyond that date
(Nuclear Safety Bureau, 1995). However, it indicated that it would allow HIFAR to operate to 2005
without an upgrade if a replacement reactor were commissioned by then.

Table 4-6 provides a summary of the characteristics of HIFAR compared to the proposed
replacement reactor in terms of the proposal objectives.
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Table 4.6: Comparison of HIFAR and the Proposed Replacement: Reactor

Proposal
Objective

Maintain and enhance
health care benefits

Advice to government
in support of nuclear
policy

Maintain a neutron
beam research facility as
a centre of excellence

HiFAH

Unable to meet
demand for
radiopharmaceuticals
beyond 2004

Limitations in product
range due to low flux

Quality of nuclear
technical advice to
government eventually
limited by the
technology of the aging
HFAR reactor

HIFAR is now
technologically obsolete
with specifications be low
modern standards.

Enhance research and
educational
opportunities

Isotopes for industry

HIFAR, through
AINSE has made a
major contribution to
university research

Availability of HIFAR
has contributed to the
deve lopment of an
industrial program.

Replacement Reactor

Satisfy foreseeable domestic and export
demand

Enhanced flux would enable production of
some additional products

Loca 1 source leads to enhanced reliability
and hence savings to health services

Nuclear capability helps protect Australia's
permanent seat on IAEA Board of
Governors.

Advice to government based on modern
technology.

Technical support for safeguards
implementation.

Support for regional nuclear technical
cooperation and training including nuclear
safety and radiological protection, safety
culture, emergency response and waste
management.

Wouldbe commissioned at a time when
there is a growing lack of neutrons around
the world and there being increasing
scientific usage

Would have 'cold' and 'hot' neutron sources
to greatly enhance research
opportunities Would assist the development
of a cooperative program on local and
overseas facilities based on Australian
priorities

A local facility would enable rapid access to
Australian industry, with appropriate
intellectual propeityprotection

Would provide an opportunity for young
researchers to develop theirresearch talents

Without a local neutron source, Australian
research students would be dependent on
overseas facilities

Industrial activities aie expanding, the
replacement reactor would ensure that this
trend continues

Higher flux would enable the production of
some additional isotopes for industrial use

Would ensure the ongoing development of
nuclear technology which in turn supports
the development of other generic
technologies such as nano technology and
new materials technology with multiplier
effects to industry
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Proposal

This chapter describes the proposed replacement research reactor in relation to a set of performance
specifications which identify the user requirements and the likely characteristics of the reactor required to satisfy
those requirements. The safety and design philosophies to be applied throughout the project are also described.

A description of a typical pool type research reactor and its safety characteristics is provided. A description
is also provided of the buildings and additional infrastructure required to support the replacement research
reactor; the construction and commissioning phases of the project; the utilisation of the reactor; and the
waste management arrangements and the likely nature and extent of emissions expected to be produced
during its operation.

This chapter examines the following matters raised by the EIS Guidelines (refer Appendix A):

Section of ESS Outline of Issue Section of this
Guidelines Chapter

5.1 General description of proposed reactor, associatedbuildings and 5.3
infrastructure

5.2 Process and timetable for tender, selection and construction and 5.1.4
anticipated operational life

5.5 Description of the physical requirements for the proposal 5.3

5.5.1 Existing and proposed buffer zones 5.3.3

5.5.2 General reactor requirements 5.1.2, 5.2.1, 5.2.2,
5.2.3, 54,5.6

5.5.3 Infrastructure requirements 5.3.1,5.3.2, 5.7

5.6 Specific location of the proposed reactor, associated buildings and 5.3.1, 5.3.2
infrastructure

5.7 Infrastructure requirements and facilities for production, processing 5.3.2
and national distribution of radiopharmaceuticals and other
radioisotopes

5.8 Performance specifications for the proposed replacement reactorand 5.1.3, 5.2.1, 5.2.2,
tender requirements 5.2.3

5.9 Safety characteristics 5.1.2, 5.1.3, 5.3.1,
5.4
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Section of EIS Outline of Issue Section of this

Guidelines Chapter

5.10 Utilisation of proposed reactor 5.2.2,5.23

5.11 Description ofconstruction works required 5.7

5.11.1 Timing of work program and duration of construction 5.7.1

5.11.2 Whether any work will be undertaken outside of normal working 5.7.7

liours

5.11.3 Size of construction workforce 5.7.9

5.11.4 Extent of earth moving, building demolition/relocation, vegetation 5.7.2,5.73
clearance and other site preparatory works

5.11.5 Construction standards, techniques and site management 5.7.5
arrangements

5.11.6 Arrangements for disposal of construction wastes 5.7.4

5.11.7 Arrangements for erosion control and rehabilitation 5.7.2

5.12 Description of any special commissioning or startup procedures and 5.8
requirements

5.13 Operational workforce, composition of workforce andany 5.3.1,5.3.5

infrastructure requirements

5.14 Waste management and disposal of radioaaive wastes arising from 5.5
use of the reactor

5.15 Reactor waste products during operation 5.5

5.15.1 Atmospheric emissions 5.5

5.15.2 Aqueous emissions 5.5

5.15.3 Detaib of proposed storage, treatment and disposal of fuel elements 5.6

5.15.4 Storage, treatment, disposal and categorisation of other radioactive 5.5
wastes

5.16 Any requirements for concurrent operation ofthe existingHlFAR 5.8.4

facility and the proposed replacement reactor

4-6 Estimate of projected costs, including costs of ongoing operations, 5.9
new infrastructure, waste management, decommissioning, security
arrangements, transport and storage and safety and environmental
performance

8.53 Site security implications as a result of construction workforce 5. 7.8

5.1.i Background

The decision to replace the existing HIFAR research reactor at ANSTO's Lucas Heights site requires
two concurrent processes be undertaken: environmental investigation and assessment, and the
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regulatory process for nuclear facilities. The preparation of this Draft EIS is integral to the process, which
is described more fully in Chapter 2. The regulatory requirements are described more fully in Chapter 11.

The description of the replacement reactor is based on a set of specifications defined by the safety
criteria and the performance characteristics that the proposed reactor would be required to meet.
A number of reactor designs could meet the "performance specifications" set out in this chapter.
The reactor that is selected would meet the criteria set out in this chapter.

Details are given where design features can be predicted with a reasonable degree of certainty. In
other cases, the description focuses on characteristics that enable all possible "worst case"
environmental impacts to be identified and assessed.

All vendors selected to tender for the proposal would also be required, as a minimum, to ensure the
reactor design satisfies the relevant environmental and safety criteria detailed in this Draft EIS.

5.1 .S Safety Philosophy

The overall safety philosophy for the project involves:

• choosing a design which maximises inherent safety features;

• meeting internationally agreed safety objectives for research reactors;

• independent regulatory oversight of the safety of the replacement reactor; and

• satisfying internationally accepted safety criteria and standards throughout the process of
design, construction, commissioning, and operation of the reactor.

Safety Objectives

The safety objectives established for research reactors by the International Atomic Energy Agency
(International Atomic Energy Agency, 1992b) involve:

• protecting individuals, society and the environment by establishing and maintaining an
effective defence against radiological hazards;

• ensuring that during normal operation the radiation exposure within the plant is below
prescribed limits and kept as low as reasonably achievable;

• ensuring that accidents are generally prevented;

• ensuring that, for all event sequences taken into account in the design of the facility,
including those that have low probability, radiological consequences are small; and

• ensuring by both prevention and mitigation measures that accidents with significant
consequences are extremely unlikely (technical safety objective).

Regulatory Regime

The safety of the replacement reactor would be subject to independent regulatory approval by the
proposed ARPANSA, whose functions and role are described in more detail in Chapter 3.

A staged approval and licensing process would be applied by ARPANSA throughout the process of
siting, design, construction, and commissioning of the reactor for routine operations. As appropriate
for each stage of this process, ANSTO would be required to demonstrate the acceptability of the
reactor's design, safety features, and proposed management arrangements as shown in Figure 5.1.
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Safety Criteria and Standards

To protect the public and the workers and control the hazards and risks associated with the
replacement reactor, ARPANSA or its predecessor, the Nuclear Safety Bureau, would identify the
safety criteria and standards that are required to meet the safety objectives during all phases of the
project. These criteria would address such issues as radiation dose and accident risks, as well as
engineering and operational performance measures. The Nuclear Safety Bureau is currently
developing its safety assessment policy and the guidelines that specify such criteria. The Nuclear
Safety Bureau approach is based upon International Atomic Energy Agency safety assessment
principles, Basic Safety Principles for Nuclear Power Plants (International Atomic Energy Agency,
1988), and the United Kingdom Health and Safety Executive (1992) - Safety Assessment Principles
for Nuclear Plants. Although developed specifically for nuclear power plants, this approach was
selected by the Nuclear Safety Bureau because of its emphasis on the concept of "defence in depth"
in meeting the safety objectives (Nuclear Safety Bureau, 1997b).

The concept of defence in depth is fundamental to the safety of nuclear installations (International
Atomic Energy Agency, 1988):

"All safety activities, whether organisational, behavioural or equipment related, are subject to layers
of overlapping provisions, so that if a failure should occur it would be compensated for or corrected
without causing harm to individuals or the public at large. This idea of multiple levels of protection
is the central feature of defence in depth...."

The five levels of defence in depth can be described as follows:

1. Prevention of abnormal operation and failures through conservative design and high quality
in construction and operation.

2. Control of abnormal operation and detection of failures through the provision of control,
limiting and protection systems and other surveillance features.

3. Control of accidents within the design requirements through the provision of engineered
safety features and accident procedures.

4. Control of severe plant conditions, including prevention of accident progression and
mitigation of the consequences of severe accidents, through accident management and
complementary measures.

5. Mitigation of radiological consequences of releases of radioactive materials through off-site
emergency response arrangements.

S.I.3 Design Philosophy

The need for a research reactor to replace HIFAR is described in Chapter 4- The design philosophy
adopted for the proposed replacement research reactor is to tailor the facility to meet Australia's
current and future needs for a neutron source and in a manner that meets all health, environmental
and safety standards. In this regard, the needs are defined primarily in terms of performance and
safety characteristics and the outputs required of the reactor, rather than in terms of a specific
design. Since each reactor vendor involved in the tendering process would bring its own proprietary
technologies to bear in providing a design solution, there are a number of reactor designs that could
meet the specifications set out in this chapter. A detailed evaluation of these proposed design
solutions would be required prior to a selection of the successful tenderer and the finalisation of the
specific design details.
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The selected research reactor would satisfy the following safety and performance requirements:

• the reactor safety criteria and standards set initially by the Nuclear Safety Bureau and
subsequently by ARPANSA;

• safeguards and other requirements consequent to Australia's obligations as signatory to
international treaties and conventions relating to issues such as nuclear non-proliferation,
reactor safety and waste management;

• the regulatory requirements concerning environmental monitoring and controls;

• operational safety and efficiency;

• the ability to produce sufficient quantities of the comprehensive range of radioisotopes
identified by the user community as needed for diagnostic and therapeutic medical
procedures, industrial uses, environmental monitoring, and research activities; and the
flexibility to accommodate further increases in the production capability and further
expansion of the range of available radioisotopes;

• the provision of the neutron fluxes, neutron beam technologies, and instrumentation
required to meet the identified needs of beam users for research, industrial and medical
applications; and

• the provision of sufficient capability (neutron fluxes and volumes) to meet the requirements
for irradiation services identified by the industrial and research users of these facilities.

In addition to consultations with users to identify performance requirements, the users would be
consulted on both the final reactor specification and the relevant proposed design solutions
provided by the prospective vendors to ensure that agreed requirements are included.

5.1.4 Overall Development Process

Design and construction of the proposed replacement reactor would commence in 2000 and
commissioning would be completed by 2005. The anticipated operational life of the replacement
reactor is not less than 40 years. The timetable for development and implementation of the proposal
involves three key stages as summarised in Table 5.1 and shown in Figure 52.
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Table 5.1

Stage

Stage 1

Stage 2

Stage 3

Stage 4

PracBBe for Development and Implementation of
Proposed Research Reactor

Key Elements
Environmental Impact Assessment and Preliminary
Safety Assessment

Phase 1: Environmental Impact Assessment

Phase 2: Safety and Licensing Requirements

Phase 3: Deve lop Tender Documentation and
Reactor Spe cifications

Phase 4: Prequalification of Potential Vendors

Phase 5: Public Works Committee Process

Detailed Safety Assessment

Phase 1: Tender Process

Phase2: EvaluationofBids

Phase 3: Reactor C oncept Design

Detaile d Design and Construction

Phase 1: Detailed Design

Phase 2: Construction

Phase 3: Procurement

Phase 4: Installa tion and Training

Reactor Operation

Phase 1: Commissioning

Phase 2: Initial Full Pow er Operation

Phase 3: Permanent Shut Down of HIFAR

Expected Timing

December 1998

December 1998

June 1998 to January 1999

June 1998 to January 1999

June 1998 to March 1999

March 1999 to January 2000

January 2000 to March 2000

March 2000 to June 2001

March 2000 to December 2002

March 2002 to March 2005

March 2002 to March 2005

March 2002 to March 2005

Sept 2003 - December 2005

September 2003 to December 2000

December 2005

December 2005

Stage One

Environmental Impact Assessment

The environmental assessment process, as described more fully in Chapter 2 of this Draft EIS, must
be completed prior to commencing the formal tendering process for the replacement reactor.

Safety and Licensing Requirements

The Nuclear Safety Bureau is responsible for coordinating regulatory activities concerning the
replacement reactor until such time as ARPANSA is established. The requirements of the Nuclear
Safety Bureau are being addressed in the Draft EIS, in the development of the reactor specification,
and in the preparations for the licensing of the facility.
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Develop Tender Documentation and Reactor Specification

A consultancy contract has been entered into with Sinclair Knight Merz, in conjunction with AEA
Technology, a consulting firm from the United Kingdom with broad nuclear engineering expertise,
to lead the preparation of the legal and tender documentation and to assist in the preparation of
the reactor specification. The contract with Sinclair Knight Merz/AEA Technology would continue
through the vendor selection and contract negotiation processes of Stage 2.

Two consultative groups, representative of national users of the research reactor from academic,
other research organisations and industry, have been formed. These groups have identified the
needs, capabilities and requirements for the neutron beam and irradiation facilities that would be
made available on the replacement research reactor. The groups are:

• the Beam Facilities Consultative Group - this group has identified broad areas of science and
other potential industrial and medical uses of beams which should be supported by the
replacement reactor project. This has resulted in the identification of the specific
capabilities, beam facilities and instruments required; and

• the Irradiation Facilities Consultative Group - this group has identified needs and priorities
in the area of isotope production and irradiation services.

The work of these consultative groups provided the required input to the reactor specification process.

Prequalification of Potential Vendors

The first major milestone would be the production of a draft reactor specification, with sufficient
detail to conduct a process to prequalify potential reactor vendors. This process would require
reactor vendors to provide potential design solutions, accompanied by evidence that they are
capable of delivering a project of this size in Australia. The objective would be to eliminate
unsuitable vendors from the final comprehensive bidding process.

Parliamentary Public Wanks Committee

Under the Public Works Committee Act, 1969 the works of Commonwealth departments and
statutory authorities directly funded from the Budget and estimated to cost $6 million or more are
subject to examination by the Committee. Therefore, following the prequalification of vendors,
comprehensive tender documentation would be finalised. This documentation, together with the
Government's response to the environmental recommendations resulting from the EIS process,
would form part of ANSTO's submission to the Public Works Committee review process for the
replacement reactor proposal. Any recommendations from the Committee relating to the overall
acquisition process for the reactor would be addressed and incorporated into the final Request for
Tender documentation.

Stage 2 would follow the Public Works Committee review. A formal Request for Tender would be
issued to the prequalified vendors. Tenders received in response to the request would be assessed
against evaluation criteria and contract negotiations would be entered into with the preferred
tenderer for the design and construction of the replacement reactor.

Stages Two and Three

The acquisition of the replacement research reactor would be a turnkey contract. It is anticipated
that a major international research reactor vendor would team with one or more of the principal
Australian design engineering/construction firms to design and build the reactor. A detailed
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program would be developed for each stage prior to its commencement. An outline of the timing
and staging of construction activities in Stage 3 is included in Section 5.7.

5.2. i Basic Replacement Reactor Requirements

A summary of some of the key features of the replacement reactor and a comparison with HIFAR
are shown in Table 5.2.

Table 5.2 Comparison of Main Features of

Proposed Replacement Reactor with

Feature

HIFAR

Replacement Reactor

Open Pool

Maximum of 20 Megawatts Thermal

Ac least 3 x 1014

Low (less than 20 percent)

Compact array of fuel elements

(Little space between elements)

Light water cooling/moderation

Heavy water4

17

Yes

Tangential

Yes

(3)

Four times greater for Mo-995

Higher fl ux fo r Ir-1926 p rod uction

Other isotope production capacity as
identified by the user groups

Source: ANSTQ, -1393d; Department; of Industry Science and Tourism and ANSTO.193B.

Notes: 1 . Neutrons per square centimetre per second in the reflector.

P. Enrichment refers to the content of Uranium-a35. Material at SO percent or greater enrichment is caned
high enriched uranium, while beicw 2O percent the material is described as low enriched uranium.

3. The requirement for a hot neucron source would be dependent on the priorities given to the
recommendations of the Beam Users Consultative Group.

Reactor Type

Reactor Power
(heat output)

Peak Neutron Flux1

Fuel Enrichment2

Core

Reflector

Nu mbe r of n eutron
beam instrument
positions

Neutron Guide Hall

Beamline Geometry

Cold Neutron Source -
refer Section 53.1

Hot Neutron Source -
refer Section 5.3.i

Radioisotope Production

HIFAR

Closed Tank

10 to 15 Megawatts Thermal

lx 10M

High (60percent)

Loose array of fuel elements

(Large spaces between elements)

Heavy water cooling/moderation

Heavy water

11

No

Radial

No

No

-3. Some vendors may offer a refieccor design which also includes beryliiun

5. Moiybdenum-Sg

B. lridium-192

i combination with heavy water.
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Plant: Configuration

To maximise operational safety and flexibility the proposal calls for a pool type reactor. A connected
storage pool would be provided for handling of irradiated materials and the temporary storage of
spent fuel. The reactor and storage pool would be enclosed within a building designed to maintain
its integrity and withstand external events such as bushfires, earthquakes and light aircraft crashes.
A neutron guide hall would provide better separation of operating, research and production
functions allowing for greater operating flexibility and efficiency and improved radiation protection.

The possible physical layout of the reactor incorporating these characteristics is shown in Figure 53.

Type of Fuel

The fuel material would be low enriched uranium (material that is less than 20 percent uranium-
235). Use of low enriched fuel is required in support of Australia's commitments under the Nuclear
Non-Proliferation Treaty.

Power and Operating Cycle

The maximum power of the proposed reactor power would be 20 megawatts. Periods of full power
operation greater than 20 days and regular shutdowns less than four days would be required. The
operating cycle for the reactor would be such that the period of full power operation is as long as
practicable to meet the beam user and isotope production requirements. The intervening routine
shutdowns for refuelling and maintenance would be kept as short as practicable.

Flux Characteristics

The higher the neutron flux the greater the range of research activities able to be undertaken and
the greater the efficiency of the research activities. The maximum neutron flux in the replacement
reactor would be three times the corresponding flux in HIFAR, that is 3 x 1014 neutrons per square
centimetre per second, compared to 1 x 1014for HIFAR.

The greater neutron flux, combined with larger irradiation volumes available for isotope production
and other irradiations, is also required for:

• greater radioisotope production capacity;

• the production of isotopes not currently available in Australia for medical research and with
potential for therapeutic use, such as rhenium;

IP enhanced and expanded research capabilities in neutron beam applications and improved
resolution of residual stress studies;

• greater throughput, greater sensitivity, shorter irradiation times and faster counting times for
neutron activation analysis; and

• greater silicon irradiation production capacity.

Coolant: - Moderator

Light water would be used as the primary coolant and the neutron moderator.
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Reflector

There would be a neutron reflector to maximise the available volume of peak flux of thermal
neutrons. The reflector material would most probably be heavy water, although some vendors may
offer a design that uses a combination of beryllium and heavy water.

5.2.2 Weutron Beam Facilities and their Utilisation

The replacement reactor would incorporate neutron beam facilities for research activities and the
design would include:

• a cold neutron source, including the source cooling system and any auxiliary systems;

• provision for a hot source, including any auxiliary systems;

• neutron guides for the delivery of neutrons to research instruments;

• tangential beam lines to provide better signal to noise ratios at the research instruments;

• adequate space in the neutron guide hall and in the reactor beam hall to accommodate
larger and higher resolution instruments; and

• an increase in the number of neutron beam instrument positions from 11 in HIFAR to 17 in
the replacement reactor.

Up to 18 neutron beam instruments would be provided in conjunction with the replacement reactor.
A schematic layout of the instruments is shown in Figure 5A- The proposed instruments would be
utilised to study structures and fundamental properties of materials as outlined in Table 53. It is
anticipated that only eight instruments would be provided initially with the remaining instruments
to come on line during the 2005 to 2010 time period, or added when required in the future.

Figure 5.4
Schematic Layout: of Nsutron Beam Instruments
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Table 5.3: Applications £>f Neutron Beam Techniques to Areas of Research

Neutron Beam
Technique

Small angle neutron
scattering

Ne utron po wder
diffraction

Inelastic neutron
scattering

Single crystal
diffraction

Ne utron
reflectrometry

Polarise d neutron s

Ne utron spin echo

Radiography/
Tomography

Boron n eutron
capture therapy

Small angle neutron
scattering

Ne utron po wder
diffraction

Inelasiicneutron
scattering

Single crystal
diffraction

Ne utron
reflectrometry

Polarise d neutron s

Ne utron spin echo

Radiography/
Tomography

Boron n eutron
capture therapy

Condensed
Matter
Physics

Disordered
Crystalline
Materials,
Liquids and

Glasses

Polymers
and Soft
Matter

Structural Biology
Chemistry and and

Materials Biotech-
Science nology

Education Earth and Engineering
Environment Science

Sciences

Ne utron
Optics and

Fundamental
Physics

Clinical
Medicine
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5.2.3 irradiation Facilities and their Utilisation

Irradiation facilities provide the capability to irradiate material for isotope production, neutron
activation analysis, silicon irradiation and other purposes as described in Chapters 3 and 4. The
replacement reactor would initially utilise irradiation facilities by:

• continuing to produce the current range of radioisotopes and producing an expanded range
of radioisotopes;

• providing neutron activation analysis facilities for scientific and industrial investigations,
such as mining, oil exploration, and environmental and forensic analysis; and

• irradiating silicon for semi-conductor applications.

The manner in which the replacement reactor would be utilised to fulfil these functions is
described below.

Most Significant: Isotopes Production

The most significant radioisotopes to be produced by the reactor, based on the needs of the
Irradiation Facilities Consultative Group, are set out in Table 5.4- A minimum production
requirement would be specified for the vendors to satisfy, and this minimum requirement would
accommodate future increases in production and further expansion of the range of radioisotopes
(see also Table 6.2 in Chapter 6).

Table 5.«* Proposed Range of Major Use Radioisotopes to be Produced

Radio isotope

Molybdenum-991

Iodine-1311

Indium-19 21

Ytterbium-169'

Cobak-602

Phosphorous-323

Samarium-1533

Gold-1983

Use

Converted to
Technetium-99in
for use in diagnosis

diagnosis/therapy

brachythetapy

teletherapy

therapy

therapy

brachytherapy

Material
Irradiated

Uranium-235 not
Greater than 20
Percent enrichment

Tellurium oxide

Iridium metal

Enriched Ytterbium-
168in oxide powder

Natural Cobalt-59

Sulphur

Samarium trioxide

Gold

Subsequent
Processing

Yes

No

No

No

No

Yes

Yes

No

Type of
Waste/Em ission"

Metal cans, alumina
columns, intermediate
level liquid waste, noble
gas and iodine emissions

Iodine emissions, low-
level liquid waste

Low-leve I liquid waste

Low-levelliquid waste

1 . Facilities that can be manually loaded/unloaded while the reaccor is operating.

2. Facilities that: can only de loaded/unloaded while the reactor is shut down.

3. Facilities that can de loaded/unloaded while the reactor is operating and which utilise pneumatic
conveyor systems.

A. All processes produce solid waste in the form of target irradiation cans.
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Other Radioisotopes and Neutron Activation Analysis

In addition to the isotopes specified in Table 5.4 there is a need to provide for the production of
additional isotopes which would comprise those that are currently produced in minor quantities,
those that are currently required but are not able to be produced, and those where indications are
that there would likely be a need in the future. In addition, sufficient flexibility needs to be
provided to undertake irradiations for which the need may only be identified later in the life of the
replacement reactor. These have been allowed for in the facilities described below.

Pneumatic Conveyor Facilities

Pneumatic conveyors would be utilised to move small items of material to be irradiated between
load/unload stations and the irradiation positions in the reactor. Such material would be contained
in irradiation target cans that would typically be 25 to 35 millimetres diameter and 70 millimetres
long, would have a minimum internal volume of 30 millilitres and be able to hold 100 grams of
material. Pneumatic conveyors would be utilised for fast neutron flux facilities, thermal neutron flux
facilities and for a rapid access facility as described below.

Fast Neutron Flux Facilities

For the purpose of the irradiation facilities, neutrons are considered to be "fast" if they have an
energy greater than one mega-electron volt. Irradiation positions would be provided for five target
cans in a flux of not less than 1013 neutrons per square centimetre per second and for five target
cans in a flux of not less than 1012 neutrons per square centimetre per second. These facilities are
primarily provided for isotope production purposes.

Thermal Neutron Flux Facilities

Irradiation positions would be provided for 57 target cans of the typical dimensions given above;
five positions being in a neutron flux of not less than 1.5 x 1014 neutrons per square centimetre per
second, 20 positions being in a neutron flux in the range 5 to 10 x 1013 neutrons per square
centimetre per second, 22 positions being in a neutron flux range 1 to 5 x 1013 neutron per square
centimetre per second, five positions being in a neutron flux of about 5 x 1012 neutrons per square
centimetre per second, and five positions being in neutron flux in the range 1 to 2 x 1012 neutrons
per square centimetre per second.

While these facilities would be provided mainly for isotope production purposes, it is anticipated
that 12 would be dedicated to neutron activation analysis.

A single irradiation position would be provided to suit a larger target can (approximately 50
millimetres diameter by 200 millimetres long) for neutron activation analysis.

Rapid Access Facility

A single irradiation position would be provided for neutron activation analysis purposes that
afforded rapid transport of the target can from the irradiation position to the analysis laboratory.
Transit time would be in the order of a few seconds.
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Neutron Transmutation Doping of Silicon

Irradiation positions would be provided for a throughput of up to 15 tonnes per annum of
neutron transmutation doped silicon. The irradiation facilities would be capable of
accommodating ingots of up to 250 millimetres in diameter and would enable continuous
rotation of the ingots during irradiation.

Ore Analysis

Ore irradiation position would be provided to accommodate analysis of ore samples. The facility
would be approximately 160 millimetres diameter and would be in a flux of 5 x 1012 neutrons per
square centimetre per second.

• ; • • • • • • ' " . _ ; . ; ;

5.3.1 Reactor Facility

The proposed replacement reactor would be a pool type reactor wherein the reactor assembly is
located near the bottom of a pool of demineralised water. The pool type construction provides a
high level of inherent safety while facilitating the ease of materials handling.

The main elements of the proposed replacement reactor would include:

• buildings and structures comprising

- a reactor building;

- reactor and service pools;

- a neutron guide hall;

- a stack;

- cooling towers; and

- infrastructure additions, such as a workshop and office accommodation;

• the reactor assembly comprising:

- an array of fuel element assemblies called the reactor core;

- the control and shutdown neutron absorbers; and

- the neutron reflector;

B the cooling systems for the reactor core and the neutron reflector;

• the reactor control and instrumentation system;

• the other reactor safety systems, as described in Section 5.4;
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• the neutron beam experiment facilities comprising:

- cold, and possibly hot, neutron sources;

- beam tubes and neutron collimators;

- neutron guides; and

- neutron scattering instruments;

• the neutron irradiation facilities comprising:

- facilities that require forced flow of coolant water;

- facilities that provide rapid access by use of pneumatic conveyors; and

- facilities that do not require forced coolant flow or rapid access;

• the auxiliary plant and facilities needed for the reactor to fulfil its function.

The following provides a general description of the reactor facilities. The specific arrangement
would vary depending on which vendor is the successful tenderer for the turnkey contract for the
provision of the facility.

Duildings and Structures

Reactor Building

The reactor building houses the reactor pool, the primary cooling system and most of the auxiliary
plant. Areas would be provided for facilities to handle and prepare radioisotopes for transport to
other parts of the Lucas Heights Science and Technology Centre and for those neutron beam
facilities that need to be located close to the reactor.

The reactor building would have a footprint floor area of approximately 1,200 square metres and a
height of about 30 metres. The reactor building can be a concrete structure, a steel frame structure
with brick or other exterior cladding or a steel structure, depending on the vendor selected to
construct the replacement reactor. The reactor building would have a visual appearance consistent
with other existing laboratory buildings at the Lucas Heights Science and Technology Centre. It has
an important safety function in mitigating potential consequences of postulated accident scenarios.
A section through the reactor building and neutron guide hall is shown in Figure 5.5.
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Figure S.5
Typical Vertical Section of Reactor Building
and Neutron Guide Hall

Reactor and Service Pools

The reactor pool is located within the reactor building. The pool walls would be of thick-walled
reinforced concrete construction which provides a high level of structural integrity and acts as a
radiation shield. The pool would have a metal liner and be filled with demineralised (light) water.
The reactor pool would have an internal diameter of approximately five metres and would be
approximately 10 metres deep. The depth of water would provide sufficient radiation shielding in the
vertical direction.

A service pool would be contiguous with the reactor pool for handling of irradiated materials and
for the interim storage of spent fuel.

Neutron Guide Hail

The majority of the neutron beam experiment facilities would be located in a building called a
neutron guide hall located adjacent to the reactor building. Collimated beams of neutrons would
pass from the reactor through shielded, mirrored guides to the experimental systems in the neutron
guide hall. This guide hall would provide for greater space, and more effective utilisation of the
neutron beams than could be achieved in the reactor building itself.

Support workshops for the neutron scattering facilities, a visitors centre and viewing area would be
incorporated into the guide hall.

The neutron guide hall would have a footprint floor area of approximately 2,100 square metres and
a height of approximately 12 metres.
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Stack

The reactor building ventilation systems would discharge to the atmosphere via a stack. Discharge
from the stack would be continuously monitored for radioactivity in accordance with State and
Commonwealth requirements. If radioactivity exceeds preset levels, discharge would be shutoff and
the reactor shutdown. The stack could be expected to be approximately 15 metres higher than the
reactor building.

Pumphouse and Cooling Towers

Cooling towers would be provided to dissipate the heat from the reactor to the atmosphere. A
pumphouse would be provided, either as a freestanding structure or as part of the cooling towers or
reactor building, to accommodate the pumps that circulate the water from the cooling towers to the
primary/secondary heat exchangers.

Office Accommodation

Office accommodation, not exceeding three storeys, would be located contiguous with the reactor
building, with office and workshop space for 40 persons. Amenities would include a conference
room, document storage area, print room, tea room and toilet facilities. The workshop would
include an office for the workshop foreman, space for workbenches and machinery, storage space
for immediate spares, tea room and toilet and shower facilities.

Reactor Assembly

Reactor Core

The reactor core would consist of a compact array of fuel element assemblies. A fuel element
assembly is a structure, which contains an arrangement of fuel rods or plates and is introduced into,
and removed from, the reactor as a single unit. The configuration and number of fuel element
assemblies in the reactor core would depend on the particular reactor design selected. Typically, the
reactor core would consist of 10 to 25 fuel element assemblies arranged on either a square or
triangular grid. The overall dimensions of the reactor core would be approximately half a metre in
diameter and one metre high.

The fuel material would be low enriched uranium, with the uranium content in the core ranging
from 20 kilograms to 80 kilograms. Fuel may be in the form of rods or plates and is typically made
of uranium silicide clad in aluminium or uranium zirconium hydride clad in incoloy.

The reactor pool would be designed such that a major loss of pool water (coolant) would not be a
credible accident, that is the frequency of occurrence would be less than one in a million years. This
design approach would not only extend to the reactor pool structure, but also to any physical
penetrations of the pool wall and to the cooling systems, beam tubes and collimators, and neutron
irradiation facilities.

Control and Shutdown Neutron Absorbers

The operation of the reactor would be controlled by means of moveable neutron absorbers. These
absorbers are typically manufactured from hafnium, although other material may be used.
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Neutron Reflector

The neutron reflector would normally comprise a cylindrical metal tank of heavy water around the
outside of the reactor core approximately two metres in diameter and one to two metres high. The
heavy water would act as a moderator to slow down high velocity neutrons to thermal energies with
minimum absorption. This facilitates the operation of the reactor and provides a region with
neutrons of the correct energy for most isotope production and scientific needs. Some tenderers
may offer designs that use a combination of heavy water and beryllium as a neutron reflector.

Cooling Systems

Reactor Cooling Systems

Heat produced by the fission process is a waste product in a research reactor and has to be removed
by the reactor primary cooling system in which pool water is pumped through the reactor core to
absorb heat from the fuel assemblies. A pump transfers the heated water via piping to a heat
exchanger where the heat is transferred to a secondary cooling system. The resultant cooled
primary water is then returned to the reactor core. The heat collected by the secondary cooling
system is dissipated to the atmosphere via cooling towers. A schematic of the cooling system is
shown in Figure 5.6.

Primary Cooling System Secondary Gaoling System

Figure 5.6

Schematic of Cooling System

The pumps used to circulate the primary cooling water would be located within the reactor
building, while pumps and associated piping for the secondary cooling water would be housed in
the pumphouse.
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Neutron Reflector Cooling Systems

A relatively small fraction of the heat generated during operation of the reactor is transferred to the
neutron reflector. This heat would be removed by the reflector cooling system that pumps the heavy
water from the reflector through heat exchangers and transfers this heat to the secondary cooling
system. The heavy water is then returned to the reflector in a closed loop.

Purification Circuits

Auxiliary circuits to both the reactor primary cooling system and the neutron reflector cooling
system would be provided to ensure the purity of the circuits by passing the water through filters
and ion exchange columns.

Reactor Control and Instrumentation System

Control systems would provide an integrated environment for controlling and monitoring the status
of the reactor, its safety systems and the auxiliary plant systems. Parameters typically monitored
include neutron flux, the status of the reactor control and shutdown systems, reactor power, fuel
element temperature, reactor primary and secondary cooling system flows and temperatures and the
status of ventilation systems and power supply systems.

Neutron Beam Facilities

Figure 5.4 shows a notional layout of the neutron beam facilities that would be provided.

Neutron Beam Tubes and Collimators

Neutron beam tubes and collimators together provide apertures through the wall of the reactor pool
through which beams of neutrons can be allowed to pass to a neutron scattering instrument in a
controlled manner. The inner ends of the beam tubes are located within the neutron reflector.

Cold and Hot Sources

The ability to use a beam of neutrons as an analysis tool for scientific purposes depends on
whether the energy of the available neutrons is within an appropriate range for the specific
application. The energy of available neutrons is controlled by the temperature of the substance
that is used to slow the neutrons down. Within the heavy water neutron reflector the
temperature is of the order of 50 degrees Celsius and neutrons that dominate this region of the
reactor are called thermal neutrons.

A cold neutron source consists of a metal container of either liquid or gaseous hydrogen,
approximately one litre in volume, located within the neutron reflector at the end of a beam tube.
The hydrogen is cooled to about minus 250 degrees Celsius. The presence of the cold source at the
end of the beam tube reduces the energy of neutrons entering that beam tube and thus enables a
different range of materials to be analysed by the beam.

A hot neutron source consists of a metal container of graphite, a few litres in volume, located within
the neutron reflector at the end of a beam tube. Self-heating causes the temperature of the graphite
to rise to about 2,000 degrees celsius. The presence of the hot source at the end of the beam tube
increases the energy of neutrons entering that beam tube and thus enables a different range of
materials to be analysed by the beam.
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Neutron Guides

Neutron guides provide a means for transporting neutrons with minimal losses over distances of
several tens of metres. A neutron guide consists of a shielded, rectangular glass tube with a coating
on the inside that reflects neutrons. Neutron guides would be utilised with the replacement reactor
to efficiently permit beams of neutrons to be extended from the reactor to neutron scattering
instruments located in the adjacent neutron guide hall.

Neutron Scattering Instruments

A neutron scattering instrument is a piece of equipment that permits the beam of neutrons to strike
a piece of target material, and to measure the scattering effect that the target material has on that
beam of neutrons. The replacement reactor is proposed to have provision to accommodate up to 18
neutron beam instruments.

Auxiliary Plant: and Facilities

A wide range of conventional industrial plant and facilities would be needed to support operation
of the reactor. These would include normal and emergency power supply systems, ventilation and
air conditioning system, compressed air supplies, fire protection systems and building cranes.

5.3.S Infrastructure Facilities

Supporting Infrastructure

As described in Chapters 4 and 10, the benefit to be derived from the proposed reactor and the
means of managing wastes arising from these benefits rely on the existing infrastructure at the Lucas
Heights Science and Technology Centre. This infrastructure includes, but is not limited to:

• the molybdenum-99 production facility in Building 54;

• the iodine-131 production facility in Building 23;

• the associated gaseous waste treatment system;

• the liquid waste treatment system;

• the low level waste store;

• the intermediate level waste store;

• the associated laboratories and workshops;

• the administrative buildings; and

• the existing experienced and skilled staff.

An assessment of the implications for waste production and management arising from the proposed
replacement reactor, including those arising from increased production of radiopharmaceuticals is
presented in Chapter 10. Infrastructure requirements of the proposed replacement reactor are
addressed in detail in Chapter 15.

PPK Environment & Infrastructure



description of the propoeal

Wastewater Collection and Treatment

Wastewater from areas of the Lucas Heights Science and Technology Centre not situated within the
site of the proposed replacement reactor would continue to be segregated into three categories:

• "B" line wastewater, arising from active drains in laboratories where radioactive materials are
routinely handled, which contain low levels of beta and gamma emitting radionuclides;

a "C" line trade waste effluent, arising from laboratories and workshops in which radioactive
materials are not normally handled; and

• non-radioactive sewage from the Lucas Heights Science and Technology Centre and
approximately 8,000 cubic metres of leachate received annually from the Lucas Heights
Waste Management Centre.

Wastewater treatment infrastructure for the replacement reactor should be similar to the existing
system that services HIFAR. However, the detailed requirements for wastewater collection
systems would depend on the user requirements and operational characteristics of the
replacement reactor. It is expected that extensions to the existing active and trade waste water
collection pipework and new collection tank installations on the reactor site would be required,
all similar to the latest site designs. Wastewater management and infrastructure is discussed
further in Chapters JO and 15, respectively.

Sewage

The Lucas Heights Science and Technology Centre is connected to Sydney Water's Engadine
sewer tunnel system by a three kilometre long, 150 millimetre diameter, cast iron, cement lined
pipeline. Non-radioactive sewage generated at the Lucas Heights Science and Technology Centre
and leachate from the Lucas Heights Waste Management Centre is treated at the Centre's
effluent treatment plant. Treated sewage from the Centre flows to the Cronulla Sewage
Treatment Plant which discharges its effluent to the ocean at the Potter Point Outfall. The
replacement reactor would be connected to the system.

The existing Lucas Heights Science and Technology Centre effluent treatment plant has in the past
serviced a much larger site population and it has the design capacity to accommodate any small
increase in demand from operation of the proposed replacement reactor.

Starmwater

Construction of the proposal would necessitate additional stormwater control systems for both existing
drainage catchments, with consideration of contouring, bunds, retention ponds and stormwater litter
collection. The system would be designed to current best practice and in accordance with NSW
Environment Protection Authority guidelines (NSW Environment Protection Authority, 1996a) and
monitoring requirements and ANSTO land management constraints.

E-lecfcrici'by

Energy usage during operation of the replacement research reactor would be dependent on the
reactor design, however likely energy usage is set out in Table 5.5.
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Table 5.5: Likely Energy Usage During
Operation of the Replacement Reactor

Facility

Reactor

Beam Hall

Total

HIFAR

Total with HIFAR1

Maximum Power Use
(Kilowatts]

2,400

400

2,800

900

3,700

Annual Energy Use
(Gigawatt hours!

13.5

1.5

15.0

5.0

20.0

Note 1 : Likely coca! energy usage m the event of dual operation of HIFAR with the proposed
replacement reactor.

The electricity infrastructure requirements to meet these energy usage demands would involve:

• modifications by Energy Australia of their main substation to accommodate the increase
in demand;

• installing two new high voltage circuit breakers to Energy Australia's high voltage supply in
the main (zone) substation;

• constructing a new high voltage/low voltage substation with switch gear, located adjacent to
or within the reactor building; and

• installing two new underground high voltage feeders from the main substation to the
new substation.

Other Services

The existing Lucas Heights Science and Technology Centre public address system would be
extended into the site of the proposed replacement reactor in the form of dual underground cables
from the amplifier room situated in Building 8 for distribution to loud speakers which would be
installed throughout the site.

Similarly, the existing telephone system would be extended into the site of the proposed
replacement reactor by means of an underground multi-core cable from the PABX room to the
reactor building and other buildings associated with the replacement reactor. Telephones and
related equipment would be installed throughout the area to meet the communication needs of the
replacement reactor. Safety alarms and access control requirements would be extended from the
existing access and alarm network system in the form of connections to the new telephone cable.

Computer requirements would be met by extending the existing Ethernet network system in the
form of underground cables to the replacement reactor buildings.

Gaseous nitrogen would be reticulated from the existing system vessels near Building 23 and linked
to a new bulk storage at the site of the proposed replacement reactor. The new storage vessels would
also provide a supply of liquid nitrogen for use in the neutron guide hall research installations.

5.3.3 Buffer Zone

The existing buffer zone extends 1.6 kilometres radially from HIFAR. The replacement reactor
would be located approximately 200 metres further to the west, placing it further away from existing
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housing than HIFAR. The boundaries of the buffer zone would not change as a result of the
proposal. This is discussed further in Chapter 13.

5.3.4 Operational Access end Security

Currently, there is a single point of road access to the Lucas Heights Science and Technology Centre
which is from New Illawarra Road. Access to HIFAR is achieved via that road and via the main
gate to ANSTO. The replacement reactor would not result in a need to alter these arrangements.

The physical protection and nuclear safeguards arrangements currently in place for HIFAR are
those that are necessary to meet Australia's national and international obligations with respect to
the safeguarding and protecting the nuclear materials and installations involved.

The physical protection and nuclear safeguards arrangements to be provided for the replacement
reactor would be different from those for HIFAR. The requirements would be less onerous than for
HIFAR because of the use of low enrichment fuel. The area around the replacement reactor would
be controlled, but the extensive fencing and gate system employed for HIFAR would not be
necessary. Access to the reactor building and neutron guide hall would be controlled through
appropriate electronic access systems.

5.3.5 Operational Workforce

It is anticipated that there would be no significant change in the number of people working at the
facility. Due to the simplified active handling requirements, that are an intrinsic feature of a pool
reactor, the number of operational staff would be slightly reduced and because the plant is new,
fewer engineers would be required in the reactor engineering group (currently most engineers in
that group are involved in HIFAR modernisation projects).

However, because of the increased capacity for scientific research, the number of support staff
involved with neutron beam research would be somewhat increased. It is anticipated that these
variations would balance out.

It should be noted that, because of the increased capacity for scientific research, there would be a
greater number of visiting scientists as described in Chapter 16

Reactor Safety Characteristics and Systems

Reactor safety systems are dedicated to the detection and mitigation of abnormal conditions that
could adversely affect the safety of personnel, the public, the environment and the integrity of the
plant. These systems ensure the safe shutting down of the reactor, the maintenance of fuel cooling,
and, if called upon, the retention within the reactor building of fission products that might be
released from the fuel. Throughout the operation of the reactor, these systems are poised and ready
to operate. They are highly reliable, monitor a wide range of plant parameters, and operate rapidly
if called upon to do so.

There are two key intrinsic safety characteristics for a pool type reactor. These characteristics are
the ability to cool the reactor by the flow of water through the core by natural convection, and the
close-coupling of the heat sink provided by the mass of water in the pool to the reactor core. Both
of these characteristics provide for significantly improved inherent safety, compared to a tank
reactor such as HIFAR, and as such reduce reliance on more active safety systems.
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In addition, the pool water would retain a large fraction of any fission products released during an
accident, and would thus substantially reduce the release of fission products into the reactor
building.

Furthermore, the reactor building would be designed to act as a barrier to the release of radioactivity
from the facility to the environment.

The design bases for safety systems include the need for an appropriate mix of:

• redundancy (the provision of more systems than are needed to meet the safety objective);

• diversity (the provision of systems of different concept and/or design to meet the same safety
objective); and

• functional and physical separation of safety systems to minimise the chance of an accident
scenario leading to the failure of duplicated and/or diverse safety systems.

The report, Safety Technology of Research Reactors (Puglia, Amico and Young, 1992), provides an
overview of typical modern research reactor safety characteristics and systems.

Waste Management

Waste management is an important and integral component of any nuclear establishment.
ANSTO's waste management policy approved by the ANSTO Board in July 1995 has the following
objectives (Levins et al, 1996):

• safe treatment and storage of radioactive wastes, taking into account the need to minimise
dose uptake to operators and economic factors;

• minimisation of radioactive waste generated and stored;

B maintenance of inventories of all waste from source to disposal;

• consistency by the year 2000 with best practice as identified in the RADWASS Standards
and Safety Guides currently under development within the International Atomic Energy
Agency; and

• broad public understanding and acceptance of ANSTO policy and objectives.

To achieve these objectives, a five-year Waste Management Action Plan was initiated in 1996. The
plan involves improvements and upgrading of existing facilities for waste management with
emphasis on waste minimisation. A number of initiatives under the Waste Management Action
Plan have already been successfully implemented (Levins, 1997). With completion of the Action
Plan, well ahead of the commissioning of the proposed reactor, ANSTO would have state-of-the-
art facilities to ensure that ANSTO's wastes are managed in accordance with best international
practice. ANSTO's waste inventory would be reduced substantially when the national waste
repository is operational (Bureau of Resource Sciences, 1997).

For the most part, ANSTO's existing waste management facilities, with improvements
undertaken as part of the Waste Management Action Plan, would meet the requirements for the
replacement reactor. These facilities include a wastewater collection and treatment system (refer
Section 5.3.2), systems for control of airborne emissions, systems for collection, compaction,
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conditioning and storage of solid wastes. Additional facilities, specific to the proposed reactor,
would include a ventilation system and stack, and a service pool for handling of irradiated
materials and for interim storage of spent fuel (refer Section 5.3. J). Wastewaters generated at the
reactor would be collected and integrated into the system already in existence at the Lucas
Heights Science and Technology Centre.

Chapter 10 and Appendix F discuss in detail the management of wastes, spent fuel and reactor
products at the Lucas Heights Science and Technology Centre. Information is provided on the
current waste inventory and the annual rates of generation of waste and spent fuel from HIFAR and
the proposed replacement reactor. Facilities are also described along with improvements undertaken
as part of the Waste Management Action Plan.

5.6.1 Government Policy

The proposed strategy for the management of spent fuel from the proposed replacement research
reactor is based on the continuation of the strategy put in place and approved by the
Commonwealth Government for the management of HIFAR spent fuel, namely the fuel would be
reprocessed overseas, the wastes would be conditioned into a long-lived intermediate level waste
form, that is, having heat loading of less than two kilowatts per cubic metre (International Atomic
Energy Agency, 1994) and the wastes would eventually be returned to Australia for storage at the
storage facility which will be co-located with the national radioactive waste repository (Senate
Select Committee, 1996). This issue is addressed in more detail in Section 3.8.2 andl0.4.

5.B.S On-sifce Storage Requirements

For a number of technical, radiation safety and economic reasons, an interim storage capacity for
spent fuel at the reactor site is required.

These requirements are the basis of the proposal that there would be, within the reactor building,
an interim storage capacity for spent fuel amounting to 10 years arisings, although there should
never be that much fuel in storage.

Both current and previous governments have made commitments that the Lucas Heights Science
and Technology Centre would not become a national radioactive waste repository and decided in
favour of reducing the storage inventory at Lucas Heights (ANSTO Amendment Act, 1992; Cook
and Collins, 1995; McGuaran Hon. P, 1997). The Minister for Industry, Science and Tourism has
reaffirmed the commitment in June 1998 in a letter to the Mayor of Sutherland Shire. Storage
facilities for the replacement reactor in excess of the above capacity would be inconsistent with
these previous Government decisions.

It is ANSTO's intention that the Building 27 in-ground spent fuel store would be decommissioned
following the closure of HIFAR. It would not be used for the replacement reactor fuel.

5.G.3 Disposal of Spent: Fuel

It is possible that the replacement reactor fuel would be clad in aluminium as for HIFAR fuel and
would require a form of processing and/or conditioning to place it into a more leach resistant form
for long term storage in a repository.
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The established process for achieving this is reprocessing. The spent fuel is dissolved in acid, the
uranium separated out for recycling and the remaining waste products, containing all the fission
products, some activation products and some associated non-radioactive components, are
conditioned into a highly leach resistant waste form such as borosilicate glass or Synroc.

Research reactor spent fuels are able to be reprocessed in this way, and Cogema in France has
indicated that it is prepared to undertake reprocessing of low-enriched uranium research reactor
fuels on a commercial basis (Gay and Belieres, 1997, Thomasson, 1998). It has already signed
contracts to reprocess spent fuel from the research reactors BR2 at Mol, Belgium and the RHF,
Institut Laue-Langeuin, Grenoble, France (Nuclear Fuel, 1997). Thus, a service would be
commercially available for the proposed replacement reactor fuel.

5.B.4 Alternative

The alternative to reprocessing is to condition the fuel using a chemical or physical process so that
it retains the fission products for long periods of time after it is placed in the repository (United
States Department of Energy, 1996a). However, no "direct disposal" technology for research reactor
fuels has yet been developed or proven and the international criteria for both safety and nuclear
materials safeguards to apply to direct disposal of research reactor spent fuels do not exist. Thus,
although direct disposal is an option, it is currently less proven than reprocessing and is only being
developed for co-disposal with high level waste from power reactor spent fuel. It is not a viable
option for countries without a commercial nuclear power industry.

1.7.i Timing and Staging

Construction of the facility would take place over a three year period commencing in the first half
of 2002. Bulk excavation work would be completed within six months and the main concrete
construction work would be completed by the first half of 2003. Buildings would achieve lockup
stage within the following year, with fitout of mechanical and electrical systems and preparation for
commissioning being completed during the first half of 2005.

5.7.2 Preconsfcruction and Si-be Preparation Activities

Preconstruction and site preparation activities would involve:

• establishing site compounds;

• erecting and realigning site perimeter security fencing and installing site security systems;

• relocating existing facilities and utility services such as: the fire fighting training area
adjacent to the proposed site for the cooling tower construction; and

• constructing additional temporary parking areas and erecting temporary amenity buildings
for site workers.

Site Compounds

Early in the construction process, secure contractors compounds would be established to contain
facilities such as site offices, materials storage, vehicle and equipment parking and repairs. Five
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preferred site compounds have been identified within the perimeter security fence of the Lucas
Heights Science and Technology Centre. These, as shown on Figure 5.7, are:

• Site Compound 1 would be located at the corner of Mendeleeff Avenue and Old Illawarra
Road (the old main road) and would act as the security gatehouse to the main
construction areas;

• Site Compound 2 would be within a secure area located on the site of the proposed reactor
building and beam hall;

• Site Compound 3 would be located adjacent to Site Compound 2 and would also be within
the secure area. The pumphouse and cooling towers would be constructed in this area which
would also be available for materials storage;

• Site Compound 4 would be located between Mendeleeff Avenue and Aston Avenue and
would provide an additional area, if required, to support the other compounds; and

• Site Compound 5 would comprise existing Building 9 and was the original construction
office for the Lucas Heights Science and Technology Centre. This building includes offices,
toilets and other amenities, including car parking and direct access from Old Illawarra Road.

$m&.u1- ci V ',

Figure 5.7
Construction Site Compounds
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Two other areas may also be available to support the contractor's requirements for site compounds.
These include areas around Old Illawarra Road (Compound 6) and an open paddock area to the
north of Old Illawarra Road (Compound 7).

Other Site Preparation Activities

Other preliminary site works would involve the construction of temporary/permanent
sedimentation ponds; site clearing including shrub clearing along proposed bushfire trails and
perimeter security trails, striping and stockpiling of topsoil. All site works would be carried out in
accordance with NSW Environment Protection Authority (1996a) guidelines for soil erosion
control and urban stormwater management.

Removed trees and shrubs would be chipped and stockpiled to provide woodchip and bark mulch
for landscaping and re vegetated areas. Topsoil stripping would be undertaken by bulldozers and/or
scrapers and would be stockpiled for later reuse. Mulch and woodchip stockpiles would be covered
or treated to prevent erosion, and topsoil stockpiles would be sown with grasses.

Site compounds would be managed to prevent soil erosion and sedimentation during construction
(NSW Environment Protection Authority, 1996b). Permanent stormwater management would be
established in the very early stages of development. Earthworks would be constructed to be self
draining as far as practicable to ensure all-weather accessibility for earth moving equipment.

Temporary potable water supplies for temporary construction offices would be obtained from the
existing mains within the site.

5.7.3 Main Construction Activities

Construction activities would be undertaken in accordance with relevant Australian Standards,
including the requirements of the NSW Environment Protection Authority and the WorkCover
Authority of NSW. The main construction activities would comprise earthworks, installation of
drainage, internal road construction and the construction of buildings using reinforced concrete
and steel infrastructure. Bulk excavation including topsoil, weathered sandstone and rock is
estimated to be 31,000 cubic metres.

Most of the buildings and infrastructure required to support the operation of the replacement
reactor already exist at the Centre. New buildings and structures required are described in Section
5.3 and include: a reactor building; reactor and service pools located within the reactor building; a
neutron guide hall; a stack; a set of cooling towers; and infrastructure additions such as workshop
and office accommodation. Following the completion of the above structures, fit out would take
place; this would include installation of all electrical, mechanical, hydraulic, instrument, control
and monitoring systems.

Mechanical Plant and Electrical Equipment

The sources of supply of mechanical and plant and electrical equipment would be determined by
the research reactor vendor subject to Australian content requirements and the availability of
approved quality plant from commercial component suppliers. Mechanical plant would be supplied
by mechanical specialist contractors which would include heating, ventilation, air-cooling, water
cooling and filtration systems. These components would generally be fabricated and tested off site
and then transported via truck for assembly prior to final commissioning. The structural housings
and duct-work may be fabricated at an industrial site in the Sydney region.
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Other Services

Permanent services such as water supply, electrical reticulation, lighting, sewage and wastewater
recycling would be constructed soon after site preparation works were complete. Trenching for
services could use ripping, but to a large extent excavation would be undertaken with hydraulic rock
breaking equipment. No blasting on the site would be permitted. Infrastructure and services
requirements for the proposed replacement reactor are discussed further in Chapter 15.

Site Rehabilitation and Landscaping

Upon completion of each of the various phases of construction the surrounding areas would be
prepared to final condition and landscaped. Sufficient topsoil stockpiled from previous stripping
would be available to be spread over disturbed areas, which would be protected with temporary
fencing. It is intended that a 20 to 22 metre wide area immediately surrounding the proposed
buildings would be landscaped or paved as appropriate, subject to the requirements of bushfire
hazard reduction described in Chapter 17. A timed watering system and garden sprinklers would
be installed to maintain the landscaping. Remaining areas affected by construction would also
be rehabilitated.

5.7.4 Materials and Equipment

Construction Materials

The main construction materials for the replacement reactor would predominantly involve
reinforced concrete and steel. Table 5.6 shows estimates of concrete and steel quantities required to
be transported to the Centre along with estimated one way truck movements. The impacts of these
truck movements is assessed in Chapter 14.

Table 5.B: Quantity of Materials Required to Construct
the Proposed Replacement. Reactor

Bull din g/Str uctu re

Reactor Building

Reactor Pool

Entrance Area

Beam Hall

Stack

HVAC Systems and Mechanical

Pump house

Cooling Tower System

Noses: 1 Tonnes.

2 Cubic metres.

Quantity'1

261

12

63

369

3

1

3

36

Steel

Truck Loads

17

1

5

30

1

1

1

3

Concrete

Quantity2

11,500

500

860

5,300

125

30

120

690

Truck Loads

2,220

n/a3

172

1,060

25

6

24

138

3 The construction of the reactor pool requires the use of high density concrete. This would mast likely be
batched on-site using a concrete batching plant.

The majority of concrete would most likely be supplied as ready-mixed concrete from two local
batching plants located within two kilometres of the Centre. Supply of cement to these batch plants
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would likely be delivered in bulk from manufacturing plants located at Marulan, Picton or Portland,
outside the Sydney region. Supply of ready mixed concrete to the site from local batch plants would
be via conventional concrete trucks (five cubic metre capacity) using New Ulawarra Road.

Steel supply would be in the form of reinforcing bars and structural sections fabricated locally in
Sydney or Wollongong, where surface finishes would also be applied. Steel materials would be
delivered to the Centre using conventional 20 tonne semi-trailers.

Internal and external claddings would provide finishes to new buildings. Cladding materials such as
masonry and/or steel surfaced with render, sheeting or pre-painted plasterboard would be used.
These materials would be transported to the Centre using trucks up to 20 tonnes.

Other materials would include granular pavement sub-base, base course and asphalt for the
construction and surfacing of internal access roads and reinforced concrete pipes for drainage
works. Supply of these materials would be via trucks from suppliers within the area.

Construction Waste Management and Minimisation

Liquid and solid waste would be generated during construction, including waste building materials
and packaging, discarded parts and lubricants from plant servicing and wastewater from site
amenities. The following disposal practices would be adopted:

• non-recyclable solid and putrescible material would be collected from the site and
transported to the Lucas Heights Waste Management Centre;

• recyclable materials would be removed from the waste and transported to an appropriate
waste recycling depot;

B non-recyclable packaging material and dry waste would be transported to the Lucas Heights
Waste Management Centre; and

• trade waste not appropriate for the Lucas Heights Waste Management Centre would be
transported to the nearest NSW Environment Protection Authority designated disposal site.

An example of how waste would be managed and minimised as part of a construction
environmental management plan is included as Appendix J.

5.7.5 Construction Plant and Equipment

Various construction plant and equipment would be used to construct the replacement reactor. The
plant would vary depending on the nature and method of construction. Such equipment would
include: bulldozers, front end loader, scrapers, graders, compactors, vibratory rollers, water carts,
dump trucks, excavators with and without rock breakers, trucks, mobile cranes, compressors,
backhoes, spreader, asphalt truck, asphalt paver, mobile generators, concrete trucks, concrete
pumps and cherry pickers.

Qn-Site Concrete Batching Plant

A normal density concrete batching plant would not be required due to the location of two local
ready-mix plants within two kilometres of the Centre. These plants have previously supplied normal
and medium density concretes for the Lucas Heights Science and Technology Centre and would be
able to supply approximately 97 percent of the concrete to be used during construction.
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Approximately 500 cubic metres of high density concrete would be required for the construction
of the reactor pool. High density concrete has mixing problems that may require some on site
mixing to be considered for the small quantities involved. There are generally three options that
could be employed:

• batching materials in the normal concrete manner off site, but with smaller batches to suit
the capability of the transit mixers;

• injecting grout via the "prepaW system into the formwork that has been already filled with
the high density aggregate. All plant would be operated within the building; and

• establishing a small on site mobile batching plant adjacent to the pour area with kipples used
to transfer the concrete to the adjacent forms.

If a small mobile batching plant were used for the heavy density mixing on the site then it would be
setup with its own containment bunds, water collection and treatment system and material
handling areas, to ensure any discharges are within standards established by the NSW Environment
Protection Authority.

Relatively low quantities of water would be required for on-site concrete batching operations of
high density concrete. During the months of peak construction it is estimated that 15 to 25
kilolitres of water per day would be used by an on-site batching plant if required.

Management of Plant: and Equipment

Fuelling of construction plant, servicing and parking, would be confined to designated hard stand
areas surrounded by earth bunds and impervious ground treatment. Strict safety procedures would
be instituted and appropriate medical equipment, personnel, ambulance service and treatment
procedures would be available.

Fixed plant installations would be separately bunded and regularly inspected to identify and
clean up any minor spillages.

5.7.6 Environmental Management

An environmental management plan would be prepared for construction. An outline of the
environmental management plan is provided in Appendix ] and a summary of the relevant
environmental management measures to be adopted during construction are contained in Appendix I.

5.7.7 Construction Hours

Normal construction activity at the site would be between the hours of 7.00 am and 6.00 pm,
Monday to Friday and 7.00 am to 1.00 pm, Saturdays. Work may be required outside these hours if
it is essential to completion of the project. Work outside these hours would only be undertaken
provided it did not cause any unreasonable nuisance or disturbance to residential areas.

5.7.8 Access and Security

Access to the site would be off New Illawarra Road using the main entrance to the Lucas Heights
Science and Technology Centre to access either Old Illawarra Road or the main entrance gate to
the Centre depending on the phase of construction. It is likely that construction workers would
enter the site through the main entrance, while delivery of bulk materials would be directed to
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Old Illawarra Road. Delivery of materials and access to the site would be made on approved
access routes determined in consultation with the Roads and Traffic Authority and Sutherland
Shire Council.

Temporary internal access roads would be constructed at an early stage to serve construction traffic.
Such roads would be sealed or paved with crushed rock, as appropriate, having regard to their likely
level of use. Temporary access roads would be removed and the area reinstated at the end of the
construction period. Where necessary internal access roads, such as Mendeleeff Avenue and Old
Illawarra Road, would be upgraded.

The existing perimeter security fence servicing the Lucas Heights Science and Technology Centre
would remain. A new security fence would be erected around the site of the proposed replacement
reactor (Site compounds 2 and 3), with access controlled through a manned security gatehouse
(Site compound 1).

Security night lighting would be provided to supplement the existing security lights sited on poles
along the eastern boundary of the Centre. Limited lighting is available on Old Illawarra Road from
fittings from existing buildings. Any additional lighting would be provided to suit the requirements
of the contractor.

5.7.S Estimated Construction Workforce

It is envisaged that preliminary groundworks phase work crews would comprise approximately 40 to
50 people. The average number of people working on the site would be in the order of 100 with a
peak of up to 150. These figures exclude off-site workers and sub-contractors who may be involved
directly in the construction.

The workforce would be drawn largely from the Sydney metropolitan region and would commute
to the site on a daily basis. Given this, no construction of specific on-site living accommodation
arrangements are planned beyond those that already exist at the Lucas Heights Motel.

5.8. i Overview

Commissioning is the process that would follow installation and through which the reactor and its
systems would be operationally and functionally tested and brought into service. ANSTO staff
would be fully involved in the process.

Commissioning can be divided into two separate parts:

• inactive commissioning which is undertaken without the need for nuclear material being in
the reactor; and

• active commissioning which requires the presence of nuclear material.

The process of commissioning would be subject to the requirements of ARPANSA as part of the
licensing process.
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5.B.S Inactive Commissioning

Inactive commissioning involves the testing and bringing into service of systems that can be, and in
many cases must be, brought into service prior to the commencement of active commissioning.
Examples of inactive commissioning include commissioning of cranes, ventilation and air
conditioning plant, and electrical supply and distribution systems. Some systems would be partially
commissioned during inactive commissioning, for example, hydraulic commissioning of cooling
systems, and operational commissioning of reactor control and shutdown systems. By its definition,
inactive commissioning poses zero risk of radiological consequences.

Inactive commissioning would commence reasonably early in the overall program of installation of
mechanical and electrical equipment and would probably commence with power supply systems and
cranes. Inactive commissioning would be completed during the first half of 2005.

3.El.3 Active Commissioning

Active commissioning involves the testing and bringing into service of the reactor. In the process,
reactor operation and performance would be demonstrated including the functional performance of
control and shutdown systems and the thermal performance of cooling systems. Active
commissioning would commence during the first half of 2005 and last for approximately six months,
assuming no problems arise during the process.

5.B.4 Dual Operation of HiFAFt
and the Replacement Reactor

HIFAR would continue to operate until the replacement reactor has completed active
commissioning. While this would involve the simultaneous operation of two reactors at the Centre,
much of the active commissioning would involve operation at very low power where the fission
product inventory in the fuel would be insignificant compared to the fission product inventory
existing at the completion of a full power operating cycle. The anticipated total period of dual
operation would be approximately six months.

During this period, the level of physical security and nuclear safeguards appropriate to each reactor
would be maintained.

The costs of the proposed replacement research reactor can be separated into the capital costs of
construction and the operating costs that continue over the life of the replacement reactor's
operation. This is expected to be approximately 40 years.

The costs of the proposal have been estimated on the basis of updating and refining the cost data
gathered from ANSTO's investigations into a replacement research reactor during the period 1991
to 1993; subsequent data obtained from vendors; and user requirements for the facility. The final
costs of constructing the proposal in particular, would depend on the vendor selected to undertake
the design and construction of the reactor.
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S.S.I Construction Costs

The Commonwealth Government has set aside $286.4 million for the project. The Australian
market would provide much of the labour and materials for the construction of the replacement
research reactor's support systems. The value of the domestic content of the proposal's cost is
estimated to be approximately 50 percent of the total.

5.9.S Operating Casts

The annual operating costs of the proposal need to be considered over the estimated lifetime of the
replacement reactor which is not less than 40 years. Annual operating costs are included in Table 5.7.

Table 5.7: Operating Costs of the Proposed Replacement Reactor

Operating Costs 1997 SA [millions]
Operation and Utilisation 7.95

Operations 1.71

Engineering 1.45

Utilisation 0.95

Analysis 0.31

Administration 0.34

Fuel 1.50

Overheads 1.71

Engineering Development 0.50

Spent Fuel Management1 2.00

Waste Management 0.28

Safety and Environmental Monitoring 1.31

Total 12.04

Note 1 : Includes shipping overseas fan reprocessing and return of wastes.

5.9.3 Other Costs

Costs associated with the decommissioning of HIFAR and the replacement reactor are described in
Chapter 19.
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to :!Sthe
Proposal

This chapter discusses the alternatives to building a replacement research reactor at the proposed site within

the Lucas Heights Science and Technology Centre. It includes alternative technologies, alternative

techniques for neutron science, alternative reactor types and sources of nuclear products and services.

Alternative sites within the Centre are also discussed as well as alternative waste and spent fuel

management strategies. It examines the following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS
Guidelines

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.7.1

6.7.2

6.7.3

6.7A

6.7.5

Outline of Issue

Prudent and feasible al tematives should be discussed to make dear the
reasons fo r preferring certain options and rej ecting others.

Thereasons behind choice of the preferred options, should beexplained
including a comparison of the expected adverse and beneficial effects at
bed, regional, State and national levels, as relevant, hazards and risks,
identification of groups or community adversely or beneficially affected,
and compliance of the principles and objectives of ESD.

Alternative locations within the Lucas Heights Science and Technology
Centre for the proposal.

Alternative reactor types andcapacity.

Refurbishment of the existing HIFAR facility

Alternative techniques for neutron science, including spoliation sources

and the use of overseas facilities.

Alternative technologies, estimates of costs where possible and sources of

nuclear medical products including:

- import from overseas

- use of alternative technologies such as cyclotrons, spoliation
techniques, particles accelerators, liquidfuel reactors, for producing
medical products

• trends towards using alternative technologies, including cyclotron

radioisotopes and imaging techniques

' research into technologies in both medicine and industry which could
lead to a change in the need for services provided by a propose d
replacement reactor.

Section of
this Chapter

All sections

All sections

6.8.2

6.6

6.7

6.2,6.5

6.3

6.2,6.6

6.2, 63

6.2, 6.3

breakdown of those products which could be supplied from alternative 6.2,63,6.4, 6.5
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Section of ESS Outline of issue Section of
Guidelines this Chapter

5.3 Siting requirements for proposed replacement reactor. Compliance with 6.1.2,6.8
Nuclear Safety Bureau and other criteria

6.8 Use of overseas services as an alternative to a new reactor for 6.4

indus trial/commercial applications

6.9 Prudent andfeasible alternatives for management of nuclear waste 6.9

products, including spent fuel elements (including a "cradle to grave"
approach)

(3.1.1 Alternatives Considered

There are several potential alternatives to the proposal that is the subject of this Draft EIS. Some
of these alternatives have been considered in detail by various authors and others are still at the
conceptual stage.

The potential alternatives to the proposal can be grouped into the following categories:

• technologies - alternative technologies and techniques for the production and supply of
nuclear services and products, in particular spallation sources and cyclotrons;

• sources of nuclear products and services - alternative sources such as importing products
from overseas, using overseas services for industrial applications and using overseas facilities
for scientific research;

B reactor types - different reactor types, designs and capacities;

• sites - alternative sites outside and within the Lucas Heights Science and Technology
Centre;

• refurbishing HIFAR; and

• nuclear waste management - alternative strategies for managing wastes and spent fuel.

The assessment of alternative sites outside the Lucas Heights Science and Technology Centre is not
part of the scope of the Draft EIS as described in Chapter 2, however, a general discussion about
alternative locations has been undertaken in Section 6.8.1.

The "do nothing" alternative is discussed in Chapter 4 in terms of the consequences of not
proceeding with the proposal.

G.i.S Objectives and Criteria

As the proposal is for a multi-purpose facility, it is important in the context of this Draft EIS to
distinguish between alternatives that may address all of the objectives of the proposal, and those
which would only address some of the objectives.

In order to assess the alternatives to the proposal against the proposal objectives, criteria have been
derived from these objectives. These are provided in Table 6.1.
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Table S. I : Objectives and Criteria Used to Assess Alternatives to the Proposal

Proposal Objective

A. Maintain and Enhance Health
Care Benefits to the
Community

B. Maintain Strategic National
Interest

Criteria

i. Ability to produce diagnostic and therapeutic
radiopharmaceuticals:

to meet existing demand;
to meet projected future demand;
to meet user expectations for reliability; and
in a cost effective manner.

ii. Ability to produce new isotopes for medical research, diagnosis
and therapy

i. Ability to fulfil international nuclear non-proliferation and
safeguards obligations in accoidance with the Treaty on the
Non-Proliferation of Nuclear Weapons.

ii. Ability to maintain and enhance Australia's nuclear expertise
and knowledge in order to provide ongoing advice to the
Commonwealth Government on nuclear issues.

C. Provide a Neutron Beam
Research Facility

D. Provide Research Training
Facilities

E. Provide Industrial Isotopes and
Facilities for Irradiation Services
for Industry and Agriculture

F. Construct and Operate to me et
Health, Safety, Environmental,
Quality Standards

i. Ability to meet existing and future needs of the scientific and
industrial research community.

i. Ability to meet existing and future neutron science research
training needs.

i. Ability to meet existing and future demands for:

neutron activation analysis;
neutron transmutation dopingof silicon;
neutron beams for industrial applications; and
isotopes for industry applications.

i. Ability to comply with relevant health, safe ty and quality
legislative requirements and standards.

ii. Ability to comply with relevant environmental legislative
requirements and standards (including consistency with
ecologically sustainable development principles).

The approach taken in assessing the alternatives is to explain what each alternative is and to
examine whether or not it fulfils the criteria which have been developed from the proposal
objectives. The rejection of certain alternatives and the reasons for choosing the proposal, as
described in Chapter 5, are outlined.
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)

The two current technologies as sources of neutrons are nuclear reactors and spallation sources. A
nuclear research reactor is what is proposed to replace the HIFAR facility. It produces neutrons by
nuclear fission as explained in Chapter 3. In a spallation source a beam of high energy protons is
directed onto a heavy metal target which is often uranium. The nuclear reactions induced release
an intense neutron flux. Conceptual designs also exist for a third method of producing neutrons - a
hybrid system, consisting of an accelerator based spallation source coupled to a sub-critical reactor
system using high enriched uranium. These technologies are discussed further in the following
sections.

6.S.I Spalfation Neutron Sources

A spallation system comprises a source of high energy protons produced either by a cyclotron, a
proton synchrotron or a linear accelerator (a cyclotron facility is discussed in more detail in Section
6.2.2). These protons are directed onto a heavy metal primary target resulting in a flux of high
energy neutrons. Subsequently, the neutrons are slowed to useful energies and are directed onto a
secondary target of the material being studied. Spallation neutron sources are primarily designed
and used for scientific research purposes. They can produce high fluxes of neutrons in very short
bursts with characteristics that are suitable for certain types of research.

There are five major spallation neutron sources currently operating in the world. These are the Los
Alamos Neutron Science Center and the IPNS facility at Argonne both in the United States; the
ISIS facility at the Rutherford Appleton Laboratory in the United Kingdom; the recently
commissioned SINQ facility at the Paul Scherrer Institute in Switzerland; and the KENS facility at
the National High Energy Physics Laboratory in Japan. None of these operate at a power range that
would enable isotope production performance comparable to the proposed replacement reactor or
even to HIFAR.

A number of other spallation sources have been proposed including the National Spallation Neutron
Source at Oak Ridge in the United States at an estimated cost of US $1.33 billion (Krebs, 1998); the
United States Accelerator Production of Tritium project, which is aimed at producing tritium for the
United States defence program; the European Spallation Source which is a European Collaboration;
the AUSTRON project promoted by Austria for central Europe; and the Neutron Science Research
Program (JAERI) and the Japan Hadron Facility (KEK), both in Japan. With the exception of the
United States Accelerator Production of Tritium, all are intended to be used for neutron scattering
applications. All of the proposals await major funding.

When compared to a research reactor, the capital and operating costs of a spallation neutron source
are significantly higher. In general, existing spallation neutron sources have evolved from
accelerator-based research activities in high energy nuclear physics and related fields, and therefore
present-day capital costs are difficult to assess. With the exception of the AUSTRON proposal, all
of the proposed spallation neutron sources exceed cost estimates of $1 billion. AUSTRON is a
greenfield proposal with an estimated capital cost of $500 million and an annual operating cost of
$48 million. Again, it is primarily focussed on neutron beam applications (Bryant, Regler and
Schuster, 1994).

The ADONIS concept in Belgium is for a slightly different type of facility. At this stage it is only a
concept where a sub-critical fissile assembly using high enriched uranium is coupled to an
accelerator based spallation source (a "hybrid system"). It is unique, being the only "hybrid"
proposal where the conceptual design has considered the replacement of research reactors for the
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production of particular isotopes. A letter from SCK-CEN in Belgium (Dhondt, 1998, pers comm,
6 June) has confirmed, however, that "it seemed very improbable to find financing by isotope - producers
in a technology which was not yet proven", and that their research was now on the Myrrha system. This
concept has been proposed for the transmutation of wastes and other nuclear physics activities. A
prototype Myrrha facility would take four years to construct.

With regard to the criteria provided in Table 6. I, the following discussion provides the advantages
and disadvantages of a spallation neutron source in relation to each proposal objective and criteria.

A. Production of Medical Radiopharmaceufcicals

The existing and forecast future demand for radiopharmaceuticals in Australia in terms of quantity
and type, and the basis for this demand are discussed in Chapters 4 and 10.

The quantity of radioisotopes and the quantity of radiopharmaceuticals that can be produced is
dependent on the number of neutrons available from the source. To generate approximately the
equivalent number of neutrons as the proposed replacement reactor with a power of 14 to 20
megawatts, a spallation neutron source of 2.8 to 4.0 megawatts would be required (Rutherford
Appleton Laboratory, 1998, pers. comm.). No existing spallation sources are capable of such
performance. The most powerful spallation source is the unique SINQ facility in Switzerland at 0.9
megawatts (Paul Scherrer Institut, 1997). The SINQ facility is the only continuous spallation
neutron source, driven by the world's most powerful cyclotron. Two of the proposed spallation
sources (in the United States and in the European Union) would have this required power level,
however, the United States source is aimed at producing tritium and is therefore not directly
comparable (one megawatt of power at a cost of US$1.33 billion). The European Spallation Source
has yet to achieve funding approval as a precursor for research and development, detailed design
and construction. If approved now, it would not become operational until 2010.

It should be noted that the proposed European Spallation Source would cost in excess of US$1.5
billion. It could, in principle, be used to produce some technetium-99m and strontium-89
(Department of Industry, Science and Tourism and ANSTO, 1998), but would not be a source for
commercial production of a wide range of radioisotopes.

Since a spallation neutron source produces neutrons, some may expect the range of radioisotopes
that could be produced would be similar to that produced by a reactor. However, the low integrated
neutron flux in a pulsed spallation neutron source on the scale of one of the existing spallation
neutron sources, would preclude the production of radioisotopes with low production cross-
sections. A single spallation source designed on the scale of the existing spallation neutron sources
would be unable to produce the quantity of radiopharmaceuticals to meet existing or future
Australian demand.

Given the costs involved, for Australia to embark on the construction of a spallation source capable
of producing sufficient neutrons to match the performance of a research reactor for the production
of radioisotopes would be a major undertaking with high risk because there is no proven technology
worldwide at this time. It would represent a major drain on research resources and would be a
considerable investment in new technology at the expense of the broader objectives of the proposal.

Spallation sources are not designed for, nor are they amenable to, continuous operation. Hence
there are no international examples of them being used for the routine production of medical and
industrial radioisotopes. Commercial production of neutron-rich radioisotopes by an operational
spallation neutron source has neither been demonstrated nor proposed.
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ANSTO's assessment, agreed to by the Commonwealth Government, is that building a spallation
source is not a feasible strategy, as the capital and operating costs would be too high. Further,
Australia does not currently possess the extensive expertise to design and develop a spallation
source, each facility being unique and built through scientific direction rather than from proven
vendors.

Spallation neutron sources are optimised for neutron beam applications in a number of research
areas (discussed in Section 6.2.1C).

The ADONIS hybrid system is a concept proposed to overcome the technical limitations inherent
in pulsed spallation neutron source technology. In the hybrid system, calculations have suggested
that continuous thermal neutron fluxes similar to those obtained in a low to medium flux reactor
might be possible in limited volumes. As proposed, such a system would not be suitable for neutron
beam applications. Technical feasibility and commercial viability of the concept however, remain to
be demonstrated.

Apart from the limitation of integrated neutron flux, the operation of a pulsed spallation neutron
source is usually only possible for approximately two-thirds of the year because of maintenance
requirements (Bryant, Regler and Schuster, 1994). This means that for various periods of each year,
any radioisotope production would be impossible and importation of those isotopes that could be
imported would be essential. The advantages and disadvantages of importing radioisotopes are
discussed in Section 6.3. It should be noted that the duty cycle of the ADONIS hybrid system is
potentially longer if a low energy cyclotron of proven design is used. However, the limited
application of the facility would partially offset this advantage.

When compared to a research reactor, the capital and operating costs of a spallation source are
significantly higher as discussed above. The ancillary research and other facilities would be in
addition to this. Also, the number of staff needed to operate a facility are much higher than for a
reactor. For example, the European Spallation Source study (European Spallation Source Council,
1997) estimates that 570 staff would be required. The number of staff at ISIS in the United
Kingdom is around 270. Hence, any radioisotope production would be at a high cost.

A spallation source could theoretically be used to produce new isotopes in low quantities for
medical research.

E3. Strategic National Interest:

Operating a spallation source as an alternative to a research reactor would impact upon Australia's
ability to continue to fulfil its international nuclear non-proliferation and safeguards obligations. As
discussed in Chapter 4, under Article IV of the Treaty on the Non-Proliferation of Nuclear Weapons,
with a spallation source, it would be more difficult for Australia to be seen as a country advanced
in nuclear technology, able to cooperate in contributing to the regional development of nuclear
energy applications for peaceful purposes and assisting non-nuclear weapons States and developing
areas of the world. This would flow on to the loss of Australia's seat on the International Atomic
Energy Agency Board of Governors.

On the other hand, a pulsed spallation neutron source would be seen by some as beneficial in
fulfilling these obligations in terms of not needing to utilise high uranium enriched fuel. This ideal
is also met with the proposed replacement reactor. However, in its present conceptual configuration,
the ADONIS hybrid system would use high enriched uranium in the sub-critical assembly. The use
of high enriched uranium is not consistent with Australia's stated intent to cease using high
enriched uranium by 2006 (ANSTO, 1997d).
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The effect of operating a spallation source on the ability to maintain and enhance Australia's
nuclear expertise and knowledge and provide ongoing advice to the Commonwealth Government
on nuclear issues depends on whether or not the Government can continue to obtain this advice
from existing staff of ANSTO and other organisations with nuclear knowledge. A spallation source
is essentially a nuclear physics facility which does not embrace wider nuclear technologies. In the
absence of a reactor, a significant change in the staff profile of ANSTO would result. It would,
however, be unlikely that the national interest need of expertise in nuclear fuel cycle technology,
nuclear safety and nuclear engineering would be met if only a spallation source was operating. This
knowledge can only be gained and advanced through utilising a fully operational nuclear reactor.

C Neutron Beam Research

Spallation neutron sources are mostly designed and used for selected scientific research purposes.
They can produce high fluxes of neutrons with characteristics suitable for certain types of research,
mainly condensed matter studies, studies in basic physics and research into transmutation of
radioactive waste (Department of Industry, Science and Tourism and ANSTO, 1998).

The fundamental difference in the neutron production mechanism of reactors and spallation
sources has an impact on their utilisation as sources for neutron beam research. Pulsed spallation
neutron sources can produce very high peak fluxes of neutrons with characteristics suitable for
certain types of research applications. Spallation neutron sources are almost exclusively operated in
the pulsed mode producing intense bursts of neutrons from 10 to 100 times per second. Research
applications that take advantage of this time structure use time-of-flight and high resolution powder
diffraction techniques. Research reactors excel in numerous applications. A research reactor
operates in a continuous mode and with appropriate infrastructure produces steady state fluxes of
neutrons with cold and thermal energies. Beams of such neutrons are ideally suited to research
applications using, for example, the small angle neutron scattering and polarised neutron
techniques. There are some applications where the figures of merit of both types of facility overlap,
so that neutron beam research using the single crystal diffraction technique could be carried out
equally well on a suitably designed and equipped spallation neutron source or a research reactor.

The Beam Users Consultative Group, an advisory body to ANSTO for this proposal, has specified
user requirements for the proposed replacement reactor. These requirements are dictated by existing
and projected future activities in Australian scientific and industrial research and development and
are discussed in Chapters 4 and 5. The requirements highlight the need for a cold neutron source and
facilities for soft matter, biological, materials and engineering science research. A spallation source
would not be able to fulfil all of the performance criteria. An integrated neutron flux of 3 x 1014

neutrons per square centimetre per second is required over a large volume, while the typical peak
neutron flux of the 0.18 megawatt spallation source ISIS in the United Kingdom is 1.3 x 1015

neutrons per square centimetre per second, comparable to the integrated neutron flux of the 57
megawatt ILL reactor in France. However, the integrated neutron flux of ISIS is much lower and not
available over a large volume. In contrast to a spallation source, the neutron flux in a research reactor
of appropriate design is available over an extensive volume, enabling a range of beam research,
radioisotope production and internal target irradiations to be undertaken concurrently.

The calculated neutron flux for the ADONIS hybrid system concept indicates values of
approximately 7 x 10u neutrons per square centimetre per second in accessible regions of limited
volume (SCK-CEN website: http://www.sckcen.be). This is inadequate to provide facilities of the
standard required by current and future research in Australia.

Kohn (1993) concludes that in terms of neutron scattering research, spallation sources and research
reactors are complementary and mutually supporting, with each having unique capabilities.
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Relating this to Australia's situation, the main issue is the need to have a multi-purpose facility and
the need to meet all of the objectives simultaneously. This could not be achieved if a spallation
neutron source instead of a research reactor was built.

D. Research Training Facilities

A spallation neutron source of current technology would be able to meet a limited range of existing
and future research training needs in terms of neutron science. As outlined above, a spallation
source alone of given design, would not address all research objectives. Research training in areas
related to other objectives would inevitably decline.

E. Production of Industrial Isotopes and Irradiation Services

No spallation sources currently in operation provide irradiation services such as neutron activation
analysis and neutron transmutation doping of silicon. As outlined in Section 6.2.1 A, some
radioisotope production is scientifically feasible, depending on the neutron flux, however, the use of
a pulsed spallation source for industrial radioisotope production would be at the expense of
scientific research.

The use of a spallation source to produce neutron beams for other industrial applications is also not
known to occur in other countries. Whilst spallation sources are not used for industrial isotope
production, industry does hire time on the ISIS facility in the United Kingdom, for example, for
materials research using neutron scattering techniques.

Because of the relatively high integrated neutron flux of the facility, neutron activation for research
purposes, rather than large volumes of commercial samples, and neutron radiography is being
planned for the SINQ facility in Switzerland. The calculated neutron fluxes for the ADONIS hybrid
system suggest that some industrial radioisotope production and limited facilities for industrial
irradiation services might be possible. However, as noted earlier in this section, the ADONIS system
is only a concept at present and this concept does not include commercial irradiation services.

F. Environmental Health and Safety Standards

If a spallation source was built and operated in Australia, it would have to comply with relevant
Commonwealth and State health, safety, quality and environmental legislative requirements and
standards. As there are no such facilities in Australia currently, what these requirements and
standards would be are unclear, apart from it falling under the ARPANSA regime where
ARPANSA would be required to regulate the operation of such a facility.

In general, compared to a reactor, a spallation source produces significantly less radioactive waste.
However, because of the inventory of fissile material in the sub-critical assembly, a hybrid system
such as the ADONIS concept would produce significantly more radioactive waste than a spallation
source. The IPNS at Argonne National Laboratory uses uranium targets and such targets generate
radioactive waste containing fission products.

The profile of radiological consequences for a spallation source and a reactor are different, with the
potential for occupational exposure existing in both types of facilities. In both cases, activation of
components occurs and radioactive emissions exist. For example, the design parameters for the
AUSTRON project indicate that 120 tera-becquerels per annum of short lived gaseous emissions
and 40 giga-becquerels per annum of long lived aqueous emissions would be produced. A spallation
source would also generate significant solid activation products which would impact on its
decommissioning.
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6.2.2 Cyclotrons

A cyclotron is a type of particle accelerator in which a strong electrical field is used to accelerate sub-
atomic particles (protons or deuterons) to very high speeds while they are being constrained in a
circular path by a strong magnetic field. The particles are then directed onto a target of the material
being irradiated. Irradiation of the specific targets results in the formation of new isotopes which can
be extracted by means of chemical separation and used for specific purposes (Department of Industry,
Science and Tourism and ANSTO 1998). Cyclotrons are not a source of neutrons.

Most medical radioisotopes can be produced only in either a nuclear reactor or by a cyclotron. Few
can be produced in both. Australia has two cyclotrons used for medical purposes - the National
Medical Cyclotron owned and operated by ANSTO, located at the Royal Prince Alfred Hospital in
Camperdown, and the Centre for Positron Emission Tomography (PET) located at the Austin and
Repatriation Medical Centre in Heidelberg, Victoria. These cyclotrons are used to produce "proton
rich" (neutron deficient) medical radioisotopes.

A. Production of Medical Radiopharmaceuteicals

Both reactors and cyclotrons are needed to make the full range of radioisotopes required for
medicine, because of the different types of isotopes they are capable of producing. Nuclear reactors
produce radioisotopes by adding an extra neutron into the nuclei of the respective elements. These
isotopes are referred to as "neutron rich". Cyclotrons bombard atoms with different particles to
produce isotopes that are deficient in the number of neutrons. The choice of radioisotope, "proton
rich" from a cyclotron or "neutron rich" from a reactor depends on the type of radiation required
and/or the need for a particular chemical species. It is for this reason that the medical community
in the Research Reactor Review (McKinnon, Henderson-Sellers and Hundloe, 1993a) and the Senate
Economics References Committee Inquiry argued that cyclotron produced radioisotopes and
reactor-based radioisotopes have different but complementary roles in medicine.

Currently around 80 percent of all nuclear medicine procedures in Australia use the radioisotope
technetium-99m, which is the daughter radioisotope resulting from the decay of molybdenum-99.
ANSTO provides more than 95 percent of the technetium-99m used in Australia and the parent
nuclide is produced in the reactor HIFAR. Technetium-99m generators produced at ANSTO are
also exported to nuclear medicine centres in South East Asia.

An Organisation for Economic Cooperation and Development study just completed also states that
"inadequate supply of major isotopes produced with reactors such as molybdemum'99 and iridium~192
would have detrimental impacts in medical and industrial sectors" (Organisation for Economic
Cooperation and Development-NEA, in press).

It has been scientifically demonstrated that cyclotrons can produce both molybdenum-99 and
technetium-99m by direct bombardment of appropriate targets (Lagunas-Solar et al, 1991;
Lagunas-Solar, 1995). The most significant question and indeed most of the current debate is
whether or not the quantity and quality of technetium-99m required for Australia's existing and
future needs can be produced by these means and whether technetium-99m (instant technetium)
is the product required.

In an early paper, Lagunas-Solar et al (1991) stated that the use of accelerators to produce
technetium-99m and molybdenum-99 is possible and justifiable under certain circumstances.
Subsequently, in 1995, he (Lagunas-Solar, 1995) concluded that cyclotrons cannot compete with
reactors in the production of molybdenum-99 because yields are too low to be commercially viable.

PPK Environment &. Infrastructure



alternatives to the propoaal

The United States Department of Energy (1996b) stated that "current technology accelerators for the
production of molybdenum-99 in quantities sufficient to meet the United States demand" was neither
technically feasible nor economically viable in the foreseeable future. Further, the outcome of the
International Atomic Energy Agency Consultants Group meeting in Cape Town in 1997 concluded
that production of molybdenum-99 from a cyclotron is not a commercial proposition.

The Research Reactor Review noted that "there are no current cyclotrons producing technetium'99m and
no plans anywhere to construct a large enough cyclotron for this purpose" (McKinnon, Henderson-
Sellers and Hundloe, 1993a). In the last five years, since the Research Reactor Review, there have
been no real advances towards the commercial production of technetium-99m using cyclotron
technology and there has been little in the way of peer reviewed publications in this area. There is
no cyclotron anywhere in the world that is producing commercial quantities of technetium-99m.
There are also no current plans for realising such production.

At the scientific level, there is an ongoing debate about the ability of cyclotrons to produce
technecium-99m of required specific activity and purity in sufficient quantities suitable for
commercial production and distribution, particularly in a large country such as Australia.
Technecium-99m, contaminated with other radioisotopes, has flow on effects on image resolution
and patient dose. The British Pharmacopeia sets impurity levels for patient injectables. Lagunas-
Solar (1995) concluded that the questions of product quality and quantity are important factors to
be studied further and a recent conference abstract (Lagunas-Solar, 1997) suggests only that the
direct production of technecium-99m by a cyclotron "appears to be an alternative for local and regional
production" and that remaining research issues need investigation.

Recent work of other scientists (Scholten et al, in press) questions some of Lagunas-Solar's results,
including cyclotron running parameters and yield.

The logistics for the cyclotron production, distribution and clinical utilisation of instant
technetium-99m will remain uncertain until a number of important scientific and technological
issues are resolved. Yields are very low compared with reactor production (Department of Industry,
Science and Tourism and ANSTO, 1998). Even if it were commercially feasible to produce "instant
technetium-99m" (with a half life of six hours) with a cyclotron, then a number of cyclotrons
distributed on a regional basis would be required, but reliable distribution to smaller towns in rural
areas and other regional centres would be problematic. Based on existing scientific information, to
satisfy current demand in Australia for technetium-99m with instant technetium-99m would
require in excess of ten cyclotrons. This would not be the most cost effective way to supply this
radioisotope. With increasing demand forecast in the future, even more cyclotrons would be needed
(around one new cyclotron every three years), with associated chemical processing facilities at each
cyclotron.

On the basis of ANSTO's experience with both HIFAR and the National Medical Cyclotron, the
unit cost of technetium-99m produced in a cyclotron could be as much as ten times higher than the
cost of technetium-99m from the production of molybdenum-99 in HIFAR. This has significant
cost implications for the health budget, as well as ongoing capital cost implications with increasing
demand for these products (Department of Industry, Science and Tourism and ANSTO, 1998).

In addition, evidence on the economic aspects of cyclotron production of technetium-99m is
available from the TRIUMF facility in Vancouver, Canada. This facility has five cyclotrons, two of
which are used primarily for the commercial production of medical radioisotopes. The TRIUMF
organisation has investigated the cyclotron production of technetium-99m and has concluded that
it is not economically viable. Canada is constructing two reactors specifically for the production of
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medical and industrial isotopes. Similarly the United States Department of Energy has chosen
reactors as vehicles for a domestic source of molybdenurn-99/technetium-99m despite the
abundance of cyclotron facilities available to the United States community.

Another difficulty in producing instant technetium-99 from a cyclotron is the reliability and quality
of production targets, an essential requirement. Any concept, no matter what the scientific or
technological merit, must deliver a radioisotope of given isotopic and chemical purity meeting
regulatory body approval to the clinician on a schedule dictated by a high standard of patient
management. The production of instant technetium-99m by Lagunas-Solar's method requires
proton bombardment of highly enriched molybdenum-100 targets. Two sources of molybdenum-100
are known, the United States and the CIS, but neither is on a commercially proven scale. Lagunas-
Solar's work suggests that molybdenum-100 sourced from CIS is required to be able to effectively
minimise the resultant technetium isotope impurities. The importance of CIS producers in the
world supply is of concern since financial and organisational problems in that country create a risk
with regard to their ability to ensure adequate level and quality of production. To base Australia's
supply of technetium-99m on an extremely costly highly enriched molybdenum-100 target with no
guaranteed supply of large commercial quantities of this isotope available would place the quality of
health care of the Australian public at risk and would jeopardise such quality of care for many years
in the absence of an Australian reactor source for moIybdenum-99/technetium-99m.

All the above factors and uncertainties underline that it would not be prudent for Australia to rely
on cyclotrons as the sole domestic source of medical radiopharmaceuticals.

Table 6.2 indicates the production capabilities for medically useful radioisotopes in HIFAR, the
proposed replacement reactor, and a cyclotron of modest energy and current. It also indicates
whether or not the radioisotope can be imported (based primarily on half life considerations) and
lists the corresponding half life. Inspection of the table indicates that there are very few isotopes
than can be produced by both a reactor and a cyclotron. It is evident that cyclotrons can produce
thallium-201 and fluorine-18 which are used for around 20 percent of nuclear medicine procedures
and can only be produced in a cyclotron. Some very short-lived cyclotron produced radioisotopes
used in Positron Emission Tomography (PET) must be administered to the patient immediately.
Positron Emission Tomography is an imaging technique which relies on cyclotron
radiopharmaceuticals such as carbon-11, oxygen-15, nitrogen-13.

A cyclotron could not, however, produce many of the new therapeutic isotopes that are being
trialed in clinical studies internationally (refer Chapter 4).

Table S.S: featope Production and Importation Possibilities

isotope

Bismuth-213

Bromine-82

Califomium-252

Carbon-11

Chromium-51

Production Capability

HJFAR

No

Yes

No

No

Yes

Replacement
Reactor

Maybe

Yes

Unlikely

No

Yes

Si/cloeron

No

No

No

Yes

No

importation
for Routine
Clinical Use

Possible

No

No

No

No

Yes

Days

2.63
years

28

Half Life

Hours Minutes

45.6

35.0

20.4
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Isotope

Cobalt-60

Copper-64

Dysprosium-165

Erbium-169

Fluorine-18

Gallium-64

Gal Hum-6 7

Gold-198

Gold-199

Holmium-1661

(Carrier free)

Holmium-1661

(Low Specific
Activity)

Indium- 111

Iodine-123

Iodine-125

Iodine-131

Indium-19 2

Lutetium-177
(Carrier Free)

Lutetium-177
(Low Specific
Activity)

Molybdenum-99

Nitrogen-13

Oxygen-15

Paladium-103

Phosphorus-32

Production Capability

HIFAR

Yes

Yes-small
amoun ts

Yes-small
amounts

Maybe

No

No

No

Yes

Possible

Maybe

Yes

No

No

Yes with
modifi-
cations

Yes

Yes

Maybe

Yes

Yes

No

No

Unlikely

Yes-small
amounts

Replacement
Reactor

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Maybe

Yes

; Cyclotron

No

Yes

No

No

Yes

Yes

Yes

No

No

No

No

Yes

Yes

No

No

No

No

No

No

Yes

Yes

Yes

No

Importation
for Routine
Clinical Use

Possible

Yes

No

No

Yes

No

No

No

No

No

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Days

5.27
years

9.4

2.8

60.1

8

73.8

6.7

6.7

17.0

14.28

Half Life

Days Hours Minutes

12.7

2.3

109.8

2.63

78.3

55.0

74.0

26.8

26.8

13.2

66.7

9.97

122.2
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isotope Production Capability

HIFAR Replacement: Cyclotron
Reactor

Importation
for Routine
Clinical Use

Possible

Rhenium-186

Rhenium-188 >
(Carrier free)

Rhenium-188'
(Low Specific
Activity)

Samarium-153

Scandium-47

Selenium-75

Sodium-24

Strontium-89

Tantalum-182

Technetium-99m

Thallium-201

Tin-117m

Tungsten-188

Xenon-133

Yttrium-901

(Carrier free for
complexing)

Yttrium-901 (Low
Specific Activity)

Yttrium-913

Yes-small
amounts

No

Yes-small
amounts

Yes

No

No

Yes

No

Yes

No

No

Un like ly

No

Yes

No

Yes

No

Yes

Maybe

Yes

Yes

Yes

Yes

Yes

Maybe

Yes

No-made by
molybdenum-99

generator

No

Maybe

Maybe

Yes

No

Yes

No

No

No

No

No

No

No

No

No

No

Maybe

Yes

No

No

No

No

No

No

No

Yes-from
generator

No

No

No

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes (can use
generator)2

No

Mavbe

119.8

50.5

114.4

3.04

14.0

69.4

5.3

58.5

Half Life

Days Hours Minutes

90.6

16.5

16.5

46.7

81.6

14.9

6.01

64.0

64.0

Nones: 1 . Used in different, applications.

2. Would use generator obtained from fission products extracted from spent fuel.

3. Is a fission product extracted from spent fuel.

•4. Is the decay daughter of tungsten-1 SB.
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D. Strategic National Interest;

Similar to the comments made previously about a spallation source, operating one or several
cyclotrons could affect Australia's ability to continue to fulfil international nuclear non-
proliferation and safeguards obligations. A cyclotron, or several, would not offer any science and
technology capacity relevant to maintaining or enhancing Australia's role in the International
Atomic Energy Agency and the initiatives in regional nuclear issues.

In addition, a cyclotron would not provide Australia with hands on experience in the nuclear fuel
cycle. While in principle, existing staff at ANSTO could be drawn on in the short term to provide
advice to the Commonwealth Government on nuclear issues, nuclear safety and nuclear
engineering, the ability to maintain and enhance Australia's nuclear expertise and knowledge would
be lost in the longer term. It is unlikely that ongoing advice could continue to be obtained from
other sources.

C. Neutron Beam Research

Cyclotrons cannot produce neutrons and therefore neutron beam scientific research could not be
undertaken in Australia if a cyclotron were built as an alternative to the replacement reactor. The
existing and potential future uses and needs of the Australian scientific community for neutron
beam research would need to be fulfilled in another way, for example, by access to overseas facilities.
This is discussed in Section 6.5.

Q. Research Training Facilities

For similar reasons to those discussed above, a cyclotron could not provide a neutron science
research training facility and therefore would not have the ability to meet existing and future
research training needs in neutron science. Without a neutron source in Australia the neutron
science and technology disciplines would, to all intents and purposes, cease to exist, as would
neutron science as a research and development tool and the capacity to use nuclear technology as
an enabling technology for development of nanotechnology and other emerging technologies. This
would adversely impact on the national interest of maintaining Australia as a technologically
advanced nation.

EL Production of Industrial! Isotopes and Irradiation Services

As a cyclotron is not a source of neutrons, it could not provide neutron irradiation services such as
neutron activation analysis and neutron transmutation doping of silicon.

Some cyclotron-produced radioisotopes might be able to be adapted for industrial use. However, a
number of important tracers would be unavailable, particularly those used in environmental
pollution studies, such as gold-198.

F. Environmental Health and Safety Standards

In general, cyclotrons in Australia are regulated by State authorities. At present, the National
Medical Cyclotron owned and operated by ANSTO and located at the Royal Prince Alfred
Hospital in Sydney is regulated for external events, such as discharges and transport of radioactive
materials, by the NSW Environment Protection Authority. However, when ARPANSA is
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established the National Medical Cyclotron will be licensed by that Agency. The cyclotron located
at the Austin and Repatriation Medical Centre in Victoria is regulated by the Victorian Health
Department. It should be noted that cyclotron-produced radiopharmaceuticals fall under the
regulatory control of the Therapeutic Goods Act the same as do reactor-produced or imported
radiopharmaceuticals. If one or more additional cyclotrons were to be built in Australia as an
alternative to the replacement reactor, this form of regulation would continue for each cyclotron.

As cyclotron-produced technetium-99m is not available commercially at present it is not known
whether it would meet current regulatory requirements for purity.

Cyclotrons are perceived by the public to be inherently safer than reactors because they are
incapable of sustaining a nuclear chain reaction and because of their smaller radioactive inventory.
This type of facility would still be required to develop and implement a suitable emergency
management plan in case of accidents, as is the case with the National Medical Cyclotron at the
Royal Prince Alfred Hospital.

All cyclotrons located in Australia would be required to operate so that radiation doses to operating
staff are below relevant occupational exposure limits. Currently, the doses to staff at the National
Medical Cyclotron are at the higher end of the occupational exposures for ANSTO staff. Radiation
emissions from cyclotrons can arise as a result of adventitious activation and as a direct
consequence of the production of radioisotopes. Depending on the range and quantity of
radioisotopes produced, the dose to the public would be no greater than that from operating a
reactor. Radioactive waste would still be produced by technetium-99m production in cyclotrons,
however, total cyclotron generated waste would be less than that produced by operating a reactor
or a spallation source. Thus community standards and expectations in terms of safety,
environmental impacts and health would be able to be met by a cyclotron.

S.3.3 Comparison Between Research Reactors and
Alternative Technologies

Table 63 provides a comparison between the ability of a research reactor, a cyclotron and the two
different types of spallation sources to fulfil the multi-purpose uses required of the proposal.

Apart from production of some isotopes, it is evident that a research reactor of the type proposed
could meet all of the required needs. A cyclotron and spallation source are capable of meeting some
of these uses, albeit, different ones, but would not fulfil all of the multi-purpose uses required.
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Table B.3: Comparison of Research Reactors and Alternative Technologies

Technology Uses

Nations! Education and Neutron Commercial
Strategic Training in Scattering industrial
Knowledge Neutron irradiation

Science

Research Reactor

Cyclotron

Pulsed Spallation Source

Steady-State Spallation Source

Research Reactor

Cyclotron

Pulsed Spallation Source

• • • • •

no

minimal

minimal

Molybdenum-
99

• • / / •

no

/ Conceptual
design for Mo-
99 (ADONIS)

no

no

no

Commercial Isotope Production for 2

S7Ga, aD1TI, Therapeutics: 1 3 1 I , Industry
1BF, 13C, 1E3I 9 tY, ̂ P, 153Sm, (neutron-

19BAu, 19aIr, 1EGHo, richl
177Lu

no

no

no

no

no

Steady State Spallation Source

Source: [Department of industry. Science and Tourism and ANSTO, 19SB

Note 1 . V V V v v means a high ability to fulfil the use

v means a low ability to fulfil the use

"Ga -- galhum-B72 .

n"F == ftuanne-1 B

1:!C = carbon-1 3

in;'l - iodme-1 23

1311 - iodme-1 31

11CJY - yttrium-SO

asiP = phosphorus-32

1l)C3Snn = samarium-1 5 3

'""Au =-~ gold-1 9B

iu:?lr = iridium-1 32

1lJUHo - holmium-1 SB

tutetiL n-177

Apart from production of some isotopes already produced by the National Medical Cyclotron, it is
evident that a research reactor with well proven technology of the type proposed could meet all of
the required needs. A cyclotron or spallation source are capable of meeting some of these uses,
albeit, different ones, but would not fulfil all of the multi-purpose uses required.

As documented in Chapter 4, despite general technological developments, the need for reactor
products and services, including research, is growing.
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In the absence of a research reactor in Australia, all reactor based isotopes, which could be, would
need to be imported. The alternative to importing radioisotopes or radiopharmaceuticals from
overseas would only address some of the criteria developed for the proposal objective of maintaining
and enhancing health care benefits to the community. Some of the radioisotopes would not be
available. The importing alternative would not fulfil the other five objectives of the proposal,
including maintaining the national interest, providing neutron beam research and training facilities
and providing for industrial applications of isotopes. It could possibly be used in conjunction with
one or several other alternatives discussed in this chapter, such as a spallation source, a reactor built
solely for research and industrial applications and/or using overseas services for scientific research
and training to satisfy some, but not all of the objectives of the proposed replacement reactor.

A. Production of Medical Radiapharmaceutsicals

In terms of whether or not importing reactor based radiopharmaceuticals can fulfil the criteria for
health care, it must firstly be determined which radiopharmaceuticals can feasibly be imported and
whether or not the range and quantity can meet existing and future Australian demand for
diagnostic and therapeutic radiopharmaceuticals.

Importation of some isotopes can take up to ten days from the time of order. This poses difficulties
for emergency situations. Further, a number of short-lived radioisotopes could not be imported. These
are identified in Table 6.2. Other isotopes, in particular, molybdenum-99 and iodine-131, which
currently account for about 85 percent of nuclear medicine procedures could theoretically be
imported in sufficient quantities to meet current demand. However, many of the emerging isotopes,
for example, holmium-166, rhenium-186 and samarium-153, particularly those identified as potential
therapeutics cannot.

Where the demand for some isotopes is small, it is possible that they could be replaced with
alternative imaging modalities or other diagnostic tests. There are a number of imaging techniques
used in the area of cardiology, neurology and oncology that together contribute to better patient
management and health care. These are Ultrasound, X-ray, CT, MRI and nuclear medicine which
are often used in combination. Their employment at particular times in patient management is
largely dependent on the type and stage of the disease being investigated. Nuclear medicine is well
established as an important modality in diagnostic medicine and the superiority of the clinical and
economic value of nuclear medicine in various applications in cardiology, neurology and oncology is
acknowledged by national health and health insurance schemes internationally. The other
alternatives are essentially complementary to nuclear medicine because they image physical features
whereas the application of nuclear medicine can image physiological function as well as structural
changes, even small changes, associated with functional abnormalities. Although CT, MRI, and
Ultrasound have progressed in technology over the past five to ten years, they still do not have the
capability to image function and hence demand for nuclear medicine diagnostic services which have
also evolved, continues to grow strongly. Of the techniques discussed above, only nuclear medicine
is applied as a therapeutic procedure.

It is frequently stated in Australia that Japan and the United States can and do import all of their
isotope needs. This is incorrect. Two reactors in the United States, MURR and HIFR (Ketchum et
al, 1998), currently produce a wide range of isotopes for medical and industrial use in the United
States. Also a third reactor is being reactivated for molybdenum-99 production (United States
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Department of Energy, 1996b). Japan has two reactors producing isotopes for domestic use and
seventy four of the multi-purpose research reactors operating in the world produce isotopes for
domestic use or use in nearby countries (Organisation for Economic Cooperation and Development
- NEA, in press).

Although it is technically feasible to import some radioisotopes, ANSTO and others in the medical
community consider that there are problems inherent in reliability, stemming from delays
experienced in importing isotopes (ANSTO, 1993a; McKinnon, Henderson-Sellers and Hundloe,
1993a). Based on Australian Radioisotope's experience in importing radionuclides during a major
reactor shutdown, ANSTO has advised that there were significant delays and deliveries of expired
products on a number of occasions. These types of delays could cause problems in medical
treatment.

ANSTO provides a day to day service to the medical sector by producing reactor based and
cyclotron based isotopes. Australian operations of international companies with some capacity to
operate in this market sector cannot always rely on imports and ANSTO is called upon to provide
isotopes to them.

A further disadvantage of sourcing isotopes from overseas is the decrease in levels of purity that
result from decay during transport. Isotopes decay at various rates as shown by the half lives
provided in Table 6.2. Because of the time taken to import, the primary isotope in the product
decays and the relative quantity of impurity in the product increases. When shipments are delayed
in transit products have been known to arrive with insufficient purity to be given to a patient.
Imports of raw materials that can be used with a generator system for radiopharmaceuticals are
more feasible, but other radioisotopes, particularly short-lived ones have this disadvantage.

The problem of delay arises from a number of factors. These include unscheduled transhipment at
intermediate stopping points on very long supply lines, international and national air transport
regulations that limit the quantities of radioisotopes that can be carried on each aircraft type, and
the willingness of the aircraft captain to agree to the carriage of radioisotopes on each flight. Where
a package experiences a transport disruption, the carrier commonly places it on its next available
flight, and this can result in the package being received at least 24 hours later than scheduled.
ANSTO has imported some radioisotope products since the last major shutdown of HIFAR and
advises that delays continue to occur.

In terms of the cost effectiveness of importing radioisotopes for medical use as opposed to producing
them in a reactor in Australia, evidence provided to the Research Reactor Review (McKinnon,
Henderson-Sellers and Hundloe, 1993a) showed a disparity between domestic and imported costs
of isotopes. Transport costs affect the prices of imported isotopes and these would need to be passed
on to the end consumer, potentially resulting in higher prices.

With regard to the future demand for medical radiopharmaceuticals and the ability of importation
to fill this demand, one issue is the willingness of overseas suppliers to introduce new
radiopharmaceuticals to the Australian market within a reasonable timeframe. As stated in the
Research Reactor Review (McKinnon, Henderson-Sellers and Hundloe, 1993a), in the absence of a
reactor and relying on imports there would most likely be delays in approvals to test and use new
isotopes developed in other countries. In addition, this system would deter the development of such
products from Australian sources.
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Use of Overseas Services far Industrial

The alternative of using overseas services or facilities for industrial applications could only fulfil
part of one of the proposal objectives as identified in Table 6.1 (objective E). As explained in
Section 63, this alternative would need to be investigated and undertaken in conjunction with
several of the other alternatives in order to aim to meet the multi-purpose objectives of the
proposed replacement reactor.

ANSTO does not have access to information on using overseas services for Australian industry.
ANSTO is aware of one company, Becquerel Laboratories (which provides a neutron activation
analysis service for the Australian minerals and environment industries as well as to Cooperative
Research Centres and other research organisations), that has sent samples for irradiation to a
Canadian reactor. This occurred for a small number of samples during a scheduled prolonged
maintenance shutdown of HIFAR and required special advance arrangements. The logistics are
difficult and it is unlikely that this service would be sustained without a domestic reactor.

However, as discussed in Section 6.5, access to major overseas facilities such as ISIS for industrially
focussed research and development carries with it severe financial penalty and/or sharing of
intellectual property. Without a source of neutrons in Australia, industrial applications of neutron
science would, to all intents and purposes, cease to exist as a tool for research and development,
and the national interest would be adversely affected.

Use af Overseas Facilities for Scientific Research

Currently, some Australian scientists are using international facilities to undertake neutron beam
research because of performance and technology limitations imposed by HIFAR. Access to overseas
facilities is, however, usually restricted to those Australians with an established international
reputation such as senior scientists who have previously made significant contributions to neutron
beam research at their national research reactor facility. As stated by the Research Reactor Review
(McKinnon, Henderson-Sellers and Hundloe, 1993a), up to the early 1990s Australian scientists
have had low cost access to world class facilities in other countries.

The proposed replacement reactor would provide the Australian scientific and industrial research
community with a world class facility - probably in the top ten facilities in the world. To completely
substitute the use of overseas facilities for the Australian facility and maintain this community's
expectations, would require a considerable fraction of instrument time at major overseas facilities.
Even if this were strategically possible, it would be prohibitively expensive.

The criteria for meeting existing and future needs of scientific research and training would only be
partially fulfilled because of the following:

• restricted access - there is no guarantee of access to overseas facilities, even if funds are
available. Proposals for research of specific interest to Australia could receive a low priority
or find it hard to obtain approval. The OECD Megascience Working Group has identified
that "in the OECD countries and in Russia, currently active sources of neutrons will not be able to
supply the future demand" (Organisation for Economic Cooperation and Development,
unpublished). The European Science Foundation has stated that national neutrons sources
remain important as regional training grounds for young researchers. The Foundation also
considers such sources essential for developing novel instrumentation and conducting
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preliminary speculative experiments, even if the use of the highest fluxes in the world are
subsequently required to solve the problem (European Neutron Scattering Association,
1997);

• funding - it is most likely that Australian scientists would need to pay substantial fees to
access overseas facilities even if they were available. For example, to gain access for
Australian scientists to ISIS in the United Kingdom, ANSTO paid $1.2 million over a three
year period to obtain 10 days of instrument time per annum during that period. Current
charges for access to ISIS are £9,679 per day (approximately $25,500) (ISIS website -
http://www.isis.rl.ac.uk/ISISPublic/ISISapplicationl.html). In many cases, the
Commonwealth Government would need to fund or negotiate agreements with several
countries as well as provide travel and subsistence, recognising that most researchers use one
or two days of instrument time at any one stay at a facility, but return frequently. Given
competing demands for research funding in Australia, funds are likely to be limited for the
use of overseas facilities; and

• research and training function lost - as access would be available only to a very limited
number of scientists, and funding would restrict the ability to use these facilities for training,
this alternative would mean the loss of training facilities for young scientists and
subsequently the gradual decline in Australia's ability to use neutron beam research
technologies across a wide discipline base.

Alone this alternative would only partially address the criterion for neutron beam research and
provision of research training facilities.

G.B.I Alternative Reactor Types

Research reactors are used for a number of purposes including neutron scattering research, isotope
production, materials testing, prototype power reactor and fuels demonstration, operator training
and core physics measurements (refer Chapter 3). These different uses have led to different types of
research reactors being developed during the evolution of nuclear power reactors.

As with many other major projects, the development of a nuclear reactor initially involves defining
its intended purpose and the appropriate performance criteria (refer Chapter 5) and then designing
a research reactor that meets those requirements. In the context of this proposal, consideration of
alternative reactor types must take into account the ability of those types of reactors to meet the
defined performance criteria developed from the proposal objectives in Table 6.1. The main concern
is to assess whether or not alternative types and designs can meet the multi-purposes the proposal
is intended to serve.

There are two main types of nuclear reactors used around the world, power reactors and research
reactors. Power reactors are clearly not considered to be a feasible alternative to research reactors
because of their completely different application. Chapter 3 describes the main types of research
reactors which are:

B zero power critical assemblies;

B prototype (or test) reactors;

• training reactors; and

• neutron source or high flux reactors.
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Zero power critical assemblies are used to investigate and test the design and safety of proposed
nuclear power reactors. Their value for other types of research is limited. With the reduction in
construction of new nuclear power reactors there has also been a reduction in the number of zero
power critical assemblies constructed over the last two decades. There are now only 27 zero
powered critical assemblies in operation in the world (International Atomic Energy Agency, 1998).

Prototype reactors were constructed to demonstrate the technical feasibility of various nuclear
power reactor designs. A large number of prototype reactors were built in the 1960s and 1970s
during the expansion phase of United States and European nuclear power programs. Because of the
limited purpose of the design of these reactors, most have been shut down, although some reactors
have had their life spans successfully extended through conversion into irradiation facilities.

Training reactors are used for the training of power reactor operators. There are 42 reactors
operating throughout the world specifically for this purpose (International Atomic Energy Agency,
1998). Although a research reactor could be used for such operators' training, in practice small,
purpose-built and low power reactors are often used. They do not, however, perform the range of
applications required by ANSTO.

When research reactors are required to be used for a large number of purposes, there is evidence of
uniformity in design around the world (International Atomic Energy Agency, 1998). HIFAR and the
proposed replacement reactor belong to a class of research reactor for which the aim is to produce
an intense source of neutrons, otherwise known as high flux. Neutron source or high flux reactors
represent the main class of research reactors used throughout the world. Of the 265 operational
research reactors, 195 are neutron source reactors (International Atomic Energy Agency, 1998).
Their widespread use is mainly due to their multi-purpose applications. They have the capacity to
perform the following functions required by ANSTO which are not efficiently or effectively able to
be satisfied by zero power critical assemblies, prototype reactors or training reactors:

• cost effective production of a wide range of radioisotopes for medical, industrial and research
applications;

• high flux neutron beams with well-defined energy spectra for scientific and industrial
materials research and development;

• neutron radiography; and

• irradiation facilities for neutron activation analysis and neutron transmutation doping.

6.G.S Alternative Research Reactor Designs

The design of neutron source reactors can vary depending on a large range of factors. Key features of
the preferred design of the proposed replacement reactor are described in Chapter 5 and include the
flux of neutrons that would be produced, the irradiation capacity, its power level and the type of fuel
proposed to be used. The nature of these key design factors would be different from those for the
existing HIFAR. The reasons why these key features of the design are preferred are discussed below.

Reactor Flux

HIFAR and the proposed replacement reactor belong to a class of research reactor designed to
produce an intense source of neutrons. This type of reactor achieves this high intensity of neutrons
through the use of enriched fuel which ensures a compact core design with a very high power density.

The proposed replacement reactor would have a higher neutron flux than the existing HIFAR
reactor, that is 3 x 1014 neutrons per square centimetre per second, compared to 1 x 10M neutrons
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per square centimetre per second for HIFAR. This higher neutron flux provides faster experimental
resolutions. Combined with an increased number of irradiation positions compared with HIFAR,
this increased neutron flux would provide for:

• greater radioisotope production capacity;

• the production of isotopes not currently available in Australia for medical research and with
the potential for therapeutic use, such as some isotopes of rhenium;

• enhanced capabilities in condensed and soft matter research, neutron tomography and
improved resolution in residual stress studies;

• greater throughput, greater sensitivity, shorter irradiation times and faster counting times for
neutron activation analysis; and

• greater silicon irradiation production capacity.

Tank and Pool Type Reactors

There are two main types of designs for high flux, multi-purpose research reactors. These are tank
type reactors such as HIFAR or pool type reactors such as the one proposed to replace HIFAR. The
main difference between the two designs is that in a tank type reactor the core is housed within a
tank surrounded by a shielding material such as concrete, whilst in a pool type reactor the core is
located at the bottom of a pool containing water.

Many of the neutron source reactors currently in operation throughout the world were constructed
during the 1960s and 1970s. They were primarily built with the aim of providing material and fuel
irradiation test facilities to support the development of power reactor designs.

Modern research reactors have been designed primarily for multi-purpose operation as a source of
neutrons for materials research and medical and industrial isotope production. Generally, these
reactors are based on pool type designs because of flexibility in their operation through easier fuel
handling and separation of areas dedicated to neutron scattering research from isotope production.
This separation of functions in pool type research reactors would result in lower operator radiation
exposures than is the case currently with HIFAR, a tank type design. Modern pool type reactors also
represent significant safety improvements made in response to evolving international safety
regulations and the need to reduce generation of radioactive wastes and gaseous emissions.

Power Levels

The actual power level of a research reactor in absolute terms is small compared to power reactors.
The number of neutrons produced within the core is proportional to the power of the reactor and
most new neutron source research reactors operate with reactor power above 10 megawatts. The
actual choice of the power level of a reactor is usually a compromise between maximising the
neutron flux and minimising the construction and waste disposal costs and the size of ancillary
support plant required. Therefore, the consideration of power level can be secondary to selecting an
appropriate core design to ensure that the design:

B provides sufficient flux for radioisotope production;

• provides the highest possible neutron flux per unit of power;

• provides clean neutron beams of the required intensity;
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• provides the highest fuel burn-up, to minimise fuel costs on a unit flux basis;

• accounts for the need to reduce the effects of structural component irradiation to minimise
any future requirements for refurbishment; and

• provides for ease of operation and maintenance, resulting in modest staffing levels and
maximising reactor availability.

The Research Reactor Review (McKinnon, Henderson-Sellers and Hundloe, 1993a,b) examined the
possibility of purchasing a low powered reactor (nominally one megawatt) which would have the
advantage of being far less expensive than the preferred proposal. This alternative would allow for
irradiation, some isotope production and for training of students in nuclear engineering and the
rudiments of nuclear science. The Review concluded, however, that such a reactor would have to
be regarded as mainly a training reactor rather than a research instrument and would not allow
Australia to be a serious participant in nuclear scientific research. It would also not be
complementary to advanced overseas facilities, as experience on the small reactor would not equip
individuals for leading edge research at such facilities.

Type of Fuel

The fuel used in most research reactors contains uranium, a naturally occurring metallic element
that contains 92 protons in its nucleus. In nature, uranium consists almost entirely of the isotope
uranium-238. This form contains 146 neutrons in its nucleus and hence its atomic weight is 238 (92
protons plus 146 neutrons). Natural uranium also contains around 0.7 percent of the isotope that
has only 143 neutrons in its nucleus and hence is called uranium-235. It is only this uranium-235
isotope that is useful for research reactors. For example, to make the fuel for HIFAR, the content
of uranium-235 is increased from its natural level (0.7 percent) up to 60 percent. This process is
known as enrichment.

The fuel used for HIFAR is called high enriched uranium, which is defined by the International
Atomic Energy Agency as fuel enriched in uranium-235 to greater than 20 percent. When the
enrichment is less than 20 percent, the fuel is known as low enriched uranium.

Many countries and nuclear organisations such as the International Atomic Energy Agency,
consider that fuel enriched to greater than 20 percent could simplify further enrichment steps
required to construct simple nuclear weapons. Therefore the fuel inventory for research reactors
using high enriched uranium represents a potential source of weapons grade material which could
be diverted for non-peaceful purposes. Low enriched uranium is more difficult to use for non-
peaceful purposes as it would require more extensive stages of further enrichment.

Reducing the risks of proliferation of nuclear weapons has been an objective of the foreign policy of
the United States for almost 50 years. Over recent years, the United States has identified proper
management of spent nuclear fuel from research reactors as an important component of achieving
this objective. The Presidential Directive on Non-Proliferation and Export Controls issued by
President Clinton in 1993 stated: "We will also seek to minimise the use of highly enriched uranium in
civil nuclear programs. To this end, the Secretary of Energy will review the need for programs to develop
alternative fuels for research reactors and accelerate steps towards implementation of a policy of taking back
US-origin spent fuels from foreign research reactors." (United States Department of Energy, 1996b).

Spent fuel from HIFAR has recently been returned to the United States under this policy. A
condition of the United States acceptance of this spent fuel is a commitment by Australia to cease
operation of HIFAR on high enriched uranium before 13 May 2006. Acceptance by the United

PPK Environment & infrastructure



alternatives to the proposal

States of a second shipment will depend on Australia demonstrating satisfactory progress towards
this through the development of the replacement reactor proposal based on low enriched uranium
fuel. Acceptance of the third shipment will depend on confirmation of the permanent closure of
HIFAR on the above timescale. Accordingly, progress on the development of the replacement
research reactor is an integral part of the present program of spent fuel returns to the United States.

While there are internationally recognised advantages for implementing policies on non-proliferation
of nuclear weapons, the use of low enriched uranium in neutron source reactors presents a number
of technical disadvantages. The most important of these disadvantages is that the use of low enriched
uranium reduces the peak flux that can be achieved for a given unit of power.

Analysis of Preferred Reactor Designs

Table 6.4 provides an analysis of key features of the preferred pool type reactor design in terms of
the reactor flux, power level and type of fuel. The analysis supports the proponent's view that
increased reactor flux above that currently produced by HIFAR, the construction or use of a pool
type reactor, the adoption of design power level of 14 to 20 megawatts and the use of low enriched
uranium are justifiable design selections for the proposed replacement reactor.

The Research Reactor Review (McKinnon, Henderson-Sellers and Hundloe, 1993a,b) considered a
set of preferred specifications for a replacement reactor put forward by ANSTO. The Review
concluded that the specifications for a new reactor put forward by ANSTO would be a suitable basis
on which to design a new reactor for Australia's future needs. These are comparable to the
performance specifications described in Chapter 5 of this Draft EIS.

Table E.4: Analysis of Preferred Reactor Type and Dsign

Reactor Flux Pool Type

Ability To Meet Purpose (refer Chapter 5)

3 x 10 H Meets performance criteria.
neutrons per
square
centimetre per
second

Power
Level

14 to 20
megawatts

Type of Fuel

Low enriched uranium
allows agreement to be
fulfilled with US on
disposa 1 of HIFAR spent
fuel rods presently
located at Lucas
Heights Science and
Technology Centre.

Environmental

Results in reduced argon-411 emissions.

Efficiency and Flexibility

Allows an increased efficiency through
the use of simplified handling
equipment and procedures resulting in
lower staffing requirements and greater
throughput capacity. The open nature
of a pool type reactor provides greater
flexibility by facilitating modification to
meet changing user requirements
throughout the life of a reactor.

Reduces flux that can
be achieved for a given
unit of power compared
to high enriched
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Reactor Flux Pool Type Power
Level

TFtype o f Fuel

Costs

Safety

Security

Assists in the
impl ementa tion o f
po licies on non-
prol ifer an ion o f nucl ea r
weapons.

Results in a reduction in rhe annual
costs for staff directly supporting the
reactor.

Provides the opportunity for reductions
in the occupational exposure resulting
from fuel and irradiation handling
operations. These reduction are a result
of simplified handling procedures,
requiring fewer movements and fewer
people, and the elimination of radiation
leakage paths and mechanisms.

The physical arrangement of a pool type
reactor facilitates the segregation of
operational and experimental areas so
that appropriate security levels can be
maintained in the operational areas
while maximising accessibility for the
experimenters.

Reactor Decommissioning

The shielding of a tank type reactor
consists of layers of solid material. The
shielding of a pool type reactor consists
of a significant thickness of
demineralised water. The activation
products produced by the irradiation of
water and air are nitrogen-16 and
argon-41. These both have very short
half-lives resulting in a significant
reduction in the amount of highly
activated components in a pool type
reactor after only a few days of shut
down. Thisfector, together with a pool
type reactor's intrinsic handling
advantages, greatly facilitates their
decommissioning.

Nate: 1 . Airborne emissions from pool type reactors are generally iess Chan airborne emissions from tank type
reactors because the generation of argon-41 , produced by the neutron activation of argon-4D, is much
less than the activation of the higher levels of argon-^O contained in the air spaces within the shielding
and facilities af a tank type reactor.

Table 6.5 demonstrates that the proposed replacement reactor is consistent with the reactor designs
selected more recently. The exception is a reactor presently under construction in Germany which
is proposed to use high enriched uranium and can therefore produce a higher thermal neutron flux.
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Table S.5: Comparison of Oesign of Proposed Replacement Reactor with

Design of Other Research Reactors

Reactor

Proposal Reactor

ANSTO Proposal

Operating Reactors

GA-S-MPR-30

RP-10

Hanaro

Country

Australia

Indonesia

Peru

Korea

Reactors Under Construction

FRM-2

Maple-1

Maple-2

Planned Reactors

IRF

OAEP

Germany

Canada

Canada

Canada

Thailand

Year of Heactor Heactor Power Level Fuel Type
Operation Flux Type I meg a watts!

Cn/cnfVsJ1

2005

1987

1988

1995

3.0 xlO14

2.1xl01 4

1.3xlOM

2.0xl01 4

Early 2000s 8.0 xlO14

Early 2000 s NA4

Early 2000s NA

Early 2000s 2.5 xlO14

2001 NA

Pool

Pool

Pool

Pool

Pool

Pool

Pool

Pool

Pool

14-20

30

10

30

20

10

10

40

10

LEU2

LEU

LEU

LEU

HEU3

LEU

LEU

LEU

LEU

Sources: IAEA, 199B; ANSTO. 1 998f; Neutronics Weekly, 1 9BB; Neucnonics Weekly, 1994;

Neutronics Weekly, 1 997.

Notes: "1 . Measures in neutrons pen square centimetre per second.

2. Low enriched uranium [LEU) being less than 3D percent enrichment.

3. Highly enriched uranium CHELJ] being more than 2D percent enrichment.

Liquid Fuel R e a c t o r s

Another possible alternative reactor design is the liquid-fuelled reactor concept of Babcock and
Wilcox, Inc. This design would use an aqueous solution of uranyl nitrate contained in an aluminium
or stainless steel vessel immersed in a large pool of water that can provide shielding and a medium
of heat exchange. This concept may offer some advantages over conventional processes, especially
in the area of waste minimisation. However, this reactor concept is still at the conceptual design
and feasibility demonstration stage and does not represent a reasonable near-term production
source of molybdenum-99, nor does it offer a complete solution to Australia's needs for a
replacement research reactor.

Refurbishment of HIFA

One alternative to a replacement reactor is refurbishment of HIFAR to extend its operational life and
to upgrade its facilities to the maximum extent possible within the constraints imposed by its design.
The "passive" components of the reactor are the ones that affect its useful life. They are the reactor
aluminium tank, the graphite reflector, the reactor steel tank and shield cooling coils. Unlike "active"
components, these could not be replaced or refurbished without a major rebuild of the reactor.
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A Probabilistic Safety Assessment and a Remaining Life Study were recently undertaken for HIFAR
(Pickard, Lowe and Garrick, 1998). The Remaining Life Study and subsequent further analyses
which assessed the passive components of the reactor found that overall, HIFAR is in good
condition with no obvious evidence of major damage and age-related degradation that can be
considered life-limiting. This supports the previously reported views in the Research Reactor
Review that "HIFAR could continue for a decade without major refurbishment but, beyond that
time, major expenses would need to be incurred on replacing and upgrading safety and control
systems" (McKinnon, Henderson-Sellers and Hundloe, 1993a). It also stated that "radiation
damage to HIFAR's internal [passive] components is unlikely to be a reason to close HIFAR for at
least a decade and possibly for as much as the next thirty years" (McKinnon, Henderson-Sellers and
Hundloe, 1993a).

An indicative timetable and cost estimate to undertake a refurbishment to address the technical
obsolescence of the reactor plant would take six years to complete with a shut down period of at
least 15 months for final commissioning. ANSTO has assessed that this would cost at least $150
million (1997 dollars). However, as inspection techniques cannot reach every passive component of
the reactor, even after this expenditure, there would be no guarantee that the reactor could
continue to operate for an additional 20 years or so. An upgrade would still entail a significant
economic risk that failure of a major component would lead to closure of the reactor.

The capabilities of ANSTO to meet the needs of users for a neutron source have been eroded over
the years with the increasing technical obsolescence of HIFAR (Jostsons, McDonald and Moss,
1994). The alternative to refurbish HIFAR would therefore need to not only extend its operational
life safely but also to address the future needs of the Australian users. In this respect, any
refurbishment would need to involve the following:

• conversion to low enriched uranium fuel;

• an increase in power level to 11.5 megawatts, to offset the reduction in neutron flux caused
by the conversion to low enriched uranium fuel; and

• the addition of a cold neutron source, a neutron beam hall and associated instruments.

The extent of the refurbishment would also depend on other factors such as cost, the time required
for the reactor to be out of operation, and the ability of a refurbished HIFAR to meet safety and
other standards set by the Nuclear Safety Bureau. The Nuclear Safety Bureau in its 1994/95 Annual
Report (Nuclear Safety Bureau, 1995) states that it believes that the upgrading of HIFAR's safety
systems would be necessary by about 2003 if the reactor were to be operated significantly beyond
that date. It has also stated that if HIFAR was upgraded or refurbished, that it would assess its safety
and design features in relation to the requirements for a new reactor (Nuclear Safety Bureau,
1997a). In this regard, it would have to be accepted that some features fundamental to the design
of HIFAR could not be modified to comply with modern performance criteria.

Whether or not a refurbishment of HIFAR could satisfy the assessment criteria and hence the
proposal objectives is discussed below.

A. Production of Medical Radiopharmaceutiicals

To enable the production of medical radiopharmaceuticals to meet current and future demand, the
neutron flux would need to be increased. ANSTO considers that even with refurbishment, the
neutron flux would not be sufficient to produce some of the new short-lived therapeutic
radiopharmaceuticals that are being developed and introduced overseas. A neutron flux of three
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times that of HIFAR is needed to produce these radioisotopes (that is, 3 x 1014 neutrons per square
centimetre per second).

An increase in production capacity for currently produced radioisotopes is needed because it is
considered that HIFAR could not meet forecast demand after 2004. Without an upgrade, HIFAR
would not be able to supply projected future demand for radiopharmaceuticals reliably or cost-
effectively. ANSTO consider however that there is little scope for improving the current production
capacity.

Other facilities such as the conveyor facilities for isotope production, the portable handling cell and
the radioisotope handling flask would also need to be upgraded.

B. Strategic National Interest

If HIFAR was upgraded to the maximum extent possible, including converting it to low enriched
uranium fuel, it would be able to continue to assist in fulfilling Australia's strategic national interest
role. Australia's nuclear expertise and knowledge of issues associated with the nuclear fuel cycle,
nuclear safety and waste issues would be maintained and thus the ability to provide ongoing advice
to the Commonwealth Government on nuclear issues would not change substantially from the
present situation. On the one hand, the switch to low enriched uranium fuel would enhance our
ability to fulfil international obligations for non-proliferation and safeguards, however this would be
costly. Knowledge of operations of a modern pool reactor, specialist nuclear issues such as waste and
safety management would, however, not be as advanced as that which could be gained through
having a new reactor of modern design.

C Neutron Beam Research

To meet the assessment criteria for neutron beam research, HIFAR would need to be upgraded to
meet local user needs both existing and future. These include providing a neutron flux three times
greater than that currently available in HIFAR, providing cold and hot neutron sources, providing
a suite of new neutron beam instruments and providing adequate experimental space for a wide
range of research.

To properly address technical obsolescence of the experimental facilities would require major
changes to the reactor aluminium tank. However complete replacement of the activated reactor
aluminium tank and reactor steel tank are regarded as unacceptable as they would require the use
of remote handling technologies, considerable attention to the radiation dose to workers and a
shutdown of the reactor for five years or more. Consequently, the scope for improving the neutron
beam facilities is limited. The installation of a cold neutron source and associated beam guides
would offer a limited improvement in the neutron beam facilities. It would not, however, provide
the features of modern cold neutron sources employing tangential beam holes, which provide clean
neutron beams of high flux. HIFAR would remain an aging, second rate reactor, which is difficult
to work with and which would not allow world class research work to be undertaken.

D. Research Training Facilities

Similar to the discussion on neutron beam research, a refurbished HIFAR is unlikely to meet
existing and future neutron science research needs because of the limitations of the design of
HIFAR and the inability of even a major refurbishment to provide sufficient facilities to a standard
that would allow world class research and training to be undertaken. Under such conditions it is
unlikely that the best young people would be attracted to develop or use the facility.
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EE. Production of Industrial Isotopes and Irradiation
Services

The isotope production facilities and facilities for activities such as neutron activation analysis and
neutron transmutation doping of silicon on HIFAR could potentially be upgraded to fulfil existing
and future demands. However, this would be at the expense of radioisotope production for medicine
and also neutron beam research and training because of irradiation space limitations inherent in the
HIFAR design that could not be overcome by refurbishment.

F. Environmental Health and Safety Standards

A comprehensively refurbished HIFAR would continue to meet relevant health, safety, quality and
environmental legislative requirements and standards provided that adequate funding were allocated
to upgrading. As noted earlier, the Nuclear Safety Bureau has indicated that refurbishment would be
treated as a new research reactor proposal and it would therefore assess an upgraded HIFAR against
the safety and design criteria for a new reactor (Nuclear Safety Bureau, 1997a).

A refurbished HIFAR would meet environmental health and safety standards but is unlikely to meet
the expectations of those in the local community who are opposed to any reactor. HIFAR would
still remain an ageing reactor with the potential to have reliability problems associated with this age.
Not all non-safety components of HIFAR can be inspected and failures of such components due to
age may result in closure and loss of the value of the investment. This, however, is more to do with
the economic issues of keeping HIFAR operational, rather than technical issues about the ability of
HIFAR to comply with safety requirements.

Alternative Si -. -:- - \
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ES.S.H Consideration of Alternative Sites Away From Lucas
Heights

Background

The process and site selection criteria utilised to enable the Commonwealth Government to reach
a decision, in principle, for the location of the replacement research reactor at Lucas Heights has
been described in Chapter 3. Consideration of alternative sites to the Lucas Heights Science and
Technology Centre was undertaken for several locations but without reference to a specific site.
Sites other than Lucas Heights must be capable of meeting not only generic criteria relating to
health, safety and environmental protection, but other factors at the local, regional and national
levels, namely:

• proximity of the reactor to an airport of sufficient size to support regular scheduled flights to
most parts of Australia for efficient delivery of isotopes to the medical community;

• proximity of the reactor to external researchers and a pool of skilled and professional staff,
in combination with the availability of suitable specialist service and contract suppliers;

B availability of supporting infrastructure, such as access to significant power and water
supplies; and

• other factors as outlined in Chapter 3.
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These factors limit consideration of suitable sites to those on the eastern seaboard and within an hour
of major metropolitan centres, such as Canberra, Sydney, Melbourne, Brisbane, Adelaide, and some
regional centres.

C o m p a r i s o n of L u c a s H e i g h t s A g a i n s t ; A l t e r n a t i v e S i t e s

Table 6.6 summarises the evaluation of locating a replacement research reactor at:

a a site at the Lucas Heights Science and Technology Centre adjacent to the existing HIFAR
facility; and

• a generic site remote from Lucas Heights, but not remote from other centres of population.

These sites have been considered against the proposal objectives as set out in Table 6.1. It should be
noted that the remote greenfield site option would result in the establishment of a second nuclear site
in Australia with duplicated infrastructure, as the Lucas Heights Science and Technology Centre
would remain a nuclear site.

Table B.B: Performance of Alternative Sites Against: Proposal Objectives

Proposal Objective Lucas Heights

A. Maintain and enhance Proximity of the Lucas Heights
health care benefits to Science and Technology Centre to
the community customers within the Sydney

metropolitan a tea a nd to Syd ney
Airport to provide effective
distribution of radiopharmaceuticals
to all maj or cities and regional
Australia.

B. Maintain Australia's Locational issues are largely

A Remote Greenfield Site

Assuming that a suitable site could be located
within less than one hours road travel of a
major national airport with high service
frequency, no significant cons traint to the
achievement of this objective could be
expected.

Locational issues are largely irrelevant to the
nuclear technical
expertise

C. Provide a neutron
beam research facility

irrelevant to the achievement of this achievement of this objective, although some
objective, although visits by sites may result in less international visits,
overseas persons each year
contribute to maintaining
international networks.

The majority of beam users are A site which is not 'same' day accessible to
situated on the eastern seaboard and other major centres of research and existing
extensive travel to access the Lucas beam users would result in additional
Heights Science and Technology inefficiencies.
Centre is not required.

D. Provide nuclear
research and research
training facilities and
programs

E. Provide industrial
isotopes and facilities
for neutron activation
analysis, irradiation of
materials and neutron
radiography

As inC above.

Lucas Heights is within one hour of
Sydney Airport.

Potential users more proximate to the site may
emerge.

As in C above.

Assuming that a suitable site could be located
within less than one ho urs r oad travel of a
major national airport with high service
frequency, no significant c onstraint to the
achievement of this objective could be
expected.
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P roposa i Object i we

F. Achieve construction
and operation of the
facility in a manner
that meets all health,
safety, environmental
and quality standaids

Lucas Heights

The existing characteristics of the

A Remote Greenfield Site

Subject to specific site characteristics this
Lucas Heights site indicate that this objective may be capable of being satisfied.
objective would be satisfied. ,

I he hazards and risks associated with all
aspects of the current operation of the Lucas
Heights Science and Technology Centre
would be transferied to the new site.
There would effectively be two nuclear sites
due to the long term care and maintenance
requirements for a decommissioned HIFAR
and to provide for production of cyclotron
based radiopharmaceuticals.

Public health, safety and environmental
systems would be duplicated.

Source: ANSTO, ^ 993d; ANSTO, 1993f; •eparcmenc of Industry Science and Tourism and ANSTD, 199B.

Consideration of alternative locations, without reference to a specific site, indicates that suitable
sites for the proposed replacement research reactor may be available within one hours travel of either
Canberra, Melbourne, Brisbane, Adelaide or Sydney. Such a site might provide the possibility of
being more remote from residential populations.

An alternative site would however result in the establishment of a second nuclear site in Australia,
as the Lucas Heights Science and Technology Centre would remain a nuclear site. The ongoing
operation of the National Medical Cyclotron and the present nuclear facilities at the Lucas Heights
Science and Technology Centre, including the existence of HIFAR, would require key activities at
Lucas Heights to continue. Staff would also have to travel between sites.

As indicated in Chapter 3 and outlined in Table 6.7, an alternative site would involve at least a
doubling of the capital cost of the replacement reactor.

A significant amount of supporting infrastructure would need to be established at the new location,
including the replication of existing facilities necessary to produce radiopharmaceuticals. Facilities to
process produced radiopharmaceuticals at the National Medical Cyclotron would remain at the
Lucas Heights Science and Technology Centre. The following facilities would be required to support
the reactor: an administration, engineering and operations building; high activity handling cells;
technical, health physics and engineering infrastructure; a maintenance workshop and security and
surveillance equipment; experimental and environmental laboratories and offices, including a
meteorological tower; and effluent processing and waste storage facilities. In addition, many of the
issues raised by some members of the community in relation to the storage, disposal and transport of
waste and the perceptions of public risks of the new reactor would be transferred to the new site.
Transport of radioactive materials between sites would be required.

Consideration of Infrastructure Requirements and Costs

The role and functions of supporting infrastructure specifically designed to support HIFAR, are
described in more detail in Chapters 5, 10 and 15 of this Draft EIS. Although the costs of land
acquisition, construction and infrastructure provision near one of the capital cities identified above
would not vary greatly between such alternative sites, the existence of the supporting infrastructure
and buffer zone substantially lowers the comparative costs of locating the replacement reactor at the
Lucas Heights Science and Technology Centre (ANSTO, 1993d, 1993f; McKinnon, Henderson-
Sellers and Hundloe, 1993a; Department of Industry, Science and Tourism and ANSTO, 1998).
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Table 6.7 compares the cost of locating the proposed replacement research reactor at Lucas
Heights against an alternative remote site. In this circumstance much of the existing infrastructure
currently located at Lucas Heights would need to be replicated to support the operation of the
reactor. In addition, the existing Lucas Heights Science and Technology Centre would continue to
provide for radiopharmaceutical production from the cyclotron and the associated use of hot cells
and waste treatment and handling facilities. Further, there would be an ongoing need to provide
site security and allow for the care and maintenance of the decommissioned HIFAR. ANSTO
estimate the additional operating costs associated with the operation of two sites would include
waste treatment and disposal, additional staff and recurrent expenditure and would be several tens
of millions of dollars annually.

Table 6.7: Comparison of Costs of Lucas Heights Against an Alternative Site

Type o f Cost

Cost of site related
construction2

Costs of infrastructure3

Lucas Heights

Cost of site related construction
is estimated to be $134 million.

Modification to support buildings
and facilities are estimated to be
$2.7 million.

Cost of land acquisition4 No additional land would need to
be acquired.

Estimated Total Costs5 $286 million

Alternative Greenfield Site1

Similar.

Capital costs associated with establishment of
supporting infrastructure are estimated to be
$350 million

Land acquisition is estimated to be $ 10
million.

$600 to $650 million

numcations

Source: ANSTO. 1 393d; ANSTO, 1 3S3f.

Notes: 1 . Assumes sice is within one kilometre af a main road and power supply, has access to con
systems and is not characterised by abnormal site conditions.

S. Excludes overseas project management, engineering, technical services and equipment costs.

3. Figure factored from 1993 costs (ANSTO, 1 993d - Table 1.14] to 1 99"7 values.

*3. Land acquisition assumes the cost of purchasing non-urban land with an equivalent area to the existing
1 .6 kilometre buffer zone.

5. Includes overseas project management, engineering, technical services and equipment costs.

The consideration of an alternative site presupposes that it would be possible to obtain approval for
a site for a research reactor close to a major centre. This would undoubtedly take a significant period
of time and would introduce a substantial delay into the process.

It is also expected that a range of environmental investigations would need to be undertaken at an
alternative site to establish existing site conditions, in particular meteorological characteristics.
These environmental investigations would likely take a minimum of 12 months and would further
delay commissioning of the replacement reactor with flow on impacts relating to the return of spent
HIFAR fuel to the United States and the continued operation of HIFAR.

In summary, an alternative site would necessitate acquisition of land for a research reactor close to
a major centre and further environmental assessments, and would more than double the cost of the
project exclusive of the costs of staff relocation. There would also be the need for regular transport
of staff and radioactive materials between sites.

For all the reasons given above, the Commonwealth Government determined that achievement of
the proposal objectives would best be satisfied by locating the replacement research reactor at the
Lucas Heights Science and Technology Centre rather than at an alternative remote location or by
separating the reactor from other facilities which are in existence and support its operation. This
position is subject to the outcome of this Draft EIS.
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B.B.2 Alternatives Locations Within Lucas Heights Science
and Technology Centre

Alternative locations have been investigated for siting of the proposed replacement reactor within
the Lucas Heights Science and Technology Centre. In 1993, ANSTO investigated six sites within
the Centre as potential sites for the replacement reactor (ANSTO, 1993j). The locations of these
are shown on Figure 6.1.

The investigations (ANSTO, 1993j) adopted 10 criteria in considering the location and layout of a
replacement reactor at the Centre and weighted these criteria in order to rank each alternative site.
Table 6.8 provides a summary of the performance of each alternative site against the criteria.

' • -
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Fioure B.7 J ^ Om 30D"'
Alternative Site Locations Investigated
within the Lucas Heights Science and Technology Centre
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Table B.B: Matrix of Potentially Suitable Sites Within the Lucas Heights Science
and Technology Centre''

Criteria

Proximity to housing

Proximity to Australian
Radioisotopes (ARI)2

Site A

Approx 1.47 km to West
Menai;

SiteB

Approx 1.51 km to
West Menai;

Approx 1.57km to Engadine Approx 1.38km to
Engadine

Distance: 117 metres
Ease of route: Moderate

Distance: 158 metres
Ease of route: Good

Site C

Approx 1.49km to
West Menai;

Approx 1.35km to
Engadine

Distance: 207 metres
Ease ofroute: Good

Impacts on existing
buildings and services

Minimal Minimal (impacts on
soccer field)

Minimal (impacts on
soccer field)

Accessibility, security
and emeigency
requirements

Land form

Visual impact4

Cooling tower impact

Closeness to services

Ecological impact

Construction impact on
ANSTO activities

Acceptable

Sloping; 149 metres
minimum elevation; 4
metres variation

HIFAR - 3 metres

Boundary of existing
development. Central to
proposed Business and
Technology Park extension

Acceptable

On currently developed
land. F el ling of mature
trees would be required .

Low

Clos e to Building 17

Acceptable

Sloping; 145 metres
minimum elevation; 7
metres variation

HIFAR - 7 metres

Central to ANSTO

Acceptable

Acceptable

Sloping; 143 metres
minimum elevation; 4
metres variation

HIFAR - 9 metres

Central to ANSTO

Acceptable

On currently developed On currently
land. developed land.

Moderate

Close to Building 23

Moderate

Close to Building 23
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Criteria

Proximity to housing

Proximity to Australian
Radioisotopes (ARI)2

Si te D

Approx 1.6km to West
Menai;

Site E

Approx 1.6km to West
Menai;

Approx 1.42km toEngadine Approx 1.76km to
Engadine

Di st ance: 119 me tres Ease
of route: Good

Distance: 220 metres
Ease of route: Fair

Site F

Approx 1.66km to
West Menai;

Approx 1.72km to
Engadine

Distance: 206 metres
Ease ofroute: Fair

Impacts on existing
buildings and services

Meteorological tower
(Building 47) and (Building
44)3

Minor structures
(Buildings 61A, 61B
and 62) in the field
training area3

Bulk store (Building
59)3

Accessibility, security
and emergency
requirements

Land form

Visual impact4

Cooling tower impact

Acceptable Acceptable

Ridge; 149 metres minimum Ridge; 155 metres
elevation; 3.5 metres minimum elevation; 2.5
variation metres variation

HIFAR - 3 metres

Edge of escarpment
placement

HIFAR + 3 metres

Edge of escarpment
placement5

Acceptable

Ridge; 155 metres
minimum elevation;
2.5 metres variation

HIFAR + 3 metres

Edge of escarpment
placement

Closeness to services

Ecological impact

Acceptable

On currently developed
land.

Acceptable

On currently developed
land. Some clearing of
"virgin scrub" required
as fire break

Acceptable

On currently
developed land.
Some clearing of
"virgin scrub"
req uired as fire brea k

Construction impact on
ANSTO activities

Moderate

Close to Building 23 and
Building 55

Low Moderate

Close to Building 42
and Building 58

Source: ANSTO(1993j)

1 . Refer to Figure 6.1 for alternative sice locations wichin the Lucas Heights Science and Technology Centre.

a. Given that none of the proposEd locations involve crossing public roads, the proximity to Australian
Radioisotopes [ARI] is primarily of importance with respect CD pneumatic conveyor transport of
radioisotopes. The stated distance is the straight fine distance from the replacement reactor centreline
to the current pneumatic conveyor entry point to Building 23.

3. Existing facilities would need to be relocated prior to any construction.

•4. Assumes the lowest point of the facility [the floor of the proposed neutron guide hall) is at the lawest
current ocal ground level.

5. Siting of the replacement reactor at this location could be rotated 1 8D° from the layout shown
B.I if cooling tower visual impact were a prime consideration.

S. The mature trees may be significant in terms of providing nesting sites and other habitat.

Figure
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Each alternative site was then ranked to determine which was the most suitable. To achieve this,
firstly, each of the criteria were given a weighting factor from "1", the least important, to "5", the
most important. This weighting considered the merits and complexity of factors in each of the
criteria and ANSTO's ability to control or positively influence (or mitigate) these factors. Criterion
1, proximity to housing, was considered to be the most important, followed by criteria 2, 3, 7 and 8
which were ranked as "3", criteria 6 and 9 (ranked as "2") and criteria 4, 5 and 10 (ranked as "1").

Next, the six sites were evaluated against each criterion by assigning a value from "1", for the least
favourable location or impact, to "5" for the most favourable location or impact. This resulted in
each site having an unweighted ranking against each criterion. Each of these rankings were then
multiplied by the relevant criteria weighting factors. As a result, a matrix of weighted ranking for
each site and a total ranking for each site was identified.

The total weighted ranking indicated Site E as marginally the best location over Site A, with Sites
F and C the next most suitable, closely followed by Site B then Site D.

A sensitivity analysis was conducted on the influence of the values assigned to the weighting
factors. Of the 20 cases examined, Site E ranked the highest on 12 occasions, Site A ranked the
highest on four occasions, and Sites E and A tied on the remaining four occasions.

The investigation (ANSTO, 1993j) concluded that Site E to the west of the existing HIFAR facility
would be the most suitable location for a replacement reactor, subject to detailed studies and
surveys associated with this Draft EIS.

This location is the preferred site of the proposed replacement reactor, as described in Chapter 5.
The most significant benefit of this location in comparison to the other locations investigated is that
the reactor would be located further away from existing residential development than HIFAR. It is
not considered to have any other significant advantages or disadvantages over the other locations
investigated. Also, where there are potential impacts on existing buildings or bushland, for example,
these may be able to be mitigated by the implementation of appropriate management measures.
Potential management measures are further discussed in Parts E and F of this Draft EIS.

The rigorous approach and criteria adopted in the analysis of alternative sites for the proposed
replacement reactor within the Lucas Heights Science and Technology Centre is considered to
comply with the precautionary principle of ecologically sustainable development. The significant
benefit of the selected site in terms of its location relative to existing residential development is
appropriate when considering risk to future populations. Construction of the replacement research
reactor on the preferred site could potentially reduce biodiversity due to the clearing of bushland.
The significance of that reduction is addressed in Chapter 12.

Alternative Spent Fuel and Wast

B.9.1 Spent: Fuel

The proposed strategy for the management of spent fuel from the proposed replacement reactor is
based on the continuation of the strategy put in place and approved by the Government for the
management of HIFAR spent fuel. This would involve reprocessing spent fuel overseas, where the
wastes would be conditioned into a long-lived intermediate level waste form, that is, having a heat
loading of less than two kilowatts per cubic metre (International Atomic Energy Agency, 1994).
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The wastes would eventually be returned to Australia for storage at a remote location (Senate
Select Committee, 1997), as discussed in Section 10.5.4-

There are two alternatives to this proposal. They are:

• long term storage at the Lucas Heights Science and Technology Centre; and

a reprocessing the fuel overseas and returning the solid waste to Australia as above,
immediately to a permanent disposal repository for long lived intermediate waste.

These alternative strategies for the management of spent fuel are summarised in Figure 6.2.

BROAD
ALTERNATIVES VARIATIONS

PRUDENT AND
FEASIBLE OPTIONS

ENVIRONMENTAL
ISSUES

Long-Term Storage
of Spent Fuel at
Lucas Heights
Soience and

Technology Centre

Not Government Policy

; Reprocessing of
Spent Fuel.

Long Term Storage of
Lung-Lived

Intermediate-Level
Wastes.

Disposal in Repository

i—>•
Reprocessing Overseas
with Waste to Australia

or

Reprocessing
Overseas with Waste
Remaining Overseas

or

Reprocessing and Waste
Disposal in Australia

>

Reprocessing Overseas
with Waste returned to

Australia "

Not Feasible

Not Government Policy

Transport of Spent Fuel ?

by Road Co a Sydney Part

and

Establishment of che
National Storage Facility

for Long Lived
Intermediate-Level Wasce

in South Australia

Reprocessing of
Spent Fuel, .

Prompt Disposal in
Repository

Not Government Polioy

Figure 6 . 2
Alternatives for Management of
Spent Fuel from the Replacement Reactor

Long Term Storage at Lucas Heights Science and Technology
Centre

Long term storage at the Lucas Heights Technology Centre is not considered to he a prudent or
feasible option for a number of reasons. The fuel cladding is the first barrier, which contains the
fission products that are produced in the fuel. The materials from which the fuel cladding for
research reactor fuels is manufactured, such as aluminium, provide containment for tens of years
but not for the long timescales that are required for long term storage or permanent disposal. As a
result, it is necessary to condition the fuel.
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There are approximately 50 research reactors operating worldwide with fuel similar to that for the
proposed replacement reactor. Most of these are operating in the northern hemisphere. The most
cost effective spent fuel management strategy is to utilise one of the plants that will condition the
fuel from other research reactors. This is the strategy described in Chapter 10. This approach is
consistent with local community opposition to the permanent storage of spent fuel at the Lucas
Heights Science and Technology Centre.

Reprocess Spent: Fuel Overseas

The proposal is to treat the spent nuclear fuel overseas. Reprocessing is the established method for
conditioning the fuel from research reactors. As described in Chapter 10, Cogema in France has
recently signed contracts to reprocess the fuel from two research reactors.

A component of this alternative would be for the reprocessing plant to return the associated waste
to Australia. This scenario is acknowledged in present Government policy. The environmental
issues associated with this component involve the transport of the spent fuel by road from the
Lucas Heights Science and Technology Centre to a port in Sydney, transport to an overseas
reprocessor and return of the waste to the storage facility.

A variation of this alternative would be for the waste from reprocessing to remain overseas. This is
an option for the HIFAR fuel which originated in the United States, because the United States
agreed to receive and retain any fuel which was supplied under the Atoms for Peace Policy. The
United States option only applies to 2006 and would not apply to fuel from the replacement reactor.
All commercial reprocessors require that wastes be returned to the country of origin.

Another variation of this alternative is to reprocess the fuel in Australia, but, as mentioned above,
this option is not consistent with Government policy.

Permanent Repository

The third broad option is to construct a permanent repository at a remote location and remove the
need for a remote long term store. This could be used for long lived intermediate waste from other
waste producers in Australia such as hospitals and industry. As noted by the Phase 3 Site Selection
Study for A Radioactive Waste Repository for Australia (Bureau of Resource Sciences, 1997), "The
small quantity of Category S waste produced by Australia cannot presently justify the cost of constructing
a geological disposal facility. Geological disposal of low-level waste with Category S radioactive waste would
be expensive, though less so if an existing facility and infrastructure such as an abandoned mine site or
worked-out areas of an active mine could be used." The Minister for Resources and Energy has stated
that "Commonwealth, States and Territories agree that the co-location of a repository and an above ground
storage facility at a single national site would provide a comprehensive strategy for Australia's small
inventory of radioactive waste."

Alternatives to Reprocessing

Another option is to condition the fuel and dispose of it without reprocessing in a deep repository.
Such a process would leave the unused uranium and fission products in the fuel. A number of such
conditioning processes are being considered by the United States Department of Energy, but to date
they have not been proven and would not be feasible in Australia as described in Chapter 10.
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e.e.s Waste

The alternative strategies for the management of waste that would be produced as a result of the
proposal are shown in Figure 6.3.

BROAD
ALTERNATIVES VARIATIONS

PRUDENT AND
FEASIBLE OPTIONS

ENVIRONMENTAL
ISSUES

Permanent
Storage at the
Lucas Heights
Science and
Technology

Not Government Policy

Condition Waste
at the Lucas

Heights Science end
Technology Centre

and Transport to the
National Radioactive

Waste Repository and
intermediate Level

Waste Storage
Facility in

South Australia

Low Level and Short
Level Intermediate
Waste Repository
and along Lived

Intermediate Waste
Store

Repository for all
Low and Intermediate

' ; ' Waste '

Prudent; and Feasible

Not Government Polioy

Transport of Waste

and

Construction of
National Radioactive

Waste Repository and
Storage Facility for

Long Ltvad intermediate
Level Waste

Permanent Storage
Abroad Not Feasible

Figure B.3
Alternatives for Management of Waste

The first broad alternative is to store this waste permanently at the Lucas Heights Science and
Technology Centre. However, it is Government policy that there will be no long term storage of
waste at the Lucas Heights Science and Technology Centre. Radioactive waste is produced at many
locations in Australia including hospitals and industrial premises. The waste from the Lucas Heights
Science and Technology Centre forms only part of the total waste arising in the country.

The second alternative, which, is Government policy, is for a national repository for low level and
short lived intermediate wastes and a store for long lived intermediate level waste to be built in the
central-north region of South Australia and for the wastes from the Lucas Heights Science and
Technology Centre to be transported to this location as soon as the facilities are operational. As
described in Cliapter 10, this is the management strategy for the wastes associated with the
replacement reactor. The environmental issues involve the transport of the waste to the remote
location and the construction and operation of the repository and store.

A variation on this alternative is that the final repository for long lived intermediate waste would
be built in the near future. However this is not Government policy for the reasons given in the
previous section.
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The third alternative is to transport the waste overseas. However, public opinion in the countries
which operate waste repositories is against accepting waste from overseas. This alternative is
therefore not considered to be feasible.

Summary of Alternatives Assessed

Some of the alternatives that have been assessed in this chapter are strategic alternatives, in that
they represent potential alternatives to actually building a replacement research reactor in
Australia. They include alternative technologies such as spallation sources and cyclotrons,
importing radioisotopes, using overseas services and/or facilities for industrial applications or
scientific research and refurbishing HIFAR. Table 6.9 summarises how each of the strategic
alternatives fulfils the proposal objectives outlined in Table 6.1. None of these alternatives meet all
of the objectives of the proposal.

The other alternatives discussed are more specifically related to the actual proposal and design of
the replacement reactor. These include alternative reactor types and designs, alternative sites
within and outside the Lucas Heights Science and Technology Centre and alternative fuel and
waste management strategies.

The assessment has shown that the proposed replacement pool type reactor on the Lucas Heights
site meets all the objectives of the proposal, uses proven technology, fully satisfies the siting criteria
identified in Chapter 3 and is the most cost effective option.
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Table G.9 Comparative Summary of Strategic Alternatives Assessed

Proposal Objective
and Criteria 1

A.Maintain and Enhance
Health Care Benefits
to the Community

Alternative Technologies
Spallation Cyclotron

Source

•Q

•a

m

<

3

3

Commercial
production of
neutron-rich
medical
radioisotopes by a
spallation source
has not yet been
demonstrated or
proposed
anywhere in the
world.

Unlikely that it is
financially feasible
to build a
spallation source
with sufficient
power — no
existing spallation
source is capable
of power needed.

A hybrid scheme
could be suitable,
but technical and
commercial
feasibility remains
to be
demonstrated.

Cyclotron
produced and
reactor produced
radioisotopes are
different and are
seen as having
complementary
roles in medicine.

Commercially
viable yields of
technetium-99m
are not proven.

Issues with the
purity and quality
of cyclotron-
produced
technetium-99m.

Importing
USSadiopharma-

ceuticals

Most of the
reactor based
radioisotopes that
currently account
for around 85% of
demand could
theoretically be
imported to meet
this demand.

Some
radioisotopes,
including a
number of short-
lived and some
emerging
therapeutic
radioisotopes
could not be
imported.

Potential problems
in reliability of
supply and expiry
of "use by" times
which are short
because of the
decay of the
primary
radioisotopes and
relative increase
of impurities. This
would affect
maintenance of
current health
care levels.

Use of Overseas Use of Overseas
Services - Facilities -
industrial Scientific

Applications Research
Alone, does not
fulfil this
objective.

Alone, does not
fulfil this objective

Refurbishment
of HIFAR

Unable to
increase the
neutron flux
sufficiently to
meet future
volume of demand
nor the future
demand for some
short-lived
therapeutic
radioisotopes.

Consider that
there is little
scope to improve
production
capacity.

Other facilities as
well as HIFAR
itself would need
to be upgraded.
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Proposal Objective
and Criteria 1

A. Maintain and
Enhance Health Care
Benefits to the
Community (cont'd)

Alternative
Spallation

Source

* Reliability issue -
may need to
import for some of
the year because
of need to
shutdown for
around 1/3 year
for maintenance.
Implications for
user and costs.

Technologies
Cyclotron Importing Use of Overseas Use of Overseas Refurbishment |

Hadiopharma- Services - Facilities - of HIFAR 3
ceuticals Industrial Scientific 1

Applications Research jjj
ct

• "Instant • User costs of °
technetium-99m" imported J
is not compatible radiopharmaceuti- Tj
with Australian or cals would be °
international higher. [g
nuclear medicine
practice.

• Costs of
technetium-99m
are higher than
that produced in a
reactor with
implications for
the health budget.

• Could not
produce many of
the new
therapeutic
isotopes being
trialed in clinical
studies
internationally.

0 Cyclotrons have a
crucial role in
fulfilling this
objective, but are
needed in
conjunction with
a reactor to
produce the
required range of
products, cost
effectively and
reliably.



Proposal Objective
and Criteria 1

B. Maintain Strategic
National Interest

Alternative Technologies

Spallation Cyclotron
Source

Partially affect
ability to fulfil
objective because
under Article IV
of Treaty on Non-
Proliferation of
Nuclear Weapons,
Australia not seen
as advanced
country in nuclear
issues - potential
for flow on effects
to IAEA Board of
Governors.

Some may see it
as beneficial
because of switch
to low enriched
uranium fuel.

Unlikely that
maintenance of
nuclear
knowledge would
continue without
an operational
reactor.

Affect ability to
fulfil objective
because under
Article IV of
Treaty on Non-
Proliferation of
Nuclear Weapons,
Australia not seen
as advanced
country in nuclear
issues - potential
for flow on effects
to IAEA Board of
Governors.

Unlikely that
maintenance of
nuclear
knowledge would
continue without
an operational
reactor.

Imparting
Radiopharma-

ceuticals

Alone, does not
assist in fulfilling
this objective.

Use of Overseas Use of Overseas
Services - Facilities -
industrial Scientific

Applications Research

Alone, does not
assist in fulfilling
this objective.

Alone, does not
assist in fulfilling
this objective.

Refurbishment
of HIFAR

Able to continue
to assist in
fulfilling strategic
national interest
role.

Switch to low
enriched uranium
fuel would assist.

Knowledge of
some specialist
nuclear issues
would however
not be as
advanced as that
gained through a
modern reactor.
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Proposal Objective
and Criteria 1

C. Provide a Neutron
Beam Research
Facility

Alternative
Spallation

Source

8 Pulsed spallation
sources very
suitable for
certain types of
research including
condensed matter
studies, studies in
basic physics and
research into
transmutation of
radioactive waste.

• Peak neutron flux
requirement
unlikely to be
achievable.

8 In terms of
neutron scattering
research,
spallation sources
and reactors are
complementary,
each having
unique roles.

Technologies
Cyclotron

• Cyclotrons arc not •
a source of
neutrons and
therefore neutron
beam scientific
research could not
be undertaken
with this
alternative.

Importing
Radiopharma-

ceuticals

Alone, does not
fulfil this
objective.

Use of Overseas
Services -
Industrial

Applications
8 Alone does not

fulfil this
objective.

Use of Overseas
Facilities -
Scientific
Research

• Up to early 1990s,
Australian
scientists had low
cost access to
overseas research
facilities, mostly
on a reciprocal
basis.

• Limitations
however, imposed
by restricted
access; priorities
on research of
specific interest to
Australia; and
cost and
availability of
funding.

Refurbishment
of HIFAB

' Scope for
improving
neutron beam
facilities is limited
because of
difficulties and
shutdown time to
address technical
obsolescence of
the experimental
facilities.

• Even if facilities
upgraded, many
features of
modern cold
neutron sources
could not be
provided, and
thus it would
remain an aging
reactor where
world class
research could not
be undertaken.
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Proposal Objective
and Criteria 1

D. Provide Research
Training Facilities

Alternative Technologies
Spallation Cyclotron

Source
Importing

Radiopharma-
ceuticals

Use of Overseas
Services -
Industrial

Applications
Same issues as
above.

* Cyclotrons are not • Alone, does not •
a source of
neutrons and
therefore could
not provide a
neutron science
research training
facility.

fulfil this
objective.

Alone, does not
fulfil this
objective.

Use of Overseas
Facilities -
Scientific
Research

• Similar issues to
above.

Refurbishment
of H1F&R

Similar issues to
above.

E. Provide Industrial *
Isotopes and Facilities
for Irradiation Services
for Industry and
Agriculture

No spallation •
sources currently
provide irradiation
services or
industrial isotopes.

Could not meet
limited range of
existing and
future training
needs.

As a cyclotron is
not a source of
neutrons, it could
not provide
neutron
irradiation
services for
industry.

• Alone, does not
fulfil this
objective.

• Information on
advantages and
disadvantages of
using overseas
services for
Australian
industry is scant.

° Would not •
provide a national
neutron source,
which is
acknowledged as
important for
training of young
researchers.

• Funding would
restrict use of
overseas facilities
for training.

• Mean a gradual
decline in ability
to use neutron
beam research
technologies
acress a wide
discipline base.

• Alone, does not •
fulfil this
objective.

Best young
researchers would
therefore not be
attracted to
develop or use the
facility.

Isotope
production
facilities and
facilities for other
industrial
applications could
be sufficiently
upgraded.
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Proposal Objective
and Criteria 1

Alternative Technologies
Spallation Cyclotron

Source

E. Provide Industrial • Use of spallation
Isotopes and Facilities source for industrial
for Irradiation Services isotope production
for Industry and
Agricultural (cont'd)

would be at the
expense of scientific
research.

Could potentially
adapt some
cyclotron-
produced
radioisotopes for
industrial uses,
but limitations in
important tracers
would occur.

F. Construct and operate • Would likely have • Would come
to meet Health, Safety,
Environmental,
Quality Standards.

to comply with
relevant
requirements and
standards of
ARPANSA.

under the
regulation of
ARPANSA.

Importing
Radiopharma-

ceuticals

As some short-
lived reactor-
produced
radiopharmaceutic
als could not be
imported, not all
medical and
community
expectations for
health care could
be met.

Use of Overseas
Services -
Industrial

Applications

• Unlikely that
services would be
easy to access,
cost effective or
sustained without
Australia having a
domestic reactor.

• Issues of sharing
intellectual
property and
significant
financial
penalties.

• AsANSTOhas
no experience in
using overseas
services for
industrial
applications, there
is no indication
on whether or not
these services
would meet
quality or
community
standards and
expectations.

Use of Overseas
Facilities -
Scientific
Research

Scientific
community
expectations and
standards about
continued
scientific research
and training in
the areas
undertaken
currently may not
be met, because of
limited access to
facilities and
funding issues.

Refurbishment
of HJFAR

Upgrading these
would be at
expense of
medical
radioisotope
production and
neutron beam
research and
training because
of irradiation
space limitations
which could not
be overcome.

Would continue
to meet relevant
health, safety,
quality and
environmental
legislative
requirements and
standards.



Proposal Objective
and Criteria 1

Alternative Technologies

Spallation Cyclotron
Source

F. Construct and operate • Would produce
to meet Health, Safety, less radioactive
Environmental, waste than a
Quality Standards reactor,
(cont'd)

0 Uncertainty over
whether or not
cyclotron
produced
technetium-99m
could meet purity
standards required
by Australian
medical
regulations.

Importing
Radiopharma-

ceuticals

Use of Overseas Use of Overseas Refurbishment
Services -
Industrial

Applications

Facilities -
Scientific
Research

of HIFAH

May not meet
some of the
community's
expectations, in
terms of it
remaining an
aging reactor.

Occupational
exposures to
radiation still

exist.

Would meet
community
expectations and
perceptions in
terms of safety
and health
standards.
Radiation doses to
the public would
be no greater than
those from a
reactor.
Radioactive waste
produced would
be less than a
reactor or
spallation source.

Potential for
reliability
problems, mostly
as a result of the
economic issues of
keeping HIFAR in
full compliance
with safety
requirements,
rather than
technical issues.
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Physical, Biological and
Social Context of the

This chapter describes the existing environment within which the proposed replacement research reactor
would be located and explains the social, physical and biological characteristics of the areas and communities
of interest potentially impacted by the proposal. The method hy which the principles of ecologically
sustainable development will be considered in this EIS is also outlined. The history of community
involvement with ANSTO is outlined as well as community attitudes towards the proposal. This section
examines the following matters raised by the EIS Guidelines (refer Appendix A):

Section of EiS
Guidelines

7.1

7.2

7.2.10

8.22

Outline of issue

Description of physical and biobgical environments

Description of socio-e conomic environment

Community views andattitudes towards the existingHWAR facility

Community attitudes towards the proposal

Section of
this Chapter

7.2

7.3

7.4

7.4

Overview of Approach to Environmenta

The general framework for this Draft EIS is established by the Environment Protection (Impact of
Proposals) Act, 1974, and its regulations and administrative procedures as described in Chapter 2.
The EIS Guidelines provide for a range of specific matters to be addressed in this Draft EIS. Further,
the EIS Guidelines require that the way in which concerns raised by Commonwealth, State, local
government and the community are intended to be addressed in this Draft EIS be described.

In addition to the general requirements set out under the Act and the specific requirements
contained in the EIS Guidelines, this Draft EIS has a broader obligation to consider all potential
environmental issues in relation to the proposed replacement research reactor. It is neither practical,
nor possible, however, to consider all environmental issues to the same level of detail.

Identifying and focussing on key issues, therefore, is a critical step in the process of assessing the
potential impacts of the proposal on the environment. The approach adopted to identifying key
environmental issues is set out in Figure 7.1. This approach involves three stages, the first of which
actually commenced before a decision was made to carry out the EIS, while the remaining stages
have occurred within the framework of the Environment Protection (Impact of Proposals) Act, 1974-
The stages, which sometimes overlapped, involved:

PPK Environment & Infrastructure P»ty Ltd
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Researoh
Reactor Review

1SS3

Legislative
Framework

SubmiBBions
to Dnafb EIS
Guidelines

Telaphona
Information

Line

Preliminary
EIS

Investigations

Submissions

Mobile
Displays

anagement of Hazards
and Rlaka

Reactor Produots
Spent-Fuel and

Flora and
Fauna

Traffic and
Transport

Planning and

( .Gaology, Soils
and Water

Social and
Eoonomlo

Qfihar Potential
Environmental
Impacts:
• land contamination
• bush firs
• noisB - ' •
• visual and Isndscsps

cultursl nsritase

Figure ~7.1

Approach fco Idontifying Kay Environmental Issues
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B preliminary issue identification or scoping;

• identification of key issues; and

B Draft EIS preparation, involving detailed investigations, studies and assessment of key
environmental impacts.

The social, physical and biological context presented in this chapter enables the environmental
impact assessment contained in Part E to focus on key issues. Further refinement of key issues is an
ongoing process which continues when this Draft EIS is placed on public exhibition. Any
subsequent issues raised in the submissions to the exhibition and any additional information that
may be relevant are included in the Final EIS. It is the totality of these documents that will be taken
into account by the Commonwealth Government in its decision on whether to proceed with the
proposal.

"7.2.11 Study Areas

Studies of the physical and biological components of the environment carried out for the Draft EIS
involved a number of different study areas, based on the scope and requirements of the particular
environmental assessment and the nature and extent of potential impacts. In describing study areas,
the assessment of physical and biological impacts associated with the proposed replacement reactor
has adopted the following terms for consistency:

• site of the proposed replacement reactor - an area of approximately four hectares situated at the
western end of the Lucas Heights Science and Technology Centre, as shown on Figure 7.2.
The proposed replacement reactor and all associated buildings and facilities would be
located within this area;

• Lucas Heights Science and Technology Centre - an area of approximately 70 hectares, but
including a number of facilities immediately outside the perimeter security fence, including
the Lucas Heights Motel, canteen, Woods Centre and other facilities, as shown on Figure
7.2;

m buffer zone - a mostly circular area of radius 1.6 kilometres, centred on the existing HIFAR
facility, within which land use restrictions apply and all residential development is
excluded. The buffer zone, which has an approximate area of 1,000 hectares, also extends
to the north to include land on which the Little Forest Burial Ground is located, as shown
on Figure 7.2; and

• the region - references are made throughout the Draft EIS to the region surrounding the
Lucas Heights Science and Technology Centre. In these instances the area referred to is
defined in the text, but generally indicates the Woronora Plateau geographic region which
extends from Campbelltown to the eastern seaboard and from the Georges River to
Wollongong. References to this region in the Draft EIS focus mainly on Sutherland Shire,
which forms the northern section of the region, as shown on Figure 7.2.

Specific survey areas for individual studies have not always correspond to the general definitions
provided above. In these instances, the survey area is described in detail in the relevant section of
the Draft EIS.

PPK Environment & Infrastructure
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Figure 7.2
Study Areas and Communities of Interest;''

i Local community of interest
tm « M •• Sutherland Local Government

Area boundary
Sutherland Local Government Area

Note: 1 . Includes Waterfall

"7.2.S PhyBica! and Biological Characfcerietics

The following section describes the character of the physical and biological environment of the
region, including key characteristics of the buffer zone and other areas surrounding the Lucas
Heights Science and Technology Centre. The environment is described in terms of four main
environmental media: land, water, atmosphere and biodiversity; which comprise the core areas of
consideration in the NSW State of the Environment Report (NSW Environment Protection
Authority, 1997c). This approach enables more focussed consideration of the principles of
ecologically sustainable development in Chapter 20.
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Land

The Lucas Heights Science and Technology Centre lies on a regional geomorphological unit known
as the Woronora Plateau, which is formed by Triassic age Hawkesbury Sandstone underlain by the
Narrabeen Group (consisting of layers of sandstones and claystones) and then by Permian Illawarra
Coal Measures (DJ Douglas &. Partners and Coffey Partners, 1992). Lucas Heights residual soils and
Hawkesbury colluvial soils are the dominant soils of the region.

The surface geology of the buffer zone and the site of the proposed replacement reactor is
predominantly Hawkesbury Sandstone. Outcrops of Ashfield Shale occur in the Little Forest area
in the northern part of the buffer zone and ridge tops in the western portion of the buffer zone
contain deposits of lateritic gravels (Bannister, 1993). Soils of the buffer zone are low fertility, sandy
soils associated with sandstone parent rock. The Lucas Heights Science and Technology Centre lies
on a relatively flat ridge of Hawkesbury sandstone and slopes on the site of the proposed
replacement reactor are less than five percent.

Bushland forms an integral part of the visual character of the region and in combination with deep
river valleys and associated major rivers and rock escarpments, contributes to a high quality visual
setting for residents, bush walkers and motorists.

The buffer zone contains significant areas of bushland which enhance the visual aesthetic of the
Lucas Heights Science and Technology Centre, providing a natural surrounding to the built-up
areas of the Centre. Many residents have access to views of natural bushland settings; with the
quality of views greatest in elevated locations on the edges of ridges and plateaus. Large areas of the
buffer zone are disturbed by other land uses, particularly the Lucas Heights Waste Management
Centre. The presence of the Lucas Heights Science and Technology Centre creates a low to
moderate visual impact for residents in Engadine who are situated relatively close to the Centre.

Water

The topography of the Woronora Plateau region is comprised of a series of deeply incised river
valleys, that generally flow in a north-easterly direction towards the Georges River, interspersed by
relatively flat sandstone ridges. The largest rivers in the region include the Georges, Woronora and
Hacking Rivers. These rivers comprise the major water catchments relevant to the proposal, and
flow to the Pacific Ocean approximately 20 kilometres south of Sydney.

The hydrology of the buffer zone consists of relatively flat sandstone ridges dissected by creeks and
rivers aligned in a generally north-easterly direction. The main drainage lines include Mill,
Bardens and Fire Creeks and the Woronora River, the former two being tributaries of the Georges
River. The Lucas Heights Science and Technology Centre lies on the watershed between the
Georges River and Woronora River catchments. No significant drainage lines occur on the site of
the proposed replacement reactor, although a number of small creeks drain from the boundary of
the Lucas Heights Science and Technology Centre, including Strassman, MDP and tributaries of
Bardens Creek.

Atmosphere

Sydney experiences warm summers and cool, dry winters, with typical average maximum
temperatures of 25 degrees and 15 degrees Celsius respectively. Average annual rainfall measured
at the Lucas Heights Science and Technology Centre is 1,070 millimetres, most of which falls
between November and March when moist maritime air streams from the Pacific Ocean are
dominant (Clark and ANSTO, 1997). Air pollution, generated by vehicle emissions and industrial
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activities in the Sydney basin, is dispersed over a broad region of Sydney. Major air pollutants
include particulate matter (the cause of photochemical smog, or brown haze), carbon monoxide,
nitrogen dioxide, benzene and ozone, of which motor vehicle emissions contribute the majority.
Concentrations of sulphur dioxide and lead in Sydney's air are decreasing (Sutherland Shire
Council, 1995; NSW Environment Protection Authority, 1997c).

A system of monitoring of air emissions from the Lucas Heights Science and Technology Centre has
been in place since 1959 (refer Chapter 10) to ensure radioactivity levels comply with relevant
regulations. Levels of particulate matter are known to be low and generally within air quality goals
noted by the NSW Environment Protection Authority.

Biodiversity

The Sutherland Shire comprises large tracts of bushland contained within conservation reserves,
including Royal, Heathcote, Georges River and Botany Bay National Parks. A variety of ecosystems
are present in the region and are protected in the region's conservation reserves, including
sandstone forests and woodlands, gully forests, wetlands (for example, Towra Point Nature Reserve)
and coastal heaths. A number of native plants and animals of conservation significance have been
recorded within bushland of Sutherland Shire; in 1995, there were a total of 79 significant species
(as listed under Schedule 12 of the National Parks and Wildlife Act, 1974), including 10 reptiles and
amphibians, 24 birds, 17 mammals and 28 plants (Sutherland Shire Council, 1995). The region is
also known to contain a number of feral animal species and weed flora which pose problems for
ecological management.

The buffer zone contains a number of different vegetation communities, the distribution of which
relates to soil type, drainage and topography, as shown in Table 12.1 and on Figure 12.2. A total of
56 plant species of conservation significance have been recorded in the buffer zone. Existing
vegetation communities provide woodland, forest and heath/swamp habitat for a variety of
threatened fauna species: a total of 57 significant fauna species have been recorded. Due to the
presence of threatened species and its potential as a fauna movement corridor, the buffer zone is
considered to have moderate to high conservation significance.

The Woronora Plateau has experienced repeated major bush fires in recent years, primarily as a
result of the large area of bushland within the region. Recent major bush fires occurred in January
1994 and December 1997, the former burning a vast majority of the Royal National Park
(Sutherland Shire Council, 1995).

The last major bush fire to affect the buffer zone occurred in December 1997 (refer Table 17.2).
Bush fires passed near the western and southern borders of the Lucas Heights Science and
Technology Centre and prompted a cautionary shutdown of HIFAR, but did not cause damage to
life or property within the Centre. The bush fires of January 1994 did not occur within the buffer
zone, being largely restricted to the Royal National Park and areas north of Menai. The existing
bush fire hazard at the site of the proposed replacement reactor is low but areas south of the site are
considered to have a moderate hazard due to the presence of steeper slopes.

7.3.i Communities of Interest;

It is common for environmental impact assessments to use as a basis for assessing community or
social impacts an area defined either by topographic or other physical features, or by the availability
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Submissions to
EIS Guidelines

96

15

6

117

Submissions
to t h e EIS1

59

34

11

1042

of statistical information, such as Census data. Such approaches typically work well for projects
which have reasonably well defined direct impacts on a community, such as a road or a coal mine.
In the case of the replacement reactor proposal, communities of interest have been derived from an
analysis of the place of residence of persons who made a submission to the draft EIS Guidelines or
made submissions during the preparation of this Draft EIS. The latter included submissions made
through the various means of consultation available and included, contacting the telephone
information line (112 inquiries), sending an e-mail, fax or letter (71 written submissions), examining
the EIS web site (508 hits recorded to the home page) or through attending an information day or
mobile display. Table 7.1 indicates the source of submissions received to the Draft EIS Guidelines
and during the preparation of the Draft EIS.

Table 7 .1 : Community Submissions to Environmental Impact Assessment Process

Source of Submission

Within the Sutherland Shire Council area

Within Sydney, but outside the Sutherland Shire Council area

Other parts of Australia

Total

Notes: 1 . Does not include submissions received after June 3O. Submissions received after this time will be considered
during preparation of the Finai EIS.

2. Total does not include all submissions received because not all persons indicated their place of residence.

Communities of interest identified for the purpose of the social impact assessment contained in
Chapter 16 are:

• the local "community of interest", encompassing an area broadly defined as the suburbs of
Sandy Point, Pleasure Point, Voyager Point, Alfords Point, Illawong, Bangor, Menai, Como,
Bonnet Bay, Woronora, Oyster Bay, Kareela, Kirrawee, Jannali, Gymea, Gymea Bay, Grays
Point, Loftus, Yarrawarrah, Engadine, Heathcote and Barden Ridge as shown in Figure 72.
The population of the local community of interest is approximately 129,000 persons.
Approximately 70 percent of all submissions made to the Draft EIS Guidelines and during
preparation of the Draft EIS were made from this community. Socio-economic
characteristics applying to the whole of the Sutherland Shire area have also been presented
in some instances for ease of comparison with other communities of interest;

• the regional "community of interest", based on the Sydney statistical division with a
population of approximately 3.7 million persons; and

B the national "community of interest", that is the whole of Australia comprising a total
population in 1996 of approximately 18.3 million persons.

7.3.8 Land Use Characfceirisfciics

The Lucas Heights Science and Technology Centre is situated within the Sutherland Shire. A 1.6
kilometre buffer zone applies around HIFAR. This buffer zone prohibits urban development or any
other activity that could lead to a compromise of public safety and accordingly a limited range of
activities has been carried out historically within the zone. The land use characteristics of the buffer
zone are described in more detail in Chapter 13. The buffer zone includes and is surrounded by large
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areas of bushland some of which is situated within Heathcote National Park to the south and the
Holsworthy Military Area to the west. The buffer zone also contains the Lucas Heights Waste
Management Centre.

Urban development in the western portion of the Sutherland Shire approaches the buffer zone with
the suburbs of Engadine and North Engadine located to the east, Heathcote to the south-east and
Barden Ridge and Menai to the north-east. The nearest residential development to the site of the
proposed replacement research reactor is located at North Engadine on the eastern edge of the 1.6
kilometre buffer zone. Access from the Lucas Heights Science and Technology Centre to the urban
areas of Sutherland Shire is provided by New Illawarra and Heathcote Roads. The general land use
characteristics of the area comprising the local community of interest are shown in Figure 7.3.

7.3.3 Social Characteristics

Current: and Future Population Levels

Sutherland Shire currently has the second largest population of all local government areas within
the Sydney Statistical Division (Department of Urban Affairs and Planning, 1995a). The
population of Sutherland Shire at the 1996 census was approximately 194,000 persons. Population
growth since 1945 has been steady. The established suburbs in the eastern portion of Sutherland
Shire have experienced either stable or declining populations over the past two decades. Population
growth in Sutherland Shire during this period has been concentrated in the western portion of the
Shire, in particular the Menai district, which includes the suburbs of Barden Ridge, Woronora
Heights and Illawong (Sutherland Shire Council 1996). Figure 7A shows population growth since
1945.

The population density of Sutherland Shire is 524 persons per square kilometre which is
significantly less than that for the nearby Council areas of Hurstville, Kogarah, Bankstown and
Rockdale, which all have more than 2,000 persons per square kilometre. The low density is due to
the vast areas of National Park and open space in the southern portion of the Shire. The more
densely populated areas are generally in the northern portion of the Shire along transport routes
such as the Illawarra railway line, the Cronulla railway line and the Princes Highway.

Age of the Community

Figure 7.5 shows the population profile of the local, regional and national communities of interest.
Sutherland Shire has a similar age profile to that of the Sydney region, although the local community
of interest displays a younger age profile, primarily due to the more recent establishment of the suburbs
and the preponderance of younger families with children in the Menai district. As with the Sydney
region, Sutherland Shire has an ageing population. From 1981 to 1991, the total population of
Sutherland Shire increased by 11 percent. Over the same time the 40 to 49 age group increased by 40
percent and the 65 and over age group increased by 47 percent (Sutherland Shire Council, 1996).

The ageing of Sutherland Shire's population is reflected in household composition, where the
number of one person households has increased as children have left the family home. In 1971, the
average household size in Sutherland Shire was 3.15, decreasing to 2.94 in 1991 and further to 2.68
in 1996. Sutherland Shire Council estimate that the household occupancy rate will decline to 2.5
persons per household by the year 2011 (Sutherland Shire Council, 1996).
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Figure 7.3
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Figure 7.4
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Other Social and Economic Characteristics

Other social and economic characteristics of Sutherland relevant to the proposal are:

• Dwelling Tenure - Figure 7.6 shows that the local community of interest has a much greater
proportion of dwellings either fully owned or being purchased than the national community
of interest. Conversely, much less dwelling stock is available for rent in Sutherland than
would be typical for the Sydney region;

• Employment and Income — the proportion of persons in Sutherland Shire and the local
community of interest employed as managers and professionals is similar to the average of
the Sydney region (40 percent, 40.1 percent and 39.3 percent respectively). Households in
Sutherland Shire typically have greater weekly incomes than the Sydney average with 55.1
percent of households in 1996 earning greater than $700 per week in the Sutherland Shire
compared to 47.6 percent of households in Sydney;

• Education - Sutherland Shire has a lower proportion of persons with higher degrees, post-
graduate diplomas and bachelor degrees (22.1 percent) than the average for the Sydney
region (28.5 percent);

• Ethnicity — in 1996 17 percent of persons in Sutherland Shire were born overseas compared
to 31 percent in the Sydney region. No particular ethnic group is dominant in Sutherland
Shire, with the majority of the population coming from English speaking backgrounds;

• Houselwld Type - Approximately one in six dwellings in the Shire are occupied by one
person. Single parent families have also increased. In 1991 they comprised 11 percent of all
families with children within the Shire. The previously dominant household profile of two
parents and two children living on a typical suburban block is declining. As a result, the
demand for housing types is changing to reflect the needs of an ageing population and
changes in family structures (Sutherland Shire Council, 1996).
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Community Interest and Invoh

7.4.i Community Involvement in ANSTO Activities

Community Involvement in General

Since the establishment of Australia's research reactor, HIFAR, in 1958 the site of the Lucas
Heights Science and Technology Centre and the activities conducted there have been of interest to
local community and interest groups and to the general public. Key concerns raised by the local
community over this period have generally focussed on human health issues, in particular the
potential for an accident involving the release of radioactivity and the manner in which ANSTO,
and its predecessor the Australian Atomic Energy Commission, handle, treat and dispose of
radioactive wastes.

ANSTO have communicated with the local community and Sutherland Shire Council over many
years through direct consultation, distribution of formal organisation reports and information
brochures, open days, guided tours, a public speaker program and regular media releases. In
addition, a Local Liaison Forum was established in 1985 and reconstituted under an independent
facilitator in 1994. This forum includes representatives, among others, of Sutherland Shire Council,
precinct committees and progress associations from throughout Sutherland Shire, environmental
groups, anti-nuclear groups and individuals.

Community Attitudes Expressed During the Research
Reactor Review

The 1993 Research Reactor Review represents the most public airing of people's attitudes towards
ANSTO's activities prior to the Draft EIS. The Review involved a series of public hearings with
evidence presented by approximately 150 persons and organisations. Approximately 400
submissions were made to the Review. The Research Reactor Review and its findings are described
in more detail in Chapter 3. The following excerpts are from Section 12.1 of the Research Reactor
Review (McKinnon, Henderson-Sellers and Hundloe, 1993 a):

"Reactor related safety issues included concerns about both serious accidents and regular operations.
Concerns about serious accidents also encompassed emergency planning. In some submissions there were
claims of community perceptions that hazards resulted from regular HIFAR operations in that radioactive
emissions and discharges from the site were, or could be, injurious to the health of employees at the site and
to members of the general public.

There have been claims about the management of radioactive wastes, with allegations about leaks, pollution,
and health hazards connected with radioactive wastes. Related perceptions concerned the risks involved at
the large general waste dump near Lucas Heights and regular transport and exposure to accidents of
radioactive materials, particularly radioactive wastes.

It was also claimed that ANSTO was uninformative and patronising about its operations, and a legacy of
resentment and distrust remained from the days of the Australian Atomic Energy Commission (AAEC).
A few people claimed that ANSTO had regarded itself as above NSW laws and not subject to State and
heal government regulations and standards.

There were also contradictory claims, on the one hand that no, or very limited, information was available
from ANSTO and, on the other, that ANSTO used taxpayers' money to swamp residents with propaganda.

Australian Nuclear Science and Technology Drganieatlan
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The flow of information is good in at least some respects. As well as having open days, tours and regular
meetings with local residents and organisations, ANSTO publishes and disseminates a considerable volume
of information. It has also in its submission provided the Review and the public with detailed data about the
actual emissions, discharges and holdings of radioactive wastes.

It is of significant concern that some submissions continued to express concern about, or disbelieve, the
ANSTO data, preferring to rely on unsubstantiated claims or on statements by other groups or
organisations. ANSTO must by now be aware that the effectiveness of its information provision is doubtful,
given the suspicion still expressed in some submissions."

Furthermore, the Executive Summary of the Research Reactor Review, stated:

"Limited sampling of public opinion, including in the Sutherland Shire, indicates awareness of the positive
benefits to Australia of having a research reactor, and little of the concern submitted as being widespread by
some advocacy groups (Morgan and Reark Surveys)".

Community Attitude Surveys

A number of community attitude surveys have been conducted in relation to ANSTO's activities,
including two limited surveys conducted as part of the Research Reactor Review (Roy Morgan
Research Centre, 1993; Reark Research, 1993; Bain International/Batelle Memorial Institute,
1994; Keys Young, 1997). The findings of these studies are broadly consistent and may be
summarised as follows:

• regardless of place of residence, nuclear issues in general, HIFAR or the proposal to replace
the existing reactor are not "top of mind" concerns;

• when prompted, the level of concern increases, with issues of most concern being health and
environmental impact in terms of emissions of radioactive waste products, the storage of
nuclear waste, the possibility of an accident and safety procedures;

B no strong correlation was found between the level of concern and proximity of residence to
the reactor, with one study (Keys Young, 1997) suggesting that people from Sutherland were
generally least concerned about ANSTO's activities and those from Melbourne were
generally the most concerned of those surveyed;

• people's understanding of the activities conducted by ANSTO is generally low, in particular
a lack of awareness of the research function of the reactor and an assumption that nuclear
power was also generated;

• a majority of respondents thought that ANSTO's activities were at least fairly safe;

• amongst those surveyed there was generally support for perceived social benefits arising from
medical applications of radioisotope production;

• a lack of community understanding of the regulatory processes under which ANSTO operates;

• a commonly perceived concern in the 1993 surveys conducted during the Research Reactor
Review regarding a lack of information about the Lucas Heights Science and Technology
Centre and the safety of the facility, issues which were of particular concern to some
members of the Sutherland community; and
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a Sutherland residents generally had a much greater awareness of ANSTO's activities than
people from other areas (Keys Young, 1997). Respondents from Melbourne had the lowest
level of awareness. The level of concern about ANSTO's activities was inversely related to
the level of awareness, thus people from Sutherland were generally the least concerned
about ANSTO's activities and those from Melbourne were generally more concerned.

The most recent community attitude survey (Keys Young, 1997) asked respondents three questions
in regard to the possible siting of a new reactor to replace HIFAR. Respondents were first asked how
supportive they would be of a new reactor being built at Lucas Heights. Some 53 percent of
respondents indicated that they were very supportive, fairly supportive or somewhat supportive. In
response to the second - whether it should be sited on the fringes of Sydney, 41 percent said that
they would be very supportive, fairly supportive or somewhat supportive. In response to the third -
whether it should be sited at a remote located in Australia, 83 percent said they were very supportive,
fairly supportive or somewhat supportive. In Sutherland Shire, the response to the above three
questions were 57 percent, 46 percent and 83 percent, respectively.

ANSTQ's Existing Community Consult;at;iom Program

ANSTO currently have a range of community based programs aimed at providing information
about its activities in both formal and less formal manners. Under the Australian Nuclear Science and
Technology Organisation Act, 1987, ANSTO is required to distribute, as appropriate, information
relevant to its activities. These community activities presently include:

• formal community interactions - involving meetings between representatives of
Sutherland Shire and senior ANSTO staff; and bi-monthly meetings through the Local
Liaison Forum with representatives of community organisations, such as precinct
committees, anti-nuclear groups, Sutherland Shire Council and the Sutherland
Environment Centre, and interested individuals;

• emergency information - distributing emergency planning arrangements and what
individuals should do in case of an emergency at the Lucas Heights Science and Technology
Centre; making available copies of emergency planning arrangements to local councils and
libraries, Sutherland Shire Council and to all local parliamentary representatives; involving
community representatives as observers at emergency exercises conducted at the Lucas
Heights Science and Technology Centre; and distributing 20,000 brochures to local
households providing an overview of emergency planning arrangements;

B conducting community briefings regarding emergency planning arrangements with precinct
committees, Sutherland Shire Council and relevant State authorities;

• preparing reports to the community and Government authorities - the ANSTO Annual
Report, an annual environmental monitoring report, distributing a newsletter to 25,000
households and providing regular media releases about ANSTO's activities in local
newspapers; and

• community information initiatives - involving a growing information resource based on
ANSTO's Internet Home Page; materials for school projects; bi-annual open days; conducting
displays at local events; providing briefings to local organisations on how they could do business
with ANSTO; and supporting local high school and tertiary students through work experience
and the Australian Quality Council E Team and young achievers programs.

Australian Nuclear Science and Technology Organisation
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7.4.2 Community Involvement; During Preparation
of this Draft E1S

Consultation for this Draft OS

The consultation strategy adopted for this Draft EIS is described more fully in Chapter 2 and
Appendix C. A range of consultation activities were conducted to encourage local community and
interest group participation during preparation of this Draft EIS and to assist with identifying key
issues of concern. In order to supplement these consultation activities a review was undertaken by
the study team of the relevant international, national, State and local laws, regulations, treaties and
policies as set out in Appendix D. Further, the study team also undertook a review of relevant
research reference material for similar proposals completed overseas.

The consultation activities and the reviews assisted the study team in identifying key issues of
concern to the community. It should be noted that a key step in the identification of key issues
involved the development by Environment Australia of the EIS Guidelines through a process of
consultation conducted in November 1997.

As indicated in Section 7.3.1, 71 written submissions and 112 telephone enquiries were received
from the public relating to the proposed research reactor. The key issues identified from a review of
submissions to the Draft EIS Guidelines, submissions forwarded direct to the EIS study team and
from comments received from the EIS Telephone Information Line were:

• siting of the proposed replacement research reactor. Submissions from some persons who live in
the surrounding communities generally consider locating a replacement research reactor in
a built up area, with increasing population, to be inappropriate. Some residents have
indicated that they were unaware of the existence of HIFAR, while others had a
misunderstanding that HIFAR was in fact closing down permanently. An opposing point of
view that is frequently expressed in the community is that HIFAR was at its present location
before much of the residential development in the area, and that it was not then, and is not
now, a cause of concern;

a risks to human health. Reference to Chernobyl as an example of the risk of locating a reactor
adjacent to a residential area has been emphasised as a major area of concern, while in other
submissions to the EIS Study Team major concerns have been expressed over the risk
involved in transporting waste from the reactor;

• risk to the environment. A number of submissions have expressed concern over the possibility
that materials from the Lucas Heights Science and Technology Centre are discharged to the
Woronora River during periods of heavy rainfall. Further, it has been suggested that
discharges of effluent to the sewer could also, during periods of heavy rainfall, result in
sewage overflows into the Woronora River and other local creeks;

• need for the replacement research reactor. A number of submissions expressed concern that the
1993 Research Reactor Review did not prove a need for a replacement research reactor. In
addition, a number of submissions have called for a cost benefit comparison of
Commonwealth funding for non-nuclear scientific research with Commonwealth funding for
the replacement research reactor. Consideration of this funding should include costs
associated with the storage and disposal of waste, the establishment of a national waste
repository and the decommissioning of HIFAR. In contrast, a number of submissions have
presented the view that the work being carried out by ANSTO is valuable and that the
replacement research reactor is needed because of the additional safety and technological
benefits it would provide;
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• alternative technologies and sources. A view expressed often in the submissions is that the range
of reactor based products and radioisotopes produced by the reactor can largely be satisfied
by adopting alternative technologies, such as cyclotrons or by sourcing these products from
overseas. Other submissions did not agree with this view;

• regulatory framework and safety. A number of submissions have maintained that safety
standards in other countries, such as the United States, are significantly more stringent than
those applied to ANSTO. It is suggested that ANSTO has a history of accidents and
mismanagement and that security of the reactor is a significant concern, particularly in
relation to possible sabotage. Concern is also expressed that there is currently no legislation
in Australia that covers nuclear reactors and that the current regulatory arrangements are
unsatisfactory as ".... ANSTO typically ignores the Nuclear Safety Bureau". Concern is also
expressed over the perceived inadequacy of the emergency planning arrangements for
HIFAR, particularly in relation to evacuation procedures and the incidence of bush fire;

• transport, treatment and disposal of waste. A common concern amongst a number of
submissions relates to the transport and ultimate disposal of waste from the replacement
reactor as it is considered that there is no known safe disposal for nuclear waste products. In
this context it is argued that a replacement research reactor should not be contemplated
anywhere in Australia. Concerns are also expressed over what are perceived to be the
significantly greater levels of waste likely to be produced by the replacement reactor;

• management of spent fuel. Transport and disposal of spent fuel is also a common concern
amongst submissions to the EIS. Particular concern is expressed regarding the possibility of
the Lucas Heights Science and Technology Centre becoming a site for the reprocessing of
spent fuel and the dangers associated with its transport. The broader implications of
Australia's continued ability to rely on returning spent fuel to the United States and/or
Dounreay in Scotland are highlighted, as is the ultimate manner of disposal of the returned
wastes from the spent fuel;

• decommissioning. A number of submissions have indicated concerns regarding
decommissioning and that over a period of 30 to 40 years the Lucas Heights Science and
Technology Centre would be a defacto repository for the remaining nuclear waste from
HIFAR. Concern is also expressed over the potential environmental and human health risks
during the period of decommissioning, the cumulative impact of the existing radioactive
waste stored at the site, the wastes arising from the decommissioning of HIFAR and the
general quantities of wastes disposed of in the area due to facilities such as the Lucas Heights
Waste Management Centre; and

B decision making. A level of distrust about ANSTO's activities is expressed in a number of
submissions. Some members of the community believe that the current EIS process should
be disbanded and that a Commission of Inquiry be established to enable a full airing of the
issues, particularly in relation to the need for the proposal.

During the preparation of the Draft EIS, Sutherland Shire Council questioned the adequacy of the
community consultation strategy being implemented with regard to the preparation of the EIS and
called on ANSTO to have an independent evaluation conducted of PPK's community consultation
strategy for the EIS.
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To ensure that the process currently being implemented by PPK compares favourably with
recognised best practice Twyford Consulting have been engaged to:

• evaluate the effectiveness and appropriateness of the community consultation strategy,
including the objectives, processes and outcomes (both outcomes during and at the
conclusion of the process); and

• evaluate the implementation of the strategy, specifically how the process was handled; how
responsive it was to the needs of the community; and what outcomes were actually achieved.

An interim report from Twyford Consulting on the consultation process will be made publicly
available before the Draft EIS is released for public exhibition. Any recommendations regarding
consultation during the exhibition period from the interim report will be considered and the results
formally noted in the Final EIS.

Senate Economics References Committee

It should be noted that during the preparation of this Draft EIS the Senate Economics References
Committee Inquiry into the proposed replacement research reactor held public hearings which
provided opportunities for community involvement. Key submissions to the Committee were taken
into account in preparing this Draft EIS. It is understood that the Committee is awaiting completion
of the EIS prior to releasing its final report. The Committee's terms of reference are described in
Chapter 3.

^

7.5. i introduction

The primary purpose of describing the social and economic, and the physical and biological
characteristics of the environments that would be influenced by the proposal is to establish a basis
for the more detailed examination of key issues in subsequent chapters of this EIS. This approach
enables the community setting to be defined so that the consequences of carrying out the
replacement research reactor proposal on community values, identified during the various
consultations undertaken for this Draft EIS, may be assessed. It should be noted that any
identification of community values must necessarily be subjective. The following sections, however,
set out the values and issues mentioned from a large number of sources extending from the period
of the Research Reactor Review and including the consultations described in Appendix C.

7.5.2 Community Setting

Local Community of Interest

The factors which contribute to the community setting in the local community of interest and
Sutherland Shire are:

• the predominantly quiet residential nature of the low density suburban environment in the
western portion of the Shire, bordering large tracts of relatively undisturbed bushland and
National Park;

B the abundance of easily accessible land and water based recreational opportunities;
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• the emerging communities of the Menai district, including the suburbs of Barden Ridge and
Woronora to the north-east of the Lucas Heights Science and Technology Centre, with large
numbers of young families; which as the population growth within these communities tapers
will consolidate and mature over the next 15 to 30 years;

• the established communities of Heathcote and Engadine to the east of the Lucas Heights
Science and Technology Centre with greater proportions of mature and elderly families
which having experienced stable or declining populations are likely to experience some
rejuvenation through the in-migration of younger families over the next 20 years; and

• the homogeneous, "solid middle class", social profile of the Sutherland Shire community
in terms of educational attainment, household income and predominant English
speaking backgrounds.

Regional Community of Interest:

As at the 1996 Census 3.74 million persons lived in the Sydney regional community of interest,
which represents 54 percent of the population of New South Wales. Sydney's highest population
densities are found in inner-city areas close to the Sydney CBD with the lowest population densities
typically occurring around the periphery of Sydney, mostly in areas of recent development such as
Menai. Between the 1991 and 1996 Censuses the population of Sydney grew by 5.8 percent, an
increase of almost 180,000 people (Australian Bureau of Statistics, 1998). Most of the increases
occurred in the outer regions of Sydney, such as Menai, where the development of new housing has
resulted in strong population growth.

Some established areas close to rail stations also grew mainly as a result of increases in medium
and high density housing and included Bankstown in the south west; Hurstville in the south; and
along the rail line near to and including Cronulla. It is not possible to describe the diversity of
social and community character evident throughout Sydney in detail for this Draft EIS however,
it is obvious that many of the trends occurring in the established and developing areas of Sydney
are similarly reflected in the established and developing areas of Sutherland Shire and the local
community of interest.

National Community of Interest;

The population of Australia as at the 1996 Census was approximately 18.3 million persons. It is well
known that the majority of Australians live on the eastern seaboard in a crescent extending from
Brisbane in the north to Adelaide in the south.

Australians are typically familiar with nucleaT issues related to British nuclear testing at Maralinga,
uranium mining and French nuclear testing in the South Pacific. On the whole, Australians are not
as familiar with the operation of nuclear reactors as are communities of other developed nations
with established nuclear power industries. In this context knowledge of ANSTO's activities at the
Lucas Heights Science & Technology Centre in the national community of interest is relatively
poor, although knowledge of the applications and benefits of radiopharmaceuticals in medicine is
much higher.

7.5.3 Community Values

Consultations for this Draft EIS, in combination with previous consultations conducted by
ANSTO, Sutherland Shire Council and as part of the Research Reactor Review, indicate that the
following characteristics are valued by the community:
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The Natural Environment

Residents of Sutherland Shire value highly their natural environment and relaxed lifestyle. The
natural environment in particular, which includes fingers of the extensive network of National
Parks bordering the edge of urban areas, contributes to an overall feeling of relative comfort,
prosperity, health and safety. A good living environment is particularly important to people with
young families who are planning to raise children (Sutherland Shire Council, 1997).

Recreational Opportunities

Ample opportunities exist for residents to engage in recreational pursuits, such as bushwalking or
water sports, and residents enjoy their ability to simply appreciate the pleasant natural environment,
the outlooks, the trees, the waterways and the well maintained urban areas.

Proximity to National Parks has also heightened the importance people place on the National Park's
role in providing habitat for flora and fauna. The role of the National Park's are also seen in the
context of providing the lungs of the southern and western portions of Sydney.

Safety

An extremely valuable characteristic of a person's living environment and sense of place relates to
the safety of the area. A majority of persons consider Sutherland to be a safe area (Sutherland Shire
Council, 1997), but an oft cited consequence of the proximity of the natural environment is the
ever present threat of bushfire.

Community Cohesion

Sutherland Shire exhibits evidence of a moderate level of community cohesion across the Shire.
This cohesion is derived mostly from the homogeneous, "solid middle class", social profile. A strong
sense of community is associated with the more well established areas of the Shire amongst people
who settled in the area in the period immediately following World War II. Change brought about by
the increasing population, however, is seen as directly contributing to a decline in the sense of
community especially, it is suggested, in areas where much of the original housing is being replaced
by apartment buildings. People are less inclined to be involved in issues where a major impact may
be experienced in another part of the Shire. Campaigns related to improving beach water quality
and opposing the second Sydney airport at Holsworthy are cited as examples. It should be noted
that most people value the friendliness of their neighbours, and the opportunities to be of help and
meet with other people afforded by their place of residence (Sutherland Shire Council, 1997).

Linkages have been suggested between the changing demographic profile brought about by new
development and a perception of over-population in some areas. Anti-social behaviour amongst
youth, and under-age drinking, has emerged as a prevalent social problem. This is partly attributed
to inadequate parental supervision and insufficient entertainment options for young people. Some
residents have suggested a direct link between these youth problems and over-population.

A stronger sense of community tends to emerge amongst specific interest groups, as evidenced by
the wide range of social and service clubs and the variety of recreational, sporting and shopping
facilities. For instance, older members of the community are seen to be more active in Probus and
other clubs, and have greater levels of participation than is typical elsewhere in Sydney. Sutherland
Shire is also seen to cater well for the needs of its elderly residents.
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Attitudes Towards Change

The Shire's population growth experienced over the past two decades has not gone unnoticed by
Sutherland's residents. Construction of more diverse housing forms, such as villa homes and
apartment buildings, have become more noticeable over the past five years, particularly against the
backdrop of the predominance of detached single storey homes. Young families have tended to
concentrate on the suburban fringe areas in the western portion of the Shire, while single renters
have been attracted to the central areas, especially Miranda.

Change has brought about greater awareness and concern over the capability of the natural
environment and existing services to cope with increased demands. Traffic congestion, but
accessibility more generally, is a common cause of resident frustration. Public transport is regarded
as under-utilised, services considered infrequent and the system in general too focussed on getting
to the Sydney CBD rather than around the Shire or to the places where people work.

The level of community resistance to proposed changes which may impact on quality of life provides
some background to attitudes towards change in the local community of interest. A majority of
respondents to a recent neighbourhood interaction and participation survey (Sutherland Shire
Council, 1997) were extremely concerned about a possible second Sydney airport at Holsworthy
Military Area (47 percent); the Cronulla Sewerage Treatment Plant Upgrade (37 percent); the
Woronora Bridge and major road upgrading in the Menai area (36 percent); and the possibility of a
new nuclear reactor, together with a reprocessing plant at Lucas Heights (32 percent). The level of
concern about the proposed replacement reactor was higher in the western portions of Sutherland
Shire, with those most concerned likely to have lived in the Shire under 10 years, be 40-50 years of
age, have children, and be slightly more inclined to move (Sutherland Shire Council, 1997). These
findings are generally consistent with the community attitudes survey's conducted as part of the
Research Reactor Review and are reflective of views and comments expressed in submissions to the
Draft EIS and EIS study team.

Despite the fact that the local community of interest has experienced significant population
growth over the past two decades, in particular in the Menai district, the socio-economic
character of the Shire's residents and those living within the local community of interest remains
relatively homogeneous.
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This chapter addresses the potential impacts of the proposal on the geology, soils, topography and hydrology
of the site of the proposed replacement reactor, the buffer zone and the surrounding region. Potential impacts
on groundwater and surface water quality are also investigated. It examines the following matters raised by
the EIS Guidelines (refer Appendix A):

Section of EIS Outline of Issue Sectional
Guidelines this Chapter

7.1.1 Existing geology, geomorphohgy, seismicstability, soil types and 8.2.2
permeability

7.1.2 Topography 8.2.1

7.1.3 Existing hydrology (surface and groundwater systems, aquifer types, 8.2.3, 8.24,
catchments, flows, water quality) 8.2.5

8.3 Effects on drainage lines and water quality, including drainage to the 8.3 A
WoronoraRwer

8.4 Effects and extent of earthworks, including soil erosion 8.3

8.14 Permanent changes to drainage lines, stormwater management etc 8.3,8.4

10.10 Mitigation of construction imp acts, including control oferosion and 8.4
sedimentation, soil and water management plan

I =

The geology and soil types of the buffer zone and surrounding region was obtained from previous
studies (for example Bannister, 1993; DJ Douglas & Partners and Coffey Partners, 1992, 1994a,b;
Rickwood, 1985; Coffey Partners, 1998a,b) and existing maps for the Wollongong Port Hacking
regions (Soil Conservation Service of NSW, 1990; Department of Mineral Resources, 1985). Field
survey work was carried out to verify soil types at the site of the proposed replacement reactor.

Regional surface hydrology was assessed using relevant topographic maps and previous studies (for
example PPK Environment & Infrastructure, 1997; Dames and Moore, 1997; DJ Douglas &
Partners and Coffey Partners, 1992, 1994a,b; Coffey Partners International, 1998b). The
topography and hydrology of the buffer zone and the site of the proposed replacement reactor were
assessed using relevant topographical maps and information from geographic information systems.

Regional groundwater characteristics were assessed by reference to previous studies (for example DJ
Douglas & Partners and Coffey Partners, 1994b; Metropolitan Waste Disposal Authority, 1984).
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Groundwater flow regime and groundwater quality at the site of the proposed replacement reactor
were investigated in a field study undertaken by Coffey Partners International (1998a,b).

The existing seismic stability of the site of the proposed replacement reactor was described using
data collected at the Lucas Heights Science and Technology Centre since 1958 (Corran 1995;
Nicholson, 1986), and the current earthquake hazard map for south-east Australia (Standards
Australia, 1993).

The characteristics of the site of the proposed replacement reactor, in terms of geology, soils,
hydrology and water quality were assessed to determine potential environmental impacts during
construction and operation.

B.S.I Topography

Topography of the Woronora region varies from gently undulating plateau surfaces with level to
gently inclined slope gradients of less than 10 percent, to deeply cut valleys with slopes greater than
25 percent (for example the Woronora River valley). The buffer zone occupies a relatively flat,
elevated sandstone ridge situated between the river valleys of the Woronora River to the east and
Mill Creek to the west. Steeper slopes are located within the buffer zone along the local drainage
lines, including Mill Creek, Bardens Creek, Fire Creek, Melinga Molong Gully and the Woronora
River.

The Lucas Heights Science and Technology Centre is located north-east of the Woronora River
valley crest, approximately 150 metres above sea level on the Woronora Plateau. The site of the
proposed reactor is relatively flat with a slight slope of less than one percent falling towards the
south/south west. Slopes of up to 25 percent occur immediately south of the Centre, on the
northern side of Melinga Molong Gully. The implications of the local topography in relation to
bushfire hazard and landscape and visual characteristics is assessed in Chapter 17.

B.2.2 Geology and Soils

Geology

The regional and local geology of the site of the proposed replacement reactor and the region is
discussed in detail in studies undertaken by Coffey Partners International (1998a,b).

The site of the proposed replacement reactor is located on weathered and eroded Hawkesbury
Sandstone of the Woronora Plateau. The Triassic Hawkesbury Sandstone is approximately 200
metres thick beneath the site, and overlies interbedded sandstones and claystones of the Narrabeen
Group and Permian Illawarra Coal Measures (Coffey Partners International, 1998b).

The Hawkesbury Sandstone generally consists of interbedded massive and cross bedded quartzose
layers, with beds generally ranging from 1.5 to three metres and occasionally up to 15 metres thick.
Relatively thin, laterally discontinuous dark grey to black shale and siltstone lenses occur
throughout the Hawkesbury Sandstone, constituting around five percent of the formations
thickness.
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Most of the sandstone units within the Hawkesbury Sandstone are composed of medium to coarse
quartz detrital grains with secondary quartz- siderite cement. Intergranular space is partially to
completely filled with matrix clays. Large subrounded quartz and feldspar pebbles up to 25
millimetres diameter are common.

The Hawkesbury Sandstone dips approximately 0.5 to two degrees to the north (Department of
Mineral Resources, 1985). Cross bedding generally dips at between 20 and 30 degrees toward the
north. Widely spaced joint sets are common within the Hawkesbury Sandstone with spacing
between major parallel joints ranging from 0.3 to 10 metres (Herbert, 1983). The dip of the joints
is generally vertical but some joints dipping at 30 to 45 degrees have also been encountered. The
joint surfaces are generally rough and open in the upper weathering zones and coated with iron
oxides. Joints located in deeper zones may be slightly open and may have coatings of pyrite,
carbonate or quartz.

Four dominant joint directions have been identified within the Hawkesbury Sandstone, orientated
at approximately north, north-east, east and south-south-east directions respectively (Sherwin and
Holmes, 1986). Many of the drainage lines within the region follow these general joint directions.
No faults are documented in the area of the site of the proposed replacement reactor.

A dolerite dyke up to five kilometres long is located in the vicinity of the Lucas Heights Science
and Technology Centre and is oriented in a north-north-east to south south-west direction
(Department of Mineral Resources, 1985). The dolerite dyke; which has been inferred from
geophysical surveying (Coffey Partners International, 1998a), occurs outside the western boundary
of the site of the proposed replacement reactor. There are no significant anomalous features which
could be attributed to dyke like features within the site of the proposed replacement research
reactor.

The influence of the inferred dyke on the groundwater flow regime cannot be assessed with
certainty. Dependent upon the degree of weathering the dyke may function either as a conduit
(jointed and unweathered) or a barrier (weathered with clay infilled joints). In either case the
ambient groundwater regime would be in equilibrium with the inferred dyke and would not effect
the proposed replacement reactor (Coffey Partners International, 1998b).

Seismic Activity

The current earthquake hazard map for south-east Australia indicates that the Sydney basin lies
within a low intensity seismic zone (Standards Australia, 1993). Data on seismic activity at the
Lucas Heights Science and Technology Centre has been collected since 1958 supporting the
conclusion that the site of the proposed replacement reactor and surrounding areas have a relatively
low potential for earthquakes and other seismic activity (Corran, 1995; Nicholson, 1986).
Geological structures exhibiting recent seismic activity have not been identified in the area, and
records suggest that seismic activity has not exceeded a value of 0.03 gravity for Peak Horizontal
Ground Acceleration (an index related to earthquake ground motion). A seismic event with a Peak
Horizontal Ground Acceleration in excess of 0.03 gravity would be expected about once in 85 years
(Corran, 1995).

The Australian Standard AS 1170 Minimum Design Loads on Structures, Part 4: Earthquake Loads
(Standards Australia, 1993) recommends an Acceleration Coefficient of 0.08 gravity be adopted for
the Sydney region. According to the standard, the probability of seismic activity with accelerations
greater than 0.08 gravity within the Sydney region in the next fifty years is less than 10 percent.
Nevertheless, the standard should be referred to when designing new structures to withstand
damage from earthquake loads. The replacement reactor would, however, be designed to more
stringent seismic requirements appropriate to nuclear plant as specified by the Nuclear Safety
Bureau (Nuclear Safety Bureau, 1997b).
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Sails

Three identifiable soil landscape units occur within the buffer zone: the Lucas Heights, the
Hawkesbury, and the Gymea landscape units. Soil landscapes are areas of land that are
characterised by a particular set of topographical and soil features.

The Lucas Heights soil landscape unit is associated with gently undulating crests and ridges on
Hawkesbury Sandstone plateaus. The associated low open forest and woodland vegetation has been
extensively cleared. Soils are typically shallow, hard-setting, stony, and of low fertility (Soil
Conservation Service of NSW, 1990).

The Hawkesbury soil landscape unit is associated with drainage lines and adjacent areas in the
region. It occurs on steep hills on Hawkesbury Sandstone and underlies mostly uncleared eucalypt
forest and woodland. Soils are shallow and locally deep sands that generally have high permeability,
very low fertility and an extreme soil erosion hazard (Soil Conservation Service of NSW, 1990).

The Gymea soil landscape unit is found on undulating terrain and low hills within the buffer zone
on Hawkesbury sandstone underneath extensively cleared open forest and eucalypt woodland (Soil
Conservation Service of NSW, 1990). This landscape unit is not found at the site of the proposed
replacement reactor or the Lucas Heights Science and Technology Centre.

The buffer zone surrounding the Lucas Heights Science and Technology Centre contains each of
the three soil landscapes described above, as shown in Figure 8.1, in addition to the area to the north
of the buffer zone associated with Little Forest Burial Ground, classified as disturbed terrain.

The site of the proposed replacement reactor lies on an area of Lucas Heights soil landscape unit.
The Hawkesbury soil landscape unit fringes the site immediately to the south in association with
Melinga Molong Gully (Soil Conservation Service of NSW, 1990). Table 8.1 describes the
characteristics of these soil landscape units in more detail.

Table B.1 : Characteristics of Sail Landscape Units found afc the Lucas Heights
Science and Technology Centre

Soil Landscape
Festu re

Topography

Local Relief

Slopes

Soil Types

Dominant Soil Material

Soil Depths

Intrinsic Fertility

Existing Erosion

Erosion Hazard

Soil Landscape Unit
tueas Heights Residual Soil Haimkesbury Collumal Soil

Gently undulating plateau, crests and
rid

10 - 50 metres

Less than 10 percent

Yellow podsolic soils and yellow soloths
on ridges and plateau surfaces.
Lutrieritic podsolic soils on crests.

Dark brown to yellowish brown sandy
loam; A Horizon, yellowish brown
sandy clay loam and clay B Horizon.

0.5 - 1.5 metres

Low

Minor sheet and gully erosion.

Generally moderate for non-
concentrated flows, high for
concen [rated flows.

Steep, rugged slopes and ridges.

100 -200 metres

20 percent - 70 per cent

Lithosols, earthy sands, yellow earths
yellow podsolic soils and siliceous
sands.

Coarse quartz sands A Horizon,
yellowish brown sandy clay loam and
light clay B or C Horizon.

Less than 0.5 metres

Very Low

Minor to severe sheet erosion.

Generally moderate for non-
concentrated flows, extreme for
concentrated flows.

Hazelton and Tille M99D); Soil Conservacian Service of NSW [199O3
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8.S.3 Hydrogeoiogy

Regional Hydrogeoiogy

The regional and local hydrogeoiogy of the site of proposed replacement reactor and surrounding
areas is discussed in detail in a study undertaken by Coffey Partners International (1998b) which
draws on work undertaken within the Mill Creek and Bardens Creek catchments to the west and
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north of the site of the proposed replacement reactor (DJ Douglas & Partners and Coffey Partners,
1994b). It concludes that the regional hydraulic gradient is to the north, conforming to the overall
regional slope of the Woronora Plateau, however local topographic influences may affect
groundwater flow direction.

Groundwater movement within fresh (unfractured) Hawkesbury Sandstone is low, however it may
be enhanced by weathering processes. Groundwater movement and storage occurs mostly in
secondary features or openings within the rock such as joints, fracture zones and bedding plane
partings. These secondary features provide preferred pathways for groundwater movement. The
spatial relationships between secondary features, rock types and weathering combine to generate
complex aquifer systems.

The occurrence of secondary features within the sandstone is greatest within valleys in the region.
Coffey Partners International (1998b) report that laterally extensive fracturing can develop 30 to
50 metres beneath major valleys in the area, and below these depths, groundwater circulation is
believed to decrease.

Shale lenses within the sandstone are likely to inhibit vertical groundwater movement, potentially
causing locally perched aquifers.

The potential regional hydrogeological significance of the inferred dyke is discussed in Section 8.2.2.

Graundwater Utilisation

There are two licensed boreholes within the region, but both are unlikely to be affected by changes
to groundwater beneath the site of the proposed replacement reactor (Coffey Partners
International, 1998b).

Local Hydrogeology

The physical characteristics of the geology beneath the site of the proposed replacement reactor is
summarised in Table 8.2. Sandstone is dominant, with minor shale/siltstone or laminite horizons of
limited lateral extent.

Table S.H: Geology of Che Sifts of the Proposed Replacement Reactor

Liehology Depth from Surface

Topsoil ranges from0.15 to0.3 metres

Fill ranges from less than 1 metre

Residual soil ranges from 0.5 to 1.05 metres

Extremely weathered bedrock ranges from 0.5 to 1.5 metres

Moderately weathered bedrock ranges from 0 to 2.5 metres

Slightly weathered bedrock ranges from 2.2 to 5.4 metres

Fresh sandstone ranges from below 5.4 me ties

Source: Caffey Partners [nuernaGional, 199Sb.
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In addition, the hydrogeological study (Coffey Partners International, 1998b) found that:

• groundwater was intersected in:

a shallow zone between six metres and 10.7 metres; and

a deeper regional zone of 12.4 metres to 19.7 metres;

• the flow direction in the shallow groundwater zone may be moving toward Melinga Molong
Gully;

• the flow direction in the deeper groundwater zone is to the north-west and eventually the
Georges River; and

• flow velocities within the shallow groundwater zone ranged from 0.05 to 0.2 metres per day,
while in the deeper groundwater from 0.0012 to 0.012 metres per day.

B.S.4 Surface Hydrology

Regional

Surface hydrology of the Woronora Plateau region is dominated by a series of deeply incised river
valleys, that generally flow in a northerly direction towards the Georges River, interspersed by
relatively flat sandstone ridges. The largest rivers in the region include the Georges, Woronora and
Hacking Rivers, which enter the sea approximately 20 kilometres south of Sydney. These rivers
drain some of the major water catchments of the region.

Local

The Lucas Heights Science and Technology Centre is located on a relatively flat ridge that is
bounded to the east and south by the Woronora River valley catchment and to the north by Georges
River catchment. These catchments shown in Figure 8.2, comprise a number of sub-catchments to
which surface waters from the Lucas Heights Science and Technology Centre flow. Surface water is
collected in a stormwater drainage system which is described in Chapters 10 and 15.

B.2.5 Water Quality

Groundwater

Local groundwater quality sampling (Coffey Partners International, 1998b) undertaken for this
Draft EIS has indicated variable results. Groundwater sampling locations are shown in Figure 8.3
and the results of the groundwater quality sampling is provided in Table 8.3.
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Table B.3: Summary of Groundwater Quality Results, June 1S98

ce Guideline Value Range of Analytical Results

Sha HOBW Us res Deep Bares

Img/LJ5 Smg/LS5 Img/LJ5

Ionic Balance

Total dissolved solids

Nutrients

Phosphorous

Nitrate

Ammonium (as nitrogen)

Metals

lion

Manganese

Copper

Lead

Zinc

Cadmium

Chromium

Nickel

Arsenic

Mercury

Hydrocarbons

TPHC6-9

TPHC10-14

TPHC 15-28

TPHC 29-36

Radionuclides

Gross alpha

Gross beta

Potassium- 40

Isotopes

Tr itium

<1000 !

0.01-0.1'

102

O.O52

0.3z

0.052

1.02

0.O52

52

0.012

O.O52

0.015 -0.151

0.052

0.0012

6003

1.1 Bq/12

11.1 Bq/1

7600 Bq/14

92 to 295

<0.01to0.12

< 0.01 to 0.31

<0.01to0.59

<0.1 to 0.7

0.022 to 0.045

<0.001 to 0.004

<0.001 to 0.006

0.003 to 0.048

<0.0002 to 0.0018

<0.01 to <0.01

< 0.001 to < 0.01

<0.01to <0.01

<0.0001 to < 0.0001

<20to31

<50to 138

< 100 to 231

<50 to 66

0.03 to 0.12 Bq/1

0.11 to 0.49 Bq/1

0.11 to 0.45 Bq/1

<6 to 150 Bq/1

150 to 980

<0.01to0.16

<0.01to0.44

0.01 to 0.57

0.8 to 5.5

0.292 to 0.908

< 0.001 to 0.004

0.001 to 0.006

0.004 to 0.119

0.0018 to 0.0018

<0.01 to <0.01

<0.01 to <0.01

<0.01 to <0.01

<0.0001 to<0.0001

<20to<20

<50 to 159

< 100 to 242

<50to64

0.05 to 0.21 Bq/1

0.1 to 2.08 Bq/1

0.28 to 2.02 Bq/1

<6 to 170 Bq/1

jjiijggjij

Source: Caffey Partners International [199Sbl.

Notes: 1. ANZECC [1992b] - Guidelines for the Protection of Aquatic Ecosystems [Fresh Waters],

a. NSW Clean Waters Regulations 1972 - Schedules 2 and 3.

3. Ministry of Housing, Spatial Planning and the Environment [139-4]; Total of C1O-C^Q not to exceed BOD
milligrams per litre.

A. National Health and Medical Research Council and Agriculture end Resource Management Council of
Australia and New Zealand. 1396.

5. All concentrations are in milligrams per litre unless otherwise specified.

B. Bq/l = Becquereis per litre.
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Where possible the concentrations of the dissolved analytes have been compared with those listed
in Schedules 2 and 3 of the NSW Clean Waters Regulations, 1972. These Regulations relate to runoff
(and groundwater seepage) into Class C: Controlled Waters. Waters in the vicinity of the Lucas
Heights Science and Technology Centre have been so classified by the NSW Environment
Protection Authority. Where no reference was made in Schedules 2 and 3 to the solute analytes
other guidelines were used as reference in the table as appropriate. Coffey Partners International
(1998b) note that introduced water from either the drilling process, grouting or packer testing may
have been residual in the boreholes, thereby contributing to the variable results and the higher than
expected presence of total petroleum hydrocarbons and may have influenced the total dissolved
solids results. The shallow and deeper groundwater quality may be characterised by:

B major ions (total dissolved solids) generally within the relevant water quality criteria;

B phosphorous and ammonia show a range of values, the upper limits of which exceed the
relevant guidelines;

• with the exception of iron and manganese (which reflect the composition of the Hawkesbury
Sandstone) the levels of heavy metals are less than those listed in Schedule 2 of the Clean
Waters Regulation, 1972;

• no hydrocarbons were present above the dutch intervention criteria (Ministry of Housing,
Spatial Planning and the Environment, 1994);

• gross alpha and beta emissions were below levels listed in Schedule 3 of the Clean Waters
Regulation, 1972; and

• tritium concentrations are generally above current rain water concentrations (less than one
becquerel per litre) and reflect a local source. However, the levels (maximum of 170
becquerels per litre) are well below the derived guideline values for drinking water of 7,600
becquerels per litre (National Health and Medical Research Council and Agriculture and
Resource Management Council of Australia and New Zealand, 1996).

Surface Water

Radiological monitoring of water quality is carried out by ANSTO as part of their environmental
and effluent monitoring program, as described in Chapter 11, along with a review of historical
abnormal occurrences involving the off-site release of surface waters. The monitoring program aims
to verify that surface water draining from the Lucas Heights Science and Technology Centre is
within regulatory limits and relevant National Health and Medical Research Council and
international guidelines (Levins et al, 1996). ANSTO does not conduct non-radiological
monitoring of surface water quality.

The quality of waters within the Sutherland Shire Council area is summarised in the latest
Sutherland Shire State of the Environment Report (Sutherland Shire Council, 1995). The quality
of water in Sutherland Shire's creeks and stormwater drains is considered to generally comply with
Australia and New Zealand Environment and Conservation Council Guidelines (ANZECC,
1992b), although water quality problems with sewer overflows and leaks and suspended sediments
have been reported. A baseline study of the Woronora River conducted in 1997 (Dames and Moore,
1997) involved the sampling of water quality at eight locations extending from the Woronora Dam
to "the Needles". "The Needles" is downstream of MDP Creek and Melinga Molong Gully.
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Water quality of the Woronora River varies as a function of the season, weather conditions and time
of day. Overflows from the Woronora River dam spillway reduce pH and dissolved oxygen
concentrations to below Australian and New Zealand Environment and Conservation Council
(1992) Guidelines in the upper reaches of the catchment. Urban runoff from the Heathcote Creek
catchment reduces water quality downstream of Heathcote Creek (Dames and Moore, 1997).
Heathcote Creek enters the Woronora River just south of Heathcote Road.

Water quality in the Woronora River downstream and upstream of creeks that drain from the Lucas
Heights Science and Technology Centre are characterised by (Dames and Moore, 1997):

• the predominantly healthy natural catchment of the river. The majority of biophysical
chemical parameters sampled are generally within the Australia and New Zealand
Environment Conservation Council Guidelines (1992); and

• water quality which deteriorates downstream of Heathcote Creek, particularly after rainfall
events. It is likely that water quality below this point is influenced by runoff from urban
development in the upper reaches of the Heathcote Creek catchment following heavy rains.

B.3.1 Soils

The potential erosion hazard for the Lucas Heights soil landscape unit at the site of the proposed
reactor, as assessed by the NSW Soil Conservation Service (Hazelton and Tille, 1990) ranges from
moderate (for non-concentrated flows over open areas) to high (for concentrated flows such as in
drainage channels).

Measures to control soil erosion and sedimentation, as outlined in Section 8.4.1, would be
implemented to ensure that soil erosion and sedimentation impacts during construction would be
minimised.

B.3.2 Hydrogeology

The maximum depth of excavations proposed during construction would be 10 metres.
Groundwater impacts would include:

• groundwater flow towards and drainage into voids, at a depth greater than six metres
exposed during construction;

• diversion of the flow path of the shallow groundwater aquifer around the completed reactor
building basement; and

• variations in natural recharge to groundwater and possible direction of groundwater flow
patterns as a consequence of increased areas of impervious surfaces.

The impact of the proposal would be minor because the area to be effected by impervious surfaces
is not significant in the context of the regional groundwater aquifer systems and the depth of
excavation into saturated material would not seriously inhibit the flow of groundwater. Further, no
licensed groundwater users have been identified in the buffer zone or immediately adjoining land
which would be affected by the proposal.
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B.3.3 Surface Hydrology

The site of the proposed replacement reactor is naturally divided into two catchments. Soils across
the site are typically stony and shallow, as described in Section 8.2, while the proposed replacement
reactor would consist of paved and impervious surfaces, but with grassed and landscaped surrounds.

The northern catchment would contain the main buildings, that is the reactor building and neutron
guide hall. In its developed state the northern catchment would comprise approximately 33 percent
impervious surfaces, and hence discharges would increase over those presently or naturally
occurring. The 100 year average recurrence interval (one in 100 year) discharge to Bardens Creek
would be approximately 0.75 cubic metres per second compared with the existing (undeveloped)
flows of approximately 0.45 cubic metres per second. Consequently, a detention basin with a
capacity of approximately 200 to 300 cubic metres would be required to mitigate flows to their
existing levels. The basin would also act to stage releases to Bardens Creek during storm events so
that flow rates to the creek are maintained within acceptable limits.

The southern catchment is approximately two hectares in area and would comprise approximately
15 percent impervious surfaces in its developed state. Large areas of grass would be provided as part
of the bush fire hazard reduction requirements set out in Chapter 17. It is estimated that there would
be little increase in peak discharge due to the development. The 100 year average recurrence
interval discharge would be approximately 0.6 cubic metres per second.

Large impervious areas, such as the roof drainage from the main building, would be connected to
the stormwater pipe system to the outlet point for each catchment. As described in Chapter 15 this
would include the possibility of a small connection to the existing Rutherford Avenue system,
upgrading the Mendeleeff Avenue system or a reassessment of the existing Business and Technology
Park stormwater system.

8.3.4 Water Quality

Water Quality During Construction

Construction of the proposed replacement reactor has the potential to affect the water quality of
local waterways, including the Woronora River, as a result of increased sediment loads and
sedimentation through erosion of topsoil from the construction site of the replacement reactor.
Although the existing Lucas Heights soil landscape at the site of the proposed replacement reactor
does not have a high erosion potential, the Hawkesbury soil landscape immediately south of the site
on the slopes of Melinga Molong Gully has an extreme soil erosion hazard (Soil Conservation
Service of NSW, 1990). Appropriate erosion and sedimentation control measures, as outlined in
Section 8.4, would be required to minimise water quality impacts during construction.

In accordance with the Clean Waters Regulation, J 972 all waters, including water from excavated
voids, would be tested prior to discharge to the stormwater system. Should sampling results indicate
levels of analytes greater than those specified in the Regulation, the water would either be treated
prior to discharge or pumped to ANSTO's effluent treatment plant to enable it to be discharged in
accordance with the discharge limits set by ANSTO's Trade Waste Agreement with Sydney Water
as described in Chapter 10.

Water Quality During Operation

A wide variety of pollutants may be "washed off" a catchment by action of rainfall and stormwater
runoff. These pollutants may include sediment, suspended solids, fertiliser, litter, floatable plant
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debris such as leaves, and oil and greases. The potential impacts of long term polluted runoff on
aquatic ecosystems include such problems as depleted dissolved oxygen, smothering and toxicity.

In recognition of the potential for accidental spillages resulting in off site radiological impacts,
ANSTO has constructed small capacity concrete bunds on each of the existing three stormwater
outlet points. These bunds are designed for onsite containment and treatment of any small
accidental spills or releases of contaminated liquid which enter the stormwater system (Levins,
1996). In the event of such a spillage the bund water is analysed and redirected to the effluent
treatment plant. Under normal conditions the bunds are discharged daily, but discharged
continuously during periods of heavy rains. As part of the proposal, two similar bunds would be
installed, one for each catchment, to provide for onsite containment and treatment of any small
accidental spills or releases of contaminated liquid.

8.4.1 Management Measures

An erosion and sedimentation control plan would be prepared prior to the commencement of
construction as part of the environmental management plan for construction described in Chapter
18. Preparation of the plan would be undertaken in consultation with the Department of Land and
Water Conservation.

Measures to be implemented during construction would include:

• phasing the construction to confine disturbance to areas of workable size and minimise the
duration of the disturbance;

a where possible, maintaining natural vegetation to act as buffers to minimise erosion and
sedimentation;

• stockpiling stripped topsoils and chipped vegetation for later use in revegetation. Stockpiles
would be located away from drainage lines and upstream of sedimentation structures.
Diversion banks and/or catch drains would be constructed to protect stock piles from erosion
by surface flows;

H utilising staked straw bales or siltation fences to restrict sediment movements within the site
and prevent any movements off site;

• revegetating disturbed areas as soon as possible. Stockpiled topsoil and chipped vegetation
should be spread and vegetated, initially with fast growing species and ultimately with
permanent vegetation, in accordance with the requirements of bush fire hazard reduction.
This operation should be undertaken progressively during construction;

• installing drainage works early in the construction program diverting clean water flows
around construction compounds, and minimising flow velocities. Energy dissipaters such as
rip-rap gabions or mattressing may be required to control flows. Areas susceptible to erosion
should be provided with scour protection;

• constructing sediment ponds to minimise total volumes and peak discharge rates of run-off.
Controls may need to be provided for accumulated and accidental pollution;
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• regularly maintaining all erosion, sedimentation and pollution devices be undertaken to
ensure effective operation, particularly after heavy rainfall events; and

• sampling all waters to be discharged from the site, including water from excavated voids. In
the event water quality does not comply with the relevant guidelines set out in the Clean
Waters Regulation or other appropriate criteria, the water would either

be discharged to a discharge point agreed with the NSW Environment Protection
Authority; or

discharged to ANSTO's effluent treatment plant and discharged to the sewer in
accordance with ANSTO's Trade Waste Agreement with Sydney Water.

Environmental management measures during operation would involve:

• ensuring stormwater management maintains post-development stormwater flows at or below
existing flows for up to the 100 year average recurrence interval;

• ensuring no increase in nutrient or sediment loads occurs due to the proposal; and

• constructing two new stormwater bunds, one for each catchment, to provide for the onsite
containment and treatment of any small accidental spills or releases of contaminated liquid
which might enter the stormwater system at the site of the proposed replacement reactor.

B.4.2 Monitoring

Surface Walter

Water in the three existing stormwater bunds is monitored for radioactivity (Levins et al, 1996).
However, further baseline monitoring should be undertaken prior to construction to determine the
existing non-radiological water quality of local receiving streams (Bardens Creek, Melinga Molong
Creek and MDP Creek) following rainfall events. Sampling should occur at stormwater discharge
points and within creeks, downstream of the Lucas Heights Science and Technology Centre, prior
to the commencement of construction to determine existing nutrient and sediment bunds. The
results of this monitoring would indicate the current impact of stormwater runoff from Lucas
Heights Science and Technology Centre and would provide a baseline against which the non-
radiological quality of stormwater discharged from the site of the proposed replacement reactor
could be assessed both during construction and ongoing operation.

Ground water

Further groundwater sampling and analysis would be undertaken for a minimum period of one year,
prior to commencing construction of the proposed replacement reactor, to confirm the current set
of sampling data and to determine possible seasonal variations. This sampling and analysis would
include:

B measuring groundwater levels in all bores every two months;

• installing a deep and shallow pressure transducer and data logger assembly in one bore as
close to the site of the proposed reactor building as possible once the exact location of
buildings on the site of the proposed replacement reactor is established;

• ongoing sampling groundwater in the same bores every six months; and
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• testing for the following major parameters; ions, nutrients, metals (with the exception of
chromium, nickel, arsenic and mercury), total petroleum hydrocarbons, radionuclides and
tritium every six months.

After the first year, a hydrological report would be prepared reviewing the findings and outlining the
frequency and components of further sampling and analysis required. This report, would form the
basis for any further monitoring, sampling and analysis requirements during construction and
operation of the replacement reactor.

Potential water-related impacts of the proposed replacement reactor include:

H short-term impacts on local drainage lines arising from potential sediment release during
construction, particularly for Melinga Molong Gully on the southern side of the site of the
proposed replacement reactor;

H potential short term reductions in water quality in local streams following rain from
increased stormwater discharge;

• long-term minor impact of increased hard surface area, which may increase runoff velocities
and consequently erosion and sedimentation of local streams; and

• minor impacts on groundwater flow and groundwater quality.

Australian Nuclear Science and Technology Organiaation



Ann Quality



air quality

This chapter describes the existing meteorology of the Sydney region and the existing meteorological
monitoring program undertaken by ANSTO. It also assesses the impacts on air quality during construction
and operation of the proposed replacement reactor. It examines the following matters raised by the EIS
Guidelines (refer Appendix A):

Section of EIS
Guidelines

7.1.5

10.20

8.1

8.10

8.38

10.10

ismmmmmmmmSi

Outline of issue

Existing site meteorology

Existing meteorological monitoring programs

Effects of dust during construction

Effects of construction activities outside of normal work hours

Greenhouse gas emissions

Environmental safeguards and mitigation of dust

^ ^ ^ E ' i & ; ' : ' • " • • " ' = : ' " ^ " " " " ' • • • ' • ' ' ' • • .

Section of
this Chapter

9.2

9.2

9.5.1

9.5.1

9.5.2

9.6

The methodology adopted in assessing air quality involved:

• describing the existing meteorology of the Sydney region and the local area surrounding the
Lucas Heights Science and Technology Centre;

• assessing impacts on air quality during construction of the proposal; and

• assessing the effects of non-radioactive air emissions and impacts in relation to
greenhouse gas issues.

Taking into account the comparatively small scale of the proposal, in terms of construction
activities, quantity of earthworks and size of the area to be disturbed, dispersion modelling has not
been carried out. The emphasis has been on identifying likely impacts from dust generated during
construction, and on determining mitigative measures for these.

Impacts of any airborne emissions related to the release of radionuclides are not considered here.
This issue is addressed in Chapters 10 and 11.
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Existing Meteora

9.8.1 Existing Meteorological Monitoring Undertaken
by ANSTO

ANSTO undertakes an extensive program of meteorological measurements and comprehensive
records have been kept for many years. The Lucas Heights Meteorological Station has been
operated by the Australian Atomic Energy Commission and ANSTO since it was commissioned in
1958. The Bureau of Meteorology were provided with general meteorological data by the Australian
Atomic Energy Commission until 1982, after which the Australian Atomic Energy Commission and
subsequently ANSTO only provided rainfall data, even through the other meteorological data has
continued to be collected and analysed at the Centre's meteorological facility. In 1993, three
additional meteorological stations were installed to investigate the influence of the local complex
terrain on wind flow, dispersion patterns and temperatures (Clark and ANSTO, 1997). The stations
are located at the Lucas Heights Primary and High School; Engadine Boys Town School and at the
"Shackles Estate" adjacent to the Woronora River.

The primary purpose of the monitoring program is to allow estimates of downwind concentrations of any
airborne pollutants, particularly radionuclides, released from the Lucas Heights Science and Technology
Centre through routine operations or under accident conditions (Hoffman et al, 1995). The meteorological
data on which the hazard and risk assessment in Chapter 11 relies is described in Appendix G.

Meteorological data is collected for rainfall and temperature (at heights of two, 10, 18, 30 and 49
metres) with measurements of wind speed and direction (at heights of 10 and 49 metres). Values
are recorded electronically and averaged over 15 minute periods.

S.S.S Existing Meteorological Context

Sydney's climate can be described as temperate and is typically characterised by warm summers and
cool dry winters. At the Lucas Heights Science and Technology Centre, which is located about 10
kilometres west of Port Hacking and the Pacific Ocean, average maximum temperatures range from
15 degrees Celsius in winter to 25 degrees Celsius in summer (Clark and ANSTO, 1997). The area
is predominantly influenced by high pressure systems and their associated clear skies, with light
synoptic winds during the drier winter months. The conditions tend to produce temperature
inversions overnight and light offshore winds near the coastal zone.

Annual rainfall measured at the Lucas Heights Science and Technology Centre since 1958 has
varied from a minimum of 556 millimetres to a maximum of 1,658 millimetres. The annual average
rainfall recorded since 1958 is 1,070 millimetres per year (Clark and ANSTO, 1997). Typically a
large percentage of annual average rainfall falls between November and March when moist
maritime air streams from the Pacific Ocean are dominant.

In summer, winds from the south-south-east to south-south-west sector predominate at night with
a transition to more northerly sea breezes, predominantly from the east-north-east sector. These sea
breezes gradually intensify during the course of the day due to solar heating of the land producing
a temperature gradient along the coast. Sea breezes are less evident during both autumn and spring
and occur later in the afternoon. In winter, winds are predominantly from the north-west to south-
west sector (Clark and ANSTO, 1997).

Annual average wind speeds are approximately two metres per second. There is a tendency for wind
speeds to increase slightly during the course of daylight hours, with an associated shift in wind
direction to the east. This is illustrated in the wind roses in Figure 9.1, which shows summer months
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12.00pm to 3.00pm 3.00pm to 6.00pm

Figure 9.1

Summer Wind Hoses (April 1993

to November 1 SOS)

Source: Clark and ANSTO,1997
Note: 1. Frequency of occurence in percent

0-1 1-2 2-4 1-8 >8
[Wind speed scale in m/sj

when the change is most evident. In autumn, winter and spring the change in wind direction during
the afternoon is not as obvious.

Nigel Holmes and Associates (1991) reports that a wind speed of approximately 5.6 metres per
second will normally result in particulate generation from an exposed surface. Meteorological data
recorded at the 10 metre ANSTO meteorological tower were analysed and revealed that winds of
this speed occur infrequently, less than four percent of the time on an annual basis. Those winds
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that do exceed 5.6 metres per second usually come from the south through to the north-east. These
winds are directed to houses to the north and south-west of the site of the proposed replacement
research reactor. The majority of houses in close proximity to the site are to the east and north-east.
Between 1991 and the end of 1996 winds from the west, that is those winds in excess of 5.6 metres
per second with the potential to affect houses to the east occurred less than two percent of the time
(Clark and ANSTO, 1997). During this same period, no winds occurred from the south-west in
excess of 5.6 metres per second (Clark and ANSTO, 1997).

9.3.1 Background Air Quality

Dust in the atmosphere, that is, particulate matter, has the potential to adversely affect health. This
is because particulate matter of less than 10 microns lodged in the lungs can affect the respiratory
system. Dust generated during construction projects also has the potential to adversely affect
people's amenity through the visible deposition of dust, for instance, on washing or balconies.

Background levels of particulate matter have been measured at the Lucas Heights Science and
Technology Centre with annual average levels between 1994 and 1997 ranging from 13 to 18.3
micrograms per cubic metre and maximum 24 hour levels ranging from 30 to 73 micrograms per
cubic metre. These levels are low, relative to measurements taken in nearby urban areas that give
annual average levels of about 25 to 40 micrograms per cubic metre while maximum 24 hour levels
are about 90 to 110 micrograms per cubic metre (NSW Environment Protection Authority, 1995a).
These levels may be compared to the air quality goals set out in Table 9.1.

Air quality varies with the season. Air quality at the Lucas Heights Science and Technology Centre
is similar to that of the surrounding suburbs due to the nature of ANSTO's activities and the fact
that they do not impact greatly on ambient air quality. During summer months, periods of
controlled bush fire back burning at Lucas Heights and other surrounding areas raise particulate
concentrations, while concentrations tend to be consistently greatest in the winter months
associated with domestic fuel consumption for heating of homes. These conditions are sometimes
worsened when prevailing meteorological conditions of low wind and high stability fail to disperse
low lying, polluted air.

The generation of airborne dust from the nearby Lucas Heights Waste Management Centre may
also impact on air quality at the Lucas Heights Science and Technology Centre during periods of
exceptionally hot windy weather, when dust control measures at the Waste Management Centre
may not be completely effective.

S.3.S Air Quality Coals

Health based standards are concerned with determining the possible physiological effects on human
health of inhaling airborne particles. Table 9.1 lists the NSW Environment Protection Authority's
noted air quality goals for total suspended particulates and particulate matter less than 10 microns.
The goal for total suspended particulates is that recommended by the National Health and Medical
Research Council, as referenced and noted by the NSW Environment Protection Authority in the
Metropolitan Air Quality Study (NSW Environment Protection Authority, 1996a). Little work has
been done in Australia to determine acceptable levels of total suspended particulates averaged over
a 24 hour period, or acceptable levels of particulate matter less than 10 microns; hence United
States Environment Protection Agency goals have been provided.
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Table B.I : Health Based Air Quality Assessment Ooalsi

Parameter

Total Suspended Particulates

Respirable Particulates (PMI0)

Goat|ig/m3tai

90 (annual average)

260 (24 hour average)

50 (annua I average)

150 (24 hour average)

Source of Goal

NHMRC'3'

USEPA141

USEPA

USEPA

Source:

Note:

NSW Environment; Protection Authority, 1 995s,

1 . All concentrations are expressed at O°C and at an absolute pressure of 1O1 .325.

2. Micrograms per cubic metre.

3. National Health and Medical Research Council.

A. United States Environment Protection Agency.

A further parameter adopted by the United States Environment Protection Agency relates to
particulate matter of less than 2.5 microns in diameter. Typical particles can include primary
emissions, such as smoke from a number of combustion processes, such as bush fires, internal
combustion engines and chemical reactions, sea salt and fly ash; as well as secondary emissions
formed or condensed in the atmosphere, such as nitrates, sulphates and other aerosols. Most dust
generated during construction is composed of coarser particles with a tendency to cause nuisance
effects rather than human health threats.

The United States Environment Protection Agency requirements for particulate matter less than
2.5 microns are 15 micrograms per cubic metre annual average and 65 micrograms per cubic metre
maximum over a 24 hour period. Particulate matter less than 2.5 microns has been monitored at
the Lucas Heights Science and Technology Centre since 1992. Monitoring results show that the
highest annual average result, recorded in 1997 was 7.2 micrograms per cubic metre. This result is
well within the the United States Environment Protection Agency goal. The highest maximum 24
hour average result, also recorded in 1997 was 64 micrograms per cubic metre. This result is only
marginally below the recommended goal and can be attributed to the extensive bush fires that
occurred in the region during that year.

As described in Section 9.2, the Lucas Heights Science and Technology Centre and surrounding
areas experience meteorological conditions that are typical of coastal areas. Average wind speeds
are low (about two metres per second), and this suggests that the dispersion potential of the local
airshed is limited. The generation of particulate matter from construction activities is expected to
be low as the critical wind speed of 5.6 metres per second is not likely to be exceeded for more than
two percent of the time during the course of a year. In general, meteorological conditions should
have little influence on construction activities.

13.5.11 Impacts During Construction

The principal impacts on air quality during construction of the proposed replacement research
reactor would come from particulate matter generated by construction activities, and wind erosion
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from exposed surfaces. Other potentially adverse effects could result from exhaust emissions from
plant, equipment and vehicles operating on-site and vehicles transporting materials.

An estimate of dust generated during the construction period can be made by using emission
factors, figures that relate the amount of dust produced by different types of equipment and
operations to particular construction activities. The emission factors used for this assessment are set
out in Table 9.2.

Table S.H: Inarticulate Matter Emission Factors

Operation Emission Factor

Topsoil Removal and Loading'1' 0.06

Topsoil Dumping1" 0.012

WindErosion from Exposed Surface121 0.00004

Wind Erosion Active Stockpile'3' 0.00054

Topsoil Haulage01 2.0

Nates:
1 Dames and Moore, 19BB.
2 State Pollution Control Commission, 19B3.
3 United States Environment Protection Agency, 1S96

These figures (Table 9.2) can be used to calculate the "worst case" amount of particulates that
would be generated during construction of the proposal, assuming the following:

• an exposed area of four hectares;

• bulk excavation period of not more than four months; and

B an approximate volume of 31,000 cubic metres of soil, weathered sandstone and rock, with
an average material density of 2,300 kilograms per cubic metre.

Using these "worst case" assumptions and the emission factors from Table 9.2, an estimate of the
amount of dust generated from construction activities during a normal working day is presented
in Table 9.3.

Table 9.3: Estimated Dust Emissions

Potential Dust Generators Oust Emissions (kilograms per day!

Topsoil Removal and Loading 40

Topsoil Dumping 10

Wind Ero sion from Exposed S urface 40

WindErosion Active Stockpile less than 10

Topsoil Haulage 50

Total 15Q
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Under worst case conditions, the total amount of participate matter generated from the site
assuming continuous and maximum operation of the above activities and a wind speed of 5.6 metres
per second is anticipated to be approximately 150 kilograms per day over a four month period.
These construction activities would not occur outside of daytime construction hours; that is 7.00
a.m. to 6.00 p.m. Monday to Friday and 7.00 a.m. to 1.00 p.m. Saturdays.

Under prevailing meteorological conditions, assuming maximum operation of all equipment, and a
more conservative wind speed of two metres per second to indicate dispersion to surrounding areas;
the 24 hour air quality goals for total suspended particulates and particulate matter less than 10
microns are unlikely to be exceeded beyond the site boundary of the proposed replacement reactor.
Accordingly, downwind ground level concentrations of these pollutants when measured at the
nearest house, situated more than 1.6 kilometres east of the construction site, are likely to result in
almost negligible effects on air quality. An approximate concentration of 25 micrograms per cubic
metre is predicted at this distance, which when added to typical background levels in the
surrounding urban areas would not result in the NSW Environment Protection Authority air
quality goals being exceeded.

In addition, the wind roses shown in Figure 9.1 indicate that during the summer months, the season
when dust impacts are likely to be greatest due to the hot, dry conditions, the prevailing winds are
typically from the north-east. As the nearest houses are situated to the east and north-east of the
site, away from the prevailing wind direction, it is expected that the impact on these houses during
summer would be minor.

9.5.2 Impacts During Operation

While impacts during construction of the proposal would closely resemble those expected on any
building project of a similar scale, the potential air quality impacts during operation could include
effects attributable to emissions from the proposed replacement research reactor. The atmospheric
release of radionuclides as a consequence of reactor operation and the production of radioisotopes
is addressed in Chapter 10.

Greenhouse Gases

The earth's climate is determined largely by the presence in the atmosphere of naturally occurring
greenhouse gases, in particular carbon dioxide, methane, chlorofluorocarbons, nitrous oxide and
ozone. The presence of these gases exerts a warming influence on the earth (a "greenhouse effect"),
and scientific evidence suggests that continued increases in atmospheric concentrations of certain
selected greenhouse gases due to human activity will lead to an enhanced greenhouse effect and
global climatic change.

Heat is a by-product of the fission process, which in the case of a nuclear research reactor is
discharged to the atmosphere as water vapour through cooling towers via a series of heat
exchangers. The impact on air humidity would be very localised and would have a negligible
greenhouse effect. No greenhouse gases such as carbon dioxide would be released to the atmosphere
from the operation of the proposed replacement reactor. The generation of greenhouse gases from
the fabrication of construction components (for example steel and concrete) would be no different
from any other construction project of a comparable size.
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B.B.I Construction

Construction of the proposed replacement reactor would be unlikely to contribute to a sustained or
significant deterioration in local air quality. Safeguards would primarily involve controlling the
amount and effect of dust generated from earthworks, and emissions from construction plant and
equipment. ANSTO would liaise with the NSW Environment Protection Authority and the NSW
Department of Land and Water Conservation to determine the most appropriate measures to
mitigate air quality impacts. These measures would be included in a construction environmental
management plan (refer Chapter 18 and Appendices I and J). Depending on site conditions, measures
to be implemented throughout the period of construction could include:

a minimising the area to be disturbed and undertaking rehabilitation and/or revegetation as
early as possible;

• ensuring as far as practicable that all means of access to the site are paved;

• covering all open trucks transporting materials, spoil and fill to and from the
construction site;

• covering, damping down or stabilising stockpiles of materials, spoil and fill;

B ensuring all vehicles are fitted with emission control devices that comply with Australian
Design Requirements for vehicle type and year;

• using water sprays and tankers, especially during hot, dry, windy days;

• providing a washdown facility for vehicles and truck wheels; and

• halting dust generating construction activities during extremely adverse weather conditions.

9.ELS Operation

Non-radioactive releases of water vapour from the proposed replacement reactor during operation
would not result in an impact and therefore do not require a corresponding mitigative measure.

SSliSBIiii^^

Under normally prevailing wind conditions the construction phase of the proposal would have little
influence on air quality even at the time of peak activity; the predicted ground level concentrations
of particulate matter are well below the relevant air quality goals noted by the NSW Environment
Protection Authority. During the summer months, the season when dust impacts are likely to be
greatest due to the hot, dry conditions, the prevailing winds are typically from the east and north-
east. The nearest houses are located to the east and north-east of the site of the proposed
replacement research reactor, the opposite direction to the prevailing wind direction. Accordingly,
minimal impact is expected on these houses during summer due to construction activities.

Furthermore, given that the critical wind speed of 5.6 metres per second is unlikely to be exceeded
for more than four percent of the time during the course of a year, the generation of particulate
matter from construction activities is expected to be low.
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Provided the proposed management measures are adhered to throughout the construction
period, the likelihood of poor air quality episodes directly attributable to construction activities
would be minimal.

Operation of the proposed replacement research reactor would not contribute significantly to the
generation of greenhouse gases in NSW.
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::Miiiiei1Iit of Reactor
ProductSj Spent Fuel

This chapter describes the way that reactor products, spent fuel, waste and emissions from the replacement
reactor would be managed. In addition to waste and emissions as a result of operating the replacement
reactor, the waste and emissions that may result from the potential increase in radioisotope production are
also described. The impacts of these emissions are evaluated and details of this evaluation are given in
Appendix F This chapter also describes the regulations and criteria which control radioactive emissions. It
examines the following matters raised by the EIS Guidelines (refer to Appendix A)

Section of EIS Outline of issue Section of
Guidelines this Chapter

8.30 "Cradle to grave" approach for solid wastes 10.4, 10.5

8.31 Atmospheric emissions, including intentional and unintentional 10.5
releases of radi oisotopes and a discussion of these releases in terms of
anticipated volumes, dispersion, existing radiological assessment
results, approved discharge limits and impacts

8.32 Aqueous emissions, including intentional and unintentional releases 10.5
directly to the environment, to the wastewater pre-treatment plant
and sewerage system as trade waste (including fate of discharges to
sewerage system and implications of upgrade ofCronulk Sewage
Treatment Plant and proposab for sewage reuse, if relevant) or for
storage and separate disposal

8.32.1 • anticipated volumes 10.5

8.32.2 • approved discharge limits 10.5

8.32.3 " anticipated impacts on water quality andbeneficial uses of 10.5
discharge areas

8.33 Management of solid andliquid radioactive wastes arising from 10.2,10.3,10.5
radiopharmaceutical products

8.34 Short-term and long-term management of spent fuel elements from 10.4
the proposed reactor, including on-site storage at Lucas Heights
Science and Technology Centre or other locations, possible use of
existing fuel storage fac ility for proposal

8.35 Other wastes arising from the operation of the proposal 10.6
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Section of E1S Outline of issue Section of
Guidelines this Chapter

8.36 Potential impacts of combined emissions from concurrent operations 10.7
of the existing HIFAR facility and the replacement research reactor

8.37 Risks of leakage and leaching of stored wastes, including from stored 10.9
waste areas

8.38 "Greenhouse" gas emissions, including design and procedural 10.6
measures to reduce such emissions, as relevant

10.13 Minimisation of atmospheric and aqueous emissions 10.6

10.14 Minimisation of waste 10.5, 10.6

10.15.3 Exposure to the general public 10.5.2

10.15.5 Transport, use, storage and disposal of nuclear fuel elements and 10.2, 10.4,
disposal of nuclear wastes 10.5,10.6

1O.1.1 Background

As described in Chapter 5, the proposal is that the existing reactor, HIFAR, would be replaced by
another research reactor which would have a number of uses including the production of
radioisotopes for use in medicine, such as molybdenum-99 and iodine-l3l, providing industrial
services and performing scientific experiments.

As a consequence of producing radioisotopes for use in hospitals and industry, there would be a
number of by-products that have no practical use and would therefore be waste. These would
primarily arise from reactor operations and the subsequent processing of radiopharmaceuticals.

When the fissile material in the reactor is depleted beyond a certain amount, the fission process can
not be maintained and it is necessary to replace some of the fuel. As a result, spent fuel elements
would be withdrawn from the reactor.

The reactor products, the spent fuel elements and some of the wastes would be radioactive and
therefore would need to be handled in a manner which protects both the staff who would work at
the Lucas Heights Science and Technology Centre, members of the public who live in the vicinity,
and the environment. Background information on the nature of radioactivity and comparisons with
the natural background radioactivity are summarised in the Glossary, which also contains
definitions of the technical terms.

In order to ensure that the risks associated with the reactor products, the spent fuel elements and
the wastes would be acceptably low, it is essential that there are well specified waste management
and radiation protection policies and procedures, which are carefully regulated.

There are many precedents for the proposal as about 50 other research reactors of the same power
as that proposed are operating worldwide and systems for the management of radioactive wastes exist
at all these facilities. A total of about 265 research reactors of all types are in operation around the
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world (International Atomic Energy Agency, 1998). In addition, many of the issues associated with
waste management at research reactors are the same as at power reactors, although the quantities of
radioactive waste arisings are much less in the case of research reactors. As a result, there is
considerable guidance on what is regarded as "best practice" waste management by the international
community. In particular, there are the radiation protection and waste management standards
produced by the International Atomic Energy Agency of the United Nations.

1Q.1.S Scope of Assessment

The activities associated with the proposed replacement reactor and the associated processes are
examined in Section 10.2 to identify all those which would produce reactor products, spent nuclear
fuel and wastes. These wastes are characterised in terms of whether they are gaseous, liquid or solid.
The types of waste are defined for both radioactive and non-radioactive wastes (Refer Section 10.5).

The types of radioisotopes, including radiopharmaceuticals, that will be produced by the
replacement reactor would be very similar to those produced by HIFAR. Thus, the current way
these products are managed is used in this chapter to assess the management of reactor products
from the proposal as described in Section 10.3.

The management of spent fuel is assessed in Section I0A. Although the details of the proposed
reactor have not been determined, the main properties, such as the maximum enrichment of the
fuel and the maximum power of the reactor, are known. Using this information, the general
characteristics of the spent fuel are described. In addition, this chapter addresses the way spent fuel
from HIFAR is managed.

Government policy with respect to spent fuel from both HIFAR and the proposed replacement
reactor is presented together with ANSTO's activities with respect to implementing that policy.
The implications of these policies on the operation of the replacement reactor and the
environmental impact while the spent fuel is at the Lucas Heights Science and Technology Centre
are evaluated.

The principal measure of risk due to radiation to anyone who works at the Lucas Heights Science
and Technology Centre or lives nearby is the "radiation dose" received. This term is briefly
described in the Glossary. The off-site dose from operations at the Lucas Heights Science and
Technology Centre cannot be measured because it is too small to be detectable compared to the
dose from natural background radiation. In order to obtain a baseline for estimating the risks
associated with emissions when the proposed reactor is operating, the dose due to the existing
gaseous emissions has been calculated and the results are summarised in Section 10.5. This has been
done by using the measured values for the release of radioactivity from the site and calculating the
dose using an internationally recognised computer programme, PC-CREAM 97 (EU97).

The ways in which the proposal would be regulated have been described in Chapter 3, but the
specific regulatory issues that would be associated with reactor products, spent fuel and wastes are
described in Section 10.5 together with the waste management policy that is currently adopted by
ANSTO for the wastes at the Lucas Heights Science and Technology Centre. This policy would
continue to be implemented when the proposed reactor is operational.

As far as possible, the magnitude of the emissions to the environment and the waste production rate
associated with the proposal have been estimated. However, the emissions associated with the
proposed reactor depend on details of the design. Although the general features of the proposal
have been selected, the detailed design has yet to be chosen and, therefore, the precise details of
the emissions and waste arisings are not known. Instead, they have been estimated in Section 10.6
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from knowing the emissions and wastes arising from HIFAR and from knowledge of the important
differences between HIFAR and pool type research reactors.

The proposed reactor would increase ANSTO's capacity to produce radioisotopes relative to the
current situation. This increased production rate would increase the amount of radioactivity in the
waste. However, the extent to which this results in an increase in emissions or the volume of waste
depends on the extent to which new technologies are employed. The available technologies and
their performances are reviewed in Section 10.6 and the potential impact on the emissions and the
production of waste is evaluated.

Similarly, the impact of the current emissions of liquid wastes is evaluated in Section 10.6 on the
basis of the existing emissions from the site and this evaluation is used to assess the impact of liquid
wastes when the proposed reactor is operational.

The commitment that ANSTO has made with respect to the off-site dose due to the proposal and
the associated processes is described and the implications of this commitment on the operation of
the reactor and the associated processes are investigated. The corresponding commitments that
ANSTO has made with respect to the production, treatment and conditioning of waste are also
described and the associated impact on the volumes of waste that would be produced is evaluated.
Government policy with respect to the storage and disposal of waste is described and the available
information on the program associated with implementing this policy is evaluated.

Based on the known emissions from HIFAR and the estimated emissions from the proposal, the
potential impacts due to the combined emissions when both reactors are operating simultaneously
for an approximate period of six months are evaluated in Section 10.7.

In addition to radioactive emissions and wastes, the Lucas Heights Science and Technology Centre
is a source of non-radioactive emissions and wastes as would be expected for any laboratory which
caters for approximately 1,200 people. The impact of these wastes is assessed in Section JO.8.

1Q.1.3 Principles of Waste Management at ANSTO

Radioactive waste, for legal and regulatory purposes, is defined by the International Atomic Energy
Agency as material that contains or is contaminated with radionuclides at concentrations or
activities greater than clearance levels as established by the regulatory body, and for which no use
is foreseen. These wastes can occur as gases, liquids or solids. In recognition of the potential hazards
associated with radioactive waste a rigorous system of control and surveillance during the transfer,
treatment, storage and discharge of radioactive waste was set up from the beginning of activities at
the Lucas Heights Science and Technology Centre.

The primary objective of radioactive waste management at ANSTO has always been to protect
human health and the environment. The waste management system at ANSTO has evolved taking
into account international guidelines, regulations and national and state requirements. These
requirements largely stem from the work of the International Commission on Radiological
Protection, which is an independent body of experts and the International Atomic Energy Agency,
which is an organisation of the United Nations.

The methods available for the management and treatment of radioactive waste depend on the
characteristics of the waste, but generally are governed by three basic principles:

• Delay and decay: This method is used for wastes having short half-lives. These materials are
held in a suitable container until the radioactivity decays to a level acceptable for further
treatment, discharge or disposal.
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• Concentrate and contain: This method is used for wastes, usually liquids, with a higher level
of radioactivity or toxicity. The radioactive or toxic materials are concentrated by volume
reduction and commonly converted to a solid for storage in specially managed facilities.

B Dilute and disperse: This method is only used where the radioactivity in the effluent is at a
very low level and its release to the environment will not affect the natural radioactivity
levels in the area to any significant extent.

ANSTO has also implemented a process of waste minimisation and segregation, as described in
Section 10.5.4-

Each operational unit on the Lucas Heights Science and Technology Centre is required to have in
place suitable facilities for safely handling and accounting for wastes. These include facilities for
delay and decay of short-lived wastes. In addition, each unit has a system for classifying and
monitoring wastes that leave the facility.

The Waste Management Section has particular responsibility for the treatment of wastes arising
from site operations in a manner that complies with all regulatory requirements and is in accord
with the ANSTO Waste Management Policy, as described in Section 10.5.4-

The principles used by ANSTO for the control and evaluation of any gaseous emissions from the
Lucas Heights Science and Technology Centre are:

• measurements are made at each stack to ensure that any emitted radioactivity is well below
agreed working levels;

• detectors are placed around the perimeter security fence of the Lucas Heights Science and
Technology Centre to detect any radioactivity in the air;

II calculations are made of the worst possible exposure for a person assumed to live
continuously in the open at the buffer zone boundary and to eat locally grown produce; and

• samples are taken of soil, water and flora in the local area to confirm that there is no
contamination above natural background.

All such processes are reviewed and validated by the appropriate authorities, as discussed in
Section 10.5.4- The first two processes confirm that there are no significant amounts of radioactivity
in the air. The calculations confirm that worst possible doses are very small (Hoffman et al, 1995,
1996 and 1997).

1Q.S.1 Irrbraducbian

This section outlines the principal activities that would occur when the proposed reactor is operating
that would lead to the production of reactor products, spent nuclear fuel and radioactive emissions
and wastes. These activities would be very similar to those that currently occur on the Lucas Heights
Science and Technology Centre. The main routes by which the different emissions and wastes arise
are shown schematically in Figure 10.1. The actual locations of the major facilities on the site,
including the current reactor building, the isotope production facilities, the waste treatment and
storage plants are shown in Figure 10.2. These activities are described in more detail below.
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Waste Routes at the

Lucas Heights Science and Technology Centre

1O.S.S The Reactor

HIFAR is situated in Building 15 and its replacement would have its own reactor building as
described in Chapter 5.

The reactor has four main technical functions that produce radioactive waste:

• the irradiation of materials in order to produce radio isotopes for use in medicine and industry;

• the irradiation of materials in order to change their form, as in the case of silicon ingots for
the electronic industry, in which atoms of silicon are transformed into atoms of phosphorus,
the presence of which changes the electronic properties of the silicon to meet the needs of
the industry;
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Figure 1 O.2
Locations of Waste Generating
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Source: Hoffmann et al, 1997

• the irradiation of materials to determine their isotopic composition by Neutron Activation
Analysis, mainly for the mining and environment industries but also for other applications
such as forensic analysis; and

• the production of neutron beams external to the reactor for the examination and
determination of material structures by neutron diffraction and neutron scattering when the
neutron beams are directed onto samples of the various materials being studied.

Radiopharmaceuitical Production

Technetium-99m is the most widely used radioisotope in modern diagnostic nuclear medicine. An
important characteristic of technetium-99m is its short half-life (6.02 hours) which results in
relatively low radiation exposures to patients. However, the short half-life presents a supply
problem for hospitals which are distant from the production centre. This problem can be overcome
by the production and separation of molybdenum-99 (half-life 66 hours) which decays to
technetium-99m. Devices known as generators, which produce on demand technetium-99m from
molybdenum-99, have been marketed by ANSTO and the former Australian Atomic Energy
Commission for more than 25 years.
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It is proposed that molybdenum-99 would continue to be produced at the replacement reactor in
the same way as at HIFAR, namely by the fission product route. Uranium, slightly enriched in
uranium-235, would be irradiated for up to seven days in aluminium containers known as
"irradiation target cans". Following irradiation, the target cans would be transported from the
reactor to Building 54, where the molybdenum-99 is extracted from the irradiated material.

Iodine-131 is an important medical isotope and is used mainly in the diagnosis and treatment of
hyperthyroidism and thyroid cancer. The replacement reactor would produce it in the same way as
HIFAR, namely by the irradiation of tellurium targets which are processed in Building 23.

The more significant radioisotopes which are produced at HIFAR and used in medical treatment
are given in Table 10.1 together with their uses.

Table 1Q.1 :

JRadioisotops

Chromium-5l

Cobalt-60

Copper-64

Dysprosium-165

Gold-198

Holmium- 166

Iodine-I3l

Iridium-192

Molybdenum-99

Rhenium-188

Samarium-153

Technetium-99m

Yttrium-90

Principal HIFAR Reactor-Produced Medical RadioisotopaB

Half-Life Use

28 days Red blood cell labelling. Gastrointestinal tract protein loss
measurement.

5.2 yea is Teletherapy.

12.8 hours Diagnosis of genetic diseases affecting copper metabolism, p articularly in
the foetus, via in vitro techniques; diagnostic blood flow; therapy.

2.3 hours Treatment of arthritic joints.

55 hours Brain tumour, ovarian cancer.

26.8 hours Therapy for liver cancer.

8 days Function imaging, and therapeutic applies tions for the thyroid.

74 days Treatment of prostrate cancer, uterine cancer.

66 hours The 'parent' of technetium-99m, the most widely used radioisotope in
medicine.

17 hours Therapy for breast and colon cancer. Therapeutic "pair" for diagnos tic
technetium-99m.

47 hours Cancer ind uced b o ne p ain pal liation.

6 hours The "daughter" of molybdenum-99. Scintigraphy to image the brain,
salivary glands, thyroid, lungs, liver, spleen, kidney, gall bladder, skeleton,
cardiac muscle, depending on chemical form.

64 hours Cancer therapy for the treatment o f tumours and in the treatment of
arthritis.

Spent: Fuel

HIFAR is the origin of the current production of spent fuel and the replacement reactor would be
the source of spent fuel after HIFAR is shut down and its fuel is removed from the reactor.

The main features of the proposed pool reactor are described in Chapter 5, while spent fuel
management is discussed in Section 10.4.
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When it is necessary to replace the fuel in the reactor, the spent fuel is removed and stored in the
spent fuel pond, which, for the proposal, would be adjacent to and contiguous with the reactor pool.
This period of storage allows the fuel to cool and the radioactivity to decay. In order to maintain
water clarity for these operations and any others, the pool water is passed through a "clean-up"
system which removes fine particles and dissolved matter which are collected on to filters and ion
exchange resins. Any trace radioactivity in the water would be removed by these measures. The
filters and resins ultimately become a source of radioactive waste. It is not envisaged that the pool
water would require replacing during the reactor life.

All fuel elements have structural end pieces, which ensure that they are properly located in the
reactor core. In the case of some fuel elements, such as those from HIFAR, these end pieces are
relatively long and they are cut off before the fuel leaves the site. In the case of the proposed pool
reactor, the end pieces would be much shorter and this source of waste would be much less or
even zero.

Other Reactor Wastes

The fission process in the reactor is controlled by materials which absorb the neutrons produced by
the chain reaction. At periods between five and 10 years, during the life of the reactor, these control
rods may lose their effectiveness and have to be replaced. Control rods and other experimental
equipment are also a source of solid waste.

As well as solid wastes, radioactive gases would be produced. It will be shown in Section 10.5.2, that,
for the operation of HIFAR, the most significant in terms of environmental impact is the production
of argon-41 which is a noble gas. This comes from the irradiation of the very small amount (0.9
percent) of argon in normal air that is used to cool the rigs (a rig is a locating mechanism for placing
irradiation targets in the reactor). In the case of HIFAR, there is also an additional contribution
from the air around the reactor tank, but this source is not present in a pool reactor.

In the proposed reactor, there would also be some activation products due to neutron capture in the
light water coolant. An example is nitrogen-16, which is a gas but does not contribute significantly
to dose because of its short half-life as discussed in Section 10.6.2.

If heavy water is used as a reflector for the proposed reactor, radioactive tritium would be produced,
but this would be retained in the tank holding the reflector. In contrast, heavy water is used as the
coolant in HIFAR and small quantities of tritiated water are removed with the fuel elements during
refuelling. Some of it evaporates and becomes airborne in the reactor building. This source of
radioactivity would not occur for the replacement reactor.

As indicated in Figure 10.1 any gases which become airborne in the reactor building would be
collected by the ventilation system and filtered to remove radioactive particles before they would
be discharged to the environment from the stack. Used filters would be replaced periodically and
are another form of solid waste.

1O.S.3 Molybdlertum-99 Production - Building 54

In Building 54, the contents of the target irradiation cans would be removed in what are called High
Activity Handling Cells and the pellets separated from the magnesium oxide filler powder by
sieving. Those cans would be waste. The irradiated uranium dioxide, containing the molybdenum-
99 and other fission products, is dissolved in concentrated nitric acid. The resulting solution is then
passed through a column packed with alumina where the molybdenum-99 is absorbed onto the
alumina and the uranium-rich waste solution containing most of the unwanted fission products is
collected separately as the primary liquid waste.
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The alumina column containing the molybdenum-99 is then washed in sequence with nitric acid,
water and dilute ammonia solution to remove residual traces of uranium, fission products and other
contaminants. The wash solutions are accumulated as secondary liquid waste which contains lower
levels of radioactivity than the primary liquid waste.

The final stages of the process involve stripping the purified molybdenum-99 from the alumina
packed column using concentrated ammonia solution. The ammonia and other residual
radioisotopes (essentially radioiodine and ruthenium-103) are finally removed by boiling the
solution. The alumina is replaced after each operation and treated as solid waste.

The current primary liquid waste and secondary liquid waste streams are stored at Building 54 in 50
litre shielded flasks for 10 to 12 months to provide an adequate decay time before being transferred
to Building 57 (Waste Management) for longer-term liquid storage in shielded stainless steel tanks.
On average, only small volumes (0.09 cubic metres of primary liquid waste and 0.23 cubic metres
of secondary liquid waste) are produced per year (Levins et al, 1996).

During the processing in the high activity handling cells, radioactive iodine and noble gases such as
the isotopes of xenon and krypton are released from the liquids containing the fission products.
These vapours and gases are collected by the in-cell systems and by the building ventilation system
filters to remove radioactive particles and trap radioactive gases. Specially impregnated charcoal is
used to retain iodine and charcoal beds are also currently used to absorb xenon and krypton. The
charcoal delays the release of these gases so that these short lived isotopes decay to insignificant
levels. Some small amounts of longer-lived isotopes are discharged to the environment. The
improvements that are being developed for use by the time that the proposed reactor operates are
described in Section 10.5.4 below. Spent charcoal beds are a source of solid waste.

Technetium generators are kept by the hospitals for six weeks until the radioactivity is at very low
levels. They are then returned to ANSTO for further storage, prior to being dismantled and the
majority of the parts are recycled. Before dismantling, the generators are washed and the water sent
to waste treatment. A few non-recyclable components become waste.

HO.S.4 Radio-iodine Production - Building S3

Iodine-131 is produced in Building 23 in shielded enclosed areas called hot cells by processing the
tellurium targets that are irradiated in the reactor. The exhaust from the group of cells, which
contains some iodine-131, passes through three charcoal beds to trap radioactive iodine. These
charcoal traps are similar to those used in Building 54.

1Q.S.5 Gaseous and Liquid Waste Treatment

Gaseous Treatment

All the buildings where radioactive or contaminated components are processed or stored are served
by a ventilation system whose discharge is filtered to remove radioactive elements before any release
to the environment. Filters remain in service for a year or more until replaced. These are then
treated as solid waste.

At present, only the buildings addressed above require charcoal filters and this situation would
remain when the proposed replacement reactor is operational.

Australian Nuclear Science and Technology Organisation



management of reactor produote, spent fuel and waate

Liquid Waste Treatment

As described in Section 10.5-4, ANSTO intends that all existing primary liquid waste and secondary
liquid waste stored in Building 57 will be solidified before the proposed reactor is operating.

In addition, there is and would continue to be liquid waste from the following sources:

• waste waters from "active" drains in laboratories where radioactive materials are routinely
handled. They normally contain low levels of beta and gamma emitting radioisotopes. The
pipeline that transports these waters to the Waste Management Facilities is known as the
"B" line;

• trade waste effluents arising from laboratories and workshops in which radioactive materials
are not normally handled. The pipeline that transports these waters to the Waste
Management Facility is known as the "C" line; and

B non-radioactive sewage from the Lucas Heights Science and Technology Centre and
leachate from the Lucas Heights landfill.

These three sources of liquid waste are treated as shown in Figure 10.3 so that their radioactivity
and chemical content are considerably reduced before discharge into the Sydney Water sewer. The
process used to treat radioactive waste and tradewastes, and the regulatory discharge requirements,
are described in Section 10.5.3. The holding tanks where radioactivity is monitored to ensure
compliance with discharge requirements are illustrated in Photo 10.1.

' - • * •• . 1 - . . - .

Photo 1D.1 Holding tanks where radioactivity is monitored to ensure compliance
with discharge limits.

Stormwater is not considered to be a liquid waste as it would not be radioactive unless there had
been a spill of radioactive material on site. To cater for this unlikely eventuality, all stormwater from
the site is initially retained by bunds so that it can be monitored before it is discharged.
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1O.S.8 Other Sources of Solid Waste

In addition to the sources of solid waste that are described above, there would be two other
sources, namely:

• Compactable Solid Waste. This is produced in many work areas but the greatest volume is
generated during the production of radioisotopes and various support activities, such as
decontamination and waste processing. It includes a variety of items such as cleaning
materials (for example paper towels, tissues, rags, mops), personal protection consumables
(plastic gloves, clothing) and slightly contaminated processing items (for example vials,
pipettes, plastic tubing). Currently around 100 drums of this waste are produced annually.

• Contaminated items that cannot be compacted, such as pipes and machinery parts, which
are be packed into plastic-lined steel drums.

HO.3.1 Types of Reactor Products

As described in Section 10.22, there are three types of reactor products.

• materials that have been irradiated in order to produce radioisotopes for use in medicine
and industry;

• materials such as silicon ingots, which are irradiated to change their form to meet the needs
of the electronics industry; and

• materials which are irradiated to determine their isotopic composition for industries such as
the mining and environment industries.

1O.3.S Management of Reactor1 Products

Radioisotxtpes

Materials that are used for the production of radioisotopes are irradiated in sealed metal containers
called irradiation target cans. These are transferred to the isotope production laboratories using a
shielded pneumatic conveyor or by purpose built lead transport containers.

In the laboratories, they are transformed into radiopharmaceuticals for use in nuclear medicine and
solid sealed sources, usually for use in industry. They are produced to standards set by Australian
and international health and safety authorities; namely the Australian Therapeutic Goods
Administration of the Federal Department of Health and Community Services, United States
Pharmacopoeia and European Pharmacopoeia.

Before shipment, they undergo testing and are packaged in accordance with the requirements of the
International Atomic Energy Agency regulations for the safe transport of radioactive materials
(International Atomic Energy Agency, 1996c). These regulations have been adopted by the
International Air Transport Association, the International Civil Aviation Authority and Australian
State regulatory authorities as being the international and Australian standards for the safe
transportation of radioactive materials. No radioisotopes packages that have been transported from
the Lucas Heights Science and Technology Centre have been found to fail any of these standards.
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General Schematic Diagram of Waste Water
Collection and Treatment System

Other medical isotopes are kept by the hospitals and disposed of by them, under NSW Environment
Protection Authority regulations, which are based on the National Health and Medical Research
Council Code of Practice for Disposal of Waste by tlie User (National Health and Medical Research
Council, 1985).

Silicon Ingots

After silicon ingots are irradiated they are removed and stored for about seven days in specially
constructed shielded facilities in the reactor building. The radioactivity induced in the ingots is small
and of short half life so that, after the seven day storing period, they can safely be handled without
the use of shielding. They are cleaned, checked for contamination and packaged for shipment to
electronics companies for further processing into components, for instance, video cameras.
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Samples for Analysis

The samples that are irradiated for analysis are also cooled in storage facilities in the reactor
building for varying times, typically up to seven days, after which they are analysed using highly
sensitive nuclear instrumentation to establish their isotopic composition. Most of the analyses are
conducted at the Lucas Heights Science and Technology Centre, but where samples are required to
be transported to another location, they are packaged and transported in accordance with the
regulations and procedures given above for radioisotopes.

10.3.3 Environmental Commitments on Reactor Products

ANSTO's commitments in relation to the production of reactor products for the proposed
replacement research reactor are:

• ensuring that all radiopharmaceuticals produced using the replacement reactor are produced
in accordance with the same national and international standards that currently apply, and
in accordance with any new legislation which may replace these standards in the future; and

• ensuring that all reactor products transported from the Lucas Heights Science and
Technology Centre comply with the requirements of national standards and the International
Atomic Energy Agency regulations for the safe transport of radioactive materials.

fell "• ^ ^ E . ^ .

1O.4.1 Characteristics of Spent Fuel

Consistent with enhanced non-proliferation measures, the proposed replacement reactor would
utilise low enriched uranium fuel. This is fuel whose uranium content is less than 20 percent of the
fissile isotope uranium-235. The implications of this fuel on the characteristics of the spent fuel and
a comparison with the spent fuel from HIFAR are shown in Table 10.2.

Table 1Q.2: Fuel Characteristics

Property

Initial enrichment of new fuel with
uranium-235

Fuel utilisation in megawatt days per
kilogram of uranium-235 in the core

Annual burn-up of uranium-235
(kilograms)

Annual contents of spent fuel
(kilograms of total uranium)

Number of spent fuel elements per
year

Proposed Replacement
Reactor

Less than 20 peicent (most
likely 19.75 percent)

470

4-3 to 6.4

43 to57
11 percent enriched

About 40

60 percent now

470

3.2

7.3
43 percent enriched

37

The details of the proposed replacement reactor will not be known until the vendor for the reactor
is selected but all the potential vendors offer a similar burn-up of uranium-235 per year. This bum-
up is a measure of the fission product content of the spent fuel. Similarly, the number of fuel
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elements replaced each year would depend on the design that is selected but the variation is not
significant. All potential designs would involve the production of spent fuel elements in similar
quantities to that from HIFAR.

1O.4.2 Encisfcing Management of Spent: Fuel

The spent fuel discharged each month from HIFAR is stored under water in the reactor storage
block for up to one year. This storage block is an enclosed and shielded tank immediately adjacent
to the reactor and within the reactor containment building. The fuel element is then transferred
inside a heavy, shielded transfer flask to a cropping pond in a nearby building (Building 23) where
the non-fuel containing ends of the element are sheared off ("cropped"). Approximately five metres
of water depth provides the necessary radiation shielding for this operation and is an excellent heat
removal medium for the early period of storage. The cropped ends are sent to the intermediate level
waste store while the remaining fuel section is moved underwater into storage racks in the
irradiation pond which is connected to the cropping pond. The spent fuel is stored under water in
the irradiation pond for another three to four years to permit further radioactive decay and until the
heat generation has decreased sufficiently to permit dry storage. Most elements are then removed
from the pond in shielded transfer flasks and placed into dry storage in the engineered Spent Fuel
Dry Storage Facility (Building 27).

In September 1997, the Australian Government announced that it would fund the overseas
shipment of all spent fuel from HIFAR (McGauran Hon F, 1997).

Of the spent fuel elements that are currently stored at the Lucas Heights Science and Technology
Centre, about half contain enriched uranium which originated in the United States, while the
remainder contain enriched uranium which originated in the United Kingdom. The announced
Government decision was to return the former to the United States and send the remainder to an
overseas reprocessor, originally considered to be Dounreay in Scotland, but those of United
Kingdom origin will now be sent to another overseas reprocessor.

In June 1998, the number of HIFAR spent fuel elements that were stored at the Lucas Heights
Science and Technology Centre were:

• 883 elements in dry storage in the engineered Spent Fuel Dry Storage Facility in Building 27.
This facility has a maximum capacity of 1,100 elements but, for operational reasons and to
permit safeguards inspection activities, 1,086 elements is regarded as full;

• 175 elements in seven "Dounreay" transport flasks. The Dounreay flasks, each with a
capacity of 25 elements, were originally built to transport spent fuel to the United Kingdom
reprocessing facility at Dounreay, Scotland;

• 331 elements in underwater storage in a pond in Building 23. The pond has a total capacity
of 391 elements;

• 22 elements in a cropping pond and testing pond; and

• 14 elements in reactor storage blocks.

To date there have been two shipments of spent fuel off-site to Dounreay: 150 elements in 1963
and 114 elements in 1996. Under the terms of the most recent contract, the waste from the
processing of the spent fuel dispatched in 1996 will be returned to Australia within 25 years.
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During 1996, the United States Government announced it would accept all spent fuel of United
States origin arising from research reactors until 2006. A shipment of 240 fuel elements of United
States origin was sent back to the United States on 2 April 1998. The United States will take over
ownership of the spent fuel and no wastes will be returned to Australia (Levins, 1997). The United
States has agreed to take back the remaining United States origin fuel elements over the next 10 years.

1Q.4.3 Management of Spent Fuel from the Proposed
Reactor

Spent fuel from the replacement reactor would be transferred underwater from the reactor pool to
the adjacent storage pool and would remain in storage until sufficient fuel is ready for transport.
This would eliminate the use of transport flasks for moving spent fuel between facilities at the Lucas
Heights Science and Technology Centre.

Government Policy

The proposed strategy for the management of spent fuel from the proposed replacement reactor is
based on the continuation of the strategy put in place and approved by the Government for the
management of HIFAR spent fuel. This would involve reprocessing spent fuel overseas, the wastes
would be conditioned into a long-lived intermediate level waste form, that is, having a heat loading
of less than two kilowatts per cubic metre (International Atomic Energy Agency, 1994). The wastes
would eventually be returned to Australia for storage at a remote location (Senate Select
Committee, 1996), as discussed in Section 10.5.4.

Qn-site Storage Requirements

For a number of operational reasons, an interim storage capacity for spent fuel at the reactor site is
required. These include:

II the need for a period of radioactive decay before shearing and cropping of the non-fuel parts
and loading into a fuel flask;

• the need for an additional decay period to minimise operator radiation exposures in subsequent
handling operations and to satisfy the thermal requirements of transport casks; and

a the need to accumulate sufficient spent fuel to comprise a practicable quantity for shipment
and minimise the number of off-site transport operations.

Taking these operational factors into account, the minimum on-site interim storage capacity
requirements for the replacement reactor would be determined by the following:

• minimum cooling time to permit transport (three years);

a minimum practical shipment batch (five years arisings);

• given that it would be imprudent to allow storage to reach absolute capacity while waiting
for off-site transport arrangements to be concluded, it would be an operational necessity to
have an additional buffer of, at the very minimum, one year; and

• finally, it is always required that an operating reactor have sufficient spare storage capacity
that would allow it to completely unload the current reactor core at any time if
circumstances made this necessary.
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These requirements are the basis of the proposal that there would be, within the reactor building,
an interim storage capacity for spent fuel amounting to 10 years arisings. This would permit an
efficient process for sending spent fuel overseas on a scheduled basis.

Both current and previous Commonwealth Governments have made commitments that the Lucas
Heights Science and Technology Centre would not become a national radioactive waste repository
and decided in favour of reducing the storage inventory at Lucas Heights (Cook and Collins, 1995;
McGauran Hon 1̂  1997; ANSTO Amendment Act, 1992). Storage facilities for the replacement
reactor in excess of the above minimum operational capacity would be inconsistent with these
previous Government decisions.

Given that two to three years lead time is required to negotiate contracts with companies who
would process/condition the fuel, make the physical arrangements and package spent fuel for
shipment, ANSTO have made a commitment that commencement of such arrangements would
occur whenever the storage inventory reached five years of arisings. There would therefore be a
margin of two to three years between the planned time for transporting fuel off-site and the storage
capacity becoming full.

To further assure the feasibility of this strategy, ANSTO is including in the tender specifications a
requirement that bidders must demonstrate that a solution, compatible with Australia's waste
management strategy, exists for the ultimate disposition of their spent fuel arisings. It would be
ANSTO's intention to enter into long-term contracts for spent fuel shipments and reprocessing/
conditioning, rather than on a shipment by shipment basis. The option of entering into a contract
with an overseas reprocessor covering the lifetime arisings of the reactor would be considered.

It is ANSTO's intention that the Building 27 in-ground spent fuel store would be decommissioned
following the closure of HIFAR. It would not be used for the replacement reactor spent fuel.

Disposal of Spent Fuel

The main options for disposal are reprocessing to recover the fissile material or conditioning prior
to direct disposal. The decision on which one to adopt depends on the type of fuel and the
availability of the appropriate technology.

It is possible that the replacement reactor fuel would be clad in aluminium as for HIFAR fuel. While
aluminium has relatively good corrosion resistance over the intermediate term up to 30 years
provided that the environmental conditions are carefully controlled, world wide experience shows
that it is prone to degradation over periods greater than 30 years. Degradation of the cladding
results eventually in the loss of the primary barrier that prevents radioactive fission products
escaping from the fuel. Hence, aluminium clad fuel is considered an unsuitable form for the
indefinite storage or disposal of spent fuel (Jonsson, 1998). The fuel would always require a form of
processing and/or conditioning to place it into a more leach resistant form before it can be placed
in a repository.

The established process for achieving this is reprocessing. The spent fuel is dissolved in acid, the
uranium separated out for recycling and the remaining waste products, containing all the fission
products, some activation products and some associated non-radioactive components, are
conditioned into a highly leach resistant waste form such as borosilicate glass or Synroc. The
greatest part of all the high-enriched uranium research reactor spent fuel that has ever been
produced has been reprocessed.
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Currently no facility is routinely reprocessing low enriched uranium research reactor fuels. These
fuels require modifications to be made to the traditional reprocessing chemistry and, as the
recovered low enriched uranium has less value than the high enriched uranium recovered
previously, there has until recently been little demand for the reprocessing facilities to invest in the
modifications that are required to undertake the reprocessing of low enriched uranium fuels.
However, both the United States and the United Kingdom have announced that they have
successfully reprocessed low enriched uranium fuels on a pilot scale (NUKEM, 1996). The United
States has described the technology to reprocess these fuels (Rodrigues, 1983), and Cogema in
France for example has indicated that it is prepared to undertake reprocessing of low-enriched
uranium fuels on a commercial basis (Gay and Belieres, 1997, Thomasson, 1998). It has already
signed contracts to reprocess fuel, on a lifetime basis, from the research reactors BR2 at Mol,
Belgium and the RHF, Institut Laue-Langevin, Grenoble, France (Nuclear Fuel, 1997). It can
therefore be concluded the service will be commercially available for the proposed replacement
reactor fuel.

Recently, the United States Department of Energy requested that the United States National
Research Council review the full range of alternative treatment options. The United States
National Research Council (1998) report Research Reactor Aluminium Spent Fuel, Treatment Options
for Disposal concluded that the options of direct co-disposal and melt and dilute were feasible.
However, the United States National Research Council also found that the United States
Department of Energy " should have given more careful consideration to the conventional reprocessing
option for treating aluminium spent fuel. There appear to be several technical advantages to this option over
the others This treatment option has been demonstrated to work for aluminium spent fuel from
production reactors, the costs and risks are well known, the necessary facilities are currently in operation at
Savannah River, and the waste form (borosilicate glass) will likely be acceptable for disposal at the
repository" (United States National Research Council, 1998). The United States National Research
Council recommended that conventional reprocessing be included in the options to be evaluated
for selecting a final treatment option for aluminium clad fuel.

Other Technologies

The alternative to reprocessing is to condition the fuel using a chemical or physical process so that
it retains the fission products for long periods of time after it is placed in the repository (United
States Department of Energy, 1996a).

Most technologies also involve an isotopic dilution step to further reduce the residual enrichment
level of the uranium content prior to disposal. The reason for this is that even low-enriched
uranium research reactor fuels are sufficiently enriched for selective leaching and re concentration
effects to have the potential to lead to criticality concerns at long times after disposal (Kastenberg
and Gratton, 1997; Kastenberg et al, 1996; Jonsson, 1998).

These alternative conditioning technologies are all high technology approaches of equal complexity
to traditional reprocessing. No "direct disposal" technology for research reactor fuels has yet been
developed or proven and the international criteria for both safety and nuclear materials safeguards
to apply to direct disposal of research reactor spent fuels do not exist. Thus, although direct disposal
cannot be totally discounted for potential future consideration, it is not currently a proven or
feasible option for Australia. In the unlikely event that the overseas options should become
unavailable, it would be possible at short notice to take advantage of off-the-shelf dry storage casks
for extended interim storage at the national storage facility, pending renewed arrangements being
negotiated for the reprocessing/conditioning of the fuel. Such dry storage cask systems are being
adopted in Germany for interim storage of research reactor spent fuel, and are available
commercially from a number of companies including INVAP in Argentina and AECL in Canada.
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1D.4.4 Impacts of Spent: Fuel

The wastes from reprocessing/conditioning would be processed into a form which would be suitable
for extended storage and returned to Australia to be placed in the national long-lived intermediate
level waste storage facility addressed in Section 10.53.

The total volumes of such wastes would depend upon the particular fuel supplied and hence the
successful reactor vendor, and the appropriate processing and conditioning technology developed
for that fuel. However, the volumes would be proportional to the quantity of radioactivity and
hence the quantity of fission products produced. This would be essentially the same for all possible
replacement reactor and fuel types. Compared to HIFAR, the fission products would be
proportional to the utilisation of uranium-23 5. As the fuel utilisation could be twice that of HIFAR,
the quantity of fission products in the spent fuel could be double that of HIFAR.

It is known from HIFAR fuel reprocessing at Dounreay that, if the fission product wastes are placed
in a 'Dounreay cement type waste' form, the volume of long-lived intermediate level waste arising
is about six cubic metres per year of reactor operation. It follows that similar conditioning of the
wastes from the replacement reactor spent fuel would result in around nine to 12 cubic metres per
year of long-lived intermediate level wastes. However, the heat loading of this cemented waste is
only around 0.006 kilowatts per cubic metre. Hence, other waste conditioning technologies such as
Synroc or borosilicate glass have the capacity to reduce the volumes of waste arisings by a factor of
over 200 while producing wastes still meeting the heat loading component of the classification
criteria of less than two kilowatts per cubic metre for intermediate level. Hence, long-lived
intermediate level waste arisings from processing spent research reactor fuel could be less than 0.1
cubic metres per year, that is, four cubic metres from 40 years of reactor operation. It is ANSTO's
intention to take full advantage of such volume reduction technologies for the disposition of the
waste from replacement reactor spent fuel. These volumes for the total arising over the anticipated
life of the reactor would be managed along with Australia's existing holdings of wastes in this same
category. These wastes currently amount to approximately 500 cubic metres.

ANSTO's commitment on the waste form resulting from reprocessing/conditioning of the spent fuel
is to take maximum advantage of waste minimisation opportunities in the reprocessing/conditioning
of wastes while remaining consistent with the International Atomic Energy Agency limits applicable
to long-lived intermediate level radioactive waste. This limit is principally on the rate of fission
product heat production, which is not to exceed two kilowatts per cubic metre. ANSTO has made
this a condition of contracts it is currently negotiating with overseas reprocessors for HIFAR spent
fuel and the same conditions would apply in respect of the waste from the replacement reactor spent
fuel. Existing reprocessors have indicated that such waste form requirements can be encompassed
by their operations.

In accordance with ANSTO's intention, supported by government, to promote Synroc technology,
ANSTO will seek opportunities for joint development and application of Synroc as part of the
negotiations for the conditioning of the waste to be returned to Australia. As a fallback, the waste
form would be a tailored intermediate level waste borosilicate glass. In either case, the category of
the waste would be consistent with the above long-lived intermediate level waste limit and would
be able to be stored at the national long-lived intermediate level radioactive waste storage facility.

In summary, the spent fuel arisings from the replacement research reactor would be stored on site
at the Lucas Heights Science and Technology Centre for only the minimum storage time necessary
to meet standard operational requirements. This ensures that the maximum inventory of spent fuel
is not expected to exceed nine years arisings, or, on the basis of a typical rate of arisings of 40
elements per year, a maximum of 360 elements in storage. This storage would take place in the pond
adjacent to the reactor pool.
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The strategy for the disposition of the spent fuel so as to ensure inventories do not exceed this level
is based upon a continuation of the strategy for management of HIFAR spent fuel. That is, every
five years the fuel would be shipped overseas for reprocessing and for the wastes to be placed into a
wasteform able to be eventually accepted back into Australia's national long-lived intermediate
level storage facility at a remote location in Australia. The successful replacement reactor vendor
would be required to demonstrate that this option is viable for the fuel to be used.

1O.4.5 Environmental Commitments an Spent: Fuel

ANSTO's commitments on spent fuel are:

B spent fuel would only be stored at the Lucas Heights Science and Technology Centre for a
minimum time that is consistent with operational requirements, and technical, radiation
safety and economic constraints. No spent nuclear fuel would be stored at the Lucas Heights
Science and Technology Centre for more than 9 years before it is transported abroad for
reprocessing or conditioning;

B arrangements would begin to transport spent fuel from the Lucas Heights Science and
Technology Centre as soon as the inventory reached five years arisings;

• ANSTO would include in the tender specifications a requirement that bidders must
demonstrate that a solution exists for the ultimate disposition of their spent fuel arisings. It
would be ANSTO's intention to enter into long-term contracts for spent fuel shipments and
reprocessing/conditioning, rather than on a shipment by shipment basis. The option of
entering into a contract with an overseas reprocessor covering the lifetime spent fuel arisings
of the reactor would be considered;

a the waste from spent fuel would be returned to Australia in a form which is suitable for
placing in a national storage facility, as long lived intermediate level waste;

• in terms of the waste form resulting from reprocessing/conditioning of the spent fuel,
maximum advantage would be taken of waste minimisation opportunities while remaining
consistent with the International Atomic Energy Agency limits applicable to long-lived
intermediate level radioactive waste; and

• in accordance with the ANSTO intent, supported by Government, to promote Synroc
technology, ANSTO would seek opportunities for joint development and application of
Synroc as part of the negotiations for the conditioning of the waste from reprocessing. As a
fallback, the waste form would be tailored intermediate level waste borosilicate glass. In
either case the category of the waste would be consistent with the above long-lived
intermediate level waste limit and would be able to be stored at the national long lived
intermediate level radioactive waste storage facility. It would not be stored at the Lucas
Heights Science and Technology Centre.

It is clear that these commitments rely on ANSTO being able to arrange contracts such that the
company that reprocesses or conditions the fuel, returns it in a form suitable for the national storage
facility. This is expected to be co-located with the national radioactive waste repository and the
Commonwealth Government expects the store to be in operation by the time the replacement
reactor is operational in 2005.
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1D.5.1 Types of Wastes

Radioactive Wastes

Gaseous, liquid and solid radioactive wastes would be produced as a result of the proposed reactor
and the associated processes. They would contain a range of levels of radioactivity. The
internationally agreed classification of radioactive waste is three forms, namely low level waste,
intermediate level waste and high level waste.

The majority of the waste produced at ANSTO and worldwide (about 90 percent) has a low level
of radioactivity and the associated risk is very small, such that it can be handled with only a small
amount of protection, for example, by wearing some protective clothing. It is known as low level
waste. The radioactivity of some is so low that it can be disposed of together with ordinary domestic
or industrial wastes. This is known as exempt waste.

A smaller volume of the wastes (about 10 percent) contains higher levels of radioactivity and needs
handling by remote equipment and also requires shielding to protect nearby personnel. These are
known as intermediate level wastes.

A very small volume of the waste (about 0.1 percent) produced worldwide is high level waste. This
contains much higher levels of radioactivity and the activity level is such that significant heat is
generated. This waste arises from fission products, which have been extracted during the
reprocessing of spent nuclear fuel from power reactors. None of the waste produced or managed at
the Lucas Heights Science and Technology Centre is high level waste.

The International Atomic Energy Agency has initiated a Radioactive Waste Safety Standard
program which aims to establish a coherent and comprehensive set of principles, standards, guides
and practices for the safe management of radioactive waste. As part of the Radioactive Waste Safety
Standards program, the International Atomic Energy Agency has reviewed and modified its
classification system (International Atomic Energy Agency, 1994). Under this new classification,
which focuses on disposal criteria, low and short-lived intermediate level wastes are combined but
subdivided into two classes, short-lived and long-lived wastes. Table 10.3 lists the typical
characteristics according to the new classification system. Under this classification, most of
ANSTO's wastes would fall within the low and short-lived intermediate level waste category, with a
small amount being exempt waste.
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Table 1O.3: Typical Characteristics of Waste Classes as Defined by Che International
Atomic Energy Agency

Waste Class Typical Characteristics

1. Exempt waste Activity levels at or below clearance levels which are based
on an annual dose to members of the public of less than 0.01
milli-Sieverts.

2. Low and Activity levels above clearance levels for exempt waste and
intermediate level thermal power below about two kilowatts per cubicmetre
waste

Disposal
Options

No radiological
restrictions

2.1 Shortlived
waste

2.2 Long- liv ed
waste

3. High level waste

Restricted long-lived radionuclide concentrations (limitation
of long-lived alpha emitting radioisotopes to 4,000 becquerels
per gram in individual waste packages and to an overall
average of 400 becquerels per gram per waste package)

Long lived radionuclide concentrations exceeding limitations
for short lived waste

Both thermal power above two kilowatts per cubic metre and
long lived radionuclide concentrations exceeding limitations
for short lived waste

Near surface

Geological
disposal facility

Geological
disposal facility

Source: International Atomic Energy Agency, '199-4.

Won-radioacfcive Waste

The type and management of non-radioactive wastes is discussed in Section 10.8.

1D.S.S Characteristics and Impacts of Existing Gaseous
Emissions

Existing emissions from the Lucas Heights Science and Technology Centre are described below as
they form the basis of the assessment of the impact of the proposed replacement reactor and the
associated processes.

Existing Gaseous Emissions

All chimney stacks and ventilation exhausts associated with buildings in which nuclear operations
take place have rigorous controls on the amounts of radioactivity they might emit into the
atmosphere. The location of the stacks on the Lucas Heights Science and Technology Centre site
are shown in Figure 10.2 and the relationship of the Lucas Heights Science and Technology Centre
with the surrounding centres of population is illustrated in Figure 7.3. As described in Section 10.2,
all these stacks and ventilation exhausts have filters to remove airborne particulates and, in some
buildings, the exhaust is passed through a set of activated charcoal traps, which absorb and retain
iodine vapours and noble gases, for example the active handling cells of the molybdenum-99
production facility (Building 54) have charcoal traps to absorb iodine, xenon and krypton.

The process used for measuring the impacts from gaseous emissions is:

• measurements are made of the amount of radioactivity discharged from each stack. The
measurements are compared with working levels set on a weekly, monthly and quarterly basis
to ensure that discharges do not exceed the levels set by the regulator. These measurements
are validated by the Australian Radiation Laboratory;
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S detectors are placed around the boundary of the Lucas Heights Science and Technology
Centre to measure the activity in the air. The Australian Radiation Laboratory also use their
own detectors to give independent measurements;

• an assessment is also made of the worst possible exposure of a person off-site using a
computer model. ANSTO uses the ADDCOR model, which gives a conservative (that is,
an over estimate) calculation of the off-site dose.

The regulation and review of all these processes is described in Section 10.5-4-

The main radionuclides emitted are noble gases and tritiated water vapour from HIFAR and noble
gases and iodine from radiopharmaceutical production. Other residual emissions are accounted for
as a composite by measuring the total alpha and beta activities discharged. The individual amounts
of these other isotopes are too small to need separate accounting. Figure 10.4 (Levins et al, 1996;
Woods, 1997; and Hoffmann et al, 1995, 1996, 1997) illustrates the historical trend in emissions
from the site stacks over a four-year period for total alpha and total beta emissions, together with
the individual emissions for the radioisotopes iodine-131 and tritium. Also shown are the summed
emissions of the noble gases. In general, the emissions are seen to have remained roughly constant
over the four year time-scale, with the notable exception of the quarter up to December 1995. This
period is associated with an extended shutdown outage period for reactor maintenance. All
emissions fell for this period except that of the tritium which rose by roughly a factor of four. This
was due to the release of tritiated water vapour from the reactor coolant circuit as reactor core
components were withdrawn from the reactor vessel and some heavy water evaporated.
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Figure 1O,4
Annual Airborne Emissions

Figures 10.5, 10.6 and I0.7 give the breakdown of tritium, iodine-131 and noble gas emissions by
stack for each quarter up to December 1996. The emission of tritiated water vapour is dominated
by the contribution from HIFAR (Figure 10.5) and is due to the production of tritium in the heavy
water coolant of HIFAR. Since the replacement reactor would be light water cooled and
moderated, the production of tritium would be reduced to very low levels. The emission of iodine-
131 is dominated by the molybdenum-99 and iodine-131 production facilities (Buildings 54 and 23
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respectively) and is largely independent of the reactor operations (Figure 10.6). The emissions of
noble gases are also dominated by the molybdenum-99 production facility (Figure 10.7), although
HIFAR does contribute about a quarter of the total activity in the emissions. This contribution from
HIFAR arises almost entirely from the discharge of argon-41. The latter is generated through the
neutron activation of ordinary air in the voids in some of the irradiation facilities.

As described in Chapter 9, none of the gases produced by the operation of HIFAR or the associated
processes is a greenhouse gas.

Impacts of Gaseous Emissions

Emissions of radioactive materials from nuclear plants are controlled because they may result in
external or internal exposure of the human body to radiation. There are a number of possible routes
by which this may occur but the principal ones are:

• as a result of breathing air containing radioactivity;

• by direct external radiation (beta and gamma radiation) from airborne radioactivity;

• by direct external radiation (beta and gamma radiation) from material deposited on the
ground; and

n from the consumption of foods which have been contaminated with deposited radioactivity.

Exposure from these routes also occurs continuously as a result of natural radioactivity in air, soil,
foods and water.
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Because there are no detectable levels of radioactivity in the air at the perimeter security fence of
the Lucas Heights Science and Technology Centre above the natural background, the potential
additional radiation doses from the Centre are assessed by postulating exposure of individuals
(infants, children and adults) with certain defined occupational and domestic habits. These habits
are chosen artificially to maximise the possible exposure. These hypothetical individuals are,
therefore, termed critical individuals, or in a population, critical groups. A computer model is then
used, with pessimistic assumptions, to calculate these worst case doses. Results published by
ANSTO (Hoffman et al 1995, 1996 and 1997) show that the worst case doses would be less than
0.01 millisieverts (less than one percent of the public dose limit) per year.

For this Draft E1S, the ANSTO results were not used. Instead an independent assessment was made
by NNC Limited of the United Kingdom. This detailed assessment of the impact of emissions and
discharges from the existing facility on radiation doses to the public is given in Appendix F and is
summarised in this section. After filtration within the buildings on the Lucas Heights Science and
Technology Centre, the residual atmospheric discharges from the stacks are dispersed into the
surrounding atmosphere by the wind. Radiation doses to critical individuals have been calculated
using the computer code PC-CREAM 97 (EU, 1997) which accounts for all the potential pathways
of radiation exposure, the most significant of which are the direct radiation from the cloud,
inhalation of airborne radioisotopes and the ingestion of radioisotopes deposited on the ground
which are taken up through the food chain.

Meteorological data for the site and surrounding area have been provided by ANSTO and used to
calculate the dispersion of radioactivity in the atmosphere. The impacts of emissions from the site
have been assessed at a number of critical points in the surrounding area taking account of land
usage, habits and the expected occupancy. Full details are provided in Appendix F.

With pessimistic assumptions about the lifestyle of persons who live near the Lucas Heights Science
and Technology Centre, the maximum dose has been assessed to be 0.003 millisieverts per year. This
is a very small dose. This is for an adult whose diet contains 25 percent of local produce, who works
at the Lucas Heights Waste Management Centre, uses the bike track for 20 hours a week and lives
at the western edge of the Engadine community. If the proportion of locally produced foodstuffs
consumed were to be increased to 100 percent, the dose would increase to approximately 0.017
millisieverts per year. In view of how little foodstuff production can occur near the Lucas Heights
Science and Technology Centre due to geographic factors, the value of 0.003 millisieverts is
considered to best represent likely maximum dose to any individual as a result of the atmospheric
emissions. The maximum doses for the typical critical infant and critical children groups are
calculated to be lower as reported in Appendix F.

The calculated doses should be considered in relation to the following factors:

• the dose received as a result of normal background radiation, for which the Australian
average is 1.8 millisieverts per year (Solomon, 1997);

• the annual dose limit for members of the public of one millisievert per year above natural
background adopted by the National Health and Medical Research Council (1995) -
Recommendations for Limiting Exposure to Ionising Radiation; and

• a dose constraint at the buffer zone boundary adopted by ANSTO, for the Lucas Heights
Science and Technology Centre of 0.3 millisieverts per year (Levins et al, 1996).

The calculated breakdown of the dose by pathway for the most exposed individual is shown in
Figure 10.8. This illustrates that the majority of the dose comes from direct external exposure to the
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airborne release. Figure 10.9 shows the calculated breakdown by nuclide. The calculated breakdown
by source (that is, which stacks contribute to the dose) is illustrated in Figure 10.10, This shows that
the dose is dominated by the releases from the reactor building (HIFAR) and the molybdenum-99
production facility (Building 54). In Figures 10.11 and 10.12 the individual breakdown by nuclide
for these two buildings is presented. From these figures it is clear that the dose from HIFAR is
dominated by the argon-41 release whilst the dose from the molybdenum-99 production facility is
dominated by noble gas and iodine releases.

Figure 1O.1O
Typical Critical Adult Dose: Breakdown by Stack

In summary, there are a number of measurements taken of the gaseous discharges: at the source
(for each stack); at the boundary of the Lucas Heights Science and Technology Centre, and by
calculation of the off-site dose. This process is validated and approved by the Australian
Radiation Laboratory, the Nuclear Safety Bureau and the Safety Review Committee. The off-site
doses are very low, even under the worst case scenarios considered, and well below acceptable
national and international standards. A summary table of these doses compared to the standards
is given in Section 10.10.

1Q.5.3 Characteristics and Impacts of Existing Liquid
Wastes

Section I0.2.5 describes the infrastructure that is currently in place at the Lucas Heights Science
and Technology Centre for the treatment and discharge of low level liquid wastes ("B" line), trade
wastes "C line", and non-radioactive sewage. This infrastructure includes delay tanks for collection
from buildings with pipework to the low level liquid and trade waste treatment facilities, an effluent
treatment plant and an effluent disposal pipeline, most of which is located in the south-east corner
of the Lucas Heights Science and Technology Centre, as shown in Figure I0.2.

The "B" line is a low level liquid waste collection system for the active drains from laboratories
where radioactive materials are routinely handled. Wastewater from these sources contains low
levels of beta and gamma emitting radioisotopes. The delay tanks store the waste until it has been
sampled and its radioactive content measured. Only after its normally very low level of radioactivity
has been confirmed is the waste passed on to the waste treatment plant. Low level liquid wastes pass
through two mixing tanks where they are treated with chemicals then passed to a centrifuge to
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separate out the solid particles. The remaining effluent is then transferred to holding tanks where
it is combined with the "C line waste" and non-radioactive sewage lines.

The "C" line is a trade waste collection system that is separate to the sewage collection system. It
collects liquid waste arising from laboratories, workshops and cooling systems in which radioactive
materials are not normally present. It has its own delay tanks and pipework that reticulate to the
effluent plant area for analysis and processing.

As shown in Figure 103, sewage is treated biologically. Sewage collection lines have been extended
over the last 40 years along with additional automated sewage pumping stations to service all
buildings at the Centre. In the 1980s, most reticulation lines were tested for wet weather inflows
with substandard lines being relined or replaced where necessary. In addition, all septic tank pits
were taken out of service. Before release from the Lucas Heights Science and Technology Centre,
the waste water quality must satisfy two requirements set out in ANSTO's Trade Waste Agreement
with Sydney Water Corporation.

The first requirement is based on quantitative information contained in the former NSW
Radioactive Substances Act 1957 and Regulation 1959. The second requirement is set so that the level
of radioactivity in the discharge when it reaches the Cronulla Sewage Treatment Plant is below the
derived reference levels for radionuclides in drinking water in guidelines issued by the World Health

Environment & Infrastructure



menaQemant of reaotor ppoductB, spent fuel and wastes

KrypGon-B5m

odine-1 31

i ie-133

<enon-1 33

Xenon-1 35nn

Figure 1O.12

Molybdenum-SB Production (Building 54):

Contribution to Typical Critical Adult Dose;

Breakdown by IMuolido

Organisation, based on a dose limit of 0.1 millisieverts per year. The yearly discharge is 90,000 cubic
metres. The Sydney Water Corporation has a sampling point on the ANSTO effluent disposal
pipeline to the sewer and the activity can also be measured in the sewer outlet at Potter Point
(Safety Review Committee, 1994, 1995, 1996).

When monitoring shows that the radioactivity levels are below the discharge limits under the
agreement with the Sydney Water Corporation, the liquid waste is drawn from the Lucas Heights
Science and Technology Centre's holding tanks or large holding pond and pumped to the Sydney
Water sewer via an effluent disposal pipeline.

Throughout this discharge route, considerable dilution of the radioactivity present in the effluent
occurs. In setting the discharge level, it is assumed that a dilution factor of 25 will apply between
the effluent discharge point at the Lucas Heights Science and Technology Centre and the Cronulla
Sewage Treatment Plant. In practice, this factor has been found to vary between 27 and 38 (Levins
et al, 1996). The treated effluent is carried through Sydney Water's Engadine sewer tunnel to the
Cronulla Sewage Treatment Plan and is ultimately discharged to the ocean at the Potter Point
OLitfall on the Kurnell peninsula. The overall dilution factor between the Lucas Heights Science
and Technology Centre and the ocean sampling point has been measured and varies from 1,500 to
14,000. ANSTO discharges are done on a batch basis, so that, over the course of a month, the
actual dilution is much higher.

Australian Nuclear Qolsnoe and Technology Organisation



management of reactor products, spent fuel and wastes

Figure 10.13 presents the quarterly total alpha, beta and tritium activity releases from the liquid
effluent discharged from the Lucas Heights Science and Technology Centre, measured at the
discharge point over the last four years (Safety Review Committee, 1994, 1995, 1996). These show
that the discharges were well below permitted levels.

y g Total Alpha (MegaBecquereis)

^ Total Beta (MegaSequerelsl

lUf Total Tritium EGigaBequerels)

Figure 1O.13
Annual Site Aqueous Discharges

The trade waste agreement with Sydney Water requires ANSTO to undertake a specified wastewater
sampling protocol each month for both ANSTO liquid effluent and Lucas Heights Waste
Management Centre leachate/sewage discharges, with samples being sent for independent non-
radioactive analysis by a NATA registered laboratory. An annual profile sampling program is also
required under the trade waste agreement and Sydney Water undertakes random audit sampling and
analysis of ANSTO's discharges direct from a sampling point on the ANSTO effluent disposal
pipeline. In addition, an independent audit of the radioactive components in ANSTO's discharges is
undertaken by the Australian Radiation Laboratory, on behalf of the Commonwealth Government.

The trade waste agreement is due for renewal in September 1998, and the renewed agreement will
reflect any changes in Sydney Water Corporation's trade waste policy, waste acceptance standards
and management plan.

The Lucas Heights Waste Management Centre, opposite the Lucas Heights Science and
Technology Centre, was established in 1986. The Waste Management Centre has a policy of
minimising waste discharges to the environment and ANSTO's sewage system was seen as the most
efficient way to protect the local creeks and bushland. The Waste Management Centre sends
approximately 8,000 cubic metres of leachate and sewage annually for processing at ANSTO's
effluent treatment plant.

Combined treated sewage and treated liquid waste discharges from the Lucas Heights Science and
Technology Centre to the Engadine sewer tunnel range from 6.6 to 10 megalitres per month and
current discharges are within the lower end of this range. The sewage component of the wastewater
discharge has gradually reduced along with permanent staff numbers at the Lucas Heights Science
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and Technology Centre declining from 1,200 in the mid 1970s to the current level of around 940,
including staff employed by the CSIRO and at the Business and Technology Park.

Exposure pathways to the public as a result of liquid discharges are theoretically by the ingestion of
fish caught around the outfall at Potter Point and ingestion of sea water by swimmers and surfers
near the outfall. However, the measurements taken by the Australian Radiation Laboratory and
ANSTO show that any possible exposure to environmental contamination would be in doses that
are several orders of magnitude lower than natural background radiation levels in seawater and well
below regulatory limits. Thus, the liquid wastes from the Lucas Heights Science and Technology
Centre do not produce any significant environmental impact.

In addition, the discharge limits for liquid discharges from the Lucas Heights Science and
Technology Centre are set to ensure that the activity levels in the water at the Cronulla Sewage
Treatment Plant meets the World Health Organisation's Guidelines for Drinking Water. Thus, the
current liquid discharges from the Lucas Heights Science and Technology Centre have no
implications for any upgrading of the Cronulla Sewage Treatment Plant or proposals for the reuse
of the sewage such as the alternatives identified for the proposed upgrade (Sydney Water, 1997) or
any proposed reuse of the sewage as part of the proposal for a co-generation plant at Kurnell.

1O.5.4 Waste Management Policy

Legislation and Regulatory Control

The way in which operations at the Lucas Heights Science and Technology Centre are regulated is
described in Chapter 3 and Appendix D. In this section, further details are given on the issues which
affect emissions, waste management and the management of spent fuel.

ANSTO operates its nuclear plant under an Authorisation granted by the Nuclear Safety Bureau,
which is established as a body corporate under the ANSTO Amendments Acts, 1992. The
Authorisation covers the treatment, storage and disposal of all reactor wastes.

Pursuant to Section 7A of the Australian Nuclear Science and Technology Organisation Act 1987,
ANSTO is exempt from application of State or Territory laws where those laws relate to the use of
land, environmental consequences of the activities of ANSTO, radioactive materials and dangerous
goods, or certain types of licensing. Notwithstanding this, ANSTO has adopted a policy of
complying with relevant NSW environmental and radiation protection statutes. These are:

• The Radioactive Substances Act, 1957;

• The Radioactive Substances Regulations, 1959;

B The Radiation Control Act, 1990 and Regulation 1993;

• The Clean Waters Act, 1970 and Regulations 2 972; and

• The Trade Waste Agreement with Sydney Water Corporation.

These acts and regulations provide restrictions on the amounts and form of radioactivity that can
be released to the environment from a site that uses nuclear materials. In accordance with the
environmental and effluent monitoring program conducted by ANSTO and its predecessor, the
Australian Atomic Energy Commission, all radioactive releases to the environment from the Lucas
Heights Science and Technology Centre have complied with the existing discharge authorisations
and these regulations.
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With regard to the discharges of radioactive effluents from the Lucas Heights Science and
Technology Centre, the policy of ANSTO, and previously the Australian Atomic Energy
Commission, has been to comply with the requirements of both the NSW Radiological Advisory
Council and the NSW Radioactive Substances Regulations, 1959. The authorised discharge limits for
both liquid and gaseous discharges, approved by the NSW Radiological Advisory Council, were
based on consideration of a conservative set of exposure scenarios and associated pathways through
which a member of the public could be exposed to radiation doses.

ANSTO has advised the Director-General of the NSW Environment Protection Authority that it
will continue to comply with the authorisations issued by the NSW Radiological Advisory Council
and with the discharge limits prescribed in the former NSW Radioactive Substance Regulations, 1959.
The Australian Radiation Laboratory has been independently auditing and verifying ANSTO's
effluent and environmental monitoring programs.

The Commonwealth Government has announced its decision to establish the ARPANSA. The new
agency will be formed by combining the expertise and resources of the Nuclear Safety Bureau and
the Australian Radiation Laboratory. Included among its functions will be developing jointly with
the States and Territories, uniform radiation protection and nuclear safety controls throughout
Australia, to protect workers and the public from activities which include research reactors,
uranium mining and the management of radioactive waste. Thus, ARPANSA will become the
authority which authorises emissions from the Lucas Heights Science and Technology Centre and
regulates the management of radioactive waste.

As described in Section 10.5.3, the authorised discharge levels into the Cronulla Sewage Treatment
Plant are set out in the formal waste agreement between Sydney Water and ANSTO.

Because the Lucas Heights Science and Technology Centre handles nuclear materials, nuclear
safeguards and non-proliferation is an important issue. To this end, all handling and accounting
procedures are compliant with the requirements of the Australian Safeguards Office. This is the
national body with responsibility for monitoring all nuclear materials in Australia and follows
guidelines set by the International Atomic Energy Agency. The nuclear fuel at the Lucas Heights
Science and Technology Centre is also regularly inspected by staff from the International Atomic
Energy Agency itself.

Dose Limits

Dose limits represent levels of radiation exposure that could result in the upper limit of risks which
are agreed to be acceptable. The National Health and Medical Research Council recommends
dose limits for exposures received by the public in general. Medical exposures are not subject to
dose limits. The dose limit recommended by the National Health and Medical Research Council
for the public is one millisievert (one thousandth of a sievert or 1,000 microsieverts) per year above
the natural background. This is the same as the value recommended by the International
Committee for Radiological Protection and is about one half the average background radiation
level received by Australians (Langroo et al, 1991; Colmanet, 1993). Table 10.9 in Section 10.10
sets out some of these comparisons.

However, to allow for the dose that members of the public receive from other sources, such as
flying in aircraft, the Nuclear Safety Bureau requires that the dose due to activities at the Lucas
Heights Science and Technology Centre shall be constrained so that it is less than a defined
fraction of the dose limit.
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In the case of discharges to the atmosphere (gaseous discharges), the authorisation is based on
limiting the dose to members of the public from HIFAR operations only to 0.1 millisieverts per
year. ANSTO has also adopted a dose constraint of 0.3 millisieverts per year for all its operations.
In addition to complying with this constraint, ANSTO adopts the practice of comparing
discharges from individual stacks with working levels, chosen so that off-site dose constraints will
not be exceeded.

In the United States facilities such as research reactors or radioisotope production laboratories are
licensed by the Nuclear Regulatory Commission. Routine radioactive emissions from such facilities
must comply with the public dose standard of the Commission given in Title 10 of the Code of
Federal Regulations, Part 20.1301. The level of the United States standard is equivalent to the
Australian National Health and Medical Research Council standard of one millisievert per year. If
ANSTO operated in the United States, it would be subject to the United States Nuclear Regulatory
Commission standard, and consequently no changes would be expected in ANSTO's radioactive
releases to the environment as they meet the United States Nuclear Regulatory Commission and
National Health and Medical Research Council standard and are as low as reasonably achievable.

Other standards, such as those promulgated by the United States Environment Protection Agency
may apply to other Federal activities not licensed by the United States Nuclear Regulatory
Commission. In determining compliance with the United States Environmental Protection Agency
standard, those United States facilities subject to the Environmental Protection Agency standard
use the Environmental Protection Agency computer code COMPLY. This code is similar to the
ADDCOR computer code used by ANSTO to demonstrate compliance with the Australian
standard and the ANSTO dose constraint and similar to the PC-CREAM computer code used in
this Draft EIS. As regularly reported in ANSTO's annual environmental reports, and the 1993
Research Reactor Review, the public dose is no greater than 0.01 millisieverts. That is, it is less than
one percent of the Australian public dose standard, or three percent of the ANSTO dose constraint.
Further, the public dose from all operations conducted at the Lucas Heights Science and
Technology Centre (that is, HIFAR and radioisotope production) has been calculated to be less
than 10 percent of the United States Environment Protection Agency Standard of 0.1 millisieverts
or 0.03 millisieverts from iodine. The United States Environment Protection Agency regulation
61.104(b) states that "Facilities emitting radionuclid.es in an amount that would cause less than 10 {jercent
of the dose standard ... are exempt from the reporting requirements. Facilities shall annually make a new
determination whether they are exempt from reporting". Hence, if the United States Environment
Protection Agency standard applied to ANSTO operations, the public doses are so low - less than
10 percent of the United States Environment Protection Agency standard - that they would not
have to be regularly reported to the Environment Protection Agency under regulation 61.104(b).

For stormwater run-off and discharges of liquid into waters, concentration limits are specified (1.1
Becquerels per litre gross alpha and 11.1 Becquerels per litre beta). Compliance with these levels is
monitored by sampling from streams in the area of the Lucas Heights Science and Technology
Centre. There have been no instances of non-compliance with the radioactivity discharge levels.

As described in Section 10.5.3, the majority of the waste liquid from the Lucas Heights Science and
Technology Centre site is discharged into the sewer system with the rest being stored on site prior
to solidification. The level of radioactivity that is discharged from the waste treatment plant is
limited to a level which ensures that the concentration in the treated effluent from the Cronulla
Sewage Treatment Plant complies with the radionuclide reference level proposed in the 1993 World
Health Organisation guidelines for drinking water. This requirement is more stringent than the
State regulations and, for tritium, results in a reduction by a factor of 20 in the concentration that
is allowed to be discharged.
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In addition to these regulatory restrictions on discharge levels, waste management practices on the
Lucas Heights Science and Technology Centre are reviewed by a Safety Review Committee which
reports annually to Federal Parliament.

The AN5TO Waste Management Policy

ANSTO's Waste Management Policy (Levins et al, 1996) was approved in July 1995. The declared
policy is as follows:

ANSTO will manage its radioactive waste in a manner that protects human health and the
environment now and in the future. In doing so, ANSTO is committed to:

• comply with all relevant legislative and regulatory requirements in particular:

- to ensure that all discharges are within authorised limits; and

- to monitor and report regularly radioactive releases to the environment.

B ensure that radiation exposures will be kept as low as reasonably achievable, economic and
social factors taken into account; and

• disposal of wastes when appropriate disposal routes are available, being in accord with
international best practice.

This waste management policy is consistent with the Safety Fundamentals document of the
International Atomic Energy Agency, The Principles of Radioactive Waste Management
(International Atomic Energy Agency, 1995). This document sets out the following nine principles:

• protection of human health - radioactive waste shall be managed in such a way as to secure
an acceptable level of protection for human health;

• protection of the environment - radioactive waste shall be managed in such a way as to
provide an acceptable level of protection of the environment;

• protection beyond national borders - radioactive waste shall be managed in such a way as to
assure that possible effects on human health and the environment beyond national borders
will be taken into account;

• protection of future generations — radioactive waste shall be managed in such as way that
predicted impacts on the health of future generations will not be greater than relevant levels
of impact that are acceptable today;

• burden on future generations - radioactive waste shall be managed in such a way that will
not impose undue burdens on future generations;

• national legal framework - radioactive waste shall be managed within an appropriate
national legal framework including clear allocation of responsibilities and provision for
independent regulatory functions;

• control of radioactive waste generation — generation of radioactive waste shall be kept to the
minimum practicable;

• radioactive waste generation and management interdependencies - interdependencies
among all steps in radioactive waste generation and management shall be appropriately
taken into account; and
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• safety of facilities - the safety of facilities for radioactive waste management shall be
appropriately assured during their lifetime.

The implementation of the policy is achieved by reviewing current practices, future waste
production and the preparation of an integrated plan for the treatment and disposal of wastes
(Levins et al, 1996).

In a separate but related initiative, a Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management has been released under the auspices of the
International Atomic Energy Agency. Australia will sign the convention in the near future, but is
already complying with the principles contained in it.

ANSTD's Waste Management: Action Plan

A Waste Management Action Plan (Levins et al, 1996) has been prepared for the period
1996-2001. The Plan deals with "legacy" issues that have arisen from the accumulation of
radioactive wastes at Lucas Heights and the need to refurbish or replace existing facilities.

The Waste Management Action Plan comprises 17 projects covering the areas of solid wastes,
intermediate level liquid wastes, treatment of waste waters, waste minimisation, spent fuel
management and technical support for the national radioactive waste repository. The Plan has now
been in operation for two years and three of the projects have been successfully completed.
Achievements to date have included upgrading the storage facilities for solid wastes, stabilisation of
uranium and thorium scrap, commissioning and operation of a radiation scanning system for waste
drums, treatment of intermediate level liquid wastes and improvements in the methods for
monitoring the spent fuel storage facilities.

The ANSTO policy and its associated actions would ensure that an effective system for waste
management, consistent with international standards, is in operation for the proposed research
reactor. Before the replacement reactor is commissioned, ANSTO is scheduled to have:

• solidified all the existing intermediate level wastes from molybdenum-99. In the longer term,
this solid waste will be immobilised into Synroc. After all existing wastes are processed, all
future liquid intermediate level wastes, including those arising when the new reactor is
operating, will be solidified soon after they are generated;

• constructed a new state-of-the-art facility for treating ANSTO's site wastewater;

B introduced improvements to the off-gas treatment in the Building 54 Radioisotope
Production Facility to ensure that, notwithstanding increases in production of molybdenum-
99, airborne emissions of radioactivity will remain at or below current levels;

• conditioned, as appropriate, most of ANSTO's solid waste inventory for disposal or storage
in the national radioactive waste repository;

B transported low level radioactive wastes from Lucas Heights to the national radioactive
waste repository.

Australian Government Policy for Solid Waste

Responsibility for waste repository matters in Australia rests with the Commonwealth Department
of Primary Industries and Energy.
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On 18 February 1998, Senator Warwick Parer, Minister of Primary Resources and Energy,
announced that a national radioactive waste repository for low level and short lived intermediate
level solid waste would be constructed in the central north region of South Australia. The region is
arid and covers 67,000 square kilometres which includes the town of Woomera, Roxby Downs and
Andamooka. The area required for the repository will be about 1.5 kilometres x 1.5 kilometres,
including a large buffer zone. Selection of the central north region followed almost six years of
technical assessment and public consultation under the direction of the Commonwealth/State
Consultative Committee on Management of Radioactive Wastes (Bureau of Resource Sciences,
1997). On 10 June 1998, Senator Parer announced that 18 possible sites had been identified within
the region.

Following the 18 February announcement, the Department of Primary Industries and Energy
carried out a community consultation program in the region, including discussion with local
governments, community organisations, Aboriginal groups and State government departments and
agencies. A technical program has begun to assess existing data on the central north region and
undertake field investigations that will lead to the identification of preferred sites. These technical
studies are managed by the Bureau of Resource Science, with contributions from the Australian
Geological Survey Organisation, the Commonwealth Scientific and Industrial Research
Organisation and ANSTO.

The government expects to identify the preferred site or sites in early 1999. The project will be
assessed under the Environment Protection (Impact of Proposals) Act 1974. Provided all approval
processes are met, construction should begin in 2000 (Bureau of Resource Sciences, 1997) and the
repository should be fully operational well before the new reactor is commissioned.

The Commonwealth, State and Territory Governments agree that co-location of the storage facility
and the repository as a single site would provide a comprehensive strategy for Australia's small
inventory of radioactive waste.

Management of Future Radioactive Wastes

i O.B.I intirodluction

As described in Section 10.2, the magnitude of future emissions and waste production as a result of
operating the proposed replacement reactor would depend on the details of the design that is
selected. Since this is not known, the best assessment that can be made is to estimate the emissions
and waste arisings on the basis of the general features of pool type reactors. On this basis, it is
estimated that the most important emission, namely that due to argon-41, would decrease as
explained below.

However, the replacement reactor would allow the capacity for the production of molybdenum-99
and iodine-131 to be increased, which has the potential for increasing the emissions of radioactive
gases that are released during this process.

The overall effect would depend on the level of the decrease of emissions from the reactor, the
extent to which the production of radioisotopes is increased and the measures that are taken to
retain gases in the plant.

ANSTO's policy is that for operations associated with the replacement reactor, the dose to any
member of the public shall remain below one percent of the public dose limit adopted by the National
Health and Medical Research Council. One of the aims of this section is to determine if this
commitment places any restrictions on the benefits that can be obtained from the proposed reactor.
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A comparison of the sources of emissions and waste arisings from operations based on HIFAR and
the proposed reactor are shown in Table 10A and discussed in the following sections.

Table ID. Waste Generation - Comparison of Replacement Reactor fco HIFAR

Stem

Power level

Fuel Design

Flux level in
reflector

Coolant7
Reflector

HIFAR

10 megawatts

The ends of the
fuel elements are
sheared off and
become waste.

1 x 10M

Heavy water
coolant and
reflector. 10
tonnes of heavy
water in the
primary cooling
circuit ofwhich
six tonnes is in
the reactor tank.

Replacement
Reactor

Reactor Operatii

14 to 20
megawatts

Fuel elements are
not much long er
lhan the fuelled
length.

3xlO14

light water cooled
and heavy water
reflected. About
three tonnes of
heavy water in a
reflector tank
which surrounds
the core. Some
pool reactors use
beryllium as the
reflector.

implication for Waste Generation

The generation rate of the radioactivity of
fission products in the spent fuel is directly
proportional to the reactor power.

The replacement reactor would produce
less intermediate level solid waste from the
shearing of fuel elements. The replacement
reactor would generate simil ar numbers of
spent fuel elements to HIFAR

Tritium is generated during irradiation of
heavy water. The rate of generation of
tritium in the reflector of the replacement
reactor would be comparable to the
generation rate of tritium in the primary
cooling circuit ofHIFAR.

The HIFAR tank must be opened for fuel
changes and rig movements which leads to
the releases of some heavy water and heavy
water vapour. The amount of release is
limited by operational procedures. Any loss
of heavy water leads to the release of
tritium.

For the replacement reactor, the reflector
tank in a pool reactor remains closed in all
normal operations greatly reducing the
opportunities for tritium to be released to
the atmosphere or to waste.

Hence, the release of tritium from the
replacement reactor would be significantly
less than the release from HIFAR. There
would also be considerably fewer items of
waste contaminated with tritium. If
beryllium were to be used in the moderator,
it would have to be changed at regular
intervals (approximately every 15 years)
because of swelling and embrittlement. This
beryllium would account for one cubic
metre of waste every 15 years.
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Item HIFAR Replacement
Reactor

Water Treatment

Control Elements

Argon-41

Irradiation Cans

Heavy water tank
and light water
ponds for storage
of spent fuel and
rigs.

HIFAR has six
cadmium control
arm ass emblies,
which contain
cadmium
absorbers clad in
stainless steel.
Initially each
cadmium control
arm had a life of
three years, but
the use of
europium tips has
extended the life
by at least a factor
of two.

Air filled cavities
in pneumatic
conveyors, silicon
rigs, pi enum
above reactor
tank.

light water pool,
about 100 cubic
metres of 1 ight
water in the
reactor pool and
about 200 cubic
metres in
associated pools.

Expected to be
boron carbide or
hafnium.

Smaller number of
air filled cavities.

Increased
irradiation of
uranium capsules
for molybdenum-
99 production
possibly by up to a
factor of four.

(implication for UUaste Generation

For the light water in the replacement
reactor, the main neutron activation
product is nitrogen-16 (half-life 7.1
s econ ds) which would be of no conce rn fo r
waste management because it decays so
quickly.

Ion exchange resins are used to treat the
water inboth HIFAR and the replacement
reactor andmaintain water quality. The
amoun t of waste resins from water
treatment would be similar to the spent
resins from HIFAR operations.

The annual production of radioactivity in
the spent control rods from the
replacement reactor would be similar to the
radioactivity in the cadmium control arm
which go to waste from HIFAR each year.

Argon-41 (half-life 1.8 hours) is produced
from the irradiation of aigon in air. The
production of argon-41 would be less than
produced in HIFAR.

The quantity of irradiated cans going to
waste would increase in proportion to the
rate of production of radioisotopes.
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Item

Low-Leve 1
Liquids

Molybdenum-99
Production

HiFflR Replacement
Reactor

Noivreactor Processes

implication far Waste Generation

Decommissioning

Similar. Mainly from washing and clean up of
facilities and hand washing. Amount from
replacement reactor would be similar to the
amount from HIFAR.

Increased Molybdenum-99 production associated with
production, by up the new reactor would result in the
to a factor of four. generation of intermediate level liquid

waste that would be solidified to
intermediate level solid waste, low-level
solid waste and lead to the release of some
noble gases.

The amount of fission products in the
intermediate level waste would increase in
proportion to the increase in production of
molybdenum- 99 but the volume of
intermediate level waste would no tin crease
in the same way due to improvements in the
process.

The volume of low level solid waste would,
as a maximum increase in proportion to the
increase in production of molybdenum-99.

The release of noble gases to the
atmosphere would be no greater than with
current production due to additional
retention measures.

The induced radioactivity in the concrete
and structural materials wouldbe much less
in the replacement reactor because steel
and concrete structural and shielding
materials would be in a much lower neutron
flux than in HIFAR.

1O.G.2 Characteristics of Gaseous Emissions

Normal Emissions

As shown in Figure 10.11, argon-41 from the operation of HIFAR, makes the largest contribution
to the dose to any individual from operations at the Lucas Heights Science and Technology Centre.
Because of this, ANSTO has made a commitment that it would specify that the vendor minimise
the production of argon-41, which is an activation product. In HIFAR, the rigs require air to cool
them even when there are no targets present. The two alternatives are: having individual rigs whose
outer surface is in contact with the water coolant, therefore not requiring air for cooling; or using
argon-free air to cool groups of rigs. ANSTO estimate that this commitment would reduce the
production of argon-41 by at least a factor of two.

Nitrogen-16 would be produced in the light water coolant. However its half life is 7.1 seconds and
all the potential designs for the replacement reactor contain a feature which introduces a delay
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between the time that the nitrogen-16 is produced in the core and the time that the coolant is
returned to the pool. As a result, the nitrogen-16 activity decays to insignificant levels before it
reaches the pool and could be released to the atmosphere of the reactor building. It therefore would
not contribute to the dose.

The release of tritium from the replacement reactor would also be significantly reduced for
two reasons:

• the main source of tritium production is through neutron irradiation of the heavy water
coolant of the reactor (HIFAR). The new replacement reactor would have a light water
coolant in which tritium production would be considerably reduced; and

• the remaining main source of tritium (the reactor's heavy water reflector) would be
contained within a closed system so minimising the release of tritium.

The release of noble gases and iodine isotopes, associated with the molybdenum-99 production
facility (Building 54), as shown in Figure 10.10 and to a lesser extent the iodine-131 production
facility (Building 23), would not be directly affected by a replacement of the HIFAR reactor.

However, as described in Section 4.2.1, the Commonwealth Department of Health and Family
Services has estimated that the demand for medical procedures requiring radiopharmaceuticals
would increase by about 14 percent per year over the next 10 years (that is, an increase of almost
four fold over the period from 1997 to 2007). The bulk of these procedures would rely on reactor
produced radiopharmaceuticals. Table 10.5 shows estimates by ANSTO of the increase in the
demand for the most important radioisotopes by the time the proposed reactor would be operational
in the year 2005. Of these, the production of molybdenum-99 and iodine-131 have the greatest
effect on the release of the iodine-131 gas and noble gases as shown in Figures 10.6 and 10.7.

Table ID.5: Present

Product

Technetium-99m generator

Sodium Iodide

Iridium sources

Quadramet

Cobalt sources

Ytterbium sources

Source-Solution

and Future Sales

Isotope

Molybdenum-99

Iodine-131

Iridium-192

Samarium-153

Cobalt-60

Ytterbium-169

Gold-198

of Reactor Produced

Present Annual
Production

C1SSB) IS Bql

1,220,000

57,000

663,000

450

233

6,000

1,400

Radioisotopes

Predicted Annuai
Production of the year*

2005 IG Bq)

2,000,000 to 4,000,000

70,000

216,000

1,700

1,300

7,400

1,800

Note: "I. Giga is 1 x 1 O or 1,000,000,000.

Molybdenum-S9 Production

The growth in the use of technetium-99m for diagnostic scanning is forecast to be about 10 to 15
percent per year to about the year 2002 and then about five percent per year thereafter.
Technetium-99m is primarily obtained by elution from generators which contain the parent
radionuclide molybdenum-99.
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Since the introduction of central radiopharmacies, however, which dispense ready-to-inject single
patient dose syringes of radiopharmaceuticals, there has been an increase in the efficiency of use of
the technetium-99m generators. These central pharmacies have higher volume throughputs and
more frequent deliveries of the generators than do individual nuclear medicine centres and
hospitals. Some central radiopharmacies have been able to achieve reductions in the amount of
molybdenum-99 needed for a given number of patient doses by as much as 40 percent.

There is a degree of uncertainty about the rate and extent of the introduction of the central
radiopharmacies as well as in the growth of nuclear medicine procedures, and therefore the size of
the Australian market for technetium could range from an increase of 23 percent to an increase by
a factor of two by the year 2005.

Predictions further into the future are more uncertain. However, the replacement reactor would
have the capacity to produce four times the current production rate should that be required during
the expected 40 year life of the reactor, and this increase is assumed when assessing future emissions.
Nevertheless, releases from the production facilities would not increase pro-rata as additional
means to clean the air extract system would be introduced following a review of the current method
of molybdenum-99 production.

Two technologies for reduction of gaseous radioactive releases are being developed. The first is the
use of cryogenic trapping of radioactive noble gases. The current charcoal filters are isolated after
each production run to allow decay of the trapped radioactivity. They are then returned to service.
The charcoal traps work well but are not 100 percent efficient. More efficient trapping can be
achieved by using cryogenic technology to freeze the gases and hold them in the plant until their
radioactivity has decayed. Work on developing a design for a cryogenic trap has been initiated.

The second is a new technology for iodine absorption filters that has recently been developed by
Hitachi in Japan. This technology incorporates the use of silver plated alumina and has been proven
in Japan. The technology won a Japanese research and development award in 1997 for its
contribution to the environment. Sample material is being supplied to ANSTO and exhaustive
testing of its performance will be undertaken in 1998.

Sodium Iodide Production Clodime-1311

The growth in the use of this isotope is population related. Unless there are changes in the disease
incidence rate for thyroid disorders, the forecasted demand will be accurate. On the basis of the
estimates given in Table 10.5, this is equivalent to a 23 percent increase every seven years or a factor
of 5.2 by the year 2045. This increase is assumed when assessing future emissions.

Others

No other isotope production has a significant effect on emissions or waste production.

Abnormal Emissions

Emissions from each stack at the Lucas Heights Science and Technology Centre are monitored
against correction levels, which are set to ensure that the dose constraint for members of the public
will not be exceeded.

There have been no abnormal gaseous releases from the Lucas Heights Science and Technology
Centre which have exceeded the correction level. As part of normal operation, gaseous emissions
vary depending on the work that is performed, the stack flow conditions and the status of the stack
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gas scrubbing equipment. Historically, there has been four incidents where there was a release or
the potential for a release of gaseous radioactive material. These releases were:

• on 6 July 1984, there was an accidental release of uranium hexafluoride from Building 64.
Material equivalent to approximately 1.5 kilograms of uranium was released to the
atmosphere. The incident was investigated by ANSTO and it was found that the small
quantity released would have resulted in a dose to someone inside the buffer zone at 1.2
kilometres from Building 54 of 0.0001 millisieverts. A number of recommendations were
adopted to prevent the recurrence of this release including modifying the rig so that it could
not over pressurise again and providing special ventilation and filtration for laboratories that
handle uranium hexafluoride. This rig is no longer used;

• a fire in the charcoal filter of No. 2 hot cell in Building 54 occurred on 18 March 1987 and
had the potential for the release of radioisotopes. However, the fire was contained and the
releases were trapped by the main filters outside the cell. Measurements showed that there
was no significant radionuclide release from the building. A Committee of Inquiry was held
by ANSTO to investigate the incident and actions were taken to decrease the possibility of
the recurrence of the fire. These actions included the building of a separate fire protected
building next to Building 54 to contain the main filters;

• on 29 May 1992, smoke was observed coming from a waste can containing charcoal from
noble gas traps in Building 54- Water was applied and the smoke stopped. Measurements
showed that there was no significant releases of radioisotopes from the incident. The
incident was investigated by ANSTO and changes were made in the processing of activated
charcoal to prevent recurrence; and

• on 19 April 1994, smoke was observed coming from the inlet filter to a purpose-built
uranium burner. The black smoke was the combustion product of kerosene and after
shutting dampers the smoke stopped. There was no detectable release of radioactivity and
redesign of the burner was taken to prevent re-occurrence. This burner is no longer used and
a calcination process is now in place and working effectively.

In all of these incidents, the potential dose to any member of the public was much less than the
annual dose due to normal operation and more than a thousand times less than natural background.
None of these incidents involved the reactor.

Other potential releases, resulting from hypothetical accidents, are discussed in Chapter 11.

1Q.S.3 Characteristics of Liquid Emissions

Normal Emissions

As described in Section W.2.5, waste waters at Lucas Heights Science and Technology Centre would
come from the laboratories and workshops and sewage. These services are not directly connected
to the replacement reactor or the production of radiochemicals and their future magnitude would
be similar to the current arisings.

Abnormal Emissions

Liquid discharges from the Lucas Heights Science and Technology Centre may occur via two major
streams: the discharge to the sewer system and the discharge via stormwater drains. Discharges to
the sewer system are through a series of tanks and are subject to analysis prior to discharge.

PPK Environment & Infrastructure



management of reactor products, spent; fuel and

Discharges via the stormwater system are intercepted by bunds located around the Lucas Heights
Science and Technology Centre, such that the contents can be tested before release. This means
that incidents can be controlled to prevent releases to the environment. The following are the
incidents that have occurred since 1991 which had the potential to release radioactivity in liquid
form from the Centre:

• an overflow of effluent to the Sydney Water sewer occurred on 8 August 1991 following a
pump failure. Approximately 13 cubic metres of liquid overflowed but the specific activity of
the water was one twentieth of that agreed with Sydney Water for normal discharges. The
discharge system was altered to gravity discharge to prevent recurrence;

B overflow of effluent from the Building 11 C-settling pit to the stormwater discharge
occurred on 8 December 1992. The incident was due to an abnormally high inflow of
effluent. The discharge was analysed before release and was found to be within the
standards contained within the Clean Water Regulations, 1972 for radioactive substances.
This means that the specific activity was less than a tenth of the value agreed with Sydney
Water for normal discharges. Changes in the operating procedure and repair of the overflow
pipe were undertaken;

H on 19 June 1995 a malfunction in the storage tank discharge resulted in approximately five
cubic metres of treated effluent being discharged into a stormwater creek. The discharge was
analysed before releases and was found to be within the Clean Water Regulations, 1972; and

B on 5 March 1997 some drops of contaminated liquid were present on internal road surfaces
following the transfer of a spent fuel flask, which had picked up some lightly contaminated
water from a storage area. The contaminated areas were identified and the small amounts of
contamination removed, with no release into the stormwater system. An ANSTO
assessment showed that this incident might have had the potential for some very small off
site release if it had occurred during heavy rain.

There have been other minor incidents relating to the discharge of non-radioactive materials via
the stormwater and the sewer. These include paint being present in stormwater and some non-
radioactive chemicals being present at elevated concentrations in the water discharged to the sewer.
However, the environmental impact of these incidents has not been significant.

iO.B.4 Charactenstics of intermediate Level Liquid Wastes

As described in Section 10.2.3, 0.3 cubic metres of liquid waste is currently produced each year from
the production of molybdenum-99 and is stored in tanks in Building 57.

In principle, it is possible to reduce the volume of these liquid wastes by increasing the enrichment
of the uranium-235 in the targets from their current level of two percent. This is under review
(Levins et al, 1996).

The molybdenum-99 production process has been modified to keep the ammonia-rich condensate
waste stream separate from the secondary liquid waste. This greatly reduces the levels of ammonium
nitrate in future wastes from molybdenum-99 production and allows direct solidification without
concerns about the hazards associated with ammonium nitrate (Levins et al, 1996).

The solidification of wastes from molybdenum-99 production has been identified by ANSTO as a
matter of priority under the Waste Management Action Plan (Levins et al, 1996). The process
involves concentration of the waste by evaporation, destruction of ammonium ion, partial
denitration of the nitric acid followed by crystallisation of an uranium salt, uranyl nitrate
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hexahydrate. All the steps in the process have now been tested on a non-radioactive scale. Design
and installation of equipment for full scale plant, which will be operated inside a hot cell in Building
41, are nearing completion (Levins, 1997). The volumetric reduction from the proposed process is
expected to be of the order of 15 to 20 fold for the combined primary liquid waste and secondary
liquid waste streams (Levins et al, 1996). The waste will be crystallised in stainless steel vessels
which are suitable for interim storage for at least 50 years.

Immobilisation of these wastes in a non-leachable form is a longer-term goal. Two waste forms have
been considered, Synroc and cement. Laboratory-scale quantities of Synroc and cement have been
prepared containing simulated waste. The chemical durability of zirconolite-rich Synroc
containing up to 44 percent (by weight) waste calcine has been shown to be comparable with
standard Synroc (Levins, 1997).

ANSTO's intention is that all the intermediate level liquid wastes that are produced while the
replacement reactor is operating would be solidified in Synroc and stored in-situ until the national
long lived intermediate level waste storage facility is operational.

Based on a production rate of molybdenum-99 which is four times the present rate, a maximum of
1.2 cubic metres of intermediate level liquid waste would be produced each year. Based on non-
active tests that have been carried out at the Lucas Heights Science and Technology Centre, this
waste could be solidified into 350 kilograms of Synroc per year or less than 0.1 cubic metre per year.

This is in addition to the existing waste from past and current operations. By April 1996, there were
approximately 6.5 cubic metres of the intermediate level liquid waste in storage at the Lucas
Heights Science and Technology Centre to which, about three cubic metres would be added in the
10 years before the replacement reactor would be operational. When solidified, adopting
conservative estimates of the expected volumetric reduction, this would add a further 0.6 cubic
metres of solidified waste (Synroc).

It is planned to develop the Synroc process and achieve industrial production before the
replacement reactor is operational. The waste would be produced in blocks and placed in stainless
steel containers. Currently it is planned that these containers would be stored in the intermediate
waste storage area of Building 27. Alternatively they would be stored in shielded concrete vessels
that would also be suitable for transport to the national storage facility.

1D.G.5 Charecteristsics of General Law Level Solid Waste

Three of the types of solid wastes that were identified in Sections 10.2.5 and 10.2.6 are low level
wastes. These are:

• the compactable wastes of which about 100 drums (200-litre capacity) are currently
produced per year (Levins, 1996);

• sludge of which about 20 drums (200-litre capacity) are currently produced per year; and

• non-compactable contaminated items.

In total, about 150 drums (200 litre capacity), of low level waste are currently produced annually
(Levins et al, 1996).

The treatment of low level waste would be similar to that carried out currently. The consumable
solid wastes are sealed into plastic-line fibreboard drums and transported to storage areas after being
discarded at source. They are then either stored immediately or stored after being compacted.
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Compaction takes place in the Waste Management Section (Building 57) and involves the waste
initially being shredded into a steel drum, then being compacted into the steel drums using a
hydraulic ram, after which the drums are sealed, before being stored. All of the low-level solid waste
is stored in 200-litre drums at the Lucas Heights Science and Technology Centre, mainly at the
special facility in Building 59.

In 1996, as part of the Waste Management Action Plan, two gamma detection systems were
introduced by ANSTO to measure the radionuclide content of the drummed waste using
germanium detectors. Gamma rays have been identified from 55 different radioisotopes, with 13
radioisotopes appearing in more than 10 percent of all drums. The most common nuclides are
cobalt-60 (in 94 percent of drums), caesium-137 (in 89 percent), potassium-40 (in 41 percent) and
uranium-238 (in 37 percent) (Levins, 1997).

Most of the drums satisfy the criteria for Category A waste according to the definition in the Code
of Practice for the Near-Surface Disposal of Radioactive Waste in Australia (National Health and
Medical Research Council, 1992). This means that they can be placed in a repository with only two
metres between the top of the waste and the top surface of the covering material. Under this Code
of Practice Category B waste requires five metres of soil cover. Based on the measured gamma
emitters, 1.7 percent of the drums exceed the limits for Category A and need to be classified as
Category B waste. Refer to Glossary for definition of waste categorisations.

Operations of the replacement reactor would produce a similar amount of consumable compactable
and non-compactable waste as HIFAR with the same radionuclide content.

The quantity of sludge produced by the replacement reactor would not be greater than that
currently produced by HIFAR. However, reducing the activity in the liquid waste streams by solar
evaporation, as described in Section 10.2.5, is not state-of-the-art technology and part of the Waste
Management Action Plan is to upgrade the liquid waste management plant. An evaluation of
alternative technologies will be undertaken in 1998/99 and will include an assessment of the
feasibility of reusing the water after treatment. The upgraded facility is scheduled to be operational
by the year 2001.

One criteria for choosing which technology is adopted is volume reduction but, until the plant is
designed, the volume of the resulting solid wastes cannot be quantified.

As part of the Waste Management Action Plan, a new storage facility for storing waste drums at the
Lucas Heights Science and Technology Centre was constructed in 1997 and is now operational. It
has a total capacity of 6,700 drums (Levins, 1997) and therefore can accommodate all the present
waste and the future wastes that would be generated at the Lucas Heights Science and Technology
Centre until 2010, based on current generation rates for low level solid wastes. However, with the
implementation of the waste minimisation initiatives described above, it is expected that 2010
would be a conservative estimate of when the total capacity of this storage facility would be reached.
Establishment of the national radioactive waste repository in 2000 (Bureau of Resource Sciences,
1997), would ensure that future arising would be transported to the repository and the capacity of
the storage facility for this waste at the Lucas Heights Science and Technology Centre would not
be exceeded.

1O.B.S Characteristics of Other Low; Level Solid Wastes

Contaminated Charcoal

As described in Section 10.2.3, charcoal is used as a filter for the ventilation exhaust associated with
the molybdenum-99 production facility (Building 54) and the iodine-131 production facility
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(Building 23). This charcoal is used as an agent to trap iodine and noble gases from the off-gas
during the production process, reducing the levels of radioactivity in emissions of contaminated
process air from the stacks. This waste is removed, placed in storage cans and stored in the building
to allow the decay of short-lived radioisotopes, before being transported to the waste management
section (Building 57A).

After a short decay period, the charcoal becomes low level waste. The following radionuclides are
also present in the contaminated charcoal: cerium-144, caesium-137, ruthenium-106, rhenium-
106 and strontium-85.

At April 1996, there were 1,600 litres of charcoal in 200 litre drums in Building 57 and 200 litres
are produced annually (Levins et al, 1996). This value may decrease when new technologies for
trapping of iodine and noble gases are introduced. There is enough capacity for the arisings to be
stored in the new drum store until the low level waste repository is operational.

High Efficiency Parfcicuiafce Air Filters

High efficiency particulate air filters are used to filter ventilation exhausts from nominally
active areas. The filters are removed and are stored in transport containers on the northern
side of Building 59.

There were 650 filters (100 cubic metres in volume) in storage at April 1996 and 10 to 15 filters are
generated as waste per year (Levins et al, 1996).

The radioisotopes present are mainly short-lived and are those from the buildings that have an
active ventilation system, which include the iodine-131 and molybdenum-99 production facilities,
the active handling facility, the intermediate level radioactive liquid waste storage facility and
HIFAR. The radioisotopes include uranium from the radioisotope separation facility (Building 64)
and the Commonwealth Industrial and Scientific Research Organisation (Building 2). After a short
decay period, the filters are low level waste. As part of the Waste Management Action Plan, the
filters would be compacted and drummed before being stored until the national radioactive waste
repository is operational.

The annual volume of waste from the high efficiency particulate air filters would not be expected
to increase when the replacement reactor becomes operational.

Beryllium Waste

There is an historical waste stream of activated beryllium, although it is a very small fraction of the
amount of waste produced. There may be an additional low level waste stream of activated
beryllium in the future. This would depend on whether the proposed replacement reactor uses
beryllium or heavy water as a reflector. In the case that beryllium is chosen, the amounts produced
over the reactor lifetime would be small.

1Q.B.7 Characteristics of Intermediate Level Solid Wastes

Almost all intermediate level solid wastes that are currently produced at the Lucas Heights Science
and Technology Centre are from radioisotope production and HIFAR operations. As described in
Section 10.2, these wastes consist mainly of target cans used during irradiation, alumina columns
used for chemical separation, used control arms, aluminium end pieces from HIFAR fuel and spent
ion exchange resins. Many of the waste streams that produce the intermediate level solid waste
contain very few long-lived radioisotopes.
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After they are produced in the molybdenum-99 production facility (Buildings 54) and the iodine -
131 production facility (Building 23) or at the reactor (HIFAR), the wastes are transferred to
specially constructed concrete pits in the spent fuel storage facility (Building 27) for long-term
storage and future retrieval.

As of April 1996, 199 cubic metres of intermediate level solid waste were in storage.
Approximately 1.5 cubic metres of this intermediate level solid waste are produced annually. This
quantity has decreased in recent years due to use of strategies by ANSTO's Waste Management
Section to decrease the generation rates and a volume reduction and segregation program carried
out by the Radiopharmaceuticals Division to achieve better packing in the primary waste
containers (Levins et al, 1996).

The radioisotopes present in the intermediate level solid waste are cobalt-60, zinc-65, molybdenum-
99, samarium-153, copper-64, tellurium-131, yttrium-90, iodine-131, manganese-54, scandium-46
and mixed fission products including caesium-137 and strontium-90. Some of these isotopes are
short lived.

The volume of aluminium end pieces from the fuel assemblies for the replacement reactor would
reduce, due to the change in reactor type from a tank-type to a pool-type reactor, although the
reduction cannot, as yet, be quantified.

The volume of other intermediate level solid waste produced would be comparable with the current
generation, although there would be the extra waste stream from the solidification of intermediate
level liquid waste arising from molybdenum-99 production as described above. The existing
intermediate level liquid wastes (6.5 cubic metres) can be reduced to 0.6 cubic metres of Synroc.
Up to 0.1 cubic metres per year of Synroc would be produced in the event that molybdenum-99
production increases fourfold.

Uranium and Thorium Wastes

There are currently uranium and thorium bearing wastes stored at the Lucas Heights Science and
Technology Centre. This is historic waste not associated with HIFAR. The replacement reactor
would produce none of this type of waste.

Ion Exchange Resins

Spent resins come from the ion exchange columns which are used to remove material from the
heavy water of HIFAR and the spent fuel pond water. These produce 0.13 cubic metres of resin
per year, which are stored in tanks for about two months before they are processed. The
radioactivity is a mixture of activation products of which the highest activity is due to chromium-
51, cobalt-60 and niobium-95.

The resins are changed when they become overloaded with chemical contamination from the water
due to dust within the reactor building, chemical contamination on objects introduced into the
pool, corrosion. The arisings at HIFAR provide the best indication of the arisings that would be
expected from the proposed replacement reactor.

Overall intermediate Level Solid Waste Arisings

Overall the annual arisings at HIFAR, the existing waste volumes, and the total arisings to the year
2005 are given in Table 10.6, The annual arisings represent the best estimate of arisings from the
replacement reactor. The Commonwealth Government will assess the site selected for the low level

ifj||3f25jj Australian Nuclear Science and Technology Qrganieacion



management: of reactor products, spent fuel and waate©

and short lived intermediate level waste repository for its suitability for a co-located long lived
intermediate level waste storage facility (Bureau of Resource Sciences, 1997). If the site is suitable,
the Department of Primary Industries and Energy expects the waste storage facility to be in
operation by the time the proposed replacement reactor is operational in 2005. It is expected that,
once the national waste repository and proposed intermediate level waste storage facility are
operational, the inventory of radioactive wastes stored at the Lucas Heights Science and
Technology Centre would be kept to a minimum.

Table 1D.E: Potential Intermediate Level
Technology Centre

Type of
Intermediate Level Waste

Intermediate Level Solid Waste

Resins

Thorium Residue

Thorium and Uranium Oxide

Annual
Arising -

HIFAR

1.5 cubic metres

0.13 cubic metres

0

0

waste at the Lucas

Woks ma a t April,
13BS

199 cubic metres

Included in above

816 drums

two cubic metres

Heights Science and

¥olume from H1FAR
Operations 19SB-

2005

15 cubic metres

1.3 cubic metres

0

0

The main storage facility for intermediate level solid wastes is the pits in Building 27. As of June
1998, approximately 70 cubic metres is available for future waste in this building which is more than
adequate to store the intermediate level solid waste arisings (about 1.5 cubic metres per year).

iO.G.8 Required Infrastructure for Waste Management

The existing infrastructure at the Lucas Heights Science and Technology Centre that is required to
support the operation of the proposed replacement reactor is described in more detail in Section 5.3.2
and Chapter 15. This section assesses the capacity of the waste management facilities to meet the
anticipated requirements during construction and operation of the proposed replacement reactor.

Requirements During Construction

Discharges of low level liquid waste from the Lucas Heights Science and Technology Centre would
not be affected by construction activities and therefore would not change from current levels.
Additional non-radioactive sewage generated by the construction workforce would have a
negligible effect on the existing system and therefore no additional infrastructure would be required.

Additional stormwater retention ponds would be required during construction to complement the
existing permanent facilities. These would be provided as part of the reactor construction to ensure
there is no net change in the stormwater flows from the Centre, as required in current construction
standards. A new stormwater retention system would be required on the southern side of the site of
the proposed replacement reactor, and would be located within the proposed bush fire fuel-reduced
zone and existing fire trails (refer Section 17.2).

Requirements During Operation of the Proposed Replacement
Reactor

Operation of the proposed replacement reactor would not result in an increase in staff or visitor
numbers at the Lucas Heights Science and Technology Centre which would exceed the capacity of
the existing combined wastewater collection and treatment system, that is the "B" line, "C" line and
non-radioactive wastewater systems. In the long term sewage generation is likely to be similar to
present flows.
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The wastewater collection and treatment system could operate with an average increase of 18
percent in total liquid waste discharge, that is, from 275 to 330 kilolitres per day. This new discharge
is less than half Sydney Water's authorisation limit of 1,000 kilolitres per day. Assuming that the
total combined liquid waste discharge increased by 18 percent during operation of the proposed
replacement reactor, the duration of main pipeline pump duty cycles would increase slightly from
20 to 24 percent over averaged 24 hour periods. Consequently, the current actual pump rate of 18
litres per second would be maintained and all operations would remain within Sydney Water's
existing allowable limit of 22.5 litres per second.

Wastewater treatment infrastructure to service the site of the proposed replacement reactor should
be similar to the existing system that services HIFAR. However, the detailed design requirements
for the collection of wastewaters would depend on the user requirements and operational
characteristics of the replacement reactor. It is expected that the existing active ("B" line) and trade
waste ("C" line) water collection pipework would be extended to the reactor building and neutron
guide hall and a new collection tank on the site of the proposed replacement reactor would be
installed, all similar to the existing designs. Trade wastewater ("C" line) discharges from the
secondary (non-radioactive) cooling system of the proposed replacement reactor (refer Figure 5.6)
have the potential to double, from approximately 1.5 to three megalitres per month, due to cleaning
and make-up water requirements. This potential increase is within the operational capacity and
allowable pump rate limits at the wastewater collection and treatment system.

A number of options for extending the existing sewer collection pipelines would be considered,
including connection to the existing Rutherford Avenue system or a new line picking up the
Mendeleeff Avenue area continuing through the Business and Technology Park to the northern
pumping system.

Construction of the proposed reactor would also necessitate additional stormwater control systems
for both existing drainage catchments as described in Chapter 8. Options for handling stormwater
flows include: a small connection to the existing Rutherford Avenue system; an upgrade of the
Mendeleeff Avenue system; and a review of the existing Business and Technology Park system.

1O.S.S Impacts of Future Gaseous Emissions

Radioactive Gases

As described in Section W.6.2, the gaseous emissions from the proposed reactor would be less than
from HIFAR, but the emissions from the anticipated increase in the production of molybdenum-99
and iodine-l3l may increase unless the new processes, already under investigation, are put in place.
The overall impact would be limited by ANSTO's commitment to keep the maximum off site dose
to a member of the public less than one percent of the public dose limit adopted by the National
Health and Medical Research Council. ANSTO's Environmental and Effluent Monitoring reports
(for example, Hoffman et al, 1997) indicate that the maximum offsite dose is less than 0.01
millisieverts. This level is 0.5 percent of the dose due to natural background radiation in Australia.

As described in Section 10.5.2 and Appendix F, and adopting pessimistic assumptions about the
activities of persons who live near the Lucas Heights Science and Technology Centre, the maximum
dose has been independently calculated for this Draft EIS to be 0.003 millisieverts per year. The
difference between the ANSTO and NNC calculation arises from the different assumptions and
computer codes used to calculate the dispersion. The NNC assumptions are given in Appendix F
ANSTO makes more pessimistic assumptions in that a member of the public resides in the open for
24 hours per day, 365 days per year on the buffer zone boundary. In addition, the ANSTO computer
code ADDCOR, pessimistically models the release of radioactivity as an infinite cloud, whereas the
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NNC code more realistically models the release as a finite cloud. Figure 10.10 shows that 58 percent
of the current dose is due to emissions from HIFAR, 35 percent is due to emissions from
molybdenum-99 production in Building 54 and five percent is due to iodine-131 production in
Building 23. As described in Section 10.6.2, the anticipated emission of argon-41 would be reduced
in the replacement reactor by at least a factor of two below the value for HIFAR. In addition,
improved technologies associated with the production of radioisotopes are proposed to be introduced
to trap releases of noble gases and iodine. These technologies would be introduced independent of
the proposed replacement reactor and prior to the commencement of reactor operation.

Table 10.7 shows the changes in contribution to estimated dose after the proposed replacement
reactor is operational, assuming that molybdenum-99 production is increased by a factor of four. In
order to restrict the off-site dose to current levels, it would be necessary to increase the retention
of noble gases and iodine by a factor of 2.24 and 1.3 respectively. This would be readily achievable
using the radioactive noble gas trapping and iodine absorption filter technologies described in
Section 10.6.2.

Table ID.7:

Contributor

Reactor

Argon-41

Others

Molybdenum-99,

Xenon-135m

Xenon-135

Iodine 131

Others

Estimate of Maximum Dose for Proposed Reactor Operations as a
Percentage of the Current Dose from HIFAR Operations CMajor
Contributors Only]

Contribution
eg Present
Dose C°/Q]

57

1

Production

19

9

4

3

Iodine-131 Production

Iodine-131

Total

5

100

Factor Change to
Production when

Proposed
Reactor Operates

•a

xl

x4

x4

x4

x4

xl.3

Factor Change
to Retention

when Proposed
Reactor

Operates

xl

xl

-2.24

-2.24

-2.24

-2.24

-1.3

Contribution to
Future Dose as
% of Present

Dose

29

1

65

5

100

Greenhouse Gases

No greenhouse gases are produced by the operation of the proposed replacement reactor as
discussed in Chapter 9.

1D.B.1Q Impacts of Future Liquid Emissions

Liquid emissions during operation of the replacement reactor from the Lucas Heights Science and
Technology Centre would be very similar to those during the operation of HIFAR. Exposure
pathways to the public as a result of liquid discharges are principally by the potential ingestion of
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fish caught around the outfall and ingestion of sea water by swimmers and surfers around the outfall.
Measurements taken by Sydney Water and ANSTO in 1996 (Hoffman et al, 1997) show that any
possible exposure to environmental contamination would be in doses that are several orders of
magnitude lower than natural background radiation levels in sea water and well below regulatory
limits. Since the discharges when the proposal is operating would be required to meet discharge
limits that are at least as stringent as the current limits, the impact due to future discharges would
be the same as at present.

As explained in Section 10.53, the discharge limits for liquid discharges from the Lucas Heights
Science and Technology Centre are currently set to ensure that the activity levels in the water at
the Cronulla Sewage Treatment Plant meets the World Health Organisation's Guidelines for
Drinking Water. Thus, liquid discharges as a result of the proposal would have no implications for
any upgrading of the Cronulla Sewage Treatment Plant (Sydney Water, 1997) or proposals for the
reuse of the sewage such as the alternatives identified for the proposed upgrade and of the co-
generation plant.

The potential for any accidental release is addressed in Chapter 11.

1O.B.11 Impacts of Solid "Waste

The strategy for managing solid radioactive wastes is to treat and package the waste and store at the
Lucas Heights Science and Technology Centre until a national radioactive waste repository is
available for the disposal of low level waste and short-lived, intermediate level wastes and a national
radioactive storage facility is available for long lived intermediate level wastes. Construction of the
national radioactive waste repository is expected in 2000, subject to the outcome of detailed
environmental investigations. The national radioactive storage facility may be co-located with the
repository depending on the outcome of these investigations. Until these solid waste are transported
from the Centre the radioactivity in the packages would continue to be fully contained and would
not therefore present an exposure route to the public during storage. Furthermore, these operations
do not contribute to off-site dose. It is expected that, provided the national radioactive waste
repository and storage facility are established prior to the commencement of the replacement reactor
in 2005, operational radioactive solid wastes would only be stored at the Lucas Heights Science and
Technology Centre until sufficient quantities were accumulated to make transport cost efficient.

The potential for any accidental release is addressed in Chapter 11.

1O.S.12 Environmental Commitments on Emissions and
Radioactive Wastes

ANSTO's environmental commitments with respect to the management of emissions and
radioactive wastes would involve:

• complying with all relevant legislative and regulatory requirements, in particular:

- ensuring that all discharges are within authorised limits;

— monitoring and reporting regularly radioactive releases to the environment;

• ensuring that radiation exposures would be kept as low as reasonably achievable, taking into
account economic and social factors;
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• ensuring that the maximum off-site dose to a member of the public would remain below
one percent of the public dose limit adopted by the National Health and Medical
Research Council of one miilisievert per year as a result of any future operations at the
Lucas Heights Science and Technology Centre;

• ensuring that comprehensive assessments of future emissions would be undertaken and
independently reviewed by the regulatory authority (ARPANSA) as part of the approval
process before construction;

• minimising the production and volume of future wastes, taking into account economic and
social factors;

• implementing the Waste Management Plan (Levins et al, 1996) in a way which ensures that
best practice is adopted by the year 2001 as defined in the Radioactive Waste Safety
Standards and Guidelines which are being developed by the International Atomic Energy
Agency; and

• transporting all low level and short lived intermediate level waste to the national radioactive
waste repository when it becomes operational and transporting all long lived intermediate
level waste to the national storage facility when it becomes operational.

In addition to the above, ANSTO would be committed to completing the following before the
replacement reactor is commissioned:

• solidifying all existing intermediate level wastes from molybdenum-99 production. After all
existing wastes are processed, all future liquid wastes (including those arising from the
replacement reactor) would be solidified soon after they are generated;

• constructing a new state-of-the-art facility for treating waste waters generated at the Lucas
Heights Science and Technology Centre;

a improving the off-gas treatment in the Radioisotope Production Facility (Building 54) to
ensure that, notwithstanding increases in production of molybdenum-99, airborne emissions
from the Lucas Heights Science and Technology Centre of radioactivity would remain below
one percent of the public dose limit; and

• conditioning, as appropriate, most of ANSTO's solid waste inventory for disposal or storage
in the national waste repository.

1D.7.1 Proposed Dual Operation of Reactors

During the commissioning phase of operations for the proposed replacement reactor, there would
be an overlap between HIFAR and replacement reactor operation. Subsequently, HIFAR would be
shutdown and the facility would enter into a decommissioning phase as described in Chapter 19.
There would be no dual operation' of the reactors except during the hand-over period. The
estimated duration and reactor powers during dual operation are given in Table 10.8.
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Table 1O.B: Estimated Duration and Powers for Dual Operation

Duration Activities
{Months)

2 Fuel loading, approach to
critical lower power operation.

I Approach to full power.

3 Demonstration ofisotope
production capacity and of
reactor operation at full power.

Pawer of Replacement
Reactor

5 percent of full power

0 to 100 percent of full power

I month 50 percent.

2 months 100 percent.

Patmer of Hi FAR
Reactor I MM)

10

10

10

There are two issues associated with dual operation. These are:

• the impact of radioactive waste arisings and discharges from the reactors; and

a the impact on radioactive waste arisings and discharges from the radiopharmaceutical
production facility.

During most of the commissioning phase of the replacement reactor, operations would be
undertaken with the replacement reactor at a low power or in a shut-down condition. Only when
the replacement reactor is operated at close to full power would emissions increase. These emissions
would still have to comply with all regulatory requirements and licensing conditions.

The environmental impact of dual operation would only represent a very minor increment on the
potential impact to the environment. This is because the gaseous release from the replacement
reactor would be significantly less than that from HIFAR, whilst the release from the isotope
production facilities is determined by the actual demand for isotope production and not the
number of reactors in operation. Similarly, the production of liquid waste would not be affected by
dual operation.

The limited period of potential dual operation is considered to be too short for the effect on increased
solid waste and spent fuel production to be of significance in terms of their environmental impact.

1O.7.S Environmental Commitments on Duel Operation of
Reactors

There are no specific commitments associated with the dual operation of the reactors that are
additional to those that apply following the shut down of HIFAR.

Management of Non-Radioactive Waste

1 O.B.I Types of Waste

Non-radioactive waste expected to be produced within the replacement reactor would not differ
significantly from that currently produced by HIFAR. It is also anticipated that the processing of non-
radioactive waste would be treated in a very similar manner with negligible effect on the environment.
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Non-radioactive waste currently produced includes solid and liquid wastes as follows:

• general rubbish - consisting of "white waste" which is produced in any work environment,
such as paper, gloves, containers, food and general materials discarded during work processes
in staff facilities;

• cooling tower sludges - generated in small quantities during cleaning of the pond basin;

H sewage - generated within lavatories, washrooms and kitchens utilised by staff;

• waste oils, laboratory chemicals and solvents -generated from routine cleaning operations of
the laboratories and the periodic replacement of lubricating oil on the plant and equipment
used within HIFAR; and

• waste water from the cooling tower system - generated during daily maintenance of the
cooling tower by which the quality of secondary coolant is maintained by routine removal of
a small fraction of the coolant and replacement with fresh water. Chromate is currently used
for the control of bacteria in the secondary cooling system, but this would be replaced by an
organic based biocide in the proposed replacement reactor. A complete clean out of the
secondary cooling system is undertaken every six months.

1D.8.2 Management of Non-Radioactive Waste

All non-radioactive waste would continue to be treated in accordance with NSW Environment
Protection Authority guidelines and standards. General rubbish is collected on a daily basis by
ANSTO staff. It is then processed through the Lucas Heights Waste Management Centre.

Pond sludge from the cooling towers would continue to be removed as necessary, currently every six
months, and discharged through effluent treatment plant to the Sydney Water sewer system.

General sewage would continue to be treated through the effluent treatment plant as described in
Section 10.2.5.

Waste oils are collected in drums until there is sufficient quantity to warrant processing through an
NSW Environment Protection Authority approved contractor. The oil is then reprocessed by
external organisations for future use. Chemicals and solvents are processed in a similar manner to
oils. An Environment Protection Authority approved contractor is used to remove the material
from ANSTO. These arrangements would be unchanged for the replacement reactor.

On a daily basis, a bleed stream from the cooling tower system is transferred via the trade waste
collection system ("C" line) to the effluent treatment plant. At the plant it is processed with the
rest of the effluent, tested and discharged to the Sydney Water sewage system. Testing is carried out
in order to ensure that the material is within the discharge limits of the Sydney Water's Trade Waste
Agreement with ANSTO. The effluent received from the six monthly clean out is treated in a
similar manner. These arrangements would also remain unchanged for the replacement reactor.

ID.8.3 Environmental Commitment on Non-radioactive
Wastes

As with the current system of processing non-radioactive wastes, treatment and disposal of this
waste would be within all regulatory guidelines. Waste paper would continue to be collected
separately from offices for recycling and ANSTO would continue to work towards the reduction of
waste quantities and the recycling of materials generated.
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1 O.S.I Regulatory Requirements

The same statutes discussed in Section 10.5.4 provide the regulatory framework for environment
protection from radioactive wastes and emissions. In particular, the quantitative information from
the NSW Radioactive Substances Act, 1957 and Regulations, 1959 is used to set generic activity
concentration limits for effluent discharges while gaseous emission limits are determined by the
Nuclear Safety Bureau and the Australian Radiation Laboratory. In the past ANSTO was required
to carry out compliance monitoring on all discharges with the results reported to the appropriate
state authorities, the Safety Review Committee arid Australian Radiation Laboratory. This role will
be taken over by ARPANSA. ARPANSA will also regulate radioactive waste management
activities at the Lucas Heights Science and Technology Centre. Environmental monitoring results
are made available to interested parties and are also publicly available through ANSTO's annual
Environmental and Effluent Monitoring reports. Although the replacement statutes, the NSW
Radiation Control Act, 1990 and Regulation, 1993, do not provide such generic limits, ANSTO has
continued to comply with the limits set in the repealed Regulations 1959 pending the establishment
of any new Commonwealth standards or limits.

The NSW Clean Water Act, 1970 and Regulations specify concentration limits for restricted
substances including gross alpha and beta activities for liquid discharges. In order to access
ANSTO's compliance with these regulations, sampling points were selected in consultation with
the, then, State Pollution Control Commission. The results from this survey are also published in
ANSTO's annual Environmental and Effluent Monitoring reports.

The Sydney Water Trade Waste Agreement 1995 restricts the concentration level of radionuclides
in the discharges to the Sydney Water sewage system. ANSTO must also comply with the Sydney
Water requirements for the non-radioactive components of the discharged effluent, including limits
on contaminants associated with the leachate from the Lucas Heights Waste Management Centre.
The agreement also specifies daily discharge volume limits, stipulates an effluent sampling regime
and allows for random audit monitoring by Sydney Water inspectors.

ANSTO is also subject to the requirements of a number of international conventions, codes of
practice and guidelines, which include:

• the Convention on the prevention of Marine Pollution by dumping wastes and other matters
(London Dumping Convention), which is enacted through the Environmental Protection (Sea
Dumping) Act 1981;

• the South Pacific Nuclear Free Zone Treaty, which prohibits dumping of radioactive waste at sea;

• the Convention for the Protection of Natural Resources and Environment of the South
Pacific Region;

• the Waigani Convention to Ban the Importation into Forum Island Countries of Hazardous
and Radioactive wastes and to Control the Transboundary Movement and Management of
Hazardous Wastes within the South Pacific Region;

• the International Atomic Energy Agency Convention on the Early Notification of a
Nuclear Accident;

• the International Atomic Energy Agency Code of Practice on the International Transboundary
Movement of Radioactive Waste;
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• the International Marine Dangerous Goods Code, which is based on the International Atomic
Energy Agency Safe Transport Regulations;

• the Code 0/ Practice for the Safe Carriage of Irradiated Nuclear Fuel, Plutonium and High Level
Wastes in Flasks on Board Ships (1993);

• the Code of Practice for Safe Transport of Radioactive Substances (1990);

• the Code of Practice for Near Surface Disposal of Radioactive Waste in Australia (National
Health and Medical Research Council, 1992); and

• Recommendations for Limiting Exposure to Ionising Radiation (National Health and Medical
Research Council, 1995) and the National Standard for Limiting Occupational Exposure to
Ionising Radiation (1995).

ANSTO has not utilised the Code of Practice for the Disposal of Radioactive Waste by the User
(National Health and Medical Research Council, 1985) for its solid radioactive wastes due to the
lack of an approved municipal landfill disposal site in NSW. Australia expects shortly to sign the
Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management.

1O.9.3 Waste Management Strategy

ANSTO's Waste Management Action Plan (Levins et al, 1996) has developed strategies to
minimise the potential impact of radioactive wastes and spent fuel stored at the Lucas Heights
Science and Technology Centre. Some of these strategies have already been implemented while
others are scheduled for implementation over the next three to five years. These initiatives are
summarised below:

• Low-level Solid Waste: Solid waste contained in drums is now stored on racks to improve
safety, inspectability and ease of access. The new stored racking system has capacity for 5,700
standard drum and 1,000 oversized drums. In 1996, a state of the art gamma-radiation
scanning facility was commissioned to carry out a complete detailed inventory. To date, over
3,000 of the 5,000 drums have been scanned;

m Uranium and Thorium Metal Scrap Waste: This waste generated from the machining of
uranium and thorium metal was pyrophoric and had to be stored under kerosene to prevent
spontaneous combustion. A plant was installed to stabilise these waste materials by
controlled oxidation in a rotary calciner. All the uranium and thorium has been converted
to stable oxide.

• Intermediate Level Liquid Waste: A plant has been built to convert this liquid waste into a
solid for more secure storage. The existing inventory of liquid waste will be solidified over
the next three years. A longer-term project has been initiated to incorporate this waste into
a highly resistant wasteform, Synroc, which is suitable for indefinite storage or disposal.

• Low-level Liquid Effluent: A detailed survey was undertaken to identify all major tritium
sources entering the waste water collection system. Most of the tritium (greater than 90
percent) was found to result from a single source. Work is underway to reduce this tritium
at its source. In addition, a technical and economic assessment will be carried out in 1998/99
into alternative processes for the treatment of low-level waste waters. Following completion
of the assessment and any necessary testing, a new facility for treatment of ANSTO's low-
level waste waters will be designed, constructed and commissioned.
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B Airborne Emissions: A review of airborne emissions of radioisotopes from the most significant
sources is being performed with the goal of reducing these releases by changing procedures
and/or by providing improved air cleaning technology.

• Waste Minimisation: A Waste Minimisation Working Party has been established to make
recommendations on methods of waste minimisation at ANSTO based on waste reduction,
segregation at source, volume reduction and cleaner production technologies. A reduction
in the volume of low level solid waste has already been achieved.

H Spent Fuel Management: Improved methods have been developed to monitor ANSTO's
below-ground engineering fuel storage facility. The spent fuel facility was purpose built for
HIFAR fuel and will be decommissioned when the replacement reactor is commissioned,
and when all existing HIFAR spent fuel has been sent overseas.

The following strategy is being employed for the management of ANSTO's spent
fuel inventory;

- ship the HIFAR spent fuel of United States origin and Moata spent fuel to the United
States over a nine year period; and

- negotiate reprocessing contracts for other spent fuel including that from the proposed
replacement reactor.

The Action Plan is being implemented under a Quality Management regime based on ISO 9001,
the new Standard for Environmental Management, ISO 14001 and the International Atomic
Energy Agency RADWASS series of standards and guides.

It is ANSTO's intention to minimise the inventory of radioactive wastes stored at the Lucas
Heights Science and Technology Centre and to ship wastes to the national waste repository as soon
as it is operational.

1O.9.3 Risks of Leakage and Leaching of Radioactivity from
Storage Facilities

The main sources of radioactivity at the Lucas Heights Science and Technology Centre are the spent
fuel, intermediate level liquid waste, intermediate level solid waste and the low-level solid waste.

Spent fuel is currently stored under water in the HIFAR reactor and in the Building 23 storage and
cropping ponds. It is also stored in a dry condition in Building 27 and the Dounreay flasks (see
Section 20.4.2).

Storage pond water sometimes contains low levels of radioactivity. The pond water is regularly
treated by filtration and ion exchange to remove any radioactivity.

The Building 27 facility comprises 50 holes drilled into sandstone and lined with sealed stainless
steel tubes. The tubes are designed specifically to accommodate HIFAR fuel. Each tube is regularly
monitored for moisture and the noble gas fission product, krypton-85, which is an indicator of a
corroded fuel element. Recent investigations by ANSTO have shown the tubes are technically
sound and continue to perform as an effective containment barrier for spent fuel.

As indicated in Section 10.4, all spent fuel from the HIFAR reactor will be returned overseas. Neither
the Building 27 facility nor the Dounreay flasks would be used to store spent fuel from the proposed
replacement reactor. Instead, spent fuel from the replacement reactor would be stored in a pool
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adjacent to the reactor (see Chapter 5). Water from this pool would be continually circulated through
a filtration and ion exchange system to maintain water quality and remove any radioactivity.

The intermediate level liquid wastes from molybdenum-99 production are stored in six shielded
tanks in Building 57. Each tank has an associated catch tray to collect leakage should it ever occur.
Recently, ANSTO installed a continuous monitoring system to detect any leakage into the catch
tanks. In the event that a leak were detected, the contents of the tank would be transferred
immediately to one of the spare tanks.

As noted in Section 10.6, ANSTO has initiated a project to solidify all the intermediate level wastes.
This project will be completed before the replacement research reactor is commissioned.
Subsequently, liquid wastes from molybdenum-99 production would be solidified soon after
production. This would remove a potential hazard associated with extended storage of the
intermediate level liquid waste.

The intermediate level solid wastes are stored in specially-constructed concrete pits in Building 27.
The pits were constructed in an excavated hole with a hollow space between the walls of the pits
and the excavated hole. That hollow space allows groundwater to drain from the pits. It flows by
gravity to an external sump which is sampled regularly as part of the site environmental survey.
When that sump fills, the water is automatically pumped to holding tanks which are part of the
waste water collection and treatment system (Levins et al, 1996). No elevated levels of radioactivity
have been detected in the sump water.

Intermediate level wastes currently stored at the Lucas Heights Science and Technology Centre
would be removed from the pits and packaged for transport to the national intermediate level waste
storage facility once the facility is operational.

Most of the inventory of low-level solid wastes at the Lucas Heights Science and Technology
Centre is stored in drums in Building 59. This building has recently been upgraded by installation
of a steel racking system to improve storage capacity, safety and ease of access. Any spill of
radioactive solid material in this area would be fully contained within the building and would be
cleaned up immediately.

As noted earlier, it is intended to transfer all low level and short lived intermediate level solid wastes
to the national waste repository as soon as it is operational. Thereafter the inventory of wastes held
at the Lucas Heights Science and Technology Centre will be greatly reduced and determined by the
frequency of waste shipments to the repository.

1O.9.4 Environmental Monitoring Program

A comprehensive programme of environmental monitoring has been carried out by ANSTO since
1959 (Levins et al, 1996). The monitoring program includes collection and analysis of various air,
water and solid samples from the immediate vicinity of the site as well as more limited sampling
from further afield. The sites of these monitoring points are shown in Figure 18.3 in Chapter 18. The
results of ANSTO's environmental and effluent monitoring program are detailed in annual
environmental reports (Hoffmann et al, 1994, 1995, 1996) which are available to the public. A
detailed description of environmental management and monitoring is given in Chapter 18.
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Emissions from the Lucas Heights Science and Technology Centre are regulated by legislation and
a Trade Waste agreement with the Sydney Water. Control of the risk to the public requires the
maintenance of the received dose to levels below required limits.

The National Health and Medical Research Council have adopted an annual dose limit, above the
natural background, for members of the public of one millisievert per year which is the value
recommended by the International Atomic Energy Agency and is half the value due to natural
background radiation in the Sydney region. A site dose constraint has been adopted for the Lucas
Heights Science and Technology Centre site of 0.3 millisieverts per year.

Radioactive emissions are regularly monitored, independently verified and reported by the
Australian Radiation Laboratory, the Nuclear Safety Bureau and the Safety Review Committee.
These roles will be taken over by ARPANSA. The Safety Review Committee has concluded in their
safety review that the arrangements and procedures for the storage of radioactive waste at the Lucas
Heights Science and Technology Centre do not represent significant hazards to the health and
safety of staff or public (Safety Review Committee, 1997). The arrangement whereby the Australian
Radiation Laboratory undertakes surveillance of the gaseous and liquid emissions from the Lucas
Heights Science and Technology Centre is considered adequate by the Safety Review Committee
(1997). Based on ANSTO's annual Environmental and Effluent Monitoring reports (for example,
Hoffman et al, 1997) doses from airborne emissions have been calculated as less than 0.01
millisieverts per year.

Independent calculations done for this Draft EIS show that the maximum dose due to existing
emissions to the atmosphere is calculated to be 0.003 millisieverts per year on the basis of the
measured emissions from the Lucas Heights Science and Technology Centre, which is 0.3 percent
of the dose limit adopted by the National Health and Medical Research Council and one percent
of the dose constraint adopted by ANSTO. The dose due to liquid discharges is very much less.

Table 10.9 shows the various dose standards compared to the ANSTO discharges.

Table 1D.S: Comparison of the Dose Standards

Limie/Leire! Dose
ImillisievertsJ

National Health and Medical Research Council public dose limit 1.0

Natural background radiation 1.8

Natural background dose from radioactivity in the body 0.2

United States Nuclear Regulatory Commission Standard 1.0

ANSTO dose constraint 0.3

Calculated worst case off-site dose (ANSTO estimates) 0.01

Calculated worst case off-site dose (Draft EIS) 0.003

International Atomic Energy Agency level at which practice would be exempt from 0.01
regu latory control

United States Environment Protection Agency level requiring no reporting 0.01
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ANSTO have made a commitment that the maximum off-site dose to a member of the public,
when the replacement reactor is operating, would remain below one percent of the public dose limit
adopted by the National Health and Medical Research Council of one millisievert per year, even
though the reactor could increase the capacity for producing radioisotopes by a factor of four. The
details of the design of the replacement reactor and the proposals for modifying both the production
process and the retention of radioactive gases on the plant are not currently known, but there is no
technical reason why this commitment can not be achieved without limiting the production of
radioisotopes below the proposed capacity.

ANSTO have made a commitment that the management of radioactive waste at the Lucas
Heights Science and Technology Centre would be consistent with "best practice" as recommended
by the International Atomic Energy Agency's Radioactive Waste Safety Standards by the year
2001. To achieve this commitment, ANSTO have initiated a Waste Management Action Plan
(Levins et al, 1996).

Low level solid waste from the proposed replacement reactor would be placed into drums or other
suitable containers and sent to the planned national low level waste repository when it is
operational. There is enough storage capacity for low level waste at the Lucas Heights Science and
Technology Centre to address arisings until 2010, although this estimate does not take into account
volume reductions brought about by waste minimisation initiatives being introduced. However, the
national radioactive waste repository is planned to be operational well before 2005 and existing and
future low level solid waste arisings would be transported to the repository.

Under ANSTO's Waste Management Action Plan (Levins et al, 1996), all long-lived intermediate level
waste would be solidified and transported to the planned national intermediate level waste storage facility
when it is operational. Until then there is adequate space for storage of the intermediate level waste.

Because the waste would be solidified and fully contained, there would be no off-site emissions from
low level or intermediate level waste generated.

ANSTO have made a commitment that spent nuclear fuel would be transported off-site as soon as
the constraints provided by cooling, radiation safety and forming economical loads for transport
allow. As a result, no spent fuel would be stored on site for longer than nine years.

The spent nuclear fuel would need to be processed before it is placed in a repository as the cladding
may deteriorate over the very long times that are relevant to ultimate disposal. The proposal
strategy is to send the fuel abroad for reprocessing. Long term contracts to reprocess research
reactor fuel have already been signed with other research reactor operators by for example Cogema
in France. Thus, reprocessing is a feasible option. Another option is to condition the fuel for direct
disposal but the technology for this process is not yet available or feasible in Australia. The waste
from reprocessing or conditioning of the spent fuel would be long lived intermediate level waste. It
would be returned to Australia in a form suitable for storage in the long lived intermediate level
waste storage facility.

There would be no significant increase in radioactive emissions for the short period while both
reactors would be operating.
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Haz i rds •':fjaffiid' Risks

This chapter discusses the hazards and risks that could arise from operation of the proposed replacement
reactor. The hazards and risks are assessed in the context of the regulatory controls and ANSTO's safety
processes, how effective these have been and how they would be developed in the future to ensure design and
operation of a safe reactor system. The possible impact of a major accident at the replacement reactor is
reviewed, and the radiological impact of this "reference accident" is assessed in terms of risk to the potentially
most exposed members of the population, and the exposed population as a whole. These risks are compared
with the Nuclear Safety Bureau's Safety Assessment Principles and siting criteria, the NSW Department of
Urban Affairs and Planning's risk criteria for land use safety planning and risks associated with other
research reactors. Risk assessment details of the reference accident are provided in Appendix G. The chapter
examines the following matters raised by the EIS Guidelines (refer to Appendix A):

Section of E1S Outline of Issue Section of
Guidelines this Chapter

5.3 Siting requirements for proposed replacement reactor. Compliance with 113.2

Nuclear Safety Bureau and other criteria

7-2.6 Proximity to airports and flight routes 11.4-5

8.39 Quantitative analysis to indicate whetherhazards and risks from the 11A
proposal are likely to be acceptable when compared with similar

overseas facilities and standards, guidelines for other hazardous

indus tries in Australia and NSW, and existing opera tions of the

HZFAR facility.

8.40 International standards and relevant publtations and studies 11.3.3,11.4

perta ining to hazards and risks assoc iated with the proposal.

8.41 Identification of likely hazards and risks, addressing:

8.41.1 — proposed replacement reactor operations. 11.2

8.41.2 - hazardous emissions, including accidental releases or spillages and 11.2,11.4

environmental risks.

8.41.3 - transport and storage of fuel elements, and risks of contamination. 11.2,11.4

8.41-4 - other hazardous waste products. 11.2,11.4

8.41.5 - the hazard and risks associated with the increased processing and 11.2,11.4

transport of radiopharmaceuticak and other radioisotopes, and
other reactor products.

8.41-6 — external risks to the proposed reactor, including seismic activity, 11.4,5
extreme meteorological events, bushfires, air traffic, nearby
Defence fad lines, sab otage etc.
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Section of ESS Outline of Issue Section of
Guidelines this Chapter

8.42 Risk assessment of reactor operations. 11.4-3, 1 1.4-5

8-43 Preparation of Safety Analysis Reponto be developed byANSTO and 11.3.1
the vendor.

8.44 International safety record in operation ofreactors of a similar 11.3.3, 1 1.4-6
proposed design;

8.45 Historical safety arrangements and incidents in the operation of the 11.2, 11.4
existing HIFAR facility, transport and storage of fuel elements, and
transport and use of reactor products, such as radiopharmaceuticals
and other radioisotopes, under ANSTO control

8.46 Consequences of possible incidents at the replacement reactor on the 11.4
local community.

8.47 Design, construction and operational requirements of reactor to satisfy 11.3, 11.4
relevant codes, standards, and dose limits.

8.48 Environmental pathways for radiation exposure. 11.4

8-49 Health andsafety, including project site safety andmeasures toprevent 11-4.2
or ensure radiation exposures are as low as reasonably achievable for
employees (takinginto account occupational exposures from any
increased production of radiopharmaceuticals and radioactive
emissions).

8.50 Implications for risk of Safety Review Committee recommendations for 11.2
storage of spent fuel and other fissile material associated with the
proposed reactor.

8.51 Health and safety impl ications of dual operations of HIFAR and 11.5
proposed replacement reactor for operational workforce.

8.52 Combined hazards and risks dwing dual operations of HIFAR and 11.5
proposed replacement reactor.

8.54 Measures to reduce radiation risks to nearby communities, including 11.4, 11.8
along transport corridors andfrom reaaor emissions.

8.55 Implications ofproposal for existing health status of adjoining 11.4.2, 1 1.4.3
communities, review and assessment of health risks, including results of
any epidemiologicalsurveys, andbackground information on likely
effects and 'safe' levels of ionising radiation.

8.56 Perceptions ofriskin adjoining communities fr om the existing HI FAR 11.7
facility, and actions aimed at addressing this (including community
consultation and lia is on).

8.57 Safety requirements associated with transport of radioactive wastes to 11.4.4
any future national sto rage/dispos al fact lities.

8.63 Development and implementation of emergency management plans, 11.6
emergency access routes, provision of emergency services and
intervention requirements.
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Section of EIS Outline of Issue Section of
Guidelines this Chapter

8.64 Emergency evacuation procedures and requirements, including of 11.6
nearby communities andpublic institutions.

8.65 Responsbilities and liability in the event of an incident (including 11.4-7
implications for householder insurance).

10.15 Minimisation of hazards andrisksfromreplacementreactor operation 11.8

10.15.1 Passive and active design/engineering measures and procedures 1 1.8, 11.2.2,
113.2

10.15.2 Occupational exposure to radiation and radioactive products, and 11.4-2,11.8
radiation protection programs

10.153 Exposure to the general public 11.4-3

10.15.4 Transport of radiopharmaceuticak and other radioisotopes 11.4-4

10.17 Provision of compensation in the event ofan adverse impact 11.4-7

Methodalo

11.1.1 Background

Every human activity involves a risk; either to the individual carrying out the activity or to someone
else or to both. We are all exposed to risks everyday from driving a car, to fires in our homes to
taking part in sport. Most industrial, commercial or scientific facilities involve some risk to both the
people who work at the facility and to people who are outside the facility. For a facility to be
acceptable it must:

• satisfy a need; that is, be of benefit to the general community; and

• be carried out in a way that ensures the risk to both workers and members of the public is
acceptably low.

In all industrialised countries, risks are controlled by legislation and hazardous facilities are
regulated by Government appointed bodies, which are independent of the operator. These measures
ensure that operation of the facility is only permitted if the associated risk is acceptably low.

There are certain risks associated with any industrial or research facility. These risks may arise from
various sources, for example, risk due to equipment not working properly or an operator making a
mistake. The magnitude of the risk would depend on the effectiveness of the operating and safety
systems. In addition, the reactor might be affected by potential hazards on the site such as a fire or
a flood caused, for example, by a burst water supply. Finally, it may be affected by a hazard which
originates outside the site such as an earthquake, an aircraft crash or a bush fire. Thus, not only
must the risk to workers and members of the public due to the normal operation of the reactor be
acceptably low, the risk due to accidents and hazards must also be acceptably low. Based on the risks
that are experienced by people who live in NSW, the NSW Department of Urban Affairs and
Planning has set limits on the risk from hazardous facilities. This is discussed in Section 11.1.2.
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In order to establish if the risk from a hazardous facility is acceptably low, a risk assessment is carried
out. In this process all activities associated with the facility are assessed to identify those which
could pose a risk to workers or members of the public and the risk due to these activities is
evaluated. A risk assessment involves:

B identifying all hazards and the ways by which hazardous events may occur;

a estimating the likelihood of these hazardous events;

• determining the consequences; and

• combining the likelihoods and consequences to give the overall risk and comparing this with
established guidelines.

An example of a risk assessment is the Probabilistic Safety Assessment that was recently carried out
for HIFAR (Pickard, Lowe and Garrick, 1998). This is briefly described in Section 11.23.

In carrying out a risk assessment, a measure that is often used is the risk to the individual or group
of individuals who are exposed to the greatest risk. Examples are the workers who carry out
particular operations such as divers associated with an oil rig or persons who live next to a chemical
factory, airport or nuclear reactor.

Another measure of risk is societal risk. This is the risk to society as a whole from an industrial facility,
such as a chemical factory or a nuclear reactor, or from an activity, such as air, road or rail transport.
The societal risk is obtained by adding up the risk to all the individuals who may be affected.

Normally risk is expressed in terms of the risk of death but, in some cases, the risk of injury is also
evaluated. The main hazard from the operation of a nuclear reactor is radiation exposure. The
nature of radiation is briefly summarised in the Glossary.

The world is naturally radioactive. Radioactive polonium and radium are present in human bones
and muscles contain radioactive carbon and potassium which occur naturally in food and water.
The human body is constantly irradiated by cosmic radiation from space, by natural radioactivity in
rocks, soil and building materials, and also irradiated from within by the naturally occurring
radioactive substances which are consumed in food and drink.

However, unlike the risk from conventional hazards, where the risk of death generally means the
risk of an immediate death, the onset of a fatal cancer due to radiation may not occur until many
years after the exposure to radiation. Thus, the risk due to a nuclear activity is normally expressed
in terms of the risk of developing a fatal cancer at sometime in the future using dose-to-risk
conversion factors recommended by the International Commission on Radiological Protection. A
similar methodology can also be used to assess the risk of developing a non-fatal cancer (morbidity)
or genetic effect (International Commission on Radiological Protection, 1991).

11.1.S Public Risk Environment

Risks to the Public in NSW

The risks that are associated with many everyday circumstances in NSW have been documented.
For instance, each year people in NSW face 110 chances in a million of dying as a result of an
accident at home, 60 chances in a million of dying due to an accidental fall and 35 chances in a
million of dying as a pedestrian struck by a motor vehicle (Department of Planning, 1990). These
and other risks are summarised in Table 11.1.
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Table 11 .1 : Risks to Individuate in NSW

Risks Aweraged over the Whole
Population

Cancers from all causes

Accidents at home

Accidental fells

Pedestrians struck by motor vehicles

Homicide

Accidental poisoning

Fires and accidental burns

Electrocution (non- industrial)

Falling objects

Therapeutic use of drugs

Cataclysmic storms and storm floods

Lightning strikes

Meteorite strikes

Source: Department; of Planning, 199O.

Public Risk Criteria in NSW

By taking into account these and many other known and tolerated risks, the NSW Department of
Urban Affairs and Planning has set limits on risks which might result from accidents in hazardous
industries. These are expressed as annual levels of acceptable individual risks of fatality for various
land uses. The regulatory criteria provided in Table II.2 indicate that people in residential areas
should not be exposed to more than a one in a million chance of a fatality each year due to accidents
at a hazardous industrial facility. People in more sensitive areas, such as in hospitals and schools,
should not be exposed to a chance greater than 0.5 in a million of a fatality each year. The criteria
for less sensitive commercial and industrial land uses are set higher, at five in a million and 50 in a
million chances of fatality each year respectively. These risks from particular facilities or activities
are considered as additional to risks that already exist in everyday life.

Chances of Fatality per Person per Year

1,800 chances in a million

110 chances in a million

60 chances in a million

35 chances in a million

20 chances in a million

18 chances in a million

10 chances in a million

3 chances in a million

3 chances in a million

2 chances in a million

0.2 chances in a million

0.1 chances in a million

0.001 chances in a million

Table 11.2: individual Natality Risk Criteria

Land Use

Hospitals, schools, child-care facilities, old age housing

Residential, hotels, motels, tourist resorts

Commercial developments

Sporting complexes and active open spaces

Industrial

Source: Department of Planning, 1 9SO.

Individual Fatality Risk (per
million per year] should not

eisceed

0.5

1

5

10

50
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The NSW Department of Urban Affairs and Planning takes the view that, irrespective of the
numerical value of any risk criteria, all risks from a major hazard should be avoided or reduced
where practicable. This necessitates the investigation of alternative locations and alternative
technologies, wherever applicable, to ensure that risks are not introduced in an area where feasible
alternatives are possible and justified (Department of Planning, 1990).

Other Public Risk Criteria

In the United Kingdom, the Health and Safety Executive (United Kingdom Health and Safety
Executive, 1992) has adopted the concept of an individual risk of fatality which is tolerable as a
result of a hazardous facility. This is based on risks in everyday life and is set at one in a thousand
per year for workers and one in ten thousand per year for members of the public. This is 100 times
higher than the NSW criteria but represents an upper band on the risks, not a lower acceptance
limit. Any level of risk above this level is intolerable and risks must be reduced below this level to
values which are "As Low As Reasonably Achievable". This is known as the ALARA principle. This
principle and these values are widely used throughout the world in risk assessments. Many countries
also use a lower level below which the risks are acceptable. This is generally set at around one in
one million. Figure 11.1 indicates these risk levels graphically.
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is not tolera '•

in 10,000
risk per year

Risk should t i
to as low as i i

achievable CALAR/ | i

/

Level below which risk
is acceptable

1 in 1 million
risk per year

Figure 1 1 . 1
Risk Levels in Relation to the ALARA Principle

11.1.3 Risks from Radiation

For the purposes of ensuring the safety of people who might be exposed to radiation as a result of
the use of radioactive materials, dose limits have been recommended for radiation workers and
members of the public by the International Commission on Radiological Protection. The
Commission, established in 1928, conducts substantial research, and liaises with many bodies
including the World Health Organisation, the UN Scientific Committee on the Effects of Atomic
Radiation, the International Labour Organisation and the International Atomic Energy Agency.
The recommendations of the Commission embody the so-called linear model, no matter how much
less than background levels the dose of radiation may be. This is regarded by some experts as a
cautious basis for radiation control. Further information about the various models used to assess risk
is provided in the Gbssary.
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The values that are recommended by the International Commission on Radiological Protection
(International Commission on Radiological Protection, 1991) for calculating the probability of an
individual receiving an effect due to radiation are:

• fatal cancer: 5.0 chances in 100,000 (a hundred thousand) for each millisievert ;

• non-fatal cancer: 1.0 chance in 100,000 (a hundred thousand) for each millisievert; and

• hereditary effects: 1.3 chances in 100,000 (a hundred thousand) for each millisievert.

11.1.4 Scope of -the Assessment

The activities which would be carried out at the Lucas Heights Science and Technology Centre,
assuming the proposed reactor is operational, have been reviewed to determine which have the
greatest potential for impacting upon workers or members of the public.

The way in which the development of the proposed reactor design is regulated in order to ensure
that the associated risk is acceptably low, and the role of this Draft EIS has in assessing the Lucas
Heights Science and Technology Centre as a suitable site, is described. The criteria that must be
met to ensure that the risk to both workers and members of the public is acceptably low are
presented and compared with the equivalent criteria for research reactors overseas.

The risk to workers is assessed as far as is practicable, although a final detailed analysis would
depend on finalisation of the design of the reactor. The present assessment is based on the
operational experience at HIFAR and the knowledge of major features of the proposed design which
have been already decided.

In assessing the risk to the members of the public when the proposed reactor would be operating,
the results of health studies that have been carried out on the population near to the Lucas Heights
Science and Technology Centre are assessed. In addition, the risk to the persons that live nearest
to the Lucas Heights Science and Technology Centre due to normal operation of the proposed
reactor is evaluated from the doses that were calculated in Chapter 10.

The hazard and risks due to transport are also assessed. They include both the transport of spent
fuel from the proposed reactor and the transport of waste from the Lucas Heights Science and
Technology Centre. The regulations are described and past experience associated with transporting
spent fuel and waste from the Centre is assessed.

A review of existing quantitative risk assessments was used to investigate the risks from the events
such as earthquakes, bush fires, aircraft crashes and reactor faults. From this review, a "reference
accident" was selected, which bounds any credible accident and a detailed quantitative assessment
was undertaken to assess the consequences of the accident and the maximum radiological risk that
could arise (refer Appendix G for a more detailed assessment).

The impact of other activities at the Lucas Heights Science and Technology Centre were also
evaluated, including the effects of increasing the production of radioisotopes.

The safety of the proposed reactor has been assessed by reviewing the historical safety record of the
Lucas Heights Science and Technology Centre and the safety record of reactors overseas that are
similar to the proposed reactor. The situation with respect to public liability is also outlined.

The risk associated with the period when both HIFAR and the replacement reactor would be
operating is assessed and the perception of the risk due to HIFAR by members of the public
is described.
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The plans that would be implemented if there were an accident at the Lucas Heights Science and
Technology Centre are outlined, as are other environmental commitments that have been made by
ANSTO that affect the control of hazards and risks.

Finally, the risks associated with the proposed reactor are compared with relevant Australian
criteria and the relevant criteria in overseas countries.

iiiii^

11.2.1 Introduction

The hazards and risks presented by research and development and other operational activities at the
Lucas Heights Science and Technology Centre, which do not involve radiation or radioactive materials,
are similar to those occurring on any university campus with science and engineering departments.

All non-radiological hazardous materials are used and stored according to the requirements of the
hazardous substances regulations (COMCARE Australia, 1994). There is no storage of chlorine or
ammonia and only small cylinders of liquid petroleum gas are stored. None of the hazardous goods
has the potential for off-site consequences. Public hazards and risks presented by non-radiological
activities at the Lucas Heights Science and Technology Centre are therefore considered to be
extremely low.

The most significant potential risk associated with the proposed reactor and the associated
production of radioisotopes would be the risk from radiation. The risk due to radiation to both
workers and members of the public would be due to activities in the following buildings:

• the reactor building which would include the stored spent fuel;

a Building-54: the production of molybdenum-99;

• Building-23: the production of iodine-131;

• Building-57: the waste treatment building;

• Building-27: the temporary intermediate waste store; and

• Building-59: the temporary low level waste store.

The activities that are carried out in these buildings and the quantities of radioactive material that
may be temporarily stored at the Centre are described in Chapter 10. In this chapter, they are
reviewed to assess their potential hazards and risks.

i 1 .3.2 The Reactor Building

The most significant hazards associated with the reactor building would be the operation of the
reactor and the storage of the spent fuel.

The neutron flux from the reactor, which would be used to produce the radioisotopes for medical
and industrial uses and to carry out scientific research, would be generated by the fission process in
the core of the reactor. This process would be controlled by sensitive instruments, which measure
the neutron flux in the core and by the control rods. The latter are shown in Figure 11.2.
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Hgure 11.2
Basic Safety Features of a Pool Reactor

The reactor core would be located in a large pool of water as shown in Figure 11.2. The heat
generated by the fission process and that from the decay of fission products is absorbed by the pool
water and removed through a cooling circuit. This cooling process and the safety systems which
control the fission process ensure that the most significant hazards associated with the reactor are
carefully controlled. They are among the many safety systems which are analysed in the safety
reports described in Section 11.3.1 and would be approved by ARPANSA if the proposed reactor
were to be constructed.

Nevertheless, for the purpose of obtaining regulatory approval for using the Lucas Heights Science
and Technology Centre site for the replacement reactor, ANSTO is required to evaluate the
consequences of an accident where one or more of the safety systems fail and the temperature of
the fuel rises above its design value until radioactive material is released. This is the reference
accident which is described in Section 11.4-5.

As described in Chapter 5, the spent nuclear fuel from the reactor would be stored in the spent fuel
service pool within the reactor building and, as stated in Chapter 10, no fuel would be stored at the
Lucas Heights Science and Technology Centre for longer than 10 years. Within a short time of its
removal from the reactor, the spent fuel would not require cooling. Thus, if the pool water is lost,
there would be a loss of shielding, but not the overheating and the release of fission products that
would occur if cooling were lost to the reactor core. The fuel in the pond would be stored with
enough neutron absorber present to prevent nuclear fission occurring. There would therefore not
be the potential for a reactivity fault that there is in the reactor.
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Implications of the HIFAR Probabilistic Safety Assessment

Following a recommendation of the Research Reactor Review in 1993 (McKinnon, Henderson-Sellers
and Hundloe, 1993a,b), the Department of Industry, Science and Tourism commissioned a
probabilistic safety assessment which considered the likelihood of events that could lead to damage
to HIFAR's fuel (Pickard, Lowe and Garrick, 1998). A probabilistic safety assessment performed at
this level does not consider events beyond fuel damage and thus it did not assess the effectiveness
of the systems that are designed to prevent releases from the building or provide a comparison
against any public health criteria. The safety assessment, carried out by a United States consultancy
group, established seven benchmarks (or safety objectives) for HIFAR to allow comparison with a
modern research reactor. These benchmarks were expressed as the number of times certain events
may acceptably occur in every 10,000 years, with two benchmarks being primary safety objectives
and the remainder secondary safety objectives. The benchmarks relate to fuel damage in the reactor
core, with and without an intact containment, flask drops inside and outside the reactor building
and pipe failures that might release tritium. Whilst the safety assessment showed that more work
was needed to demonstrate that HIFAR met all the benchmarks, the assessment concluded that the
plant safety status was shown to be generally good with no evidence of major safety-related problems
from its operation. The benchmarks not met were due to uncertainties in the likelihood and
magnitude of large earthquakes for the area including Lucas Heights, and lack of data on the
likelihood of flask drops (none has ever occurred at HIFAR). ANSTO has addressed all of the
assessment's recommendations and performed additional work to ensure that the issues raised over
flask drops and tritium are fully dealt with.

A number of changes to design or procedures have been implemented by ANSTO as a result of the
probabilistic safety assessment findings. Of the areas requiring further work, only those relating to
seismic issues are of relevance to the replacement reactor. This is because flask movements are
specific to the reactor design, for example, with a pool type reactor, fuel changes do not use a
transport flask, but are done underwater. Further work has been commissioned into the magnitude
and likelihood of large earthquakes in the area of the Lucas Heights site. The results of this work
would be incorporated in the design of the replacement reactor. Probabilistic safety assessments,
such as this one provide state-of-the-art, quantitative assessments of the design and operation of
complex engineering plant and safety systems. Such assessments would also be performed during the
life of the replacement reactor.

11.2.3 Other Activities Involving Radiation

The types of radioactive material that are currently stored outside the reactor building at the Lucas
Heights Science and Technology Centre, and that are indicative of the inventory that would be
temporarily stored at the Centre when the proposed reactor is operational, are shown in Table 11.3.

The hazards and risks associated with these buildings were assessed by ICI Australia Engineering
(Cornford and Rosen, 1989) at the request of the NSW Government. The only activities identified
with potential off-site consequences were HIFAR operation and radioisotope production in Buildings
54 and 23. The report states that "other activities involving nuclear and non-nuclear hazardous materials
were reviewed and judged to not pose any risk beyond the site boundary" (Cornford and Rosen, 1989).

Of these non-reactor areas, the main hazard examined by Cornford and Rosen (1989) concerned
failure of the ventilation system in Building 54-

As reported in the Safety Review Committee's Annual Report for 1991-92 (Safety Review
Committee, 1993), ANSTO has refurbished the filter system for this radioisotope production
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building by providing a new shielded room, an extra charcoal filter bank, and a water spray fire
suppression system. This refurbishment has reduced the likelihood of an accidental release to very
low values and also reduced the maximum quantity that could be accidentally released.

Table 11.3: Radioactive Material Outside the Reactor Building

Facility

Building 54
(molybdenum-1

production)

Building 23
(iodine-13 1
production)

Building 5 7

Building 27

Building 59

Source of Radioactivity Comment

Small quantity ofmaterials
being processed and finished
radio pharmaceuticals.

Fission products trapped in
filters.

Small quantities ofmaterials
being processed and finished
radio pharmaceutical s.

Fission p roducts trapped in
filters.

Historically 0.3 cubic metres
per year of intermedia! e level
liquid waste.

200 litres per year of
contaminated charcoal.

1.5 cubic metres per year of
intermediate level solid waste.

150 drums per year of low
level solid wastes.

10 to 15 spent high efficiency
particulate air filters per year.

Charcoal and paniculate filters are used to trap
noble gases, iodine and particles.

As for Build ing 54.

The intermediate level liquid waste is a product of
the isotope production in Building 54- It is
currently stored in specially shielded flasks,
however a solidification process is due to
commence which would be used for the proposal.

Charcoal filters are used in ventilation systems to
trap iodine anddelay the release of noble gases
through the stack. The resulting low activity
wastes are stored in metal cans.

Metal cans used during irradiation of medical
isotopes, ion-exchange resin columns etc. Stored
in large concrete storage pits.

Solid low active wastes, such as cleaning materials,
tools and consumables contained in 200 litre steel
drums.

Low activity waste, small volumes generated each
year.

The replacement reactor would have the capacity to increase radioisotope production up to four
times the current levels. Such increased production would not, however, significantly increase the
maximum quantity of material available to be released in a hypothetical accident situation in the
radioisotope handling cells above that analysed by Cornford and Rosen (1989). This is because the
process, and the capacity of the handling cells and the filter systems to hold and contain radioactive
material, would not substantially alter and the improvements achieved by the 1992 refurbishment
would remain effective.

Wastes arising from the use of radioactive materials or facilities are stored in secure areas in steel
containers and in buildings in which fire hazards have been minimised or eliminated. The only
significant issues raised by the Safety Review Committee in its annual reports relate to the historical
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legacy of uranium swarf waste and the storage of liquid intermediate level wastes in Building 57.
This uranium swarf has now all been converted into a stable, non-flammable form and does not
present any continuing hazard. The liquid fission product molybdenum waste will soon be
converted into a solid form using a new process which ANSTO has developed over the past few
years. This involves the liquid waste being evaporated to dryness within a steel canister in a hot cell
in 45 litre batches. This removes any remaining safety concerns over this waste. The last report of
the Safety Review Committee concluded that "... the arrangements and procedures for storage of
radioactive waste at the Lucas Heights Science and Technology Centre do not represent significant hazards
to the health and safety of staff or the public" (Safety Review Committee, 1997).

11.2.4 Most; Significant: Hazard

In summary, the inventories of radioactive material in facilities outside the reactor are small, and
specific arrangements have been taken to reduce the likelihood of any incident. Following the ICI
report (Cornford and Rosen, 1989) and the measures taken to deal with risks from
radiopharmaceutical production, the Safety Review Committee has not noted any significant off
site hazards from these inventories.

The most significant hazard is the potential for a major release of radioactivity due to an accident
that could occur when the reactor was operating. The spent nuclear fuel that is temporarily stored
at the Centre does not require cooling and would be stored in a manner which would prevent
nuclear fission. The quantities of radioactivity that are in the buildings outside the reactor building
are very much less and there is not the same requirement to provide cooling or prevent the fission
process. The non-radiological hazards are considered to be extremely low.

11.3.1 Safety Approval Process

The hazards and risks that would be associated with the proposed reactor would be assessed and
regulated by the nuclear regulator, ARPANSA. The current and future regulatory framework that
controls activities at the Lucas Heights Science and Technology Centre is described in Chapter 3
and Appendix D.

Figure 2.3 shows the environmental and safety assessment process. This involves a number of stages,
for which approval is required, and various levels of information and assessment must be provided:

• Approval of the selected site. For approval to be granted, it must be demonstrated in a
siting safety assessment that the consequences of the reference accident are acceptably low
and that the characteristics of the site are acceptable; that is, that the risk resulting from
natural hazards such as earthquakes, aircraft crashes and bush fires would be acceptably low.
Although it is not part of the formal application to ARPANSA for approval of the Lucas
Heights Science and Technology Centre site for the proposed replacement reactor, this Draft
EIS addresses both of these issues in Section 11.4.5.

• Approval to design. Once the successful tenderer has been selected, the detailed design of
the reactor would be developed and safety analyses would be undertaken to demonstrate
that the chosen design meets the criteria specified by ARPANSA and that any
environmental commitments that were associated with the approval of the EIS are met. This
safety assessment would be reported to ARPANSA in a Preliminary Safety Analysis Report.
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The Preliminary Safety Analysis Report would demonstrate that: the reactor design could
withstand the external hazards that are applicable to the site; that the safety related
equipment would operate successfully with the reliability required by ARPANSA; and that
the consequences of design basis and beyond design basis accidents are acceptably low for
their frequency. A design basis accident is one where the safety related equipment operates
successfully if an accident were to occur (see Glossary).

• Approval of major components. If ARPANSA approves the Preliminary Safety Analysis
Report, the detailed design of the reactor can proceed. During this process, ARPANSA
would assess the design and testing of every major plant item.

• Approval to commission. After ARPANSA has approved the design and construction of all
the major components, the reactor operator can be approved by ARPANSA to load fuel,
reach criticality, operate at low power and approach full power operation, as part of the
reactor commissioning process.

B Approval to operate. The Preliminary Safety Analysis Report would be upgraded to the
Final Safety Analysis Report. This would include an updated analysis of design basis and
beyond design basis accidents which assessed their consequences and the associated
likelihood of their occurrence. The reactor would only be allowed to operate if ARPANSA
approved the Final Safety Analysis Report.

B Approval to modify. Thereafter, any proposed modification to the reactor would require
ANSTO to assess the associated implications on the analysis presented in the Final Safety
Analysis Report and obtain approval from ARPANSA before the modification is
implemented. Likewise, safety analyses would be required before the reactor is
decommissioned and the Decommissioning Safety Report would need approval from
ARPANSA before decommissioning could start.

Thus, every stage of the regulatory process requires a detailed safety report to be written and
approved by ARPANSA before work can begin. This Draft EIS is one of the very early stages and
it is used to assess the environmental impacts of the proposal and to establish what environmental
commitments are made by ANSTO.

11.3.S Regulations and Criteria

In order to assess the acceptability of the design of the proposed reactor and its operation,
ARPANSA would use a set of assessment principles and criteria. As described in Chapter 3, prior
to the formation of ARPANSA, the Nuclear Safety Bureau currently monitors and reviews the
safety of any reactor that is operated by ANSTO.

The requirements of the Nuclear Safety Bureau that relate to hazards and risks are based on the
recommendations of the International Committee on Radiological Protection and the International
Atomic Energy Agency. These are summarised below.

International Committee on Radiological Prot;ect;ion

The International Commission on Radiological Protection issued its principal recommendations for
dose limitation in 1977 (International Commission on Radiological Protection, 1977) which are that:

• no practice shall be adopted unless its introduction produces a net benefit;
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• all exposures shall be kept As Low As Reasonably Achievable; and

• the dose equivalent to individuals shall not exceed the recommended limits.

More stringent dose limits were recommended in 1991 (International Commission on Radiological
Protection, 1991). These are now incorporated into the licensing legislation of many industrial
countries. The main recommendations are that:

• the dose limit for occupational exposure shall be 20 millisieverts per year averaged over a five
year period and shall not exceed 50 millisieverts in any one year; and

B the dose limit for a member of the public shall be one millisievert per year. This dose is
additional to any natural background and medical radiation dose received by a member of
the public.

international Atomic Energy Agency

In issuing the Basic Safety Standards for Radiation Protection Against Ionising Radiation and for the
Safety of Radiation Sources in 1996 (International Atomic Energy Agency, 1996a) the International
Atomic Energy Agency adopted the dose limits recommended by the International Commission on
Radiological Protection (1991). The Basic Safety Standards are supported by the Food and
Agricultural Organisation, the International Labour Organisation, Nuclear Energy Agency of the
Organisation for Economic Co-operation and Development, the Pan American Health
Organisation and the World Health Organisation.

In addition, the International Atomic Energy Agency has produced two safety codes outlining the
basic principles of and requirements for the safety of research reactors and critical assemblies. The
first of these codes addresses the design of research reactors, while the second addresses their
operation (International Atomic Energy Agency, 1992a,b). The codes also include the essential
safety requirements for the siting, quality assurance and regulatory control of research reactors.

Both of these codes define the overall safety objective for a research reactor as being "to protect
individuals, society and the environment by establishing and maintaining an effective defence against
radiological hazards". This objective is supported by more detailed radiation protection objectives:

• to ensure that the operation and utilisation of a research reactor is justified under radiation
protection considerations (justification principle);

B to ensure that during operational states, radiation exposure of site personnel and the public
remains below limits prescribed by national authorities and is kept As Low As Reasonably
Achievable; and

B to ensure mitigation of radiation exposure from accidents (intervention principle).

With respect to accidents the more detailed technical safety objectives are:

• to ensure that accidents are generally prevented;

• to ensure that, for all event sequences taken into account in the design of the facility,
including those that have low probability, radiological consequences are small; and

• to ensure by both prevention and mitigation measures that accidents with significant
consequences are extremely unlikely.
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In order to achieve these objectives a number of safety requirements and recommendations are
provided to all those involved in finally ensuring the safe operation of research reactors. These
include provisions incorporated in the design as well as measures taken during operation. For both
areas adequate regulatory supervision would be applied.

Design Requirements Code of the International Atomic
Energy Agency

The design requirements cover regulatory supervision, both generally and with regard to the
licensing process; siting requirements; general research reactor design requirements; and specific
design requirements, which depend on the type of research reactor.

The siting requirements state that in the evaluation of a site the following aspects shall be considered:

B the effects of external events occurring in the region of a particular site;

• the characteristics of the site and its environment which could influence the transfer of
released radioactive materials to humans; and

• the population density and distribution and other off-site characteristics in relation to the
possibility of implementing emergency measures and the need to evaluate the risks to
individuals and the population.

The general design requirements include the principle of defence-in-depth; and the need for a
Safety Analysis Report to demonstrate the safety of the reactor, which is incorporated into the safety
approval process as described in Section 11.3.1.

Of these, the principle of defence-in-depth includes the provision of multiple means of ensuring
three basic safety functions:

• reactor shutdown and maintenance of a safe shutdown condition for all operational states or
accident conditions;

• provision of adequate cooling to the reactor after shutdown, including under accident
conditions; and

• containment of radioactive materials in order to minimise their release to the environment.

Regulation of Risks During Normal Operation

The Nuclear Safety Bureau requires that radiation doses arising from reactor operations are less
than the appropriate limits set by the Australian National Health and Medical Research Council,
and are kept As Low As Reasonably Achievable (National Health and Medical Research Council
1995). For the existing reactor, ANSTO has put in place arrangements, in particular the
"Authorisation - HIFAR Operation" to ensure that these requirements are met. A similar
authorisation would be implemented for the replacement reactor. The limits set by the National
Health and Medical Research Council were published by the National Health and Medical
Research Council and the National Occupational Health and Safety Commission (Worksafe
Australia) in a revised Recommendations for Limiting Exposure to Ionising Radiation and a National
Standard for Limiting Occupational Exposure to Ionising Radiation. These standards set the effective
dose limit for occupational exposure, which is based on the recommendations of the International
Commission on Radiological Protection (International Commission on Radiological Protection
1991), and are consistent with those recommendations.
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In line with these widely adopted recommendations, the National Health and Medical Research
Council assumes that all exposures to ionising radiation carry some risk of harm to health, and this
risk increases with increasing exposure. Consequently, practices which lead to an increased human
exposure to radiation must be justified to ensure that the benefit derived from the practice
outweighs the additional risk due to the increased exposure. In addition, radiation protection must
be optimised, so that the exposure of individuals from each source of radiation, and the number of
people exposed, is kept As Low As reasonably Achievable, economic and social factors being taken
into account.

Dose Limits

As described in Chapter 10, dose limits due to radiation from sources other than background are set
at values such that any doses below those values are judged to be acceptable, provided that they are
also shown to be As Low As Reasonably Achievable. The National Health and Medical Research
Council recommendations are based on those of the International Commission on Radiological
Protection (International Commission on Radiological Protection, 1991). For occupational
exposure the limit to workers is 20 millisieverts per year, averaged over five years, with no more than
50 millisieverts being received in any one year. For members of the public the limit is one millisievert
per year. These dose limit values can be compared to the average natural background radiation dose
to individuals in Australia of 1.8 millisieverts per year.

The Nuclear Safety Bureau (1998b) has extended these recommendations by developing a set of
safety assessment principles which are based on the safety assessment principles of the United
Kingdom Health and Safety Executive (1992). As well as deterministic criteria, these principles
include risk-based criteria as part of the licensing requirements. The United Kingdom Health and
Safety Executive (1988) has adopted the concept of a lower and upper value of individual risk of
fatality as a result of an accident at a hazardous facility. The lower value (one in one million)
represents a level below which the risk is regarded as small enough not to be of regulatory concern.
The upper level (one in 10,000) represents the level of risk which is unacceptable or intolerable.
Values of risk between these two levels are considered to be tolerable provided that actions have
been taken to ensure that the risks conform to the As Low As Reasonably Achievable principle (see
Figure 11.1).

The concept of a limit of tolerability has been translated into a Safety Limit and a Safety Objective
for occupational and public doses. In terms of radiation exposure in normal operation, these are as
follows:

B Occupational exposure: Safety Limit: 20 millisieverts per year

Safety Objective: 2 millisieverts per year

• Public exposure: Safety Limit: 1 millisievert per year

Safety Objective: 0.02 millisieverts per year

However, members of the public may receive doses of radiation from more than one regulated
source. To ensure that the dose from operations at the Lucas Heights Science and Technology
Centre makes allowance for these extra sources, the Nuclear Safety Bureau has agreed with
ANSTO that the dose to any member of the public due to reactor operations only, will be
constrained to be less than 0.1 millisievert per year, and for all ANSTO site operations to be less
than 0.3 millisievert per year. These are referred to as dose constraints for members of the public.
They are not the same conceptually or in their values as the dose limits.
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As part of ensuring that doses to members of the public are As Low As Reasonably Achievable,
ANSTO has set itself the objective that the maximum dose to any member of the public should be
less than 0.02 millisieverts per year. This is two percent of the natural background radiation dose
and six percent of the dose constraint.

Regulation of Risks Due to Accidents

The safety criteria associated with accidents are specified in the draft Safety Assessment Principles
of the Nuclear Safety Bureau (1998b). In the case of design basis accidents, where the safety related
systems associated with the reactor functions within its design limits, the Nuclear Safety Bureau
principles require that the doses to members of the public would be so low that emergency
countermeasures would not be required.

The International Commission on Radiological Protection (1984) and the National Health and
Medical Research Council (1990) have recommended that such countermeasures would not be
justified where radiation doses, which could be avoided by emergency countermeasures, would be
less than an effective dose of five millisieverts, or a single organ dose of 50 millisie verts. Therefore,
the Nuclear Safety Bureau expects assessments to demonstrate that radiation doses following design
basis accidents at nuclear facilities do not exceed these doses. The use of conservative (that is,
pessimistic) assumptions is required to ensure that the calculated radiation doses to the public
would be extremely unlikely to be exceeded in the event of a design basis accident.

In addition, when the reactor design is known, an assessment of the risk arising from the plant
would be performed by means of a probabilistic safety analysis, the acceptability of which is judged
by comparison with the Safety Objective and the Safety Limit for the total predicted frequency of
accidents which result in doses to the public. These are shown in Table 1I A-

Table 11 .<4: Basic Safety Limits and Objectives

Dose local Predicted Frequency, Per Year

Cmiliisieverts) Safety Limit Safety Objective

O.l-l I linlOO

l-lO linlOO I in 1,000

10-100 1 in 100 1 in 10,000

100-1,000 1 in 1,000 1 in 100,000

Greater than 1,000 1 in 10,000 1 in 1,000,000

Source: Nuclear Safety Bureau [19S8bh

In addition to the above, the individual risk of death to any worker on the plant as a result of doses
of radiation due to accidents should be within the limits of one in ten thousand per year (for the
Safety Limit) and one in one million per year (for the Safety Objective).

However, as explained in Section 11.3.1, the first stage of regulatory approval is to assess the
suitability of a site before a specific design has been selected and, therefore before the design basis
accidents can be identified. In this case, the Nuclear Safety Bureau Safety Assessment Principles
require the proponent to analyse a reference accident, which is one where many of the safety related
plant systems fail and the temperature of the fuel increases above its design limits with the release
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of radioactive material. The consequences of such an accident are considered to bound the
consequences of any accident considered credible, and this is generally taken to mean that its
annual likelihood of occurrence is considered to be less than one chance in a million.

The draft Nuclear Safety Bureau Safety Assessment Principles (Nuclear Safety Bureau, 1998b)
require that the consequences of the reference accident are such that:

m the implementation of emergency countermeasures is feasible;

• the maximum dose to the population is less than 200 person-sieverts; and

• no long-term use of land will be disrupted.

Defence-in-Deptth

In addition to demonstrating that the calculated risks to any individual are less than the specified
criterion, the Nuclear Safety Bureau Safety Assessment Principles require that the design of a
proposed reactor follows good engineering practice and that there is "defence-in-depth" against any
accident occurring together with any associated release to the environment, as recommended by
the International Atomic Energy Agency (1996b). The principle of defence-in-depth is summarised
in Table 11.5.

Table 11.5: Levels of Dcfcnce-in-Depth

Level of Defence Objective Essential Design Means
in Depth

1 Prevent failures High quality, conservative, proven design

2 Detect failures, maintain conditions of Process control systems
norma I operation

3 Protect against design-basis accidents Safety systems

4 limit the progression and mitigate the Accident management (design aspects)
consequences of beyond-design-basis
accidents

5 Mitigate the radiation exposure from Emergency response (design aspects)
beyond-design basis accidents

Source: Nuclear Safety Bureau [1S9ScO: International Atomic Energy Agency [199Bb]

1 i .3.3 Regulation of Research Reactors Overseas

This section briefly reviews how the safety of research reactors in some countries is regulated, so
that the regulatory requirements that have been developed by the Nuclear Safety Bureau and which
will be transferred to ARPANSA, can be assessed in the context of international practice. In
addition, some of the key results from safety reports are presented to illustrate the standards of
safety of reactors that have been licensed overseas.

As described in Chapter 3, in December 1997 the International Atomic Energy Agency's database
(International Atomic Energy Agency, 1998) listed 265 research reactors as operating in 59
countries with 12 under construction. Of those in operation, around 50 are multi-purpose research
reactors with a power level comparable to the proposed replacement reactor. From a safety stand-
point, nuclear regulatory authorities generally place these reactors at the low end of the range of
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nuclear risks and indicate that they often require much less separation from the nearest dwellings
than for power reactors.

Over the years, the licensing regimes for research reactors have changed from self-regulation, where
the owner/operator carried out the dual roles of operator and regulator, to the current situation
where the licensing authority is independent of the owner/operator and usually reports to a separate
government body. This is particularly the case in industrialised counties, although self-regulation
remains in a few developing countries.

United States of America

Apart from a small number of reactors owned and operated by the United States Department of
Energy, research reactors in the United States are regulated by the United States Nuclear
Regulatory Commission. The United States Nuclear Regulatory Commission has recently revised
its guidelines for preparing and reviewing applications for the licensing of non-power reactors
(United States Nuclear Regulatory Commission, 1996), which are consistent with the International
Atomic Energy Agency guidelines (International Atomic Energy Agency, 1992b). In order to assure
adequate public safety, the Commission specifies requirements for the siting of all research reactors
and requires that, for each reactor, a maximum hypothetical accident is analysed, which is shown
to bound all credible accidents that could occur on the reactor. For reactors with power exceeding
10 megawatts the radiological consequences of this accident are assessed against a dose to members
of the public of 250 millisieverts.

For research reactors that were constructed after January 1994, the annual limit for occupational
exposure is the more limiting (United States Nuclear Regulatory Commission, 1996) of:

• a total effective dose of 50 millisieverts; or

• an effective dose to any organ or tissue of 500 millisieverts.

The annual limit for public exposure is a total effective dose to individual members of the public of
one millisievert (United States Nuclear Regulatory Commission, 1997). In addition, the
Commission also requires that an emergency plan is drawn up to deal with improbable events,
which are represented by the maximum hypothetical accident, whose consequences are greater
than those of a design basis accident.

The 20 megawatt research reactor at the National Institute of Science and Technology and the 10
megawatt Missouri University Research Reactor are examples of research reactors that have been
licensed in the United States. The design basis accident for the former is the melting of a single
fuel element owing to coolant blockage and the consequent release of fission products to the
reactor building through a failure of the primary coolant circuit. The reactor building is not sealed,
as would be expected for the proposed replacement reactor. The calculated dose received by
persons at a distance of 400 metres, which is defined by the Commission as the emergency
planning zone for reactors whose powers are between 10 and 20 megawatts, has been shown to be
within the above limits.

In the United States, emergency planning arrangements are agreed between county and
State governments.

The design basis accident for the Missouri reactor is the melting of four fuel plates caused by a
partial coolant flow blockage. Under these conditions, escape of the fission products from the
primary coolant would be improbable. However, it is assumed that it does occur to the sealed reactor
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building. The release to the environment is shown not to result in a dose which exceeds the public
dose limits at distances beyond 150 metres from the reactor. Again, there is an emergency plan for
very improbable events.

For both reactors, the exclusion zones are much smaller than for the proposed replacement reactor
at Lucas Heights.

Canada

Two MAPLE-X10 isotope production reactors are currently being constructed in Canada. In
response to the need to develop appropriate modern safety criteria for these small research reactors,
an inter-organisational Small Reactor Criteria working group was formed in Canada in 1988 (Puglia
et al, 1992). The purpose of this group was to develop a consensus opinion on an approach for
developing safety criteria for small research reactors to guide designers, operators and regulators.
This work is an extension of work done by the International Atomic Energy Agency. A number of
safety objectives are defined together with specific criteria for evaluating adequate compliance with
each objective. The criteria are intended for pool-type reactors that have a maximum rated power
of several tens of megawatts.

The dose limits adopted by Canada are stated in the Regulations of the Atomic Energy Control Board
(Atomic Energy Control Board, 1997) and are identical to those of the International Commission on
Radiological Protection recommendations (International Commission on Radiological Protection,
1991) quoted above.

Several potential accidents and malfunctions were addressed in the design of the MAPLE-X10
reactor. The results of the analysis showed that radiological consequences for members of the public
for the worst accident would be small, at around 10 percent of the annual routine dose limit, and
well within the dose objectives established for the design. The environmental effects from the
accident scenarios are insignificant (Atomic Energy Control Board, 1997).

The European Union

The current standards for radiological protection that have been approved by the European
Parliament are contained in the Council Directive 80/836 (Euratom, 1980), amended in 1984
(Euratom, 1984). The specified limits are consistent with those of the International Commission on
Radiological Protection (1991).

France

The regulation of all nuclear reactors in France, whether research or power reactors, is the
responsibility of the Minister for Industry and the Minister for the Environment who act through the
Nuclear Installations Safety Directorate within the Ministry of Industry (Nuclear Regulators Working
Group, 1996). Technical assistance is provided by the Institute for Nuclear Safety and Protection.

The French licensing requirements include the need to provide a preliminary safety analysis report
at an early stage in the licensing procedure. An estimate of the radiological consequences to the
general public arising from both normal plant operating conditions and accident situations is
required. A risk study is also produced including an accident management plan.

There are six research reactors in France operating in the power range between 10 and 70
megawatts. Of these, the ORPHEE reactor, with a power of 14 megawatt, is the one that was
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constructed most recently. ORPHEE is a pool reactor, which is operated by the Commissariat a
I'Energie Atomique; it first went critical in 1980. The worst accident hypothesised in the safety
assessment of this reactor is a reactivity accident during refuelling which results in a full core melt
but with the pool remaining intact. The radiological release as a result of this accident is not
sufficient to require a site evacuation, although evacuation plans have been drawn up.

Germany

The framework of nuclear facility regulation in Germany is complex in that, although the criteria
are set federally by the Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety, their implementation is delegated to the states (Nuclear Regulators Working Group, 1996).
Research reactors are required to meet the same licensing conditions as power reactors. The Atomic
Energy Act specifies that the following licensing documentation should be provided:

• a Safety Analysis Report, which includes the safety objectives, principles and criteria to be
observed and a description of the plant operating conditions and the accident studies;

• public inquiry documentation, including a general description of the site and the plant and
an abstract of the safety analysis report; and

• prerequisite information, including emergency preparedness, physical protection, financial
security for liability.

In the wake of the Chernobyl accident, a fourth level was introduced into the federal government's
defence-in-depth concept for the safety philosophy of nuclear installations (Wolters, 1990). In
addition to the first three plant states of normal, incident and design basis accidents the fourth level
of beyond design basis accidents was added. This fourth level is focused on accidents that exceed
the design basis by additional failures of engineered safeguards. It is aimed at either preventing the
core from being damaged or at least mitigating the consequences from a core being damaged or even
melting by so-called plant internal accident management measures. They supplement the off-site
emergency plan for the environment already required for all nuclear installations.

Four research reactors are operating in Germany within the power range of 4 to 23 megawatts. The
most recent of these is the BER-2 reactor which is a tank design reactor operated by the Hahn-
Meitner Institute in Berlin. The worst credible accident is defined as the blockage of a single cooling
channel, which causes melting of one fuel element with the pool remaining intact. The release of
radiation to the environment is so small that evacuation of the site is not required.

Austria

Due to Austria's constitutional structure, State (Lander) as well as Federal authorities are involved
in the licensing procedure for research reactors. Competence for radiation protection procedures
under the Radiation Protection Act and the Radiation Protection Ordinance rests mainly with the
Federal Ministry of Health, Sports and Consumer Protection. In addition, the Ministry of Science
and Research is involved with research reactors at the Institutes of Austrian Universities.

Application for a construction license must include a preliminary safety report which must include
information concerning the site, in particular regarding its demographic, meteorological, geological,
seismological and hydrological characteristics.

The ASTRA reactor, located at Seibersdorf, is a pool type research reactor with a power which is
similar to the proposed replacement reactor (10 megawatt). It has operated since 1960 and uses fuel
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enriched to 20 percent. A probabilistic safety analysis has been performed (Muck and Nedelik,
1989) according to the International Atomic Energy Agency approach. The fault assessment was
carried out for faults with frequencies of greater than one in a thousand million years and maximum
doses to the public were assessed. The result for the worst fault in terms of the release of
radioactivity to the environment was evaluated as 0.3 millisievert occurring 500 metres from the
reactor. The dose at 1.6 kilometres was 0.22 millisievert and at 10 kilometres was 0.04 millisievert.

Comparison with international Approaches to Regulation

The regulations and criteria that have been described above show that the control of nuclear
activities at ANSTO is comparable with international standards and the regulations and criteria are
at least as stringent as those that are adopted in major industrial nuclear countries.

It is common practice for the site assessment to involve addressing a reference accident that is
similar in nature to that addressed in the Nuclear Safety Bureau Safety Assessment Principles
(Nuclear Safety Bureau, 1998b). The analyses discussed above show that even for the very unlikely
accidents that have been analysed, doses to members of the public are less than the annual dose due
to natural radiation of two millisieverts per year. Nevertheless, an emergency plan is put in place as
a precaution.

Exclusion zones for these overseas reactors are usually much smaller than that to be applied to the
proposed replacement reactor.

iflii^^ )

1 1 . 4 , 1 Snt;t*QcSuct;ion

This section addresses the hazards and risks that would be associated with the proposed
replacement reactor, including the analysis of the reference accident and a comparison of its
consequences with the siting criteria of the Nuclear Safety Bureau's Safety Assessment Principles.
The hazards and risks depend on the way safety is managed as well as on the design of the proposed
reactor, and, therefore, the management of safety at the Lucas Heights Science and Technology
Centre is also assessed.

The nature of the hazards and risks associated with the proposal would be similar to those associated
with the operation of HIFAR, to the extent that it is also a research reactor and would be used to
carry out similar operations. The most fundamental differences of the proposed reactor are:

• a three times higher neutron flux which provides neutron beams to a purpose built
experimental hall; and

• the proposed reactor is of the pool type (as shown in Figure II.2) where the reactor is
submerged in a large deep pool of water, rather than in a closed tank.

The first of these changes does not have a detrimental effect on safety and the second is beneficial.
The large pool provides a substantial shield around the reactor and the spent fuel, a major cooling
capacity and it has the potential to retain the majority of any fission products that might be released
from the core if there were an accident. Thus, the current management of safety at the Lucas
Heights Science and Technology Centre and the safety record of ANSTO during the operation of
HIFAR are relevant to the assessment of hazards and risks from the proposal.
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Management of Safety

Responsibility for the safety of potentially hazardous activities and plant operated by ANSTO lies
with the Executive Director of the organisation. ANSTO has established a formal structure for a
safety regime which provides specific responsibilities for key safety-related functions. Included in the
safety regime are an incident reporting mechanism and appropriate approval, monitoring and
auditing processes covering all operations at the Lucas Heights Science and Technology Centre.

Internal monitoring, review and, in some cases, approval for safety-related activities are arranged
through two committees, each of which has external representation. These committees are:

• the Reactors Safety Committee, which is responsible for monitoring and oversight of nuclear
plant, for example, HIFAR: and

• the Safety Assessment Committee, which is responsible for internal monitoring and review,
and the issue of safety approvals for operation of non-nuclear plant at the Lucas Heights
Science and Technology Centre.

Both committees are assisted by a number of specialist groups.

The terms of reference of the Reactors Safety Committee are to:

• provide advice as requested by the Executive Director on matters relevant to the safety of
nuclear plant operated by ANSTO;

• periodically review the operation of ANSTO's nuclear plant for evidence of an appropriate
safety culture, adequate safety management, and compliance with Operating Authorisations
and other procedures; and

• review and advise the Executive Director on proposals for experiments, changes in
operations, or modifications to nuclear plant operated by ANSTO which involve significant
safety issues.

The terms of reference of the Safety Assessment Committee are to review and approve:

• experiments, processes or operations having potential for harm to persons;

• all proposed off-site projects and operations involving the use or display of radioactive
materials, hazardous chemical and/or physical agents (for example, noise, electrical and
mechanical hazards);

• the design of such new buildings and facilities as are referred to it;

• ventilation and filtration systems and containment enclosures for areas where radioactive
and/or toxic materials are in use;

• the safety procedure involved in experiments, processes and operations; and

• the safety related aspects of the documentation concerning these activities.

Consistent with ANSTO's health, safety and environment policy, specific requirements relevant to
safety related activities are promulgated through a series of Safety Directives issued by the Executive
Director. The incident reporting mechanism involves internal and external incident reporting
systems providing a staged process of notification, depending on the severity of the incident. Minor
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incidents not requiring notification to off-site agencies are investigated internally. In the event of
any significant incidents, the Director of ANSTO's Government and Public Affairs Division is
responsible to the Executive Director for liaison with all appropriate agencies, including the Safety
Review Committee and the Nuclear Safety Bureau, and for informing them of such incidents.

Two independent external bodies review occupational safety at ANSTO. These are COMCARE
and the Safety Review Committee. COMCARE administers the Occupational Health and Safety
(Commonwealth Employment) Act 1991 for all Commonwealth agencies including ANSTO.

The Safety Review Committee was established under the ANSTO Act 1987 to review and assess
the effectiveness of the standards, practices and procedures adopted by the Organisation to ensure
the safety of its operations. One of the six members is an ANSTO representative, the others are
specialists in various safety related areas or representatives of the local community.

The safety record of the Lucas Heights Science and Technology Centre is independently assessed
by the Safety Review Committee and its annual reports are made publicly available. These reports
address the safety related aspects of normal operations and abnormal events at HIFAR, the Health
and Safety program of the Lucas Heights Science and Technology Centre, occupational exposure to
radiation at the Centre and emergency preparedness.

Safety significant incidences at HIFAR are rated against the International Atomic Energy Agency
International Nuclear Event Scale ("INES"). The primary purpose of "INES" is to facilitate
communication between the nuclear community, the media and the public in the event of an
incident at a nuclear installation. The "INES" runs from Level 0, for events of no safety significance,
to Level 7, for major accidents. Since the "INES" scale has been adopted, there has been only one
occurrence rated by the Nuclear Safety Bureau as greater than a Level 0 (no safety significance), or
Level 1 (an anomaly beyond the authorised operating regime). This occurred in 1994 and was rated
as Level 2 by the Nuclear Safety Bureau. The incident involved the spread of radioactive
contamination following the unloading of an irradiation target (containing gallium arsenide) from
the reactor as a result of a breach of established safety procedures. The incident did not involve the
reactor fuel or reactor systems. ANSTO undertook remedial and corrective measures designed to
prevent this type of incident happening again. There were no off-site consequences and no
abnormal exposures of any staff to radiation.

A survey of past incidents at the Lucas Heights Science and Technology Centre is described in
Chapter 10. There it was shown that only one incident has resulted in the release of radioactivity to
the atmosphere and the dose to any member of the public was 1,000 times less than the dose due
to natural background radiation. This incident was not associated with the reactor or its operation.

The survey in Chapter 10 also concluded that all the incidents that led to non-routine releases of
radioactivity into the Sydney Water sewer were minor and had levels of radioactivity that were
lower than those specified for drinking water. In all cases, remedial actions were taken to prevent
the recurrence of each incident.

11.4.3 Occupational Hazards and Risks

Conventional Hazards and Risks

Depending on their duties, workers at the Lucas Heights Science and Technology Centre would be
subject to the same risks as office workers, laboratory workers or workers in light industry. In
addition, those workers whose duties involve exposure to radiation would be subject to an
additional risk. This risk is controlled to be within radiation dose limits and As Low As Reasonably
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Achievable, by ensuring that all radiation workers have their radiation doses monitored and
recorded and that work in radiation areas is undertaken by trained staff and controlled by health
physics procedures.

ANSTO's responsibilities and obligations relating to the health and safety of staff at the Centre are
discharged through its Safety Division. The activities of the Safety Division cover health physics
monitoring, internal and external dosimetry, occupational hygiene, monitoring of airborne
radioactive discharges (refer Chapter 18), ventilation safety, industrial safety, provision of emergency
response, fire prevention, safety related training and safety assessment of procedures, practices and
projects. The organisational control of safety is implemented through a system of Safety Directives
that are consistent with ANSTO's Health, Safety and Environment policy. Occupational risks at
the Lucas Heights Science and Technology Centre are of two distinct types: the possibility of
physical injury resulting from a range of mishaps; and the possibility of overexposure to radiation.

In the opinion of the Safety Review Committee (Safety Review Committee, 1997), ANSTO has
achieved a good occupational safety record, with a general decrease in reported work-related
accidents of 50 percent over the last ten years. Historically, the most common work related injury
are strains and sprains. However, there has been a marked decrease in reported strains in this last
year 1996/7 (Safety Review Committee, 1997).

Occupational Exposure to Radiation

Since 1991, when new radiation regulations were introduced, no worker has received an annual
dose which is greater than the current limit of 20 millisieverts per year, and since 1993, none have
received an annual dose greater than 15 millisieverts (Safety Review Committee, 1994-1997).

The mean occupational dose for radiation workers at the Centre has remained constant at
approximately one millisievert per year, which is half the average radiation dose in the Sydney
region due to natural background radiation of 1.8 millisieverts year. Over the past few years, the
ANSTO staff who have received the largest doses are about 10 staff who have been involved with
the production and dispatch of radioisotopes. The radioisotope dispatch area has recently been
mechanised to improve efficiency and reduce doses. By comparison, the doses to staff operating the
reactor are small.

The Safety Review Committee "noted a marked improvement in safety culture within ANSTO's Safety
Division over recent years and commends management and staff for their continuing commitment to dose
reduction" (Safety Review Committee, 1997).

In May 1996, COMCARE conducted a planned investigation of ANSTO to measure how ANSTO
was meeting its obligations under the Occupational Health and Safety (Commonwealth Employment)
Act 1991 and to assist ANSTO in improving its occupational health and safety performance. The
investigation concluded that:

"ANSTO has achieved a remarkable result in all areas of this planned investigation. The qualifications and
experience of staff of the Safety Division have enabled ANSTO to develop and implement comprehensive
systems to manage all aspects of occupational health and safety." They concluded: "Due to the good result,
very few recommendations have been made in this report" (COMCARE Australia, 1996).

The occupational doses that would result from the operation of the replacement reactor would be
assessed by ANSTO and the successful vendor and reported in the Preliminary Safety Analysis
Report and Final Safety Analysis Report. However, there is no technical reason why they should not
be equal to or lower than that from HIFAR, particularly as refuelling operations are simplified with
a pool reactor.
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With respect to the main contributors to the present occupational dose, namely radionuclide
production and dispatch, two improvements have been initiated which would reduce doses when
the proposal is operating, namely:

• the use of state-of-the-art equipment and the development of procedures for minimising the
generation of radioactive wastes by waste reduction at source, waste segregation and volume
reduction in line with the recommendations of the Waste Management Working Party as
described in Chapter 10; and

• the use of improved techniques and procedures for the production and dispatch of
radiopharmaceuticals.

Studies of -the Health of Workers at; the Lucas Heights Science
and Technology Centre

In order to determine if the risk to workers at the Lucas Heights Science and Technology Centre
due to the above doses was consistent with the predictions using the risk factors recommended by
the International Committee on Radiological Protection and summarised in Section 11.1.4, a study
of the potential health effects of those working at the Lucas Heights Science and Technology
Centre has been carried out by the National Institute of Occupational Health and Safety (Leigh et
al, 1993). The main sources of information available were the medical and dosimetry records of
employees that were compiled by ANSTO. Operational data were also considered such as the
incidence of minor spillages in the plant and the use of chemicals with known carcinogenic
properties. A number of accepted investigational methods were used to analyse the data.

The study concluded that it was not possible to fully investigate any potential relationship between
the exposure to ionising radiation and adverse health effects at the Lucas Heights Science and
Technology Centre by the method of comparing the long-term health of the radiation workers with
the health of a reference group that did not work with radiation. Part of the reason was that there
was no adequately detailed continuous record of the same health data for all ANSTO past and
current employees by any medical practitioner which would enable such a detailed comparison.

However, based on the estimates of other studies of the dose-related risk of developing a malignancy
from exposure to radiation and the recorded doses at the Lucas Heights Science and Technology
Centre, the study concluded that the magnitude of the doses and the number of workers involved
are too small for any radiation dose related risk to be detected.

It is noted that ANSTO staff members are currently part of an international study of the health of
workers exposed to radiation. This study is due to report in 1999.

The study of workers at the Centre (Leigh et al, 1993) also paid special attention to sarcoidosis,
which had been identified as a potential medical problem in the early 1970s. Exposure to non-
radioactive beryllium has been noted as a potential trigger of this lung disease but detailed studies
failed to identify any particular cause at the Centre. Instead, the more than usually thorough chest
X-ray program was considered to have resulted in a increased detection rate in a population
otherwise showing a normal incidence of this disease (Leigh et al, 1993).

Studies of the Health of Workers at other Nuclear Centres

While the lack of comprehensive employee data at the Lucas Heights Science and Technology
Centre has precluded detailed consideration of health effects, studies at other research reactors have
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failed to identify any statistical relationship between exposures of workers to radiation (including
those due to ingestion/inhalation of tritium) and adverse health effects (for example, Werner and
Myers, 1986).

Combined analyses of mortality data on 95,673 nuclear industry workers who were monitored for
external exposure to ionising radiation in nuclear facilities in the United States, the United
Kingdom and Canada were carried out to obtain the most precise direct assessment of the effects of
protracted exposure to radiation in the workplace (Cardis et al, 1995). It was found that the risk
factors were consistent with those recommended by the International Committee on Radiological
Protection and summarised in Section 11.1.4.

Overall Health Effects due to Occupational Exposure

The overall conclusions of the studies are that a high priority of health care is given to all employees
at the Lucas Heights Science and Technology Centre, that there is no evidence of adverse health
statistics or trends, and that current doses to employees are well within current internationally
accepted guidelines (McKinnon, Henderson-Sellers and Hundloe, 1993b).

i i .4.3 Hazards and Risks ta the Public from Normal
Operation of the Proposed Reactor

Nature of the Risk

As described in Section 11.2, the hazards due to operating research reactors are mainly radiological,
resulting from the nuclear fission process. Research reactors of the type proposed involve no other
hazardous processes or materials, beyond those commonly found in light industries. For example:

• there are no significant associated inventories of toxic, flammable or explosive chemicals; and

• there are no systems which have to endure high mechanical stresses of a nature that would
challenge the duties of normal engineering materials and structures or result in missiles.

The general hazard level presented by research reactor operations is that of a light industrial facility.

The radiological hazards form three distinct categories:

• those arising from normal reactor operations including those resulting from waste
management and operational emissions. These hazards and their impacts on the
environment are discussed in Chapter 10 and summarised below;

B those arising from the transport of spent nuclear fuel from the reactor and radioisotopes and
waste from the production facilities. These are assessed in Section 11 .4.4; and

• those that could arise in the event of a major reactor accident resulting in potentially
significant releases of radioactivity. These hazards and their potential impacts on the
environment are assessed in Section 11.4.5.

Public Health

The best indication of the effects of the normal operation of the proposed replacement reactor on
the health of the general public in its vicinity are the studies of the existing operations. Since
ANSTO has made a commitment that the dose to any member of the public would continue to be
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less than one percent of the public dose limit, the studies of people who currently live close to the
Lucas Heights Science and Technology Centre are indicative of the risk of living in the same area
if the proposed replacement reactor is built. The studies may be divided into three main groups:

• those based on predictions of the effects of the reactor operations on those living in the
Lucas Heights area;

• those dealing with the actual and observed health of the population living in the Lucas
Heights area; and

• those dealing with the actual and observed health of the population living in the vicinity of
other nuclear facilities.

Previous Predictions of the Health Effects of AN5TO
Operations

In studies commissioned by the Research Reactor Review, potential health effects of HIFAR were
estimated using currently accepted numerical relationships between radiation dose and its effect on
health (McKinnon, Henderson-Sellers and Hundloe, 1993a). Estimates were made of the risk of
radiation induced cancer to a member of the local population and the risk of genetic disease to their
offspring. The dose- effect relationships used were derived from studies ranging from those of atomic
bomb survivors (that is, those exposed to the highest radiation doses) to those dealing with the
public in Scandinavian countries (where exposure due to radioactive fallout is marginally higher
than usual and medical records are especially detailed).

These studies for the Research Reactor Review concluded that actual doses to the public due to
HIFAR's operations at the Lucas Heights Science and Technology Centre (and at most other
nuclear facilities) are too small to be determined directly and for this reason they must be
calculated. This was done by determining radiation reaching the public via discharges from the
reactor facilities to air, water and through ingested material in food, dust etc. To ensure that the
final calculated dose is conservative and bounding, it was assumed in the study that the quantities
of radiation in each of these pathways was the maximum authorised discharge (even though actual
measurements show that quantities of radioactive material are significantly less than these limits).
Further conservatism was obtained by considering a "hypothetical" individual, that is, one who lives
continuously next to the Centre's perimeter fence (thus receiving the maximum dose via the
airborne route) and swims in and eats food from the Woronora estuary (even though discharges to
the estuary ceased in 1980). The final bounding estimate obtained for such a "hypothetical"
individual was 0.0051 millisievert per year (mostly associated with airborne discharges). This is
considerably less than the one millisievert public dose limit.

Dose Assessment Contained in Chapter i O

A similar assessment has been carried out for this Draft EIS, as described in Appendix F and
summarised in Chapter J 0. This was based on measured emissions from the Lucas Heights Science
and Technology Centre and the maximum dose to any individual was calculated to be 0.003
millisievert per year.

Studies of the Health of the Population Living in the Lucas
Heights Area

In another commissioned study for the Research Reactor Review, the Australian Institute of Health
and Welfare National Perinatal Statistics Unit of the University of Sydney investigated anecdotal
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claims and concerns expressed by residents in the Sutherland Shire (Lancaster, 1993). The health
of residents in the Sutherland Shire was compared with that of residents in the Warringah region
in the north-east of Sydney. Warringah was chosen as it was determined that it had similar socio
economic characteristics to Sutherland Shire.

It was found that the health of residents in the Sutherland Shire was generally similar to that in
Warringah. There were no major differences between the two regions in fertility, most reproductive
health issues, congenital malformations or asthma.

Several adverse health outcomes were found to be more likely in Sutherland than in Warringah.
The mean birthweight was found to be slightly less in Sutherland than in Warringah, but people
who lived nearest to the reactor did not have a lower birthweight than those who lived further
away. It was therefore concluded that there must be a cause, other than the reactor, that explained
these differences.

Hospitalisation for spontaneous abortions was found to be more likely in Sutherland than in
Warringah, but again, this was not related to the proximity to the reactor and was therefore
attributed to another cause. Congenital malformation rates were found to be similar in Sutherland
and Warringah and the instances of ventricular septal defects among residents living close to the
reactor were attributed to variations in the way this complaint is diagnosed.

Another study was carried out by the NSW Central Cancer Registry and Cancer Epidemiology
Research Unit of the NSW Cancer Council and co-workers (Taylor, 1993). The purpose of this
study was also to report on whether there is any evidence to support the claims and allegations with
respect to adverse health effects among people in Sutherland Shire. The study evaluated data on
leukemia, lymphoma and mortality from all causes and concluded that there was no evidence of a
higher incidence in the population near the Lucas Heights Science and Technology Centre
compared to the residents of Warringah or NSW as a whole.

A third study that evaluated the risk from HIFAR to people who live near the Lucas Heights
Science and Technology Centre was carried out by the Imperial Cancer Research Fund in Oxford,
England (Doll, 1993). This study concluded that, if the discharges from HIFAR were always at the
authorised limits, the extra risk of contracting a fatal cancer from living at the boundary of the
Centre for the whole of one's life is 0.3 percent of that attributable to natural radioactivity. The
study points out that this dose is one-seventieth of that incurred on average in moving from
Queensland to South Australia, where the average exposure to natural radiation is twice as high
(Langroo et al, 1991).

The overall conclusion of these studies is that there is no evidence of any abnormal occurrence of
cancer in the Sutherland Shire and the overall health of those living in the Shire, including those
aspects that are related to reproduction, is as good as that of populations living in equivalent socio
economic regions or the rest of NSW.

Health of the Population Living in the Vicinity of Other Nuclear
Facilities

The findings of the studies of the health of members of the population due to operations at the
Lucas Heights Science and Technology Centre are supported by those carried out on populations in
the vicinity of other nuclear facilities including power reactors and reprocessing plants where
controlled discharges are often greater than those from a research reactor (examples are Borrow,
1988; Wakeford et al, 1989; Little et al, 1996). The Research Reactor Review, examined international
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evidence on the health of populations around nuclear facilities, in particular the 1990 United States
Biological Effects of Ionizing Radiation report (BEIR, 1990) and the United States National Cancer
Institute studies (Jablon et al, 1991). These studies found no evidence of increased mortality from
cancer for people living near nuclear installations.

Ongoing studies have used increasingly sophisticated statistical methods and the data from older
studies is periodically reassessed by different authors to determine if the conclusions need to be
changed. The overall consensus of medical and scientific opinion is that, near to nuclear facilities
where discharges are within their licence limits, there is no statistically increased tendency for the
occurrence of cancer.

Overall Assessment: of Public Risks

Previous assessments and assessments made for this Draft EIS of the dose to members of the public
in the vicinity of the Lucas Heights Science and Technology Centre conclude that the dose is a
quarter or less of ANSTO's target of 0.02 millisieverts per year and about 0.3 percent of that due
to natural background. As a result, no observable effects of living close to the Lucas Heights Science
and Technology Centre are predicted and none are observed.

1 i .4.4 Hazards and Risks to the Public from Transportation

Risks Due to Transportation

As described in Chapter 10, ANSTO has made a commitment that no spent fuel from the
replacement reactor would be stored at the Lucas Heights Science and Technology Centre for
longer than 10 years; that all low level and short-lived intermediate waste would be transported to
the planned low level and short-lived intermediate waste repository in the central-north region of
South Australia (when it is operational); and that all long-lived intermediate level waste would be
transported to the planned long-lived intermediate level waste store in the same region (when it is
operational). The following sections assess the risk due to transporting this material and
transporting the radioisotopes that are produced for medical or industrial use.

Transport Regulations and Safety

All the spent fuel, radioisotopes and waste that would be transported from the Lucas Heights
Science and Technology Centre when the replacement reactor is operational would be required to
meet the International Atomic Energy Agency's Regulations for the Safe Transport of Radioactive
Material (International Atomic Energy Agency, 1996c). These are widely adopted throughout the
world. In Australia they are implemented as the Code of Practice for the Safe Transport of Radioactive
Substances (the "transport code", DASETT, 1990), which was promulgated under the Environmental
Protection (Nuclear Codes) Act 1978. Responsibility for the implementation of the national transport
code is given to the State and Territory governments, and for transport under Commonwealth
jurisdiction, to the relevant Commonwealth authorities.

During the second half of 1996, the International Atomic Energy Agency published revised
transport regulations. The main changes are: incorporation of the revised radiation dose limits
recommended by the International Commission on Radiological Protection (International
Commission on Radiological Protection, 1991); exemption levels consistent with the International
Basic Safety Standards; regulations covering packages for the transport of uranium hexafluoride and
packages designed specifically for air transport; radiation protection programmes; and requirements
for fissile materials. The Australian code of practice is currently being revised to reflect the new
International Atomic Energy Agency regulations, and any transport from ANSTO would be
consistent with these international requirements.
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The objective of the International Atomic Energy Agency transport regulations is to protect the
public, transport workers and property from both the direct and indirect effects of radiation during
the transport of radioactive materials which may be in a package of a given design, by specifying
design criteria for each package, and by recommending simple rules for handling and stowage during
transport. Package design is essential to ensuring in-built safety.

The design of packages which are used for highly radioactive materials, such as spent nuclear fuel,
must enable the packages to withstand the effects of a major accident without releasing their
radioactive contents. They must meet stringent leak tightness provisions and satisfy mechanical
(major crash or drop) and fire tests and a water immersion test. The regulations are designed to
ensure that there is no escape of radioactive material from the transport flask as a result of any
credible accident.

The transport casks that are used must hold valid Competent Authority Certification Approvals
from the Australian Maritime Safety Authority, which certify, amongst other things, that the design
meets all of the relevant provisions of the International Atomic Energy Agency regulations for the
safe transport of radioactive substances. The casks would be loaded with spent fuel underwater at
the ANSTO pond facility, sealed, drained and vacuum dried. The casks would then be hermetically
sealed and placed inside specially strengthened, approved shipping containers. The typical
arrangements for transporting spent fuel are shown in Figure 11.3.

Transport Cask V
(£0 Tonne) to lAf A1

Requirements

Lid Securely Bolted

Special Seal in Lid

Heavy Steel Arnund
Thick Lead Shield

Shield
Metal Baskets
Containing Fuel

Standard Shipping
Container

Tvpicai ArrmiwiMWrt of-Fto Cask in
Pirn ;:nrf linpmi. n i l T ' i id

l-igure 11.3

Typical Arrangement for Transporting Spent: Fuel Source: ANSTQ(1997e)
Note 1: Internationa! Atomic Energy Agency
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The transport of the containers and casks by road to the port would be along major Sydney
suburban roadways. The choice of the precise route would be subject to consultation with the NSW
Police. Security requirements prevent its details being published in advance. The NSW
Environment Protection Authority would also be consulted to ensure that the normal State
requirements for transport of radioactive materials are being met. Approval of the transport would
also be required from the Nuclear Safety Bureau and, when formed, ARPANSA. The Nuclear
Safety Bureau was the designated competent authority for the last shipment of spent fuel to the
United States.

To ensure that the transportation arrangements are open to public scrutiny, the Minister for
Industry, Science and Tourism designated that earlier shipments of spent fuel rods from Lucas
Heights should be subject to the Environment Protection (Impact of Proposals) Act 1974. A Public
Environmental Report (ANSTO, 1995a) was prepared covering the transport of 114 HIFAR spent
fuel rods from the Lucas Heights Science and Technology Centre to the United Kingdom for
reprocessing. Subsequently, a comprehensive assessment of the impact of shipping all the remaining
spent fuel arising over the life of HIFAR was prepared (ANSTO, 1997b). This addressed the
shipment of 689 rods to the United States and 1,300 to the United Kingdom. Both of these
environmental assessments were approved by the respective Environment Ministers as meeting the
objectives of the Environment Protection (Impact of Proposals) Act 1974 and demonstrating that there
would be no significant impact from the transportation of spent fuel. A similar procedure would be
followed for spent fuel from the proposed replacement reactor.

Previous Shipments of Spent: Fuel

As described in Chapter 10, there have been two shipments of HIFAR spent fuel to Dounreay: 150
elements in 1963 and 114 elements in 1996. In addition 240 elements were shipped back to the
United States on 2 April 1998. There were no incidents associated with these shipments.

Transport: of Reactor Products and Waste

Transport of the reactor products and intermediate and low level waste is also required to meet the
International Atomic Energy Agency's regulations and therefore ensure that risks due to
transportation are reduced to very low levels. The Nuclear Safety Bureau, or in future ARPANSA
is the relevant approval authority. As described in Chapter 10, all the waste would be converted into
a solid form before being transported.

Previous Transportation of Low Level Waste

Although not associated with the operation of a reactor, low level radioactive waste has been
transported to and from the Lucas Heights Science and Technology Centre in the past. Low level
waste from the Commonwealth Scientific and Industrial Research Organisation was placed in 9,726
drums and stored temporarily at the Centre. Each drum contained 205 litres of very low radioactive
material mostly consisting of mixed soil, building rubble and processing residuals. Between
November 1994 and January 1995 the drums were transported from the Centre to the Rangehead
at Woomera (Senate Select Committee, 1996; Codd, 1995). Two incidents occurred during this
transportation which were reported widely in the press and which caused some concern among the
public.

The soil from the Commonwealth Scientific and Industrial Research Organisation site contained a
high water content. During transportation, the soil settled to the bottom of the drums and the water
rose to the top. Each drum was sealed with a lid and then banded, but in the first incident two
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drums rubbed against each other and one of the seals was disturbed and water was able to leak out.
No increase in radioactivity over the normal background level over the area of spillage was
detectable. In the second incident, leakage from a drum was reported during transit through the
suburbs of Sydney. This incident turned out to be due to rainwater, which had been caught on the
top of the drum and had been dislodged during transportation due to the movement of the vehicle.

These incidents were reviewed at the request of the then Minister of Industry, Science and
Technology (Codd, 1995) and by the Senate Select Committee looking into the dangers of
radioactive waste (Senate Select Committee, 1996). The first review concluded that the
movements were carried out under arrangements consistent with the transport code, with a special
focus on the need to ensure public safety and with an appropriate attention to detail in the planning
and execution. Most importantly, the movements were effected without any risk to public safety.
However, the review did note, with the benefit of hindsight, that some elements of the planning and
execution could have been enhanced. These related most particularly to inter-governmental
consultation and to the public information strategy.

The Senate Select Committee review has recommended that:

• in the future "transportation of significant amounts of radioactive materials should require
an assessment of the most appropriate transport mode" be made by the operators; and

• "that State governments and local councils en-route should be fully notified of the route and
contents of radioactive waste consignments and should be given sufficient practical
knowledge to be able to devise and implement contingency plans" (Senate Select
Committee, 1996).

Impacts of Transporting Reactor Products, Spent Fuel and
Waste

An analysis of the possible impact of spent fuel transportation is provided in ANSTO (1997b). This
report concluded that, taking into account both the normal operations and a range of possible
accident scenarios and severities, there would be no significant environmental or health
consequences for workers or the public.

This view can be supported by general evidence provided to the Senate Select Committee (Senate
Select Committee, 1996) from the Department of Transport, which states that there has been no
significant incidents in the transportation of radioactive materials in Australia in the last 30 years.
Likewise, in the United States, where 2.8 million shipments of radioactive substances are made each
year, there has been no significant incident over a comparable time (United States Department of
Energy, 1997). It can therefore be concluded that there would be unlikely to be any significant
impact from the transport of reactor products, spent fuel and waste associated with the proposal.

i 1,4.5 Hazards and Risks "to the Public from Reactor Accidents

Introduction

Modern research reactors are designed to withstand a wide range of potential accidents. Accidents
arise as a result of an initiating fault (that is, a cause) coupled with failure of one or more engineered
safety functions. The high reliability of reactor plant and the engineered safety functions mean that
accidents are very unlikely. Accidents that are capable of damaging significant amounts of the
nuclear fuel are less likely still. At this stage, only generic details of the pool reactor design are known.
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Risk assessment is, therefore, based on a bounding scenario. Therefore, to investigate the effects of
accidents on the surrounding population and to provide input into emergency planning (the last
level of defence-in-depth), use is made of the reference accident approach. When the design is
known a detailed Safety Analysis Report would be reviewed and approved by ARPANSA.

The reference accident is a hypothetical event based on a combination of an initial fault and
degradations of nuclear plant control and safety systems. These faults and degradations cause
radioactive fission products to escape from their normal place of confinement and be released, so
that members of the public could be exposed. The assessment of the reference accident uses
conservative assumptions and selects bounding values for certain parameters in order to ensure that
the accident scenario represents a bounding case in terms of the release of fission products to the
environment. The reference accident can be considered to be a beyond design basis accident
comparable to the concept of a severe accident or a maximum hypothetical accident used in other
countries (refer Section 11.3).

In defining the reference accident, the following are required:

m an initiating event of sufficient magnitude to cause the release of radioactive material from
its normal place of confinement from within the fuel. This must involve some melting of, or
physical damage to, the fuel;

• some degradation of control or safety system operation, or the absence of one or more
defence-in-depth provisions of the reactor's design or operation;

• some subsequent additional operator or plant faults or degradations which exceed
operational limits or design bases and which are not necessarily related to or caused by the
initiating event; and

m determination of the subsequent behaviour and transport of fission products and resultant
doses using conservative assumptions.

The following sections describe the basis for the definition of the accident sequence which has been
chosen as the reference accident. More details and a full technical analysis of the reference accident
is provided in Appendix G.

Passible Events Causing a Reactor Accident

An accident associated with the proposed replacement reactor could occur as a result of the
following types of event:

B an internal hazard at the plant, such as fire; or

B an external hazard such as earthquake, aircraft crash or bush fire; or

B an internal fault at the reactor facility, such as a major equipment break-down or
malfunction.

Fire

In the design of reactor plant, inventories of materials that could cause or sustain a fire, exothermic
reaction or explosion are avoided or, if essential, are minimised to the extent that, with the
exception of cable insulation, there is little fuel for fire. Particular care is taken in modern reactor
designs to ensure that cabling is not a major fire hazard. Cable insulation types which have superior
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fire retardant properties and produce less smoke than commonly used cables are utilised wherever
there is a significant cable fire hazard. This reduces the risk of an uncontrolled fire and the risk of
producing large volumes of smoke, containing toxic chemicals.

Precautions are taken throughout design, construction, commissioning, operational and
decommissioning stages to prevent conditions capable of causing fire and explosion from arising, or
to reduce their effects. Part of the defence against fire and explosion is provided by limiting stocks
of flammable and combustible materials around the plant, careful management and elimination-by-
design of ignition sources so far as is reasonably practicable. Design provisions to mitigate the effects
of a fire would include:

• segregation of the plant into fire resistant compartments, to minimise the possibility of
fires spreading;

• inclusion in the ventilation system of fire dampers to reduce the air supply to, and smoke
from, sections of the plant; and

• segregation of essential services and systems so that safety functions are retained even in the
event of a fire affecting one system.

The likelihood of a fire starting and spreading is, therefore, low under normal conditions and
reduced by design for abnormal operating conditions or operator errors. However, even assuming a
fire does occur, the provision of measures to give early detection and warning of fire, retard progress
of fire and extinguish fires in their earliest stages would minimise the risk to the public. In the
analysis done for HIFAR by independent consultants, fire was not a significant issue (Pickard, Lowe
and Garrick, 1998). A similarly detailed analysis would be done for the replacement reactor.

External Events and Site Characteristics

External events such as earthquakes and aircraft crash are, theoretically, capable of producing
multiple failures in a number of different plant components and protection systems simultaneously.
This is because they constitute a possible threat, not only to process vessels, pipework and
equipment, but also to the integrity of containment systems. The mechanical consequences of such
very rare events are likely to be larger than for internal events. Therefore, the probability of external
events requires careful assessment to ensure that the probability is appropriately small for this site.
The major external hazard threats are earthquake, aircraft crash and bush fire.

Earthquake

The Lucas Heights Science and Technology Centre is located on a sandstone plateau in the Sydney
Basin. The current earthquake hazard map of south-eastern Australia (Standards Association of
Australia, 1993), shows the Sydney Basin to be in a low intensity seismic zone. Local geological
structures exhibiting recent seismic activity have not been identified and records suggest that, in
the past 100 years, no seismic activity has occurred at the Centre that would have caused damage
to modern engineering structures.

In assessing the safety of a reactor, a Safe Shutdown Earthquake, or SL-2 seismic level, is defined as
one which has a very low probability of being exceeded and represents the maximum level of ground
motion to be used for design purposes. The International Atomic Energy Agency (1991) has
observed that in some nuclear states, an SL-2 event corresponds to a seismic activity which could
occur once every 10,000 years. This is a much more stringent criteria than that used for any other
building in Australia (Standard Association of Australia, 1993). This definition has been adopted
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by both the Nuclear Safety Bureau and ANSTO for assessing the seismic requirements of nuclear
activities at the Lucas Heights Science and Technology Centre.

Several studies have been carried out to evaluate the size of earthquake that would correspond to
a frequency of once every 10,000 years (Corran, 1995). Based on these, the Nuclear Safety Bureau
(1993) advised that a general acceleration of 0.2 times the acceleration due to gravity would
correspond to an SL-2 event. ARPANSA would either adopt the same value for SL-2 as the Nuclear
Safety Bureau or specify a replacement, but in either case, all safety related plant on the
replacement reactor would be designed to withstand the SL-2 event. Additional work is being done
on the seismic hazard curve for the Lucas Heights site and results of this would be used in specifying
the design requirements for the replacement reactor.

Aircraft Crash

Aircraft crash is another unlikely event that, nevertheless, has the potential both to breach
containment structures and to cause radioactive releases, either as a result of the impact or from a
fire which may be initiated. ANSTO has made a commitment that the reactor building of the
replacement reactor would withstand the impact of a light aircraft and thus the only potential
damage to the reactor is from a large commercial aircraft accident.

The factors influencing the likelihood of aircraft crash are related to the activities at Sydney
(Kingsford Smith) Airport and Bankstown Airport, as follows:

B Sydney (Kingsford Smith) Airport is 19 kilometres north-east of Lucas Heights. Aircraft
travelling to and from this airport are not expected to be in final approach or initial climb
phases at such distances. Most accidents occur during these phases of flight. Therefore,
accidents associated with these flight phases would not contribute significantly to the
frequency of aircraft crash at the Centre; and

• aircraft operating from Bankstown Airport, which is 13 kilometres north of Lucas Heights,
are mainly light general aviation aircraft. Therefore, operations at Bankstown Airport would
not be expected to contribute significantly to the frequency of large aircraft crashes at the
Centre. The reactor building would be constructed to withstand light aircraft crash (see
Chapter 5).

An estimate of the frequency of aircraft crash onto HIFAR has been prepared for the Department
of Industry, Science and Tourism (Pickard, Lowe and Garrick, 1998). Although aircraft are
restricted from flying within one nautical mile of HIFAR below an altitude of 2,000 feet, Lucas
Heights lies under one of the main flight paths into and out of Sydney (Kingsford Smith) Airport.
Radar tracks indicate that about 2,500 jets per month fly through a 10 kilometre x 10 kilometre box
centred on the reactor. This corresponds in the analysis to 30,000 flights per annum in the vicinity
of Lucas Heights Science and Technology Centre having a potential trajectory in the event of
accident, that has some probability of impacting on the reactor building. This appears to be a
conservative estimate (tending towards the pessimistic) as the position of the site relative to airports
is not fully taken into account in the calculation. Taking these factors into account, the sum of the
probabilities of aircraft crashing for general aviation and commercial air transport has been
calculated to be once every five million years. There are a number of factors which would suggest,
on the basis of the study (Pickard, Lowe and Garrick, 1998), that the true probability would be
lower than once every five million years.

Because of these factors, the evidence points to a probability of aircraft crash that is less than once
every five million years. At these low values, the incident is generally considered to be incredible.
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Bush Fire

Historically there have been a number of bushfires in the vicinity of the Lucas Heights Science and
Technology Centre. Recent fires have threatened to encroach onto the site. The bushfire hazard
and the controls implemented by ANSTO to reduce the likelihood of flashover onto the site are
assessed in Chapter 17. The emergency planning and response arrangements for incidents including
bushfire are discussed in Section 11.9. Damage to the replacement reactor as a result of the direct
effect of the radiant heat from bushfires is not credible due to the distance of the bushland from the
reactor and the nature of the reactor building.

Buildings housing safety related equipment, such as the pump house, and safety related structures,
such as the cooling towers, would also be exposed to the threat of bushfire. Even if it were assumed
that a severe bushfire reduced or damaged some of the cooling function, the cooling capacity and
redundancy provisions of the emergency cooling systems would provide adequate heat removal. For
the replacement reactor, special attention would be given to the design of cooling towers to further
reduce any residual threat from bushfires.

Sabotage

Sabotage is not amenable to quantitative assessment. It is prevented by appropriate design and by
effective security measures. Security measures at the Lucas Heights Science and Technology Centre
conform to international requirements with HIFAR being surrounded by a high wire mesh fence
with security gates and the whole area being contained within the main security fences. Each
entrance is guarded by members of the Australian Protection Service. The risk of sabotage is
considered to be low.

Internal Faults

Internal faults analysed for safety assessment purposes are broken down into three broad classes: a
reduction in coolant flow (termed 'loss of flow accident'); a loss of coolant accident; and a power
excursion or reactivity insertion accident.

The loss of flow accident represents a class of accidents in which it is assumed there is a reduction
in coolant flow to parts of the reactor core permitting fuel heat-up to the point at which melting
could occur. A loss of coolant flow could come about as a result of either failure of coolant
circulating pumps or the introduction of debris into the pool. The former would lead to a degree of
boiling in the core region that would shut down the reactor, preventing significant core damage. For
the latter, in the absence of detailed design information for the proposed replacement reactor, it is
assumed that blockage is capable of resulting in melting of a fuel element, and this melting could
extend to neighbouring fuel elements. Conservatively, this scenario could lead to up to 25 percent
of the core being damaged.

A loss of coolant accident represents a class of accidents where it is assumed there is a leakage of
coolant from the pool resulting in the core of the reactor becoming uncovered. A small or moderate
rate of coolant loss would take some tens of hours to uncover the core in a typical modern pool type
reactor. It is not credible that such a state of affairs would be allowed to continue and water would
not be made up into the pool. A large rate of coolant loss would require the gross failures of large
parts of the pool structure. The pool structure and the beam tube penetrations would be designed
to be so robust that a large loss of coolant accident is not considered credible.

A reactivity insertion accident involves the unplanned addition of excess reactivity, leading to a
power excursion that is not terminated because of some unspecified failure of the reactor control
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system. A steam bubble created by the rapidly heated water would result in the expulsion of some
of the pool water. A review of experimental information indicates that core damage is less than 25
percent. This value is considered an appropriate upper bound for the purposes of the reference
accident for a pool type research reactor.

The Reference Accident:

Of the three types of event that could initiate an accident, only for the internal fault category can
a credible argument be advanced for a significant release of fission products to the environment. Of
the two potential initiating events giving rise to core damage, the flow blockage and the reactivity
insertion, the latter, in reducing the amount of water in the pool available for fission product
retention, has the potential for the greater release of fission products. Detailed justification of this
is provided in Appendix G.

The reference accident is therefore identified as a reactivity insertion fault involving the unplanned
addition of excess reactivity. This is modelled to lead to a rapid power excursion which, because of
some unspecified failure of the reactor control system, is assumed not to be terminated. The power
excursion would be experienced by a small number of fuel assemblies, the temperature of which are
assumed to increase to the melting point of the fuel. The heat removal capacity provided by the
coolant is assumed to be insufficient to prevent boiling so that a steam bubble would rapidly form
around the affected fuel elements. This bubble might be expelled from the pool into the reactor
building and carry with it, or entrain, a quantity of pool water. Because of the rapid power increase
and fuel damage, the core would become sub-critical and the reactor would shut-down.

The extent of core damage in such faults has been investigated in experiments and, for the purposes
of analysis of the reference accident, this is taken to be 25 percent. Compared with the results of
experiments, this is considered to be a conservative value (ANSTO, 1998f).

Fission products in the molten fuel would be released into the pool water and some fraction would
be transferred into the reactor building atmosphere and eventually to the environment. In
determining the behaviour of the plant subsequent to the release of fission products from the fuel,
further conservative assumptions are made to put an upper bound on the eventual release of fission
products to the environment. These include:

B no credit for operator mitigative or preventative actions;

• no credit taken for any pool clean-up system;

• instantaneous release of fission products from the fuel and the pool;

• instantaneous transport of fission products throughout the reactor building;

• degraded reactor building isolation;

• degraded reactor building ventilation; and

H degraded reactor building leak rate.

The likelihood of such a combination of events is expected to be no more than one chance in a
million per year.

Conservative estimates of the release of fission products from the fuel into the pool water, from the
pool water into the reactor building and from the reactor building to the environment have been
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made. These estimates take into account the behaviour of fission products in the pool water and in
the reactor building and the performance of the reactor building in confining the radioactivity.
These estimates, and their basis, are detailed in Appendix G.

The releases to the environment have been calculated over a period of 100 days following the onset
of the accident. The greatest proportion of the release would, however, occur within the first few
hours following the onset of the accident.

Radiological Hazards

The initial airborne activity concentration would be rapidly reduced as the plume of airborne
radioactivity is dispersed from the site by the prevailing winds. The scope of the present
investigation extends out to 25 kilometres from the Lucas Heights Science and Technology Centre.
This distance was selected as it was found to be well beyond the distances at which individual doses
would be of significance for individual risk.

A number of potential routes of exposure to the released activity can be envisaged; the most
significant pathways being via:

• direct exposure to radiation emitted from radioactive material within the plume;

• inhalation of radioactive materials whilst immersed in the plume;

• direct radiation exposure, both during and subsequent to the passage of the plume, from
material deposited on the ground;

• ingestion of ground-deposited radioactive materials through the foodchain;

• inhalation of re-suspended radioisotopes; and

• direct radiation from skin deposited radioisotopes.

The intake of radioactivity by inhalation of material in a plume could only affect those people who
are exposed to the plume as it passes by. This gives rise to a dose internal to the body. Direct
irradiation by this passing plume would also occur while an individual is in the vicinity of the plume,
which results in a dose to the exterior of the body.

As the plume travels over the ground, small amounts of material would be deposited onto the
ground and vegetation. The rate of deposition is dependent on the weather conditions, and is
higher in the presence of rain than in dry conditions.

The direct irradiation from ground-deposited material and the ingestion of ground-deposited
material through the food chain could result in radiation exposure over longer periods of time.

Individual and collective doses to members of the public within 25 kilometres of the site have been
assessed for a number of weather conditions. The dose received by a potential worst case exposed
individual has also been assessed. The risk of death as a consequence of radiation exposure for the
worst case exposed individual and the potential number of additional latent deaths (from the
induction of cancers) in the exposed population as a whole has been assessed. A range of scenarios
have been considered to represent activities of the population in terms of occupancy, food
production and food consumption. These calculations, and their bases, are detailed in Appendix G.
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A practice that is frequently undertaken in assessments of the present type is to apply a cut-off dose,
below which individual dose contributions are not counted in the total collective dose. This is done
to prevent the artificial numerical inflation of risk by the addition of quantities that are so small as
to represent no actual practical risk. Such a conservative cut-off dose would be 0.01 millisievert, a
level consistent with that promulgated by the International Atomic Energy Agency as the level
below which there need be no regulatory concern. In this assessment of doses and risks, this cut-off
has been applied and collective doses to populations have not been calculated in cases where the
individual dose is less than this value.

Individual Dose

The maximum radiation dose that any individual might incur would depend on the following factors:

• their location during the progression of the accident and subsequently;

• the magnitude and direction of the wind with respect to the individual;

• whether or not there is rainfall;

• whether or not the individual is outdoors;

• the age of the individual; and

• the consumption of locally grown contaminated food.

Using conservative assumptions (which overestimate the dose), the doses to adults, children and
infants have been estimated for distances from the edge of the buffer zone at 1.6 kilometres up to
25 kilometres from the Lucas Heights Science and Technology Centre. This dose includes that from
exposure to the radioactive plume and that from eating contaminated food, assumed to be grown
locally. The assumptions include that people continue their normal lifestyles and that no mitigation
measures are taken. The estimated individual doses are committed effective dose as described in
Appendix G. The highest doses, which arise at the buffer zone boundary, have been calculated as:

B For an adult: 0.51 millisieverts;

• For a child: 0.77 millisieverts; and

B For an infant: 1.8 millisieverts.

All these values are well below the levels at which any intervention in the way of sheltering or
evacuation would be needed, the minimum level recommended by public health authorities at
which sheltering should be considered being five millisieverts effective dose (National Health and
Medical Research Council, 1990).

In the case of the adult and child, the highest doses arise under neutral weather conditions
(Category D) with rainfall and the majority of the dose results from the ingestion of contaminated
foods with a lesser contribution from direct radiation in the plume. In the case of the infant, the
highest dose would arise under weather conditions which cycle between stable (Category F) and
neutral conditions (Category D) and the dominant dose contributors are the inhalation of
radioisotopes in the plume and direct radiation from the plume. The dose resulting from inhalation
is much more significant for the infant because of the larger biological effect of iodine which is
inhaled from the plume. Details of this assessment are provided in Appendix G. These doses, and
the variation with distance from the reactor, are shown in Figure 11 A-
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Figure 11.4
Predicted Dose to Adults, Children and Infants following the
Reference Accident at the Proposed Replacement Reactor
(for the Worst Weather Categories)
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A "worst case" individual may be defined as an adult or a child who is present on the trail bike track,
which is 400 metres north of the proposed replacement reactor inside the buffer zone, when the
accident occurs. Doses to this individual have been assessed on the basis that he/she spends the first
12 hours on the track, when the largest release of radioactivity occurs, with the wind blowing in this
direction, and with rain. These are the worst weather conditions in terms of radiation doses. After
the first 12 hours, it is assumed that the individual shelters for the remainder of the release in an
ordinary house close to the edge of the buffer zone, which is also downwind and situated under the
plume of contaminated air.

This individual is assumed to continue to live at the house, the ground around which would have
residual contamination from the passage of the plume. The maximum dose would be experienced
by a child and would be 3.4 millisieverts. It would be dominated by radiation from the passing plume
and the assumed consumption of contaminated foodstuffs. This dose is the same as that due to
natural radiation for a person who lives in the area for one and a half years. Correspondingly, an
adult exposed in this "worst case" would incur a radiation dose of 2.3 millisieverts. This dose is
similar to that due to natural radiation for a person who lives in the area for one year.

C o l l e c t i v e D o s e

The collective dose is the total that everyone outside the Centre fence would receive, and it
depends on how the population is distributed relative to the windborne plume of contaminated air
from the reactor.

A detailed assessment has been made of the collective doses that could arise in the event of the
reference accident for a distribution of the population for the years 2006, by when the proposed
reactor would have been commissioned and 2016, which is representative of full operation of the
reactor. Population data for 2006 and 2016 have been projected from the 1996 census (refer
Appendix G). The assessment of collective dose has taken account of the populations situated
directly beneath the plume of contaminated air and adjacent populations affected due to the lateral
spread of the plume. The assessment showed that the population exposure would be greatest if the
plume travelled north-east from the reactor. The resulting total collective dose has been calculated
to be 14 person-sieverts in 2006 and 15 person-sieverts in 2016.

Risks to the Public

The relationship between radiation dose and the risk to life is discussed in Section 11.1.3. In
considering the risk that could arise from the predicted doses it should be borne in mind that the
reference accident envisaged would not be expected to occur more frequently than about once in
one million years.

The worst case exposure scenario results in assessed doses of 2.3 millisieverts and 3.4 millisieverts
to an individual adult and child respectively (refer Figure 11.4)- Using the International
Commission on Radiological Protection risk coefficient for fatalities (for radiation protection
purposes) for the general population of 0.00005 per millisievert (International Commission on
Radiological Protection, 1991), these doses represent a probability of one chance in 10,000 and one
and one half chances in 10,000 for the induction of fatal cancer in an adult and child respectively,
if the reference accident were to occur. However, it should be noted that it is expected that the
safety analysis report for the replacement reactor would show the annual likelihood of the reference
accident is generally considered incredible; that is, occurring less than once in one million years.

The largest total collective dose is for the plume travelling into the north-north-east sector under
conditions of rainfall (15 person-sieverts). This dose represents less than one latent cancer fatality
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in the population around the Lucas Heights Science and Technology Centre, even if the accident
were to occur.

The recommendation of the United States National Council on Radiation Protection (1995) is that
when the collective dose is smaller that the reciprocal of the relevant risk coefficient, the risk
assessment should note that the most likely number of excess cancer deaths is zero. The relevant
risk coefficient used in this assessment is a 0.00005 risk of cancer fatality per millisievert effective
dose (International Commission on Radiological Protection, 1991), or, expressed another way, five
cancer fatalities per 100,000 person millisieverts. The reciprocal is therefore 20,000 person
millisievert, or 20 person-sieverts, a population dose for which the most likely number of excess
cancer fatalities is zero. Hence the assessed maximum collective dose of 15 person-sieverts for the
replacement reactor reference accident, which bounds all credible accidents, would not be expected
to produce any cancer fatality.

Land Contamination end intervention Levels

The contamination of land surrounding the Lucas Heights Science and Technology Centre would
produce a maximum direct radiation dose rate of 0.094 millisie verts, at the boundary of the buffer
zone, in the first year if the reference accident were to occur. This is the equivalent to 30 percent
of the average annual background radiation dose rate in Australia or four percent of the total
background population dose rate (including medical diagnostic and therapeutic irradiation) in
Australia (ANSTO, 1995b; Solomon, 1997).

The radioisotopes which contribute to this dose have short lifetimes, and through the processes of
radioactive decay and weathering, the direct radiation dose rate in subsequent years would quickly
fall to the background radiation level.

Intervention levels for relocation due to deposited radioisotopes are specified by the National
Health and Medical Research Council (National Health and Medical Research Council, 1990).
From this analysis, ground contamination levels at 0.4 kilometres and 1.6 kilometres have been
estimated and, for iodine-131, the levels are 0.4 percent and 0.1 percent of the criteria
recommended by the National Health and Medical Research Council. In the case of ruthenium
isotopes, the ground contamination levels at these distances are about 0.001 percent of the criteria.
These results show that there would be no disruption to land use outside the Lucas Heights Science
and Technology Centre if the reference accident were to occur.

increased Production of Hadioisofcapes

The hazards and risks associated with the potential increase in the production of radioisotopes are
discussed in Section 11.2.3 and in Appendix G, where it is shown that the potential release of
radioactivity as a result of the production of radioisotopes is considerably less than the potential
release as a result of the reference accident and that this would continue to be the case even if the
production of radioisotopes increased by a factor of four.

11.4.B Comparison of Risks with Operating Research
Reactors Overseas

Normal Operations

The risks to the public during normal operation are entirely associated with the radiological impact
of gaseous and liquid discharges from reactor operations. The gaseous discharges depend to some
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extent on the design of the research reactor and the use to which it is put, but the emissions from
research reactors overseas are similar to those described in Chapter 10 for HIFAR and the proposed
replacement reactor. In all cases, liquid discharges are also controlled to meet authorised discharge
levels. There are no significant differences in risk to members of the public due the normal
operation of research reactors in all countries.

The doses that operators receive at research reactors depend on the level of shielding that is
provided. In pool type reactors, the operators are protected from the fuel by a considerable depth of
water both during operation and refuelling. The main sources of dose depend on the details of the
experimental work that is carried out and on the details of the processes that are used to produce
radioisotopes. However, the operating plants demonstrate that there are no technical difficulties in
achieving doses that meet the As Low As Reasonably Achievable principle. A summary of the
operator doses at typical research and power reactors which should be compared with the
International Commission on Radiological Protection recommended dose of 20 millisieverts, are
provided in Table 11.6. The doses from typical power reactors are shown as the dose limits for
research and power reactors are the same in most countries.

Table 11 -B: Occupational Doses

Type of Plant Average Annual Maximum Annual International
Individual Doses individual Dose Commission on
Emillisiewerts] (millisieverts! Radiological

Protection
Recommended Dose1

Power Reactors

French N4 1.6 50 20
German 1300 (megawatt) 0.7 30 20
USASNUPPS 1.3 23 20

Swedish Ringhals 1-4 2.5 35 20

Russian WER-1000 0.7 50 20

Research Reactors

HIFAR3 1.0 6.8 20

UKAEA2 1.5 n/a 20
Belgium (BR1) 0.7 9.9 20
Belgium (BR2) 0.9 8.3 20
Sweden R2 5.0 15.0 20
USAATR 0.6 9.0 20
The Netherlands HFR 2.0 5.0 20

Sources: Knipe. 1990; McKinnon, Henderson-Seliers and Hundloe, 1993b; Pascal. 1998,
pers. comm.,18 June.

SafeCy Review Commrctee, 1997.

NDCSS; 1 . ICRP [199*1];3O millisievercs is Che recommended dose limit, but in any yean doses up to SO millisieverts
are acceptable provided the average dose over five years is less Chan 100 miilisieverts.

2. UKAEA is the Uniced Kingdom Atomic Energy Auchoricy.

3. Maximum doses shown for HIFAR in 1 99B-9"7 exclude chose from radiaphanrnaceuticais production.
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Accidents

Research reactors have displayed an excellent safety record over the 40 or more years during which
some have been in operation. Of the 50 reactors of a similar power to the proposed replacement
reactor, over 30 are more than 30 years old and the total life adds up to nearly 1,600 years. Only a
limited number of incidents have occurred involving research or test reactors. Of these, only one
has been recorded as having any consequences external to the reactor building and that was for the
test reactor SL-1 in the United States. Three incidents have resulted in fatalities to workers on the
plant. These are discussed below.

Test Reactor SL-1 [United States]

The SL-1 (Stationary Low Power Reactor-1) accident occurred in 1961 (Mendoza, 1980) and
resulted in the death of the crew of three military personnel that were operating the reactor. It was
an early test reactor that did not have the benefit of the automatic systems on modern research
reactors. The reactor was located at the National Reactor Testing Station in Idaho and was a three
megawatt boiling water reactor plant.

The rapid withdrawal of the central control rod led to a rapid increase in the power of the core
resulting in an accident. In a modern research reactor the possibility of such a fault is considerably
reduced through the use of neutron detectors situated around the edge of the core, which monitor
the reactor power, and automatically insert the reactor safety shutdown rods should the core power
start to rise too rapidly.

The power excursion that ensued resulted in the fuel of the reactor being melted. Approximately
five percent of the fuel contained within the core was vaporised and 40 percent of the volatile
fission product inventory was released to the reactor coolant water. The incident resulted in the
release of fission products external to the building but there were no exposures of members of the
public. From measurements of airborne reactivity and ground contamination levels it was inferred
by Mendoza (1980) that 370 giga-Becquerels of iodine-131 was released to the atmosphere about
one and a half-days after the incident. Other data indicated that 20 giga-Becquerels of caesium-137
and four giga-Becquerels of strontium-90 were released during the course of the accident. The
release from a similar incident on a modern research reactor would be considerably reduced by the
reactor building, which would be designed to retain radioactivity. This feature is now generally
required as part of the licensing requirements for modern designs.

Analysis of the incident (Mendoza, 1980) indicates that coolant water in the SL-1 vessel was very
effective in absorbing fission products from the excursion and thus preventing a significant dispersed
airborne source. The effect of water absorbing the fission products is estimated to have reduced the
dose released to the environment by a factor of 250. Since the SL-1 accident was a partial core
disassembly in a water-submerged environment, this conclusion provides additional assurance that
natural physical and chemical processes will act to constrain the dispersion of fission products
during similar accidents in light water pool reactors.

RB Zero Power Reactor [Yugoslavia]

During a sub-critical experiment in October 1958, the RB zero-power reactor (a heavy water,
natural uranium assembly) at the Institute of Nuclear Sciences "Boris Kidrich" became
uncontrollably supercritical (Nucleonics, 1959). The reactor is an unshielded zero power design in
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which control is accomplished by adjusting the moderator level. The reactor became critical
because of an uncontrolled rise in the level of heavy water in the reactor tank. A flux recorder was
available to control the two cadmium safety rods provided, but, prior to the accident, there was no
interlock to prevent starting the reactor without switching on the recorder. During the incident
none of the instruments normally used for dosimetry, alarm and automatic safety control were
turned on. Under these circumstances, reactor personnel only noticed an abnormal condition by
the smell of ozone formed in the air. The actual power rise of the reactor was first known ten
minutes later, when a considerable increase in gamma radiation was shown on the automatic
activity recorders located some 540 metres away from the reactor.

Six persons in the immediate vicinity who received strong doses of radiation were treated at the
Curie hospital in Paris, one of which subsequently died. The total average whole-body dose received
by the irradiated persons from neutron and gamma radiation was estimated to have been 6,800
millisieverts. The reactor itself was undamaged by the incident and is still in operation.

The design of this reactor has no relevance to the proposed replacement reactor.

RA-2 Critical Assembly [Argentina]

In September 1983, an incident occurred at the RA-2 critical assembly at the Constituyentes
Atomic Centre near Buenos Aires, Argentina which resulted in the death of a technician as a result
of a sudden increase in reactor power. The reactor differed from the proposed replacement reactor
in that it was a zero power, light water, tank-type reactor designed and built in Argentina. The
incident occurred while the technician was refuelling the reactor when he failed to follow correct
operating procedures, including neglecting to drain the reactor of moderating water prior to
performing the refuelling operation. Modern safety standards would have ensured protection
against this fault through the automatic insertion of reactor safety shutdown rods. The operator was
exposed to a dose of 1.4 sieverts of fast neutrons and between 0.5 and 1.4 sieverts of gamma
radiation and died two days later of the effects of the radiation. No equipment was damaged and
there was no release off-site (Neutronics Weekly, 1983).

Other Incidents

None of the remaining incidents at other research reactors resulted in any harm to personnel and
no release of radioactive material to the environment. Some examples include:

NRX [Canada]

On 12 December 1952, a power excursion occurred at the NRX reactor in Canada owing to an
operator error which caused a number of control rods to rise out of the core (Mosey, 1990).
Although the reactor was tripped after 20 seconds the controls rods failed to fall into the core and
only the dumping of the moderating water after 49 seconds brought the reactor back to low power.
The fault resulted in extensive melting of the reactor's fuel. As a result of this accident the
fundamental safety principle of nuclear safety, provision of a completely independent, fast acting
shutdown system, was developed. The incident also identified the need for the development of a
formal operational safety philosophy and institutional structures to support it.

NRU [Canada]

In May 1958, a piece of irradiated uranium fuel burned in the main room of the NRU Reactor
building in Canada. The building was severely contaminated and the reactor was shut down for
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several months for decontamination and rehabilitation activities. Despite the potential hazards, no
harm came to personnel and the reactor suffered only minor damage.

SILOE [France]

In November 1967 six fuel plates were melted on the SILOE reactor (Jacquemain, 1977). The
relatively slow increase in activity allowed the reactor shell to be completely evacuated as soon as
the alarm was sounded, without any harm being done to personnel (irradiation or contamination).
The control room outside the shell was not evacuated.

Multi-purpose Pool Research Reactors

Other than SILOE, none of the accidents that have been described above have occurred at a multi-
purpose research pool reactor of the type that is proposed to replace HIFAR.

11.4.7 Public Liability

International Aspects

Two basic international conventions were established in the early 1960s to cover nuclear third party
liability. These were the Paris Convention, set up under the auspices of the Organisation for
Economic Cooperation and Development's Nuclear Energy Agency, which has membership from
European countries, and the Vienna Convention, set up under the auspices of the International
Atomic Energy Agency, which is open to worldwide membership. These two Conventions and their
subsequent amendments, aim to provide adequate financial protection for the public through a
three tier structure to the liability coverage as follows:

• operators of nuclear facilities have absolute and exclusive responsibility for the initial cover,
up to a maximum level defined in national legislation;

• when the prescribed amount is exceeded, the Government responsible for the facility is
obliged to assume responsibility up to the designated ceiling, around $315 million;

• above this amount, the Convention parties pool financial resources to a maximum amount
of around $530 million.

In 1992, a Joint Protocol extended the operation of each Convention into the territory of Parties to
the other. A number of countries with major nuclear programs such as the United States, Canada,
Japan and Korea, are not parties to these Conventions and provide for operator liability and any
government indemnity through national legislation. In both the United States and Canada, as in
Europe, government organisations are indemnified by the government for nuclear third party liability.

Australian Position

Australia is not a party, nor is it considering becoming a party, to either of the above
Conventions. Australia does not have specific national legislation covering nuclear liability. The
only way to currently pursue third party compensation claims for nuclear damage in Australia is
through the provisions of common law. However, Australia has taken a prominent stance in
recent years in negotiations on nuclear liability in its participation in the International Atomic
Energy Agency Standing Committee on Nuclear Liability. Australia has consistently supported
the view in international negotiations that national governments should be involved in the
international treaties providing indemnity to support nuclear activities which have nuclear third
party liability implications.
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In October 1997, Australia signed the Convention on Supplementary Compensation for Nuclear
Damage. This Convention contains the provision that a Contracting party which is not a party to
the Vienna or Paris Conventions shall ensure that its national legislation is consistent with the
provisions laid down in the Annex to the Convention. The Convention also requires that the
country with the nuclear installation has to ensure the availability of approximately $530 million for
compensation. Australian legislation will need to be established to cover these obligations when
ratification of this Convention is being considered. However, this is expected to be some time in the
future as the Convention requires ratification by one-third of the world's nuclear power generating
countries before it will come into force.

Potentially there are two scenarios in which an incident related to the proposed replacement reactor
could affect members of the public. These are either an incident at the Lucas Heights Science and
Technology Centre or an incident that occurs during the transportation of nuclear materials or
wastes to or from the Centre, such as radiopharmaceuticals, low and intermediate level wastes
(including decommissioning wastes) or spent fuel.

Incidents at the Lucas Heights Science and Technology Centre

Normal household insurance policies issued by insurance companies generally include a list of
'exclusions'. These, inter alia, include such things as earthquakes and floods and it is standard
practice for there to be a nuclear exclusion clause.

Compensation for any damages or losses could, however, be claimed under common law, which
would give unlimited liability in the event of an incident at the Centre. Whether the
Commonwealth or ANSTO would be liable for any losses or damage would depend on the facts of
the particular case (Hansard, 1997a). The responsibility of the Commonwealth or ANSTO would
depend on whether the Commonwealth or ANSTO was responsible for the damage incurred. The
Commonwealth has indicated that it would ensure that ANSTO has the capacity to meet any
damage claims which might conceivably be awarded.

Transport of Spent Fuel

The current arrangements with regard to the liability and insurance aspects of the transport of spent
fuel from HIFAR are described in ANSTO (1997b). The responsibility and liability would not
change as a result of the replacement reactor.

When spent fuel is transported outside of the Lucas Heights Science and Technology Centre,
ANSTO would arrange for nuclear indemnity cover to an amount appropriate to the shipment, but
generally at least US $100 million. This would be undertaken in accordance with standard nuclear
materials shipping arrangements and would be arranged through an appropriate agent. This
insurance covers liability for all damages that could arise from the nuclear or radioactive nature of
the cargo from the moment it leaves the gates of the Lucas Heights Science and Technology Centre
to the time of its arrival at the gates of the destination site (ANSTO, 1997b).

Transport of Radiopharrnaceuticals

A description of the frequency of transportation of radiopharmaceuticals from the Lucas Heights
Science and Technology Centre is provided in Chapter 14- Any claims resulting from accidents
would, in the first instance, be covered by the carrier's insurance.
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Transport of Wastes

The transport of wastes from the Lucas Heights Science and Technology Centre would include low
level and intermediate level waste to the planned national radioactive waste repository or store in
South Australia and the potential transportation of decommissioning wastes. In these cases, action
would be taken to ensure that the insurance held by the transport companies adequately covered
public liability.

During the commissioning phase of operations for the proposed replacement reactor there would
need to be an overlap between HIFAR and replacement reactor operation. Subsequently,
operations with HIFAR would be terminated and the facility would be placed into a care and
maintenance regime pending decommissioning. There would be no dual operation of the reactors
except during the hand-over period. The estimated duration of and extent of reactor powers during
dual operation are provided in Table 11.7.

Table 11.7: Estimated Duration and Powers for Dual Operation

Duration
[months]

Activities

Fuel loading, approach to critical low
power operation

Approach to full power

Demonstration ofisotope production
capacity and of reactor operation at full
power

Power of
Replacement Reactor

5% of full power

0% to 100% of full power

1 month 50% full power

2 months 100% full power

Power of
HIFAR

Full power

Full power

Full power

There are three issues associated with dual operation. These are:

• the impact on off-site releases in the event of an accident occurring during this period;

• the impact on radioactive waste arisings and discharges from the reactors; and

• the impact on radioactive waste arisings and discharges from the radiopharmaceutical
production facility.

With regard to off-site releases, because of the duration of operation at power required to build up
substantial radioactivity, the inventory level in the replacement reactor would not be sufficient to
represent a significant additional off-site hazard during dual operation (for example, for the start-up
scenario in Table 11.7, the increase in the total inventories of both reactors for the radiologically
important nuclides is no more than a factor of three (ANSTO, 1998, pers. comm., 20 February).
For this same reason, no significant increase in individual worker exposure levels would arise. The
collective dose for the group of reactor workers as a whole may be expected to increase because a
greater number of workers than usual would be involved in reactor operations during the handover
period. However, the increase would be limited as dose rates in the replacement reactor would be
low.

With regard to radioactive emissions generated by both reactors, for most of the commissioning
phase of the replacement reactor operations would be undertaken with the reactor at low power or
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in a shut down condition. During dual operation, as at other times, the majority of emissions arise
from radiopharmaceutical production and this would not alter in volume or kind compared to that
prior to dual operation. Only when the replacement reactor is operated at close to full power and
only if the isotope production rate increased would the amount of emissions be any greater, as
discussed in Chapter 10. The increase in risk is shown to be very small.

11.B.I State Provisions for Emergency Planning

An emergency is considered to have occurred when communities suffer the impact of hazards which
require resources additional to those normally provided by the local emergency services. An
example is a major bush fire. To respond to such situations, the NSW State Government, together
with the Commonwealth and other States and Territories, has adopted a "Comprehensive
Approach" and "All Agencies Approach" (or "Integrated Approach") to emergency management.

The Comprehensive Approach recognises four elements of emergency management. These are:

• prevention, including the identification of hazards, the assessment of threats to life and
property and the taking of measures to reduce potential loss to life or property (mitigation);

B preparation, including co-ordination and management arrangements or plans to deal with
the effects of an emergency;

B response, including the process of combating the effects of an emergency, and of providing
immediate relief for victims; and

• recovery, including the process of remediation, and, if necessary, resettlement/
reconstruction to assist the affected community to return to normal.

Emergency planning is undertaken on a number of levels. How many of these levels of planned
control and co-ordination become involved in an emergency will depend on the scale of the
incident and the resources necessary to cope with it. This is illustrated in Figure 11.5

At the State level, provisions are made under the NSW State Emergency and Rescue Management Act
1989. Arrangements are made at individual facilities in accordance with this Act, and to ensure co-
ordination with other responsible authorities and public representatives.

I i . 6 . 2 Emergency Planning Arrangements at the Lucas
Heights Science and Technology Centre

The current legislation applying in NSW is the State Emergency and Rescue Management Act 1989.
The former ANSTO emergency plan, prepared under the Civil Defence Act 1972 was referred to
as APTCARE and was superseded in 1989. APTCARE stood for A Plan to Cope with Accidents
at the Research Establishment of the Australian Nuclear Science and Technology Organisation,
Lucas Heights'.

In discussing the current ANSTO emergency planning arrangements under the NSW State Emergency
and Rescue Management Act 1989, it is useful to review the planning hierarchy under the Act.
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Planning

Resources

Stats Level

STATE EMERGENCY MANAGEMENT
COMMITTEE tSEMC)

[Executive Support provided by SRESB
Secretariat)

District: Level

DISTRICT EMERGENCY MANAGEMENT
COMMITTEE (DEMO

(Executive Support provided by the District
Emergency Management Officer]

Local Government Level

LOCAL EMERGENCY MANAGEMENT
COMMITTEE (LEMC)

(Executive Support provided by the Local
Emergency Management Officer - from
Council)

/ ^ Effects of ImpaoU *
{• of an Evan* h
V Solicits Rasponee

Control and Coordination

EMERGENCY MANAGEMENT AUSTRALIA

NATIONAL EMERGENCY MANAGEMENT
COORDINATION CENTRE (NEMCC)

STATE EMERGENCY OPERATIONS
CONTROLLER (SEOC)

FROM THE STATE EMERGENCY
OPERATIONS CENTRE

DISTRICT EMERGENCY OPERATIONS
CONTROLLER - POLICE (DEOC)

FROM THE DISTRICT EMERGENCY
OPERATIONS CENTRE

LOCAL EMERGENCY OPERATIONS
CONTROLLER (POLICE) (LEOC)

FROM THE LOCAL EMERGENCY
OPERATIONS CENTRE

Figure 11.5
Levels of Emergency Planning

The Act requires that a range of plans, generally known as DISPLANs, are in place for potential
emergencies. The purpose of these plans is to allow for emergencies to be controlled at the lowest
appropriate level. The arrangements make provision for assistance to be provided should the
incident escalate. This assistance takes place in a staged process which provides for escalation of
emergency control from local to district to State level.

For the arrangements to be effective, all agencies involved are required to have in place
appropriate internal instructions and/or standing operating procedures, and to make resources
available when required.

For accidents, incidents or emergencies with on-site consequences only, the emergency planning
arrangements for the Lucas Heights Science and Technology Centre are:

• the Lucas Heights Science and Technology Centre Emergency Plan which describes the on-
site emergency arrangements for situations that can be handled by ANSTO personnel; and

• the ANSTO Emergency Plan (DISPLAN) which provides for the off-site emergency
arrangements requiring assistance and control from the NSW Combat Agencies and for any
on-site emergencies requiring assistance from the emergency services. ANSTO personnel
provide full technical support to this plan.

For accidents, incidents or emergencies with off-site consequences, the following plans describe the
arrangements for situations which might develop into emergencies:

a Sutherland Shire Local Disaster Plan (DISPLAN);
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• St George-Sutherland District Disaster Plan (DISPLAN); which will be replaced by the
Georges River District Disaster Plan following changes to Police Districts; and

• NSW State Disaster Plan (DISPLAN).

ANSTO is represented on both the Sutherland Shire and the Georges River Emergency
Management Committees.

The Lucas Heights Science and Technology Centre Emergency Plan was revised in November 1996.
It is supported by a range of Standing Operating procedures for personnel with responsibilities for
emergencies, most of which were revised in September 1997.

The ANSTO Emergency Plan (DISPLAN) was also revised in November 1996. In addition to the
Standing Operating Procedures referred to above, each emergency services organisation has a
supporting procedure for this plan.

The inter-relationship between the procedures and plans is illustrated in Figure 11.6.

ANSTO Safety Division;
Government and Public Affairs
Communications and Security
Supported by LLWP Members

Local Liaison Working Party
ANSTO :

District Emergency; ; ,
; Management Officer

Police and Fire
Ambuland and Health ;

Sutherland Council :
EPA, S.ES, NSB :

EPA - Environment Protection Authority
SES - State Emergency Services
NS8 - Nuclear Safety Bureau
LLWP - Local Liaison Working Party

Lucas Heights Science
and Technology Centre

Emergency; Ran

•:. A N S T O , ;•:.•;:''..;:•'
• "\ •• DISPLAN y:^ y;i-;-

Sutherland Shire
Local Disaster Plan

DISPLAN :..•••.

: St. George
':.'•' (George
District Di

DISF

NSW
' DISF

r

Sutherland
s River) • . "
saster Plan
LAN

State :

LAN* : \

Supported by
ANSTO Standard

Operating Procedures

: ; Supported by
NSW Emergency Service
Organisation and ANSTO

Standard Operating

Figure 1 1 .6
Emergency Planning Arrangements at the

Lucas Heights Science and Technology Centre
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11.6.3 Emergency Response Arrangements at the Lucas
Heights Science and Technology Centre

ANSTO maintains a 24-hour a day ability to respond to incidents and emergencies at the Lucas
Heights Science and Technology Centre such as a building fire, bush fire, storm, bomb threat,
chemical spill, failure of a power supply or a compressed air supply and radiological incidents
including a major reactor accident. Emergency response arrangements are illustrated in Figure 11-7.

Minister and Board
Chief Executive Officer

Communications Manager

Advise as appropriate

Site Control
Centre

Site Alarm
Monitor

APS - Austraiian Protective Services
EPA - Environment Protection Authority
SES - State Emergency Services

Emergency
Response
Personnel

Duty Safety
Co-ordinafcor

ANSTO
Emergency

Management
• Officer:...'.

A N S T O S u p p o r t S e r v i c e s '.'-.'•• • -.'.-,• [•''•: X '••.'•ll- •"'•'•'•'.' :
Health Physics, Fire and Safety, Building Wardens
Area Supervisors, other Safety Division Staff, APS

External Supporting Services
e g P o l i c e , F i r e , A m b u l a n c e , H e a l t h , E P A , " S E S : - •

E x t e r n a l
A g e n c i e s

t a k e c o n t r o l .
A N S T O

D I S P L A N
actioned

Option Open Alternative Site :Control Centre

: Option Open Emergency Operations

Figure 11.7
Emergency Response at the Lucas Heights
Science and Technology Centre

The Lucas Heights Science and Technology Centre Site Emergency Plan is normally initiated by the
Duty Safety Co-ordinator or by the most senior officer from the Safety Division. This happens when
a co-ordinated approach to handling an incident, confined to the Lucas Heights Science and
Technology Centre occurs, which can be handled by ANSTO personnel. The Duty Safety
Coordinator would remain in operational charge of the response. The ANSTO Emergency
Management Officer would assume executive control for all operations at the Centre for the
duration of the incident.

If an incident requires assistance from the emergency services organisations or the effects spread
beyond the site, a 000 call is made from the Site Control Centre that triggers the ANSTO
DISPLAN. For a single agency response, for example calling an ambulance, the plan would not be

PPK Environment & Infrastructure



hazardcs~and rleke

initiated. However, if more than one agency was involved, for example fire brigade and police, the
most senior police person present would take control as Site Controller. The Site Controller
manages the overall site and is not involved in the physical aspects of the operation. He/she opens
the Emergency Operations Centre situated in Building B31 or one of the other off-site locations.
The emergency services organisations involved would provide Liaison Officers to this centre. These
officers would advise the Site Controller on their specialist areas, for example, the Department of
Health officer would advise on the issue of stable iodine tablets.

Instructions on emergency procedures are distributed by leaflet to all local residents and libraries. If
alerted to an emergency by the NSW Police, through other authorised emergency services or
through media announcements, the public have been advised to undertake certain actions as
outlined in the leaflet.

Operational Control Rooms at the Lucas Heights Science and
Technology Centre

The following control rooms support normal operations and emergencies at the Lucas Heights
Science and Technology Centre. The links between these are shown in Figure 11.8.

Hli=AR incidents Other incidents[ Other

HIFAR Control Room M M .Site Control Centre

Emergency Control Room • Alternative Site Control Centre

Off-site Emergency Agencies Control Centre

Figure 11.8
Lucas Heights Science and
Technology Centre Control Centre

HIFAR Control Room: supports the routine reactor operations.

HIFAR Emergency Control Room: enables the reactor to be controlled from a remote location.

Site Control Centre: monitors safety and security alarms and systems and provides a
communications centre for all incidents and emergencies.

Alternative Site Control Centre: an alternative facility from which the control of an incident or
emergency and co-ordination of resources may be effected. This facility also provides an operations
centre for the Duty Safety Coordinator and other support staff.
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ANSTO Emergency Operations Centre: a facility from which the Police Local Emergency
Operations Controller controls an incident or emergency. The ANSTO Emergency Management
Officer would represent ANSTO and the Emergency Services Organisations would have liaison
officers present.

In addition to the above control rooms the replacement reactor would have a Control Room and an
Emergency Control Room integrated with the existing control and communication arrangements.

11.6.4 Emergency Exercises

Testing of emergency planning by running exercises is an integral part of emergency preparedness.
The decision as to which components are to be tested is made jointly by ANSTO Safety Division
and the Local Liaison Working Party. A working party to plan the exercise is appointed and always
includes ANSTO and non-ANSTO personnel.

Depending on the nature of the exercise, participants always include players, observers and
organisers or directing team and may include umpires and other personnel. Immediately following
the exercise a debriefing is held at which a spokesperson for all principal groupings of participants
is invited to speak and to which all participants are invited to attend. The proceedings are recorded
and transcribed to ensure no comments are missed. All participants are invited to provide written
comments on the evaluation forms provided.

Independent observers and/or umpires always include representatives from the Nuclear Safety
Bureau, the ANSTO Safety Review Committee and the NSW Environment Protection Authority.
In addition, local community interest groups are invited to send observers and to complete
evaluation forms.

Both the completed evaluation forms and the verbal comments made during the debrief are then
analysed and a list is made of actions for improvement with responsible persons identified and for,
where possible, target dates are set. A comprehensive report is produced and presented to the Local
Liaison Working Party for consideration and comment. It is widely circulated throughout the Lucas
Heights Science and Technology Centre, the Emergency Service Organisations, the Safety Review
Committee and the Nuclear Safety Bureau.

ANSTO Safety Division then undertakes to follow up the actions to ensure they are completed.

Recent; Emergency Exercises at; the Lucas Heights Science and
Technology Centre

Emergency exercises are designed to test all or part of the emergency planning process. A
requirement under the NSW State Emergency and Rescue Management Act 1989 is that following
exercises or the activation of the plans, the plans and supporting Standing Operating Procedures
are reviewed. This is an ongoing process at the Centre and part of the role of the Local Liaison
Working Party. Improvements are generally minor in nature, demonstrating that the underlying
arrangements in the plans will effectively deal with any incident arising at the Lucas Heights
Science and Technology Centre. Recent emergency exercises at the Centre are summarised below.

Boffex, December 1 393

This exercise simulated an accident resulting in off-site releases from HIFAR. It was a general test
of daytime emergency arrangements at the Lucas Heights Science and Technology Centre for severe
accidents to HIFAR. The Nuclear Safety Bureau ran this exercise and concluded that "the
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arrangements are satisfactory for dealing with emergencies having on-site and off-site effects
resulting from severe accidents at the reactor HIFAR". Some procedures, communications
equipment and arrangements to keep the public informed about potential emergencies were
upgraded as a result of this exercise.

Commex, November 1 994

This exercise was undertaken as a result of the Boffex Exercise. It was used to test communication
links between the Emergency Services Organisations and ANSTO staff with responsibilities for
emergencies. The outcome demonstrated that the efforts to upgrade communication arrangements
on-site had been successful. It also triggered the upgrading of the Standing Operating Procedures
supporting the emergency plans.

Breakout, May 1 995

This exercise tested the ability of ANSTO to evacuate the HIFAR Fenced Area. The physical
evacuation of some 180 personnel tested a number of mechanical and electronic systems together
with the ability to safely and quickly evacuate staff and account for any persons missing. The
arrangements proved to be effective. Some system and procedural arrangements have been further
improved and incorporated into the Standing Operating Procedures.

Wombat, June 199B

This exercise was designed to exercise the control and effectiveness of the off-site radiation
monitoring team. These procedures have been regularly exercised in ports where nuclear powered
warships visit and have previously been tested at Lucas Heights Science and Technology Centre.
The exercise provided a refresher for many members of staff and a practical training experience for
new members. The procedures were demonstrated to be effective in gathering the information
needed. Some improvements to ancillary equipment performance were implemented and some
changes were made to radio procedures.

Bushy, February "1 937

Planning arrangements at the Lucas Heights Science and Technology Centre are generic, to cope
with all eventualities. This is a requirement under the NSW State Emergency and Rescue Management
Act 1989. Exercise Bushy was the first time in recent years that a non-radiological scenario had been
used for an exercise at Lucas Heights Science and Technology Centre. The scenario tested the
response to a bushfire. The ability of the planning arrangements to adequately handle a non-
radiological incident was soundly demonstrated.

Recovery, September 1 997

This simulated a seismic event sufficient to cause fuel melting and an off-site release. It was the
largest and most complex exercise organised in recent years. Five major components were tested
These were:

• the HIFAR Recovery Team operation;

• the HIFAR Emergency Control Room operation;

• the HIFAR Emergency Control Room crew change over;
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• operation of the ANSTO Emergency Operations Centre including testing decision making
capabilities with respect to the Emergency Operations Centre; and

• evacuation of the HIFAR Fenced Area.

Three of the major components had not been previously exercised under the current planning
arrangements. These were either new initiatives or improved arrangements. Overall the planning
arrangements were demonstrated to be effective and the exercise objectives met. Where
improvements in some of the components were identified, those components will be the subject of
further small scale exercises.

ANSTO officers provide support to emergency planning arrangements for the visits of nuclear
powered warships to Australian ports and participate in training and exercises for these
arrangements. ANSTO is also a participant in the Australian Contingency for Space Re-entry
Debris Plan (Ausconplan - SPRED).

11.6.5 AN5TQ Liaison

ANSTO at the Lucas Heights Science and Technology Centre and its predecessor, the Australian
Atomic Energy Commission, have a long history of emergency planning in close consultation with the
NSW Emergency Services Organisations and Emergency Management Australia at the national level.

By agreement between the Prime Minister and the Premier of NSW in 1964, the first Local Liaison
Working Party was established to prepare emergency plans. It has met regularly since its formation.
In 1989, membership was altered to include representatives from ANSTO, NSW Police
Department, NSW Board of Fire Commissioners, NSW State Emergency Services and Civil
Defence Organisation, NSW Department of Health, NSW Department of Environment and
Planning (now NSW Department of Urban Affairs and Planning) and Sutherland Shire Council, a
similar composition existing today.

The ANSTO Local Liaison Working Party meets quarterly to consider all aspects of emergency
planning and preparedness at Lucas Heights Science and Technology Centre.

11.7.1 Overview

Perception of the risk posed by HIFAR needs to be discussed within the wider context of the issues
which involve community perception of risk. This is also addressed in Chapters 7, 16 and 20.
Perceptions of risk relating to hazardous development in general typically involve a substantial gap
between the "popular" perception of risk held by the community and "scientific" perceptions, the
perceptions of the people responsible for analysing and managing the risk. Public perceptions of risk
do not correlate with the statistical evidence of the chances of fatality relating to particular
activities. It has been convincingly argued that this perception gap is further accentuated by
perceived differences in values and beliefs between the parties involved. Public perception of risk is
generally driven by a sense of outrage over a hazard rather than the scientific significance of the
hazard itself. This finding is the outcome of an extensive body of research conducted by Sandman
(1991) who identifies a number of characteristics of risk as influencing popular perception of the
severity of the risk. He nominates qualities such as unfamiliar compared to familiar risks, man-made
as opposed to natural risk and involuntary as compared to voluntary risk as contributing to a
heightened public perception of risk.
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The Research Reactor Review asserted that common public perception of the risk of radiation
induced cancer is that such risks are high, when in fact they are relatively low. It states "Heightened
perception of risk usually relate to new or unfamiliar risks, where the risks are thought to be beyond the
individuals control, where the effects may be delayed for a long period, where the detection of danger is
impossible because it is invisible and odourless and where children's health is involved" (McKinnon,
Henderson-Sellers and Hundloe, 1993a, b).

The Research Reactor Review commented that perceptions of risk vary widely among members of the
public and often conflict with the evidence and the perceptions of risk held by people more closely
involved and familiar with the same activities and situations. Submissions received during the
process of developing the Draft EIS support this observation. Perceptions of risk expressed in
submissions to the EIS Guidelines and the Draft EIS cover a broad spectrum of opinion. They range
from those who believe the reactor does not pose a substantial risk to the surrounding community
to those who argue that HIFAR should be decommissioned and that a replacement reactor should
not be built, in the interests of the safety of the nearby urban population.

11.7.2 Research Reactor Review - Key Findings

Reark Research and Roy Morgan Research carried out qualitative sampling of public opinion in
Sutherland, Sydney metropolitan area and interstate as part of the Research Reactor Review (Roy
Morgan Research Centre, 1993; Reark Research, 1993).

Reark Research (Reark Research, 1993) conducted six focus groups, two in Sutherland Shire, two
elsewhere in Sydney and two in provincial cities of NSW The key findings concluded that there was
no "top of mind" concern about the proposed new reactor even in Sutherland Shire. However, the
level of awareness was considerably higher amongst Sutherland Shire residents than others.
Furthermore, the higher the respondent's level of awareness the more confident they were that the
safety issues were under control. Reflecting on the reasons for this, Reark Research (1993)
commented that people who have put themselves and their families in the vicinity of a reactor have
already made the necessary "trade-offs" and come to terms with the safety issues; they knew of the
existence of the reactor before they moved into the area.

The study found that respondents, with little understanding of the research reactor and what level
of risk might be associated with it, were inclined to spontaneously vote 'no' to a replacement
reactor, preferring to err on the side of 'safety'. Reark Research (1993) stated that when the
respondents weighed up the advantages against the disadvantages themselves, they were almost
unanimously inclined to vote in favour of a new research reactor. This was attributed to a belief
amongst participants that problems with nuclear establishments are linked with more primitive and
less safe technologies and that it was assumed that a newer technology would present less risks than
the current facility.

It also emerged that respondents living further away from HIFAR prefer to be at a distance.
However the concept of a safe distance varied considerably.

The Roy Morgan Research Centre (Roy Morgan Research Centre, 1993) conducted six focus
groups, two in Brisbane, two in the northern and western suburbs of Sydney and two in Sutherland.
This dispersion was designed to test the influence of proximity on attitudes. People having strong
pro- or anti affiliations were not included in the study. The Roy Morgan Research Centre stressed
that the scale of the study was modest and that therefore the findings could only be seen as
presenting an indicative hypothesis. The conclusions which reflect on perceptions of risk in regard
to HIFAR were that nuclear issues in general and HIFAR in particular, are not "top of mind"
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concerns for the people interviewed, regardless of their place of residence. However, the negative
issues most associated with HIFAR appeared to be founded on news-making issues relating to
overseas power stations, nuclear accidents such as that which occurred at Chernobyl and nuclear
waste disposal.

11.7.3 Submissions to the Draft EIS

A number of submissions made during the community consultation, while the Draft EIS was being
prepared, expressed a range of concerns and opinions in regard to safety and perceptions of risk, about
both HIFAR and the proposed replacement reactor. These are discussed in detail in Chapter 7.

One of the most frequently expressed concerns regarding HIFAR and the proposed replacement
reactor is the risk of a major radiation leak and its impact on surrounding urban development. It
has been claimed by some respondents that there is a level of insecurity within the community
created by the presence of HIFAR and that residential development has been allowed too close to
HIFAR. Others have claimed that the fact that the Government will not allow residential
development within the HIFAR buffer zone is evidence of the risk the facility poses to the
surrounding community. Factors perceived to contribute to the risk of radiation leaks include the
risk of sabotage and the impact of fires. Popular perceptions of the potential risk of an accident at
HIFAR are largely influenced by the incident at Chernobyl, as demonstrated in earlier research.

Concern with emergency procedures and evacuation in the event of an accident have also been
raised. The main issues include:

• a lack of community awareness of appropriate emergency procedures and evacuation plans.
It has been suggested that a series of public education forums should be conducted to advise
nearby communities how they should respond in the event of an emergency;

• local schools require training in the event of an emergency; and

• ANSTO should issue iodine tablets to all homes within a ten kilometre radius and reissue
them before they reach the use-by date.

Other concerns include health impacts such as the risk of contracting cancer.

In contrast, submissions have been received by both long and short term residents of the area who
do not perceive a significant risk from HIFAR. They maintain the improbability of a major accident.
It is also argued that HIFAR does not pose health risks to the surrounding community and that
there are no apparent health problems at Lucas Heights.

11.7.4 How ANSTO Addresses These Perceptions of Risk

ANSTO believes its publicly stated emphasis for this Draft EIS to be an open and transparent
process is indicative of the organisation's high regard for those in the community who perceive there
are risks in what it does. ANSTO subsequently repeated this emphasis during the preparation of the
Draft EIS when it approved additional resources for expanding the community consultation process.
As well as other material described in this section of the Draft EIS, such action indicates ANSTO's
willingness to understand and address the complexities of perceived risk and how this affects some
in the community.

Broadly speaking, ANSTO attempts to gain a better understanding of its community concerns by:

m interacting with communities at various levels;
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• promoting opportunities to visit the Lucas Heights Science and Technology Centre; and

• providing communities with information.

ANSTO seeks to be proactive in addressing any community concerns stemming from its activities,
particularly those of a safety or public health nature. It does this through a series of initiatives as
outlined below.

Community Interaction

Since November 1994, meetings with community groups have been held every two months, with
an independent facilitator. Attendees include people from precinct committees, anti-nuclear
groups, Sutherland Shire Council and the Sutherland Environment Centre. ANSTO and external
organisations have spoken at this forum on subjects requested by the community. A wide range of
ANSTO reports and documents are made available.

In addition to these regular meetings, other interactions have included:

• a course for teachers with responsibility for occupational health and safety in nearby schools
was held at ANSTO in November 1997, with some 16 schools attending. Two similar courses
are planned for 1998;

B discussions on emergency arrangements with the precinct committees through ANSTO
Community Meetings;

• some 60 presentations were made in 1997 to Rotary, Apex, Lions, Probus, businessmen's and
businesswomen's clubs and some schools. Such presentations have been made regularly in
previous years;

B an evening was arranged with Sutherland Chamber of Commerce in 1997 to brief local
organisations on how they might do business with ANSTO. This event, attended by more
than 30 companies, will be repeated later in 1998; and

B a community consultation program for this Draft EIS is being implemented, including an
exchange of correspondence between Sutherland Shire Council and ANSTO to increase the
effectiveness of the program. The program encompasses project newsletters, media
advertisements, telephone information line, an Internet Home Page, stakeholder meetings
and briefings, mobile information displays, community information days and internal
ANSTO staff briefings. The efficacy of the community consultation program is being
independently reviewed by Twyford Consulting, an external agency with expertise in best
practice techniques for community consultation.

Opportunities to Visit: the Lucas Heights Science and
Technology Centre

Tours of the Centre by schools and members of the public are encouraged. Some 6,000 people
toured ANSTO facilities in 1997. In addition, ANSTO holds Open Days every two years. This year
(1998) they were held on May 21, 22 and 23 and attracted almost 5,000 visitors.

Dissemination of Information

ANSTO has a range of community based programs aimed at providing information about its
activities in both formal and less formal manners. Under the ANSTO Act 1987, the organisation is
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required to distribute, as appropriate, information relevant to its activities. ANSTO and its
predecessor, the Australian Atomic Energy Commission have done this for many years. This
information includes:

• copies of emergency plan arrangements for both the Lucas Heights Science and Technology
Centre and for the district are held by all relevant parliamentary representatives, local
councils, in local libraries, at ANSTO Reception Centre and by the Sutherland Shire
Environment Centre;

• the pamphlet - What if there is an emergency at Lucas Heights Research Laboratories? was
distributed to 20,000 households in Sutherland Shire in 1996. Another distribution will be
undertaken during 1998;

• ANSTO produces a number of reports for the community such as its Annual Environmental
Survey which is distributed to Members of Parliament, councils, community meetings and
groups, libraries, media, posted on the Internet and sent to the public on request;

• a regular newsletter ANSTO Update is produced and distributed every two months to 40,000
households within the Sutherland Shire;

• following the announcement of the proposed replacement research reactor in September
1997, an information series, ANSTO Facts, is run in local newspapers;

• publications on HIFAR, on ionising radiation and on managing radioactive waste and
spent nuclear fuel at Lucas Heights are provided to local libraries routinely and to the
public on request;

• ANSTO exhibits at the Australian Science Week and the Conference of Australian Science
Teachers. It also exhibits at local school events such as fetes and careers nights; and

• ANSTO's Internet Home Page (http://www.ansto.gov.au) offers members of the public a
wide and increasing amount of information on ANSTO activities. Present rate of usage is
some 2,500 enquiries a week.

Community Feedback

ANSTO seeks to obtain feedback on the effectiveness of its community information programs both
formally and informally.

Formal feedback was obtained from a Community Attitudes Survey that was carried out in 1996-97
under the direction of a committee including ANSTO and representatives of Sutherland Shire
Council, Sutherland Environment Centre and a person appointed by an ANSTO Community
meeting. The survey was designed to better ascertain the way in which the community accesses
information and the areas in which more information from ANSTO was desired. The survey
provided valuable feedback for ANSTO to refine its Communication Strategy.

As can be seen from the above discussions, ANSTO has in place systems and resources for
addressing perceptions of risk. However, research into risk perception is an evolving field and like
other organisations, ANSTO is still working towards developing a better model for both identifying
and managing these risks. In the meantime, its policy of being an open and transparent organisation,
together with a workforce comprised of half local community residents remains two of its greatest
strengths in this matter.
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The commitments that have been made by ANSTO that impact on the assessment and control of
hazards and risks arising from the proposed replacement reactor, that are additional to those given
in Chapter JO, are:

B ANSTO would ensure that the design, construction, operation, utilisation, modification and
decommissioning of the replacement research reactor is conducted to the standards as set by
international authorities such as the International Atomic Energy Agency and International
Commission on Radiological Protection, and are approved by the Australian nuclear
regulatory authority, ARPANSA;

• ANSTO would ensure that its safety management system meets all relevant requirements
for nuclear safety, defence-in-depth, and occupational and public radiation protection;

H ANSTO would comply with the forthcoming ARPANSA Act 1998 and Regulations, as well
as all the relevant licence conditions, ARPANSA principles and guidelines, including:

- ensuring that the safety assessment of the reactor meets the Nuclear Safety Bureau's and
ARPANSA's criteria;

- ensuring that occupational and public radiation doses are less than the relevant dose
limits are As Low As Reasonably Achievable, and within authorised dose constraints; and

- ensuring that the design and construction of the reactor building enables it to withstand
external natural and human-made events such as the design basis earthquake and the
crash of a light aircraft.

• ANSTO would maintain the existing 1.6 kilometre buffer zone, even though it is large
according to overseas criteria and practice; and

• ANSTO would ensure that all packages containing radioisotopes, spent fuel or waste, which
are transported from the Lucas Heights Science and Technology Centre, comply with the
transport regulations of ARPANSA and the International Atomic Energy Agency.

^

11.9.1 Risks to 'Workers at the Lucas Heights Science and
Technology Centre

The risk to workers at the Lucas Heights Science and Technology Centre due to the replacement
reactor itself would not be very different from the current risk from HIFAR. The dose due the
reactor operations would continue to be small and well within regulatory limits. The reactor has the
capacity to increase the production of radioisotopes by a factor of four, and the total collective dose
to workers may increase in proportion to the additional benefit, but the individual doses would be
controlled in the same way as they are at present.
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i i .S .S Risks to the Public Near the Lucas Heights Science
and Technology Centre

The maximum dose to any member of the public due to the normal operation of the proposed
replacement reactor has been assessed to be 0.003 mtllisievert per year which is 0.15 percent of
natural background radiation levels or less than that received from flying for one hour. This is
consistent with earlier assessments and thus no impact from the replacement reactor would be
expected to be detected in studies on the health of people around the Lucas Heights Science
and Technology Centre. Health studies that have been performed for HIFAR have shown no
detectable adverse effects.

The gaseous emissions from the proposed replacement reactor would be less than from HIFAR but
the emissions from the anticipated increase in the production of molybdenum-99 and iodine-131
may increase unless new processes are put in place. The overall impact would be limited by
ANSTO's commitment that the maximum off-site dose to a member of the public would remain
less than one percent of the dose limit for members of the public set by the National Health and
Medical Research Council, which is 0.5 percent of the dose due to natural background radiation in
Australia.

11,9,3 Risks from Transport of Radioisotopes, Spent Fuel
and Waste

All radioactive material that would be transported off-site would continue to meet the transport
regulations of the International Atomic Energy Agency which are applied worldwide. These require
specific standards to be met for each type of radionuclide material. For spent fuel flasks, stringent
fire and crash tests must be carried out to demonstrate the robustness of each type of transport flask.
The risk associated with the transport of fuel and waste is assessed to be low.

i i .9.4 Risks from Accidents

The susceptibility of the site to external hazards has been evaluated and assessed to be low for
earthquake and commercial aircraft. Protection against bushfires is provided by the proposed
separation of the replacement reactor from bushland and the fact that it would be housed in a
substantial reactor building.

The risk due to a severe reference accident has been assessed. This accident bounds the worst
credible sequence of events that could lead to a release of radioactivity and is associated with a
frequency of occurrence of one in a million or less per year. It bounds any credible accident that
could happen because equipment fails, an operator makes a mistake or there is an external hazard.
The assessment is conservative because it makes pessimistic assumptions on the following:

• how the plant would behave after the accident;

• the ability of the reactor building to prevent the radioactivity escaping;

• the wind direction and weather;

• the location of people when the accident occurs; and

• food consumption after the accident.
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In addition, no credit has been taken in the assessment for any actions that would be taken by the
emergency services following the accident.

The risks to members of the public would depend on the radiation dose they received. The maximum
radiation dose that any individual might incur would depend on where they were at the time of the
accident, in terms of how close they were to the site fence, whether or not they were downwind of
the reactor and other factors such as rain. The dose would also be influenced by their age.

The assessed "worst case'" individual would be a child who spent the first 12 hours after the accident
on the trail bike track, which is 400 metres north of the reactor, when the largest releases of
radioactivity occurred, assuming that the wind was blowing in this direction and that it was raining.
These are the worst weather conditions. Afterwards, it is assumed that the child subsequently
remained in the area in an ordinary house close to the edge of the buffer zone, which was also
downwind and situated under the plume of contaminated air.

This individual is assumed to continue to live at the house, the ground around which would have
residual contamination from the passage of the plume. The radiation dose that such an individual
would incur in these hypothetical worst case conditions is 3.4 millisieverts, and would be dominated
by radiation from the passing plume and the assumed consumption of contaminated foodstuffs. This
dose is the same as that due to natural radiation for a person who lives in the area for one and a
half years, and less than that requiring any emergency countermeasures.

With similar pessimistic assumptions, the maximum individual dose to anyone who was not inside
the buffer zone at the time of the accident would be 1.8 millisieverts.

The collective dose is the total of all the doses those people outside the site fence would receive,
and it depends on how the population is distributed relative to the windborne plume of
contaminated air from the reactor.

A detailed assessment has been made of the collective doses that could arise in the event of the
reference accident for a distribution of the population that has been projected to the year 2016. The
assessment showed that the population exposure would be greatest if the plume travelled north-east
from the reactor. The resulting total collective dose has been calculated to be 15 person-sieverts.
Assuming that the effect of radiation on health is linear down to a value which is a five thousandth
of the dose due to natural background in a year, the number of potential latent cancers is calculated
to be less than one.

The estimated doses to individuals and to the population as a whole can be related to the risk to
health. The measure of this risk is the probability that a latent cancer fatality might arise. The
calculated effects of the reference accident are:

• Maximum dose to a person using the bicycle track 3.4 millisieverts

• Maximum dose to a person who is 1.6 kilometres from the reactor 1.8 millisieverts

• Maximum dose to exposed population 15 person-sieverts

• Maximum land contamination dose 0.094 millisieverts

These doses can be converted to an estimate of the chance of a radiation induced health effect
using the International Commission on Radiological Protection's risk values per millisievert as
discussed in Section 11.1.3. However, the overall risk of a health effect arising from the reference
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accident not only depends on the risk from these doses, but also the likelihood of occurrence of the
reference accident. The likelihood of the reference accident occurring has not been quantitatively
assessed to date as the detailed quantitative safety analysis for the replacement reactor would not
be performed until a detailed design is chosen. However, it is expected that the chance of the
reference accident occurring would be less than about once in a million years.

Using these values of likelihood as an example for estimating overall risk, the maximum risk of
an individual developing a fatal cancer is calculated to be less than one in six thousand million
(1 in 6,000,000,000) per year. The maximum risk of any harmful health effect is less than one
in four thousand million (1 in 4,000,000,000) per year. In the event of the reference accident,
the maximum collective dose of 15 person-sieverts would give less than one fatal cancer in the
exposed population.

Further, the risk that would result from operating a replacement reactor of the type envisaged would
be lower than that due to the operation of HIFAR. During the period between the proposal going
to power and HIFAR shutting down, there would be a small increase in risk due to both reactors
operating, but this would only occur for a few months.

11.9.5 Comparison of Impacts with the Criteria

Occupational Exposure During Normal Operation

ANSTO implements a Safety Directive, the contents of which have been agreed with the
Nuclear Safety Bureau, to ensure that radiation doses to operators conform to the internationally
accepted As Low As Reasonably Achievable principle. This is achieved by structured procedures
for health physics monitoring, occupational hygiene, radiation monitoring and general safety
related training programmes.

Since 1991, occupational exposure to radiation has reduced at the Lucas Heights Science and
Technology Centre with a general decrease in exposure levels. The mean dose received is about one
millisievert per year, which is half the natural background radiation of 1.8 millisieverts per year.
Since 1991, no worker has exceeded the 1995 dose limit of 20 millisieverts per year that was
recommended by the National Health and Medical Research Council and adopted by the Nuclear
Safety Bureau, and since 1993, no worker has exceeded 15 millisieverts per year.

For the replacement reactor, the principle of As Low As Reasonably Achievable would form an
integral part of the design and licensing process to ensure that doses to operators are minimised.
This would be achieved by appropriate shielding and zoning of radiation areas and the use of state-
of-the-art equipment for monitoring and controlling radioactivity levels in items of plant. In
addition, the design features of the replacement reactor, with respect to shielding, would be such
that exposure levels are expected to be lower than for the existing HIFAR.

Public Exposure During Normal Operation

The maximum dose of 0.003 millisieverts to any member of the public from airborne emissions from
the site is one percent of the dose constraint which has been agreed between the Nuclear Safety
Bureau and ANSTO for operations at the Lucas Heights Science and Technology Centre. This
corresponds to a risk of developing a latent cancer of 1.5 in ten million per year and is very small.
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Public Exposure During Accident: Conditions

As a matter of policy, the Nuclear Safety Bureau has decided that design basis accidents should not
result in radiation doses to members of the public which would necessitate the implementation of
any emergency countermeasures. Upon the recommendation of the National Health and Medical
Research Council, this limiting radiation dose for design basis accidents is five millisieverts.

The draft Nuclear Safety Bureau Safety Assessment Policy (National Safety Bureau, 1998b)
requires that the consequences of the reference accident are such that:

• the implementation of emergency countermeasures is feasible;

• the maximum dose to the population will be less than 200 person-sieverts; and

B no long-term use of land will be disrupted.

A high level of emergency preparedness exists at the Lucas Heights Science and Technology Centre.
ANSTO and its predecessor, The Australian Atomic Energy Commission, have a long history of
emergency planning in close consultation with the NSW Emergency Services Organisations and
Emergency Management Australia at the national level. In the event of a reactor accident at the
Lucas Heights Science and Technology Centre, sufficient resources and control would be available
to ensure the hazard beyond the site was maintained as low as reasonably possible.

Assessment of the radiological impacts of the reference accident has demonstrated that, should the
accident occur, the maximum individual dose would be 3.4 millisieverts. The maximum collective
dose would be 15 person-sieverts, which corresponds to less than one fatality in the population due
to latent cancer, even if the reference accident were to occur.

The resulting land contamination from this accident would be small, with a maximum dose rate
from contaminated land of 0.094 millisieverts in the first year. This is 16 percent of the direct
radiation dose from the ground due to natural sources for a person who lives in the area for a year.
This dose would decrease rapidly and would return to the natural background dose within the first
year following the accident.

This assessment demonstrates that the reference accident for the proposed replacement reactor not
only meets the criteria defined for beyond design basis accidents but also meets the criteria of
limiting dose for design basis accidents.

The risk of an individual developing a fatal cancer as a result of the reference accident has been
shown to be very small, for example, for a reference accident with a one in one million annual
likelihood of occurrence, it would be one chance in six billion per year. It can be seen from Section
11.1.2 that this is very much less than the acceptable risk for child-care facilities of 0.5 in one
million that is set by the NSW Department of Urban Affairs and Planning (Department of
Planning, 1990).

At the level of dose estimated for the reference accident for the replacement reactor, no public
countermeasures would be required. That is, it would not be necessary for public authorities to
recommend sheltering, evacuation or the issue of stable iodine. It is concluded that there are no
credible circumstances where countermeasures would be needed beyond the buffer zone boundary.

Australian Nuclear Science and Technology Organisation



hazards and risks

11.9.6 Comparison of Impacts with Other Facilities

Based on the experience of operating HIFAR, it has been established that the dose to operators
would be within the recommended limit of the International Commission on Radiological
Protection and the maximum dose to any member of the public is a very small fraction of natural
background. This impact is comparable to the best experience at research reactors that are currently
operating (Knipe, 1990).

The approach, adopted by the Nuclear Safety Bureau, of assessing the suitability of the Lucas
Heights Science Technology Centre as the site for a replacement multi-purpose research reactor on
the basis of a hypothetical or reference accident, is the same approach that is adopted by other
regulatory bodies when assessing research reactors. The nature of the reference accident that has
been analysed in this Draft EIS is very similar to those analysed for other similar research reactors.

The operating experience of research reactors shows that in 1,600 reactor years of operation, there
has been no incident where activity was released off-site. Of small reactors, there was one accident
at a test reactor in the United States where there was a small off-site release, but this reactor was
very different from the type proposed for the replacement reactor and did not have a robust reactor
building. The operating experience of research reactors supports the view that the risk from these
plants is very low.
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This chapter addresses the potential impacts of the proposal on flora and fauna. It examines the following
matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS
Guidelines

7.1.8

7.1.9

8.15

Outline of Issue [si

Existing flora andfauna, presence of species oflocal, regonalor
State significance including under the Endangered Species Protection
Act 1992 and NSW Threatened Species Conservation Act 1995
potentially affected by theproposal.

Conservation significance of the existing buffer zone at the Lucas
Heists Science and Technology Centre, and other areas potentially
affected by the proposal.

Impacts on flora and fauna (including species under the Endangered
Species Protection Act 1992andNSW Threatened Species
Conservation Act 1995) andareas ofconservation significance
during construction phase.

Impacts on flora and fauna and areas of conservation significance
during opera tional phase.

Section of this
Chapter

12.2, AppendixH

12.3

12.4

12 A

iiaiiii f?

13.1.1 Approach

The general approach to the assessment was to:

• review:

- existing background studies, maps and aerial photographs;

- National Parks and Wildlife Service records; and

- lists of Rare or Threatened Australian Plants.

• consult with Sutherland Shire Council, NSW National Parks and Wildlife Service and
ANSTO staff; and

• conduct a field survey.

Following this initial work, an assessment was made of:

• the presence or likely presence of flora and fauna of national, State or regional conservation
significance within the site of the proposed replacement reactor;
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• the conservation significance of the site of the proposed replacement reactor and buffer
zone; and

B the potential impacts of the proposal on flora and fauna at the site and within the
buffer zone.

Finally, measures were determined which would mitigate potential impacts on flora and fauna.

1S.1.S Background Studies and Research

Flora and fauna of the region surrounding the site of the proposed replacement reactor have been
well-documented in several reports, including environmental impact studies made of developments
proposed for sites near or adjacent to the Lucas Heights Science and Technology Centre. Recent
studies of the region that are of interest to the proposal include Metropolitan Waste Disposal
Authority (1984); Dames and Moore (1990); Mitchell McCotter and Associates (1991); AXIS/
Australian Museum Business Services (1995) and Biosis Research/PPK Environment &
Infrastructure (1997). Two reports prepared on behalf of ANSTO provide detailed background
information on the conservation and management of the buffer zone: the Australian National Parks
and Wildlife Service (1986) and Bannister (1993).

Flora and fauna records from the Atlas of NSW Wildlife (NSW National Parks and Wildlife
Service, 1998) were obtained for a 100 square-kilometre area centred on the present location of
HIFAR.

The information provided by these background studies, maps and databases was used to identify
threatened species previously recorded in the area and to map vegetation communities.

12.1.3 Field Survey

A field survey of flora and fauna at the site of the proposed replacement reactor and the buffer zone
was conducted over one day, in February 1998. Knowledge of flora and fauna of the buffer zone is
already extensive and the area potentially directly affected by the construction and operation of the
proposed replacement reactor represents a relatively small proportion of the total area of the buffer
zone, approximately four hectares out of more than 1000 hectares.

Field investigations were designed to complement work from previous studies and existing database
records, and included ground-truthing mapped vegetation communities, assessing fauna habitat,
identifying flora and fauna species, determining the presence, or likely presence, of threatened
species and assessing the conservation significance of the site. The composition and structure of
vegetation communities were also noted, as were habitat characteristics such as connectivity and
degree of disturbance.

The field survey focused on the areas susceptible to disturbance if the proposal were to proceed.
This included the site of the proposed replacement reactor and a proposed bush fire fuel-reduced
zone (refer Chapter 17.2) that would be cleared around the perimeter (Figure 12.1). In this area,
active searches for amphibians, mammals and reptiles were undertaken, and habitat value was
assessed for threatened species known to occur in the region.

12.1.4 Limitations of the Study

In early December 1997, bush fires burnt through the buffer zone including a portion of the site of
the proposed replacement reactor (as described in Chapter 17.2). The fires are likely to have had a
significant effect on the local flora and fauna. At the time of the field survey, understorey within the
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buffer zone was in the initial stages of regrowth, and fauna were likely to be in the process of re-
colonising the area. The species composition at the time of the survey is considered different from
that existing before the fire. For this reason, this flora and fauna assessment relies to a great extent
on earlier studies, particularly in determining the conservation values of the buffer zone.

The on-site fauna survey undertaken as part of this assessment was limited to daytime searching,
observation of scratches and scats and assessment of suitable habitats. To ensure a comprehensive
assessment, the potential of the site to provide habitat for all threatened flora and fauna known to
occur in the region has been assessed in the following sections.

1B.B.1 Flora

Site of Proposed Replacement: Reactor

Vegetation at the site of the proposed replacement reactor comprises Eucalyptus gummifera (Red
Bloodwood)/E. haemastoma (Scribbly Gum) woodland and an open heath community. A total of 29
native plant species and 15 introduced (weed) species were identified during the field survey. Flora
species found at the site are those typically associated with sandstone plateaus of the Sydney region.

The vegetation has been subjected to a range of disturbances in the past, as indicated by the patches
of exposed topsoil and sandstone bedrock, mounds of earth and the numerous vehicle tracks that
occur throughout the site. The site is surrounded by development and infrastructure and is largely
isolated from the native vegetation of the buffer zone, as shown in Figure 12.1. For the purpose of
description, the site has been divided into parts on the basis of level of disturbance to native
vegetation as indicated in Figure 12.1 and detailed below.

The eastern portion of the site makes up part of the fuel reduction zone for the existing HIFAR
facility, and was cleared, ripped and seeded with introduced grasses approximately 10 years ago to
create a 20 metre fire break (Bannister, pers. com., 1998). The area is currently maintained as a fuel-
reduced zone for bush fire management purposes. Vegetation in this area is highly disturbed as a
result of repeated clearing and burning, and natural regeneration is impeded by the shallow, sandy
soils and exposed conditions. As a consequence, the area contains an open heath-like shrub layer,
dominated by a narrow selection of native shrubs and grasses, interspersed with occasional taller
trees and shrubs as shown in Photo 12.1. Dominant species include Acacia stricta (Straight Wattle),
Allocasaurina littoralis (Black She Oak), Conospermum longifolium, Grevillea sericea (Pink Spider
Flower) and introduced grasses. The level of weed invasion varies from low to moderate, however
and vegetation in this area is considered to be poor.

In contrast, the western section of the site supports remnant Red Bloodwood/Scribbly Gum
woodland which is considered to be in moderate condition. A reasonably well-defined overstorey is
evident, and is made up of Eucalyptus haemastoma (Scribbly Gum), E. gummifera (Red Bloodwood),
E. punctata (Grey Gum) and Banksia serrata (Old Man Banksia). Parts of this section were recently
burnt by bush fires, and as a consequence, understorey and ground cover species are sparsely
distributed, as shown in Photo 12.2. Dominant understorey species include Angophora hispida (Dwarf
Apple), Persoonia levis (Smooth Geebung) and Banksia ericifolia (Heath-leaved Banksia). Common
ground layer species include Pteridium esculentum (Bracken), Cahchlaena dubia (False Bracken),
Lomatia silaifolia (Crinkle Bush) and Xanthorrhoea resinosa (Grass Tree). Tracks and earth mounds
are evident but, nevertheless, this western section is generally free of weed species.

Australian Nuclear Science and Technology Organisation



Photo IS.2 Woodland Vegetation of the Western Section of the Site of
the Proposed Replacement Reactor.



flora and fauna

A concrete paved area remains at the southern end of the site around which the natural vegetation
has been cleared and weed species now predominate.

Table HI in Appendix H lists the flora species identified at the site of the proposed replacement
reactor during the field survey. No species of national or State conservation significance were
identified during the survey. One species of regional significance {Angophora hispida) was recorded
within the site (refer Table HI). The likelihood of threatened flora recorded within the region
occurring at the site is assessed in Table H2 in Appendix H.

Buffer Zone

Vegetation within the buffer zone can be broadly grouped into the following communities as
illustrated in Figure 12.2:

• Eucalyptits globoidea (White Stringybark)/E. fibrosa (Broad-leaved Ironbark) open forest;

• Angophora costata (Smooth-barked Apple) woodland;

• E. haemastoma (Scribbly Gum)/E. gummifera (Red Bloodwood) woodland;

• Heathland; and

• Riparian heathland.

Table 12.1 summarises the characteristics of these communities.

The buffer zone supports a diversity of native flora (Bannister, 1993). A total of 56 species of
conservation value have been recorded within or adjacent to the buffer zone from previous surveys.
These include 16 species of national significance, one of State significance and 39 of regional
significance, as listed in Tables H2 and H3 in Appendix H. Two species of regional significance
(Angophora hispida and Doryanthes excelsa) were recorded within the proposed fuel-reduced zone
during the field survey (refer Table HI in Appendix H).

Introduced flora species also occur within the buffer zone, predominantly within the disturbed areas
(refer Figure 12.2) previously used for septic tank sewage ('nightsoil') disposal, at the Lucas Heights
Waste Management Centre and along drainage lines. Weeds also occur along the boundaries of the
buffer zone, adjacent to tracks and fire trails and areas where drainage patterns have been altered.
The most severe weed invasion occurs at the site of nightsoil disposal, which is almost totally
composed of weed species. The dominant weeds in this area are Lantana camara (Lantana),
Ageritina adenophora (Crofton weed) and Rubus fruticosus (Blackberry). A total of 46 weed species
have been recorded in the buffer zone (Bannister, 1993).
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Table 12.1: Vegetation Communities within the Buffer Zone

Community

Eucalyptus globoidea (White
Stringybark)/E. fibrosa (Broad-leaved
Ironbark) open forest

Angophora costata (Smooth-barked
Apple) woodland

E. haemastoma (Scribbly Gum)/
E. gummifera (Red Bloodwood)
woodland

Heathland

Riparian Heathland

Dominant Species

Eucalyptus glob oidea
Euc alyptus fi brosa

Angophora costata

Eucalyptus piperka

Eucalyptus gummifera
Eucalyptus haemastoma
Eucalyptus oblonga

Angophora hispida

Eucalyptus squarmosa

Banksia oblongifolia
Hakea teretifolia
Banksia ericifolia

Occurrence

On shale soils, in the north
western portion of the buffer

On Hawkesbury Sands tone
plateaus and gullies; widespread

On Hawkesbury Sandstone
plateaus, slopes and gullies;
widespread

Occurs on ridgelines, with
shallow sandy soils

Along broad drainage lines

Source: Bannister, 1993.

12.S.S Fauna Habitats

Site of Proposed Replacement Reactor

The native fauna habitats occurring at the site of the proposed reactor are described below, and the
habitat value assessed according to vegetation structure, habitat features and the level of disturbance.
Other important considerations in the assessment of habitat value include the presence of sandstone
outcrops, logs and tree hollows; and breeding, nesting, feeding and roosting resources.

The dominant habitat types identified from the vegetation communities are low open woodland in
the western section of the site, and a heath-like habitat in the eastern section. Habitat features
within the low open woodland include: fallen trees and sandstone rocks which provide habitat for
reptiles and small mammals; tree canopy which shelters small birds and provides feeding and
perching habitat for larger birds. The habitat value of this woodland is limited due to its small size
and its situation, isolated from the buffer zone by infrastructure, including a fence and fire trail
(refer Figure 12.1). Its value is further restricted by an absence of tree hollows for arboreal mammals
and birds and by the limited amounts of leaf litter, understorey and ground cover. These
characteristics are partly due to recent bush fires; however, even before the fires this area would
have been considered as low to moderate habitat value.

In the eastern section of the site of the proposed replacement reactor there is an absence of mature
trees, hollow logs, leaf litter and rocks or sandstone outcrops. Areas of vegetative ground cover are
infrequent and widely spaced; topsoil is exposed throughout the area, and soils are too shallow to
allow construction of burrows. Habitat features include patches of exposed sandstone which provide
potential basking sites for reptiles, shrubs providing a limited food source for nectar-eating birds,
and open areas where predatory birds may prey on small mammals. Habitat value in this area is
considered to be low.

Duffer Zone

There are three broad habitat types in the buffer zone: woodland/heath complex, gully forest, and
heath/swamp complex (Bannister, 1993).
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The woodland/heath complex habitat dominates the sandstone ridge tops of the buffer zone and
constitutes the most extensive habitat of the zone. It consists of a shrub layer of lower level heath
and herbaceous ground layer species, as well as a woodland overstorey of mixed eucalypts. Flora
characteristics vary throughout the buffer zone, but in all areas this habitat supports a diverse
assemblage of fauna species. Numerous flowering native shrubs are present which support a high
diversity of native bird species, and some mammals. Nesting sites for Calyptorhyncus funerus (Yellow-
tailed Black Cockatoo) and numerous honeyeaters are also scattered throughout.

Exposed sandstone bedrock, sandstone boulders, logs, leaf litter, and shallow sandy soils characterise
the ground level of the woodland/heath complex and provide cover and basking sites for
herpetofauna. On the edges of ridges where this habitat borders gully forest, there are numerous
outcrops of Hawkesbury sandstone, which provide significant habitat for reptiles and amphibians.
Rock outcrops also provide habitat for a number of bat species which roost in rock fissures,
overhangs and cavities, for example, Miniopterus schreibersii (Common Bent-wing Bat), Vesperdelus
troughtoni (Eastern Cave Bat), Chalinolobus dwyeri (Large Pied Bat) and Myotis adversus (Large -
footed Myotis) (Biosis Research/PPK Environment & Infrastructure, 1997).

Gully forest habitat consists of White Stringybark/Broad-leaved Ironbark open forest and Smooth-
barked Apple woodland communities and occurs within valleys and gullies on sheltered
escarpments and side slopes. A shrubby understorey is usually present. Sandstone outcrops are
usually present on the valley side slopes. This habitat supports a number of species not commonly
occurring in the woodland/heath complex, for example, Lichenostomus melanops (Yellow-tufted
Honeyeater) and Wallabia bicolor (Swamp Wallaby).

A heath/swamp complex habitat can be found in riparian zones adjacent to creeks and in shallow
depressions at the heads of drainage lines. Trees are usually absent, and there is often a dense shrub
layer and herbaceous ground layer. This habitat occurs in close association with the woodland/
heath complex. Soils are deep, sandy colluvium and usually moist.

The buffer zone contains a variety of habitat types ranging in condition from poor to excellent. Generally,
the buffer zone represents original habitat of the area and is considered to be of high value. It also forms
a continuous bushland corridor between the Woronora River valley, Holsworthy Military Area and
Heathcote National Park, as shown on Figure 12.2.

12.2.3 Fauna Species

Site of Proposed Replacement; Reactor

During the field survey 12 native fauna species were recorded at the site of the proposed
replacement reactor, including 10 bird, one reptile and one mammal species, Oryctolagus cuniculus
(rabbit), as listed in Table H4 in Appendix H. Mammal species commonly found in the area, such as
Rattus fuscipes (Bush Rat), Trichosurus vulpecula (Common Brushtail Possum) and Wallabia bicolor
(Swamp Wallaby), are also likely to occur periodically at the site of the proposed replacement
reactor (Bannister, 1993).

The species identified at the site represent a suite of species common to sandstone plateau areas within
the Sydney region. The low fauna diversity observed could arise from a number of factors, the most
significant being the effects of recent bush fires. Other likely factors include the poor habitat value of
the existing vegetation, the obstruction caused by the security fence bounding the site, its isolated and
disturbed condition, the periodic clearing of vegetation and burning to reduce fire hazard. The
limitations of the survey would also have an effect on observed biodiversity, as would the known
presence of introduced predators such as Vulpes vulpes (Fox) and Felis catus (Feral Cat).
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No threatened fauna species were observed within the site of the proposed replacement reactor
during the field survey. The potential for species of national and State conservation significance
recorded within the region to utilise the site is assessed in Table H5 in Appendix H. As shown in this
table, threatened species that might possibly utilise the site as part of their feeding range include
Calyptorhyncus lathami (Glossy Black Cockatoo), Miniopterus schreibersii (Common Bent-wing Bat),
Mormopterus norfolkensis (Eastern Little Mastiff-Bat) and Neophima pulchella (Turquoise Parrot).

Buffer Zone

The buffer zone is known to support a diversity of fauna species, particularly birds, reptiles and
amphibians. Earlier studies undertaken within or adjacent to the buffer zone have recorded a total
of 116 bird species, 29 reptiles and amphibians and 12 native mammals (Bannister, 1993). Several
species of feral mammal are known to inhabit the zone, and observations of Canis familiaris
(Domestic Dog), Felis catus (Feral Cat) and Vulpes vulpes (Fox) are increasing (Bannister, 1993).

A total of 57 significant fauna species have been recorded or may occur within the buffer zone and
in surrounding areas, including five species of national significance, 34 of State significance and 18
of regional significance, as shown in Tables H5 and H6 in Appendix H. Records for regionally
significant fauna species are based on species lists for Holsworthy Military Area (Biosis
Research/PPK Environment & Infrastructure, 1997) and the buffer zone (Bannister, 1993). In
addition, previous studies have recorded two bird species (Halicetus leucogaster and Hirundapus
caudacutus) listed under the international treaties Japan/Australia Migratory Birds Agreement
(Commonwealth Department of Foreign Affairs, 1981) and China/Australia Migratory Birds
Agreement (Commonwealth Department of Foreign Affairs and Trade, 1988).

The majority of the species shown in Table H5 in Appendix H have been recorded in habitats not
present at the site of the proposed replacement reactor, such as in riparian zones and swamplands.
These habitats occur within Holsworthy Military Area to the west of Heathcote Road (Biosis
Research/PPK Environment & Infrastructure, 1997) and along drainage lines in the buffer zone.

12.2.4 Environmental Management

Site of Proposed Replacement Reactor

The site of the proposed replacement reactor is currently managed for bush fire hazard reduction,
with approximately one third of the site forming part of the existing bush fire fuel-reduced zone
surrounding the Lucas Heights Science and Technology Centre. Current bush fire management
activities at the Centre are described further in Chapter 17.

Buffer Zone

Current management of the buffer zone by ANSTO is based on a buffer zone plan of management
prepared for the then Australian Atomic Energy Commission by the Australian National Parks and
Wildlife Service (1986). The plan of management considered various management issues such as
wildlife conservation, erosion, water pollution, illegal rubbish dumping, rehabilitation of land
degraded by previous land uses, bush fires, feral animal control and archaeology. A prioritised set of
management measures in the areas of natural resource conservation, archaeology, bush fire, access,
land rehabilitation and resource management was developed.
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The Australian Atomic Energy Commission appointed a land management ranger to implement the
recommendations of the Australian National Parks and Wildlife Service plan. The current
objectives of the land management ranger are to ensure the efficient environmental management
and maintenance of the buffer zone. The ranger's duties include conducting biophysical surveys,
updating flora and fauna reports and maintaining all roads, pathways, fences, gates and signage
within the buffer zone.

The conservation significance of the site of the proposed replacement reactor and buffer zone was
assessed on the basis of the following criteria:

• Biodiversity (the variety of flora and fauna species)—higher biodiversity usually indicates
greater conservation value, although some communities have naturally low species diversity;

• Habitat value—the capacity of the existing vegetation communities and habitat features to
support native fauna;

• Level of disturbance—degree of weed invasion, clearing, rubbish dumping, etc;

• Presence or likely presence of threatened species, populations or ecological communities;

• Size of area, links with other natural areas and value as a corridor for native fauna; and

• Representativeness—the uniqueness of the vegetation communities and the extent to which
they are conserved in reserves.

National and State level conservation significance was determined according to Commonwealth
and State legislation. Species with State significance were those listed under Schedules 1
(Endangered) and 2 (Vulnerable) of the NSW Threatened Species Conservation Act, 1995. Nationally
significant species were those listed in the Commonwealth Endangered Species Protection Act, 1992.
Plant significance at a national level was also noted according to classifications given in Briggs and
Leigh (1995). Regional significance was based on records for Holsworthy Military Area (Biosis
Research/PPK Environment & Infrastructure, 1997), the buffer zone (Bannister, 1993) and
Sutherland Shire Council (Sutherland Shire Council, 1995). Database records and studies reviewed
for this EIS did not identify locally significant native flora or fauna species.

Tables H2, H3, H5 and H6 in Appendix H list native flora and fauna species of national, State and
regional conservation significance that have been recorded within or adjacent to the buffer zone.
The probability of species of national and State conservation significance utilising the site of the
proposed replacement reactor is assessed in Tables H2 and H5 of Appendix H.

Sifce of Proposed Replacement: Reactor

The conservation significance of the site of the proposed replacement reactor is considered to be
low for the following reasons:

• the biodiversity of flora and fauna species is low;

• habitat value is poor, as a result of the limited size and high level of disturbance;
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B no threatened species have been recorded at the site and due to limited habitat resources,
threatened species are unlikely to inhabit it; and

• the existing vegetation community is common in the Sydney region and well represented in
National Parks.

Buffer Zone

The conservation significance of the buffer zone is considered to be moderate to high for the
following reasons:

B the biodiversity is high;

• the zone has high habitat value, is of significant size and is a potential fauna corridor;

• a total of 56 flora species and 57 fauna species of national, State and regional conservation
significance have been recorded within the buffer zone and adjacent areas;

• pockets of highly disturbed vegetation, including major weed invasions, detract from its
significance; and

• a variety of ecological communities are present, of types which can also be found in bushland
reserves throughout the Sydney region.

The buffer zone acts as important ecological resource in the region by providing habitat for native fauna
species of national and State Conservation significance and may act as a fauna movement corridor
between large bushland areas, such as Heathcote National Park and Holsworthy Military Area.

ijiis^

The area that would be directly affected by construction and operation of the proposal would
include the site of the proposed replacement reactor and the proposed fuel-reduced zone, as shown
in Figure 12.1. The potential impacts on flora, fauna habitats and fauna species within this area are
outlined below. All existing vegetation of the site of the proposed replacement reactor would be
cleared during site preparation works. Preparation of the 17 metre wide fuel-reduced zone within
the buffer zone would also occur at the commencement of construction, involving small-scale
vegetation clearance beyond the existing perimeter fire trail (refer Figure 12.1).

12.4.1 Flora

Site of Proposed Replacement Reactor

Construction activities and preparation of a fuel-free zone within the site of the proposed
replacement reactor would necessitate the removal of all existing woodland vegetation. This
equates to a loss of approximately 0.9 hectares of Scribbly Gum/Red Bloodwood woodland and
approximately one hectare of degraded heathland vegetation (refer Figure 12.1). This impact would
be direct and long term and would involve the removal of a number of individuals of Angophora
hispida (Dwarf Apple), a plant of regional significance. This species however, is distributed
throughout the buffer zone and the area of impact is small, therefore the species would not suffer a
significant reduction in its range.
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Vegetation of the site of the proposed replacement reactor during post-construction phase would be
greatly altered from its present state and would consist of ornamental plantings and a ground cover
of native and introduced grasses. This vegetation would be regularly maintained as part of a fuel-
free zone for bush fire management, and would therefore have little or no habitat value. There
would therefore be no post construction impacts on native vegetation within the site of the
proposed replacement reactor during the operation of the proposal.

The existing flora comprises a representative but highly disturbed sample of species common to
Sydney sandstone areas, and abundant in adjacent bushland reserves. No plant species listed as rare
or threatened at a State or national level are known to occur at the site. Consequently, the site of
the proposed replacement reactor is considered of low conservation value, and clearing this
vegetation is not considered to represent a significant impact on native flora.

Buffer Zone

The area proposed for a fuel-reduced zone (refer Figure 12.1} is largely cleared due to the
maintenance of a perimeter fire trail. Preliminary clearing at the beginning of the construction
phase would involve removal of a small area (less than 0.5 hectares) of Scribbly Gum/Red
Bloodwood woodland and a small area (less than 0.3 hectares) of Smooth-barked Apple woodland
outside the southern boundary of the proposal site. Two species of regional significance, Angophora
hispida and Doryanthes excelsa (Gymea Lily) would be affected by these activities. The total number
of individuals removed, however, would be limited considering the small area to be cleared.
Environmentally sensitive management practices as outlined in Section 12.6 would ensure minimal
disturbance to these species.

During the construction phase, the vegetation in the buffer zone may be liable to weed infestation
as a result of soil movement, sedimentation and changes to drainage patterns. Disturbed areas at
the boundary of the construction site and downstream drainage lines are particularly susceptible to
weed invasion. The environmental safeguards identified in Section 12.6 would be required to
minimise these possible impacts.

Impacts on flora within the buffer zone during operation would consist of vegetation clearing within
the fuel-reduced zone. Regular maintenance of this zone for bush fire management would continue
after construction of the replacement reactor and prevent any substantial regrowth of native
vegetation in the long term. The regime of regular disturbance to the fuel-reduced zone may allow
the establishment of weed species. Appropriate measures, as outlined in Section 12.6, would prevent
serious weed-invasion.

12.4.2 Fauna and Fauna Habitat

Site of Proposed Replacement Reactor

The direct impact of the proposal on fauna would consist of the loss of habitat on the site of the
proposed replacement reactor. This would involve the loss of approximately 0.9 hectares of low
open woodland habitat and approximately one hectare of open heath habitat. This area provides
some habitat for birds, mammals, reptiles and invertebrates, but its value is limited by its isolation,
small size and the high level of disturbance. The loss of this limited habitat resource therefore would
represent a minor reduction in foraging area for existing fauna species. The habitat loss as a result
of the proposal is considered to be insignificant in relation to the size and diversity of habitats
occurring in the large tracts of bushland in the surrounding region.
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Buffer Zone

Preparation of the fuel-reduction zone outside the boundary of the site of the proposed replacement
reactor would cause the loss of less than 0.5 hectares of low open woodland habitat and less than
0.3 hectares of gully forest habitat. This habitat is considered to be of no significant value to
threatened fauna and therefore no fauna species of national, State or regional conservation
significance would be adversely affected by construction or operation of the proposal. However,
construction activities might result in short term impacts to fauna in the buffer zone as a
consequence of increased noise, generated dust, the use of artificial lighting and the potential for
sedimentation of drainage lines. The environmental safeguards identified in Section 12.6 would
minimise such short term impacts.

Threatened Species

Section 5A of NSW Environmental Planning and Assessment Act, 1979 establishes eight factors to be
considered in assessing the impact of any proposed development on the environment of threatened
species. However, following advice from NSW National Parks and Wildlife Service, it was
concluded that Section 5A was not applicable in this case as the proposal would not occupy land
that is presently habitat for threatened species. However, the effects of the proposal on threatened
fauna which may visit the site of the proposed replacement reactor are considered below. Database
records for the buffer zone and surrounding areas indicate that four native fauna species of State
conservation significance may utilise the site.

Caiyptorhyncus lathami CGIossy Black Cockatoo]

Status: Vulnerable in NSW

Calyptorhyncus lathami (Glossy Black Cockatoo) is distributed throughout lowland and highland
eucalypt forests of eastern Australia, from Victoria to Queensland, with isolated populations occupying
inland mountain ranges. It has a patchy regional distribution, and has been recorded in a number of
bushland reserves in the Sutherland area, including Wedderburn, Woronora Catchment Area and the
Georges River National Park (Biosis Research/PPK Environment & Infrastructure, 1997).

Its preferred habitat is old growth forest; however, it can be found in a variety of habitats ranging
from forests, woodland and riparian vegetation to partially cleared land. It has a specific dietary-
requirement for seeds of the Allocasuarina spp. tree. Allocasuarina torulosa, A. stricta and A. littoralis
are preferred food trees in NSW. The species nests in tree hollows, preferring deep hollows with a
wide entrance, located 10 to 20 metres above the ground (Biosis Research/PPK Environment &
Infrastructure, 1997).

Individual specimens of A. littoralis are scattered throughout the site of the proposed replacement
reactor. As a consequence, tree clearing associated with construction would remove a small and
insignificant resource of feed tree for this species. As the site does not contain old growth forest and
associated tree hollows, there are no potential roosting sites available. The proposal would have
minor impacts on this species.

Neophima pulchelia CTurquoise Parrot!

Status: Vulnerable in NSW

Neophima pulchella (Turquoise Parrot) is found on the edges of eucalypt woodland in native
grassland, where it forages on the ground for seeds of native and introduced grasses. It is distributed
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in NSW along the central and south coast and on the tablelands and the western slopes. It nests in
vertical hollows in eucalypt trees or in stumps, and requires water on a daily basis (Biosis
Research/PPK Environment & Infrastructure, 1997).

Native and introduced grasses grow on the eastern portion of the site of the proposed replacement
reactor adjacent to Scribbly Gum/Red Bloodwood woodland, and hence this area may receive visits
from the Turquoise Parrot. The species is not likely to nest there, however, as the site lacks mature
trees with hollows. Impact on this species from the proposal would be confined to the loss of a small
area of potential feeding ground.

iViiniopterus schreibersii (Common Bent-wing Bat:]

Status: Vulnerable in NSW

hAiniopterus schreibersii (Common Bent-wing Bat) is distributed throughout the NSW coast and
tablelands in wet and dry sclerophyll forest and rainforest. It prefers forested valleys where it gleans
insects above the canopy. It roosts in caves, old mines, stormwater channels and buildings (Biosis
Research/PPK Environment & Infrastructure, 1997).

There are no sandstone caves or other potential roosts at the site of the proposed replacement
reactor; however, favourable habitat exists in Holsworthy Military Area, and hence the Common
Bent-wing Bat may utilise the site for feeding. Impact on this species associated with the proposal
would be confined to the loss of a small area of its hunting ground.

Mormopterus norfoikensis lEasfcern Little Mastiff-BatJ

Status: Vulnerable in NSW

Mormopterus norfoikensis (Eastern Little Mastiff-Bat) is distributed east of the Great Dividing Range
from southern NSW to south-eastern Queensland. It has been recorded in Wedderburn and
possibly in the Royal National Park (Biosis Research/PPK Environment & Infrastructure, 1997).
Little is known about the habitat requirements of this species. It preys on insects above tree
canopies in sclerophyll forest and woodland or in clearings at the edge of forest. It roosts in tree
hollows, under bark and under roofs and other built structures.

There is no roosting habitat for the Eastern Little Mastiff-Bat at the site of the proposed replacement
reactor; but it may forage where the existing woodland meets open heathland in the central portion of
the site. Impact on the species would be the same as for the Common Bent-wing Bat.

From this analysis it may be concluded that the proposal is unlikely to have any significant effect on
threatened species, populations or ecological communities.

Specific management measures to be implemented during construction would include:

• minimising disturbance to and removal of existing vegetation. Care would be taken during
preparation of the fuel-reduced zone to avoid, wherever practical, removal or disturbance to
Angophord hispida within the buffer zone;

• checking for the presence of fauna and fauna habitat in trees, logs and under sandstone
boulders prior to clearing;
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• replanting in the fire-protection zone with native grasses and low growing shrubs, with
species endemic to the local area;

• implementing erosion and sedimentation control measures to ensure that sediment and
associated pollutants do not accumulate in local drainage lines;

• concentrating erosion and sedimentation control measures around areas proposed for
contouring within the fuel reduction zone;

B using non-invasive native plant species for soil stabilisation and weed control;

H ensuring native vegetation removed during construction activities is mulched and used to
aid in soil improvement where revegetation is to be undertaken; and

H ceasing work immediately if any endangered or threatened species are encountered during
construction work and contacting the National Parks and Wildlife Service for further directions.

These proposed management measures would be included as part of an environmental management
plan for construction of the proposal.

Specific management measures to be implemented during operation would include:

B monitoring of erosion and sedimentation control measures;

B monitoring of revegetated areas within the fuel-reduced zone to ensure levels of weed
invasion are minimised;

H reusing mulch produced by bush fire hazard reduction activities in revegetation;

B carrying out bush fire hazard reduction activities to ensure protection of native flora and fauna; and

• management of the buffer zone for the protection and long-term maintenance of biodiversity
and natural ecosystem processes. This would include weed and feral animal control
programs, pollution monitoring and control, erosion and sedimentation control and
compiling inventories of flora and fauna species (particularly for mammals and feral
animals). These measures would ensure the moderate to high conservation significance of
the buffer zone is maintained. In particular, reductions in levels of weeds and feral animals
would increase the habitat value of the buffer zone and consequently its conservation
significance. The existing plan of management for the buffer zone would be revised to
incorporate these measures and regular auditing would be undertaken to ensure its
commitments are implemented.

In addition, the continued presence of the buffer zone would help conserve the biodiversity of
native flora and fauna in the region and ensure habitat for native species (including those with
particular conservation significance) is preserved in the long term.
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Key impacts on flora and fauna within the site of the proposed replacement reactor and surrounding
buffer zone associated with the proposal are:

• loss of approximately one to 1.5 hectares of Red Bloodwood/Scribbly Gum Woodland
vegetation and approximately one hectare of open heath vegetation; and

• a corresponding loss of poor to moderate quality woodland and heath habitat for native fauna.

The area over which these impacts would occur includes the entire site of the proposed replacement
reactor and the proposed fuel-reduced zone (of maximum width 17 metres) surrounding the site, as
shown in Figure 12.1. Some alternative sites for the proposed replacement reactor within the Lucas
Heights Science and Technology Centre would result in less disturbance to flora and fauna.
However, these sites have not been found to be feasible for the reasons outlined in Chapter 6.
Potential impacts on flora and fauna do not warrant reconsideration of the siting of the proposed
replacement reactor.

Taking into consideration the low conservation significance of the site of the proposed replacement
reactor, the low scale of impacts likely to result from construction activities and the abundance of
bushland adjoining the site, the overall impact of the proposal on flora and fauna is considered to
be low. The buffer zone is considered to be of moderate to high conservation significance.
Maintenance of a research reactor at the Lucas Heights Science and Technology Centre would
assist the long term conservation of the vegetation communities and fauna within the buffer zone.
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This chapter examines potential impacts of the proposed replacement research reactor on metropolitan,
regional and local planning, and on existing and future land uses. It examines the following matters raised
by the EIS Guidelines (refer Appendix A):

Section of EIS Outline of issue Section of
Guidelines this Chapter

5.4 Siting in the context of strate&c planning in NSW and the applicability 13.2.1,13.2.2,

of environmental planning instruments 13.2.3

7.2.1 Ownership of the site and adjoining areas 13.4-3

7.2.2 Zoning, land uses, local government planning of adjacent areas 13.2.4, 1 3.3.1,

13.3.2

7.2.3 Possitie future zoning, planning controls, and land use changes 13.5

7.2.4 Proximity to residential areas or areas routinely used by people 13.4-2

7.2.5 Proximity to hazardous land uses 13.4

7.2.13 Recreational use of surrounding areas 13.4-2

8.18 Implications and impacts for public or other uses of the buffer zone 13.6

8.19 Implications and impacts for adjoiningland uses 13.6

8.21 Potential impacts on population growth 13.6
8.59 Justification for, and adequacy of, existing 1.6 kilometre radius buffer 13.3.1,13.6

zone and any proposals to change this
8.60 Type of activities and controls applicable in buffer zone 13.3

8.61 Relevant independent assessments and NSW Government actions in 13.3.2
regard to land use restrictions beyond the 1.6 kilometre radius, and
likely safety within the buffer zone

10.12 Environmental safeguards to mitigate any deleterious effects on 13.7
recreational and community activities and resources

10.30 Potentially incompatible developments, actions or planning activities in 13.6
the region

The proposed replacement research reactor would not be operational until 2005; assessment of
potential planning and land use impacts is therefore based on the likely characteristics of the
environment in future years. The purpose of the planning and land use studies undertaken for
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this Draft EIS has been to identify existing and proposed future land uses within the buffer zone
and its immediate environs within the Sutherland Local Government Area. The steps in this
process involved:

• examining relevant demographic and planning information prepared by Sutherland Shire
Council, State government authorities (principally the Department of Urban Affairs and
Planning) and the Australian Bureau of Statistics as set out in Chapter 7;

B determining the likely extent and location of population change in the Sutherland Local
Government Area; and

• assessing the impacts on planning and land use that might arise from construction and
operation of the proposed replacement reactor.

The social and economic impacts of a decision to proceed with the proposed replacement research
reactor are examined in Chapter 16. In addition to this analysis, a future population scenario was
also developed for an area centred on the site of the proposed replacement reactor, and extending
25 kilometres radially in each direction. Further, the nature and location of a wide range of food
stuffs produced in this area were examined. This information formed an important input for the
hazard and risk assessment contained in Chapter 11 and Appendix G - Technical Analysis of the
Reference Accident.

13.S.I Metropolitan and Regional Planning

Metropolitan Planning

Two current documents provide broad strategic planning direction for the Greater Metropolitan
Region of Sydney, Newcastle, the Central Coast and Wollongong:

B Cities for the 21st Century (Department of Planning, 1995); and

H Integrated Transport Strategy for the Greater Metropolitan Region (Department of
Transport, 1995).

Cities for the Hist Century

Cities for the 21st Century (Department of Planning, 1995) seeks to balance growth and change with
the need to achieve high environmental quality and social equity, and to create livable cities. This
publication forecasts that the population of the Sydney Region (the regional community of interest)
will reach 4.48 million by 2021, while the populations of Newcastle and Wollongong will reach
about 556,000 and 409,000.

It puts forward three key principles that are crucial in planning for and managing population growth:

• more compact cities;

• an ecologically sustainable region, achieved by integrating economic growth with
environmental protection and pollution control, and by improving standards of
environmental management focussed on the impact of the private motor vehicle; and
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• attainment of these two objectives through effective integration of economic development,
environmental management and transport and land use planning.

The principle of compact cities places much greater reliance than previous strategies on
redevelopment and infill of established areas as a means of slowing the rate of urban development
at the fringe. This policy has implications for the pattern and location of urban growth anticipated
in Sutherland Shire over the next 20 years, however the achievement of the above principles would
not influence, nor would they be influenced by, a decision to proceed with the replacement research
reactor proposal.

Integrated Transport: Strategy

Integrated Transport Strategy for the Greater Metropolitan Region (Department of Transport, 1995) was
prepared in conjunction with Cities for the 21st Century, with the aim of developing a comprehensive
approach to land use and transport planning. It establishes a strategic approach for such operational
transport agencies as CityRail and the Roads and Traffic Authority.

Integrated Transport Strategy sets out the transport response to the concept of urban containment, or
the compact city, which is the essential concept underlying both documents. Its primary objective
is to promote patterns of land use that make the most efficient use of highly accessible areas,
through increased residential densities and concentrated employment patterns.

The Strategy identifies 10 priority corridors for transport infrastructure investment. The Sydney-
Wollongong "inter-city" corridor passes through Sutherland Shire to improve access between
Wollongong and Sydney via Princes Highway (the F6 Freeway). There are no implications arising
from the strategy applicable to the proposal.

Implementing Met;ropalit;an Planning

The Urban Development Program is an important State government initiative designed to
coordinate metropolitan and regional planning. The Urban Development Program coordinates the
planning and servicing of new residential land in identified release areas in Sydney and now
accounts for 40 percent of new dwellings commenced in Sydney each year. By the year 2000 the
East Menai, Menai town centre and Woronora Heights release areas are expected to be largely
complete, with the majority of the expected 1,000 remaining lots to be developed within recently
established areas rather than on greenfield sites.

The urban release area of West Menai was deleted from the Urban Development Program in 1996
by the Minister for Urban Affairs and Planning. This means that production of between 3,500 and
5,000 residential lots immediately to the north of the buffer zone will no longer proceed, due to
various planning and environmental constraints affecting the land. These constraints (Department
of Urban Affairs and Planning, 1998 pers. comm., 20 February) include:

• the area's high conservation value: it is heavily vegetated with diverse native flora and
provides habitat to a wide range of native fauna;

B the presence of significant Aboriginal archaeological sites;

• the necessity to provide extensive runoff controls within the Mills Creek and Georges River
catchment for any future urban development;

M the area's vulnerability to bushfire;
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• proximity of the area to the Lucas Heights Waste Management Centre and HIFAR
(although it is well outside the buffer zone); and

• the high cost associated with providing services, road access and effective public transport.

As a consequence of winding down the Urban Development Program in Sutherland and deleting
West Menai as an urban release area, future residential development in the Sutherland Local
Government Area will be focused on redevelopment and renewal in established urban areas and
would be undertaken in accordance with the Sutherland Shire Housing Strategy (Sutherland Shire
Council, 1996) described in Section 13.23.

13.2.2 Regional Planning Policies and Cooperation

Regional planning controls and policies are generally the responsibility of the State government and
are often prepared in collaboration with local government. There are no regional environmental
plans relevant to the proposal, however a number of organisations assume a regional coordinating
role or act to influence regional planning.

Regional Organisations of Councils

These voluntary associations of local councils were formed to present a regional perspective to
Government and industry. They play a significant part in strengthening the voice of local
government in regional and metropolitan issues. Sutherland Shire Council is a member of the
Southern Sydney Regional Organisation of Councils. They actively promote their region to the
State Government and the Commonwealth with the objective of obtaining financial assistance,
policy changes and additional resources. They also foster cooperation between members in
addressing problems and projects of joint interest. The Southern Sydney Regional Organisation of
Councils has adopted a policy position which is opposed to the development of any future nuclear
facilities at Lucas Heights, including a new reactor.

Botany Bay Regional Policy Guidelines

The Botany Bay Regional Policy Guidelines (Department of Planning, 1992a) provide for a
coordinated approach to the planning and development of the Botany Bay region, which includes
the buffer zone surrounding the Lucas Heights Science and Technology Centre.

The guidelines draw attention to the fact that safety issues arising from existing development at
Lucas Heights require land use restrictions within a 1.6 kilometre radius buffer zone of HIFAR. The
guidelines also re-state the NSW Government's commitment to a regular review of land use safety
restrictions within the buffer zone and regular risk assessment updates and emergency/evacuation
planning for the area (Department of Planning, 1992a).

The Georges River Catchment: Regional Environmental Study
and Strategy

A committee comprising NSW government, local councils, environmental and development
interest groups and the community was set up by the Minister for Urban Affairs and Planning in
1996 to prepare a government strategy and regional environmental study for the Georges River
Catchment. Its aim is to establish a coordinated approach to planning, management and
environmental improvement. The regional environmental study will analyse the state of the
catchment, and make recommendations on the need for further studies, management mechanisms,

Australian Nuclear Science and Technology Organisation



planning and land use

and systems of liaison between councils and government agencies. No reports have yet been
released, however, it is understood the committee will not examine directly any possible
implications for the environment arising from the activities conducted by ANSTO at the Lucas
Heights Science and Technology Centre or within the buffer zone.

13.2.3 Statutory Planning Issues of Significance
for the State

Pursuant to Section 7 A of the Australian Nuclear Science and Technology Organisation Act 1987,
ANSTO is exempt from application of State or Territory laws where those laws relate to the use of
land, environmental consequences of the activities of ANSTO, radioactive materials and dangerous
goods, or certain types of licensing. Notwithstanding this, ANSTO has adopted a policy of
complying with relevant NSW environmental and radiation protection statutes. In accordance with
the principles contained in the Intergovernmental Agreement on the Environment, 1992 however, the
environmental issues of interest and concern to the NSW Government are to be considered in the
environmental impact assessment process (Council of Australian Governments, 1992).
Consequently, relevant statutory state environmental planning policies and Section 117 Directions
are considered below.

State Environmental Planning Policies

State environmental planning policies set out guidelines for specific issues considered to be of
significance for the whole State. These policies must be taken into consideration by a consent
authority, such as Sutherland Shire Council, when deciding whether or not to grant approval to a
project. The following policies are relevant to the proposed replacement reactor:

• State Environmental Planning Policy 19 - Bushland in Urban Areas - aims to protect and
preserve bushland within the urban area, because of its value to the community as part of
the natural heritage and as a recreational, educational and scientific resource. ANSTO
manages large areas of bushland within the buffer zone to which this policy would otherwise
apply. Management of the buffer zone by ANSTO to protect the bushland is described in
Chapter 12.

• State Environmental Planning Policy 33 - Hazardous and Offensive Development - enables
decisions to be made for hazardous or offensive industries and/or storage establishments on
the basis of merit. Current circulars and guidelines published by the Department of Urban
Affairs and Planning (Department of Planning, 1992b) have been considered in the
assessment of hazards and risks in Chapter 11.

• State Environmental Planning Policy 55 - Remediation of Land (Draft) November 1997 - establishes
a Statewide planning approach to the remediation of contaminated land, to reduce risk of
harm to human health or any other aspect of the environment. This draft policy has been
considered in the assessment of potential land contamination in Chapter 17.1.

Environmental Planning and Assessment Act H 97B: Directions
Issued Under Section 117

Section 117 enables the NSW Minister for Urban Affairs and Planning to issue directions that a local
council must consider in preparing its draft environmental plan. Such directions are not directly
applicable to the replacement research reactor proposal or to land owned by ANSTO within the buffer
zone. However, the directions identified below may have implications for planning and future zoning
proposals for the land within the buffer zone that might be put forward by Sutherland Shire Council,
bearing in mind that the land in question is Commonwealth owned, as noted in Section 13.2.4-
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• G12 (Environmental Protection Zones): An environmental study is required to justify
alteration or removal of land identified for environmental protection in draft local
environmental plans;

• G20 (Planning in Bushfire Prone Areas): Where bushfire hazard exists on land where urban
development may be permitted, a draft local environmental plan should:

provide for a perimeter road or reserve on the hazard side of the land;

provide for creation of a fire radiation zone managed for hazard reduction;

specify minimum residential lot depths when adjoining a perimeter road;

minimise perimeter of land to be developed for urban purposes; and

introduce controls that avoid placing inappropriate developments in hazardous areas.

• G21 (Conservation of Environmental Heritage and Ecologically Significant Items and
Areas): A draft local environmental plan should contain provisions facilitating the
conservation of buildings, works, relics or places of heritage significance, and areas of
ecological significance.

It should be noted that Section 117 Directions are considered only when an amendment is proposed
to the zones applying under a local environmental plan, such as the applicable zones identified in
the following section. The principles applicable to urban development in bushfire prone areas have
been considered in Chapter 17.2.

13.S.4 Local Planning

The Lucas Heights Science and Technology Centre and the buffer zone lie within the area of
Sutherland Shire Council. Planning at the local level is controlled by the Council, primarily through
statutory planning instruments. Development of a replacement research reactor by the
Commonwealth on Commonwealth land would not be subject to these local planning controls;
nevertheless, they indicate the type of development Council believes is appropriate.

Sutherland Shire Local Environmental Plan, 1993

The relevant local planning instrument is the Sutherland Local Environmental Plan 1993. Objectives
of the plan include: protecting environmentally sensitive areas; encouraging development at a scale
that is sensitive to environmental and planning constraints; controlling and managing adverse
environmental impacts; encouraging financially and economically viable industrial development
that does not pollute or adversely affect adjoining lands or waters, or the amenity of nearby
residents; providing open space and a range of recreational facilities to meet the needs of the
population; and conserving the environmental heritage of Sutherland Shire.

Zoning of land within and adjacent to the 1.6 kilometre buffer is shown in Figure 15.1. The Lucas
Heights Science and Technology Centre is zoned 5 (a) - Special Uses (Research and Technology)
under the provisions of Sutherland Local Environmental Plan, 1993 as amended by Sutherland Local
Environmental Plan No. 50. The function of a "Special Uses" zone is to provide for community
services and facilities without adversely affecting residential areas. The term is generally applied to
land set aside for community and Government uses. The following zonings apply to the rest of the
land within the buffer zone:
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Special Uses

Rural/Future Urban

Open Space

Future Recreation

Environment Protection

National Park

Special Uses 5 (f) - Waste Recycling: applies to part of the area of the Lucas Heights Waste
Management Centre;

Future Recreation 6(d): applies to part of the area of the Lucas Heights Waste Management
Centre east of Heathcote Road;
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• Special Uses 5 (a) - Military Uses: applies to the area of the Holsworthy Military Area west
and south of Heathcote Road;

• Special Uses 5(c) - Arterial Road: applies to New Illawarra and Heathcote Roads;

• Environmental Protection 7 (a) - Waterways: applies to the Woronora River; and

B Environmental Protection 7 (b) - Bushland: applies to the remaining areas of the buffer zone.

The above zonings control the range of uses that may be permitted by Council, or in some cases
identify uses that are prohibited. While these zonings cannot be enforced by Sutherland Shire
Council in relation to activities undertaken by ANSTO on land ANSTO owns, they are applicable
to activities undertaken by NSW Government authorities, such as Waste Services NSW.

Many zonings within the buffer zone continue into the adjoining areas. Residentially zoned areas of
North Engadine are adjacent to the eastern boundary of the buffer zone; while to the north-east,
between the suburb of Barden Ridge and the boundary of the buffer zone, land is zoned 1 (b) Rural
(Future Urban).

Sutherland Shire Housing Strategy, 199B-EO11

The Sutherland Shire Housing Strategy (Sutherland Shire Council, 1996) describes the direction for
residential development in Sutherland for the next 15 years, in response to the declining potential
for additional housing.

The housing strategy provides for a total of 12,000 new dwellings within the Sutherland Local
Government Area to the year 2011, achieved largely by redeveloping existing government-owned
surplus sites, and concentrating medium density developments around existing railway stations and
neighbourhood centres. Medium density housing, including a mix of townhouses, three storey walk-
ups and in some cases 'shop top' housing, will be encouraged in the suburbs of Heathcote, Engadine
and within the Menai town centre.

Overall, however, most of the new dwellings would be evenly spread throughout the Local
Government Area, such that a significant increase in the number of persons living in the residential
areas adjoining or in the proximity to the buffer zone would not be experienced. Within the radius
extending 1.6 kilometres to 4-8 kilometres from the site of the proposed replacement research
reactor it could be expected that the population would increase (Sutherland Shire Council, 1996;
Department of Urban Affairs and Planning, 1995a and 1996) from approximately 29,000 in 1996
to 31,500 in 2016, a net increase of less than 10 percent. This represents an average growth rate of
less than one half of one percent per annum over this period.

Draft Woronora Valley Master Plan, 19SB

The Draft Woronora Valley Master Plan (Sutherland Shire Council, 1998b) applies to an area of the
Woronora River bounded by the Woronora escarpment on the east and west, the Woronora
footbridge in the north and the southern extent of the suburb of Barden Ridge to the west. The
western portion of the Master Plan area borders the ANSTO buffer zone, but does not include the
upper reaches of the Woronora River, or the tributaries draining from the Lucas Heights Science
and Technology Centre. The goals of the Master Plan are to maintain and improve the
environmental health and integrity of the Woronora Valley, and introduce passive recreation
compatible with the goal of environmental protection. These goals would be achieved, in part, by
monitoring the Woronora River for run off pollutants and siltation, determining their sources and
implementing preventative measures.
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13.3.1 Background

The International Atomic Energy Agency publication, TecDoc-403, (International Atomic Energy
Agency, 1987), on the siting of research reactors, sets out the analytical processes for estimating the
radiological aspects of normal operations and accident conditions. This document however, makes
no general recommendations on exclusion or buffer zones since these are to be derived from case by
case studies and related to the regulatory requirements of the subject country.

In most countries in the world the siting of a nuclear facility requires the approval of the appropriate
regulatory authority. For approval to be given it is necessary for the operator to demonstrate that
there is no requirement to evacuate members of the public as a result of a design basis accident and
that in the very unlikely event of a worst accident occurring evacuation would be possible. This is
normally achieved by defining a exclusion zone around the reactor within which no permanent
residential accommodation is allowed. In some countries, such as the United States, access to the
exclusion zone is controlled by the operator and activities within it are monitored by the nuclear
regulator. In other countries like the United Kingdom the exclusion zone is defined by the site fence.

The United States Nuclear Regulatory Commission (United States Nuclear Regulatory
Commission, 1996) defines an emergency planning zone outside the exclusion zone. For a site to be
approved it is necessary to show that following a maximum credible or reference accident no
evacuation is necessary outside the emergency planning zone. Implementation of emergency
counter measures within the emergency planning zone will be facilitated if there is an absence of
permanent human settlement within the zone. Table 13.1 sets out the acceptable sizes of emergency
planning zones related to authorised power levels for research reactors in the United States.

Table 1 3 . 1 : Recommended Size of Emergency Planning Zones Applicable to
Research Reactors in the United States

Authorised Power Level (megawatt
therms I!

Equal to or less than 2

Greater than 2 and equal to or less than 10

Greater than 10 and eq ual Co or less than 20

Greater than 20 and equal to or less than 50

Greater than 50

Acceptable Size of Emergency Planning Zone
{radius!

Operations Boundary

100 metres

400 metres

800 metres

Will be determined on a case bycasebasis

Source: United States Nuclear Regulatory Commission, 1 9 9 6 .

Applying the criteria of the United States Nuclear Regulatory Commission, the proposed
replacement research reactor, assuming a power level of between 14 and 20 megawatts (thermal),
would require a 400 metre radius emergency planning zone.

In some countries, including Australia, a buffer zone is defined which has many similarities to the
exclusion zone defined by the United States Nuclear Regulatory Commission in the sense that no
permanent residential accommodation is permitted within the buffer zone. A buffer zone may be at
least as large as the exclusion zone, but may be considerably larger depending on a range of
circumstances, most importantly, the power level of the reactor. In the Australian situation, unlike
in the United States, access is not controlled and the activities conducted within the buffer zone
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are not regulated by the regulatory authority, although the suitability of activities proposed for the
buffer zone are considered in accordance with ANSTO's land use siting criteria described in Section
J 3.3.2. Further, the Nuclear Safety Bureau requires ANSTO to demonstrate that following a
maximum credible or reference accident evacuation to outside the buffer zone is possible.

Great variations exist in the size of buffer zones applied to the siting of the 265 operating research
reactors worldwide. Many low power reactors, that is less than five megawatts, are located on
university campuses or within metropolitan areas. Of the approximately 54 multi-purpose reactors
with power levels of five megawatts or greater most are situated in either urban or semi-urban
environments. Examples of overseas multi-purpose research reactors are contained in Appendix E.
For example, the 20 megawatt reactor operated by the National Institute of Standards and
Technology near Washington DC, United States, has a buffer zone of 500 metres and approximately
10,000 persons live within a 1.6 kilometre radius of the reactor. Examples of buffer zones provided
for overseas research reactors is included in Table 13.2.

The Draft Nuclear Safety Bureau Safety Assessment Principles (Nuclear Safety Bureau, 1998b)
requirements for dealing with the consequences of a reference accident are such that:

• emergency intervention would be feasible at the intervention levels recommended by the
National Health and Medical Research Council and the International Commission for
Radiological Protection;

• the maximum collective effective dose would be less than 200 person-sieverts; and

• the long term use of any land surrounding the site would not be disrupted due to
radioactive contamination.

The consequences of the reference accident in terms of public health and safety for the proposed
replacement research reactor are described in Chapter 11 and show:

• at the level of dose estimated for the reference accident no public countermeasures, such as
recommendations to shelter or evacuate, would be required;

B the maximum collective dose would be 15 person-sieverts for a population projected to the
year 2016; and

• no disruption to the use of land would occur outside the Lucas Heights Science and
Technology Centre.

On this basis maintenance of the 1.6 kilometre buffer zone would satisfy the requirements of the
Nuclear Safety Bureau. Further, by comparison to the size of emergency planning zones applied
internationally by regulatory authorities, such as the United States, the buffer zone exceeds the
minimum requirements.
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Table 13.S: Examples of Buffer Zones at Research Reactions Overseas

Buffer Zone Radius Surrounding Population''Reactor
and Power

HIFAR
10 MW

NIST
20 MW

Location

Lucas Heights. 30 km south-
west of the Sydney CBD.

National Institute of Science
an d Technology.

MITR-II
5 MW

Orphee
13 MW

HFR

57 MW

FRM-2
20 MW

BER-2
10 MW

Source:

Note: 1

Gaithcrsburg, 30 km north-
we st of Washington DC,
USA.

Cambridge, Massachusetts,
USA, within urban and
commer dal area of Boston.
20 km south-west of Paris,
France.

2.5 km south of the centre of
Grenoble, France.

1.6 km radiu

Nearest site boundary to
reactor is 400 metres.
Nearest housing is less
than 500 metres.

No buffer zone

Within a nuclear research
establishment that
includes the 70 MW test
reactor, Osiris.
Within InstitutLaue-
Langevin, a nuclear
research establishment.
No buffer zone.

No permanentrcsidential development
inside 1.6 km radius. Between 1.6 and
3.2 km the 1996 population was 8,100.
Between 3 km and 10 km 113,400.
Between 500 metres and 1.6 km radius
7,000residents; between 1.6 and3.2
kmradius 25,000residents and
between 3.2 and 8 km 130,000
residents.
U S Nuclear Regulatory Commission
approved power upgrade in 1983 from
10 MWto 20 MW, taking account of
population growth projections.
Located on a university campus in an
urban area.

200persons within 1 kmradius, over
1,000 between 1 km and 2 km radius.
Numbers rise rapidly beyond this as
Paris outskirts are reached.
The population of Grenoble in 1991
was 415,000.

Located on a university campus in an
urban area.

15 km north of the centre of
Munch, Germany on
campus ofTechnical
University of Munich.

20 kmsouth-west of Berlin, 4 500metres
km from Potsdam, Germany.

Deparcrnenc of Industry, Science and Tourism and ANSTD, 1 99S.

Apart from tne population data for HIFAR obtained from the 1 996 ABS Census, the population estir
generally derived from 199D or earlier data and as such may underestimate current populations.

1,200 persons living betwe en 500
metres and 5,600 persons between 1
and 2 km.

13.3.8 History of Land Use Restrictions Applying to HIFAR

Land use restrictions around Lucas Heights Science and Technology Centre were first introduced
in 1960 by the Australian Atomic Energy Commission. These initial restrictions provided for no
settlement within a 1.6 kilometre radius centred on HIFAR; no settlement in the Woronora River
Valley within 3.2 kilometres; and future settlement restricted within 4.8 kilometres. These
restrictions were modified by the Australian Atomic Energy Commission in 1967 so that between
1.6 kilometres and 4.8 kilometres no more than 5,000 people were to be housed in a 20 degree
sector, and no food processing, hospitals or manufacturing were permitted.

In 1983, the Commonwealth advised the NSW Government that, following further analyses of the
safety of Australian Atomic Energy Commission operations, land use restrictions beyond the 1.6
kilometre buffer zone were no longer necessary.

In 1989, the NSW Government commissioned a report (Cornford and Rosen, 1989) examining
what planning implications, if any, might be associated with operation of the ANSTO site. The
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report concluded, and the NSW Government subsequently advised, that no land use restrictions
were required beyond the 1.6 kilometre buffer zone. This finding was consistent with the 1983
recommendation of the Australian Atomic Energy Commission and provides for the prohibition of
urban development or any other activity that could lead to a compromise of public safety within the
buffer zone.

The lifting of land use restrictions beyond the 1.6 kilometre buffer zone was subject to further
review by the Nuclear Safety Bureau in 1995. The Nuclear Safety Bureau found that "... the low
likelihood of the accidents assessed, the high degree of conservatism adopted in assessing the consequences
of these accidents, provide a high level of confidence in the conclusions reached .... The [Nuclear Safety
Bureau] concludes that the recommendation for the lifting of restrictions on the use of land beyond the 1.6
kilometre exclusion zone surrounding HIFAR can be supported" (Frikken and Westall, 1995).

Each land use option proposed within the buffer zone is considered by ANSTO against a set of
safety and environmental protection criteria based on a consideration of the capability to evacuate
the buffer zone area in a timely manner. The principal siting criteria are summarised below:

• the continuation of the primary land use restriction of no permanent residential
development within the buffer zone;

• organisations involved with any activity must agree to abide by safety directions given by
ANSTO and NSW Emergency Service organisations;

- preference will be given to activities which do not encourage overall participation,
including spectator crowds, in excess of 500 persons;

— activities undertaken outside daylight hours must be strictly supervised;

• proposed activities must not present a hazard to ANSTO plant and equipment;

H the proposed activity must not have an unacceptable environmental impact and must be
environmentally compatible with current and other proposed land uses within the buffer
zone and adjacent areas;

• future proposals for use of the buffer zone land for recreational or other purposes will require
detailed submissions and must have the approval of the ANSTO Board and where
appropriate the relevant Minister; and

• any structures erected on ANSTO land must be removed at the end of the term of the lease
of that land.

Land uses that have been permitted to date include the Lucas Heights Waste Management Centre,
the ANSTO Business and Technology Park, and some controlled recreational activities including
the Sutherland Police Community and Youth Club minibike group and the United Pistol Club
(ANSTO, 1993f)- Details of existing land uses are contained in Section 13A-

Sutherland Shire Council has adopted a policy, Land Use Control to Lucas Heights Establishment,
which reflects the 1967 restrictions. It provides that:

B no urban development is permitted within a 1.6 kilometre radius of the reactor other than
that associated with the establishment;

B no residential development is to occur within a radius of 3.2 kilometres in the Woronora
River valley;
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• no residential development is to occur within a 4-8 kilometre radius, unless the population
in any 20 degree sector of the circle with the reactor as its centre does not exceed 5,000
people; and

B no development for the purpose of setting up food processing plant, or growth and manufacture
of food products, or institutions is to be undertaken within the 4.8 kilometre radius.

Analysis of population distribution within a 25 kilometre radius of the proposed replacement
research reactor was undertaken for the purpose of the analysis of hazards and risks (refer Chapter
21 and Appendix G). This analysis included a breakdown by sector of the number of persons living
within 4.8 kilometres of the proposal as at the 1996 census. For the purpose of that assessment each
sector was fixed at 22.5 degrees, rather than 20 degrees. The population in two of these sectors
exceeded 5,000 persons in 1996; 5,200 persons were living in the east-north-east sector and 8,100
persons in the east sector. It is anticipated that by the year 2016 5,700 and 8,700 persons would be
living in each sector respectively. None of the planning controls currently contained in the
Sutherland Local Environmental Plan, 1993 are directed to controlling the number of persons living
within 4.8 kilometres of HIFAR.

13.4.1 Lucas Heights Science and Technology Centre

Most land uses within the 70 hectare Lucas Heights Science and Technology Centre are directly
related to science and technology research. The activities undertaken within the Lucas Heights
Science and Technology Centre by ANSTO, the CSIRO and other associated organisations are
described in Chapter 3. Areas of the buffer zone leased by ANSTO to other organisations and bodies
is described in Section J 3.4.3 below.

In 1990, ANSTO proposed establishing a Business and Technology Park (Dames and Moore, 1990),
initially to be situated on an area of approximately 20 hectares between the Lucas Heights Science
and Technology Centre and New Illawarra Road, with the aim of encouraging commercial and light
industrial uses related to scientific and technical research activities. Businesses currently
established there include Tetley Manufacturing Pty Ltd, which lease a purpose-built building, and
three other private companies, ATA Scientific, Bilyara and White Smith Australia Pty Ltd, each of
which leases space in the park's central incubator building, named the AJ Woods Centre. When
complete, it was anticipated the Business and Technology Park would accommodate up to 1,500
employees in a series of purpose-built structures. It is unlikely the Business and Technology Park will
be developed to this extent and that by 2005 a modest increase in the number of persons employed
within the Park, from 50 to 100, is likely to have occurred.

13.4.S Regional Land Uses

Figure 73 in Chapter 7 shows the various land uses within the local "community of interest" which
includes the western part of Sutherland local government area. The northern parts of the local
government area bounded by the Georges River are predominantly urban with interspersed areas of
open space, dedicated to recreation, environment protection and National Park. The southern parts
of the Sutherland local government area are dominated by Heathcote and Royal National Parks.
Industrial areas are concentrated along the Kurnell Peninsula, at Taren Point and Kirrawee. The
regional commercial and shopping centre for Sutherland is at Miranda, while the district centres
closest to Lucas Heights are at Engadine, Menai and Gymea. A variety of land uses occur within
the 1.6 kilometre buffer zone and its environs as shown in Figure 13.2 and described below.
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United Pistol Club

CRC Bioresearch Facility

Sutherland Police and Community Youth Club Mini-bike Track

Sydney International Clay Target Association

Proposed Conservation Area

Former IWC Liquid Waste Depot

Former Waste Management Authority Depot

Little Forest Burial Ground

Former Sutherland Shire Council Night Soil Depot

Lucas Heights No. 1 Waste Depot

Lucas Heights High School and Public School

Engadine West Public School
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Military Uses

Holsworthy Military Area lies south and west of Heathcote Road and includes the southern section of
the buffer zone. The site, of approximately 20,000 hectares, is operated by the Department of Defence.

Although the site is principally bushland, facilities for military training include:

• field firing ranges (for live firing and non-live firing activities);

• exercise areas;

• permanent and overnight bivouac areas;

• airfields and landing zones (restricted to certain areas);

• helicopter landing areas;

• small arms range complex and demolition ranges; and

a driver training area.

Residents live in barracks or one and two storey residential buildings. The accommodation is
located approximately 9.5 kilometres north of the site of the proposed replacement reactor. The
Military Area is to be entered onto the Register of the National Estate in mid-1998, as described in
Section 17.53 (Australian Heritage Commission, pers. comm., 1998).

Lucas Heights Waste Management Centre

Since 1987 Waste Service NSW has operated the Lucas Heights Waste Management Centre,
situated immediately to the north of the Lucas Heights Science and Technology Centre. The Waste
Management Centre has approval for the disposal of 15 million tonnes of waste and accepts
putrescible and non-putrescible wastes from councils within the Sydney region, including
Sutherland, and some types of industrial waste. Estimated remaining capacity of the landfill is
approximately eight million tonnes, a limit expected to be reached by 2008 (Office of
Environmental Mediation and Inquiry, 1996). The Waste Management Centre is open to the public
for disposal of household wastes between the hours of 6.00 am and 4.00 pm weekdays and 8.00 am
to 5.00 pm on weekends.

Energy Development Limited obtained permission from Sutherland Council to construct a
first-stage 12 megawatt electricity generation station utilising landfill gas at the Waste
Management Centre. The generator was commissioned in early 1998 with a total installed capacity
of 12.7 megawatts.

Oiowaste Research Facility

The CRC Biowaste Research Facility is a pilot level engineering test facility for testing advanced
composting/decomposition techniques, for example converting putrescible municipal waste material
into fertiliser. It is not occupied on a permanent basis and therefore does not house any employees.

Researchers from the CRC for Waste Management and Pollution Control carry out studies on an
intermittent basis and include staff from the University of New South Wales, University of
Queensland, ANSTO and NSW Waste Services. No plans currently exist for any future expansion
or alternative uses. The intent is to disassemble the facility in due course. The health and safety
aspects of the facility were reviewed and approved through ANSTO's Safety Division and are
monitored by ANSTO.
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Lucas Heights No. 1

Lucas Heights No. 1 is an area of 104 hectares located off New Illawarra Road, approximately two
kilometres north of Lucas Heights Science and Technology Centre. The site comprises 77 hectares
of completed waste landfill and a material extraction area of approximately 27 hectares. Landfill gas
is extracted from the landfill to control nuisance odours and for use in generating electricity. Gas
extraction will continue for at least another 30 years (Office of Environmental Mediation and
Inquiry, 1996). Waste Service NSW owns the area of the power generation plant and holds a permit
of occupancy over most of the site, although it is administered by the Department of Land and
Water Conservation.

Little Forest Burial Ground

Between 1960 and 1968 the then Australian Atomic Energy Commission used an area of about four
hectares known locally as Little Forest, to bury waste with low levels of radioactivity, mainly laboratory
rubbish originating from the Lucas Heights Science and Technology Centre (ANSTO, 1993e).

Areas adjacent to Little Forest Burial Ground have been used at various times by Sutherland
Council as a night soil disposal site, by Waste Service NSW as a municipal solid waste depot, and
by IWC Industrial, a private company, which formerly operated a liquid waste facility.

Recreational Uses

Three gun clubs operate in the area surrounding the Lucas Heights Science and Technology
Centre. The United Pistol Club is located directly east of the main fenced area of the Centre and
is the only gun club within the buffer zone. Access is via a dirt road around the periphery of the
Centre from New Illawarra Road. The club is available for use seven days a week between the
hours 8.30 am and 4-00 pm.

The remaining two facilities are located outside the buffer zone. These are the Sydney-Marconi Gun
Club - a clay target shooting club - and the Sydney International Clay Target Association. The latter
is currently constructing a club house immediately north of the Sydney-Marconi Gun Club.

The Sutherland Police and Community Youth Club operates a minibike (100 cc) training, enduro and
motorcross track for young people over the age of four years on a 10 hectare site between the Waste
Management Centre and New Illawarra Road. Approximately 70 riders attend meets on Sundays
between 9.00 am and 3.00 pm. A BMX club which meets on Saturdays also began in early 1998.

The remaining undeveloped areas within the buffer zone and much of the surrounding land consist of
bushland. These areas include the Mill Creek catchment, bordered by Heathcote Road and urban
development at Menai. Mill Creek flows through to the Georges River National Park; while the
Woronora River to the south flows through Heathcote National Park; both discharge to Georges River.

Services end infrastructure

A variety of services and infrastructure are located within the buffer zone. New Illawarra Road and
Heathcote Road are major access routes within the western part of Sutherland local government
area. A 330 kilovolt electricity transmission line passes through the eastern portion of the buffer
zone in a north-south direction.
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Residential Uses

Urban areas close to the Lucas Heights Science and Technology Centre and the approximate
distance of the closest street to the site of the proposed replacement research reactor include: the
suburbs of Engadine (Bulbine Street, 2.6 kilometres) and North Engadine (Alpine Place, 1.8
kilometres) to the east; Heathcote (Forum Drive, 3.2 kilometres) to the south-east; and Barden
Ridge (Sir Thomas Michell Drive, 2.6 kilometres) and Menai (Windle Place, 4.0 kilometres) to the
north-east. Residential development is excluded from the buffer zone. The nearest houses are
located at North Engadine, approximately 1.8 kilometres to the east of the site of the proposed
replacement reactor.

Educational Facilities

No schools or other educational facilities are situated within the 1.6 kilometre buffer zone; there are,
however, several within five kilometres of the Centre. These schools and their approximate distance
from the proposal are Sutherland Shire Christian School (3.4 kilometres), Lucas Heights Primary and
High School (2.9 kilometres), Engadine West Primary School (2.2 kilometres), Heathcote High
School (4-5 kilometres) and Primary School (4.6 kilometres), Heathcote East Primary School (5.0
kilometres), Engadine High School (3.7 kilometres) and Primary School (3.2 kilometres), Yarrawarrah
Primary School (4.4 kilometres), St John Bosco Catholic High School and Primary School (2.9
kilometres), Marton Primary School at North Engadine (4.2 kilometres), and Menai Public School
(5.0 kilometres).

13.4.3 Ownership

Land within the buffer zone is owned and administered by ANSTO with the exception of an area
of land within the buffer zone to the east of the Woronora River. Land to the west of Heathcote
Road within the Holsworthy Military Area is owned by the Commonwealth and administered by
the Department of Defence, while a small portion is controlled and managed by Australian Estate
Management on behalf of the Department of Administrative Services. An area immediately to the
north of the buffer zone that contains Little Forest Burial Ground is also owned and administered
by ANSTO.

All uses and activities within the buffer zone must meet the safety criteria adopted by the ANSTO
Board as described in Section 13.2.4-

ANSTO leases 104 hectares of the western portion to Waste Service NSW, which operates the
Lucas Heights Waste Management Centre. Other portions leased by ANSTO include:

• the site and building used by Tetley Manufacturing Pty Ltd in the Business and Technology
Park, known as the Woods Centre;

• eleven hectares of land near the intersection of Little Forest and New Illawarra Roads, to
Sutherland Police Community and Youth Club for its mini-bike track;

• approximately one hectare immediately east of Lucas Heights Science and Technology
Centre, to the United Pistol Club; and

B the site immediately to the west of the site of the proposed replacement research reactor,
leased to CRC for waste management and pollution control as a Biowaste Research Facility.
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In 1996, a mediation was conducted by the Office of Environmental Mediation and Inquiry
concerning the future use of three areas of land at Lucas Heights currently owned or leased and
occupied by Waste Service NSW (Office of Environmental Mediation and Inquiry, 1996). The
mediation resulted in a decision to go ahead with the following broad proposals, on land situated
either wholly or partly within the buffer zone or its immediate environs:

• to develop a sporting and recreational facility at the closed municipal waste disposal site,
known as Lucas Heights No.l, situated approximately two kilometres north-east of the
Lucas Heights Science and Technology Centre;

• to extend the life of the Lucas Heights Waste Management Centre and incorporate an
"enclosed biowaste processing facility", an outdoor green waste facility, an outdoor green
waste processing and composting operation, and to plan for its future use as a site for passive
recreation; and

• to establish a conservation area north of the Waste Management Centre, on land previously
earmarked for the West Menai urban release area.

Release of the land for recreational use is proposed to occur in six stages between 2000 and 2025.
Most of the proposed recreational areas will first be overtopped with more waste, and landscaped to
suit the particular recreational use. Approval for these uses on ANSTO owned land will rest with
ANSTO and will be based on ANSTO's siting criteria, as previously described.

The redevelopment proposed for the Waste Management Centre would require relocation of the
minibike training track onto an adjacent waste filled area of equivalent size or capacity to
accommodate the proposed "enclosed biowaste processing facility". Others proposing to use land
from the initial stage of the redevelopment include Cronulla Aero Club (flying model aeroplanes),
and Sutherland Shire Council (a dog-exercising area). There is also the possibility of extending the
existing clay target shooting areas into the buffer zone.

The Lucas Heights mediation had further consequences. In 1997 Sutherland Local Environmental
Plan No. 50 was gazetted, amending the zonings previously applying under the 1993 plan to reflect
the outcomes of the mediation. An environmental impact statement is also being prepared to
facilitate the proposed future land uses agreed at the mediation. The environmental impact
statement on development of the recreational and sporting facilities at Lucas Heights No.l, and
extension of the life of the Lucas Heights Waste Management Centre and associated future
recreational uses is scheduled for release and public exhibition in the latter half of 1998.

A decision to proceed with the proposed replacement research reactor would not alter the current
metropolitan, regional or local planning framework or directions set out in the various strategic
planning documents as mentioned in Section 13.2. While it could be argued that planning
undertaken at these various levels has already taken into account the existence of HIFAR, there is
little evidence in any of the documents that metropolitan and regional planning is significantly
influenced by HIFAR or its buffer zone. This situation is not expected to change as a consequence
of a decision to proceed with the proposed replacement research reactor.
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A further 1,000 dwellings are expected to be completed within the Urban Development Program areas
at Menai by the time the proposed replacement reactor would be commissioned in 2005. The major
growth in population expected in the Sutherland local government area of approximately 11,000
additional dwellings by 2011 - would occur in the older, established areas having good access to public
transport and generally concentrated around railway stations (Sutherland Shire Council, 1996).

The approach adopted in Council's Housing Strategy is consistent with the principles of Cities for
the 21st Century (Department of Planning, 1995), which seeks to achieve a more compact urban
form by promoting infill and greater density development. With the deletion of West Menai from
the Urban Development Program, no significant urban development opportunities exist at the
fringe of the buffer zone. However, some small scale residential development in isolated locations
within the Menai area could be expected and some of these may be located on land currently zoned
for future urban development. As such sites are likely to continue to be developed at the same low
densities currently existing in the surrounding areas, existing population densities would be
maintained. It is expected that the proposed replacement research reactor would not affect the land
use and development patterns that have emerged beyond the 1.6 kilometre buffer zone, in the
surrounding residential areas of Menai, Barden Ridge, North Engadine and Engadine.

Development within the existing 1.6 kilometre buffer zone has been influenced by the basic land
use restrictions that have historically been applied to the zone. Justification for locating HIFAR at
Lucas Heights in the first place included the availability of government owned land, the low
numbers of people living within 3.2 kilometres of the site, and the reasonably good access to
universities and other research facilities (Australian Atomic Energy Commission, 1956). In land use
terms, these favourable conditions still apply today, although the continued development of
Engadine, Menai and, more recently the development of Barden Ridge have increased the number
of people living in areas surrounding the buffer zone.

In 1983 it was decided that land use restrictions beyond the 1.6 kilometre buffer zone were no
longer necessary (Australian Atomic Energy Commission, 1982; ANSTO, 1993f; Frikken and
Westall, 1995). This decision was taken in light of improved knowledge of the consequences of an
accident and the more accurate characterisation of safety features and improvements made by
ANSTO to safety related plant. The decision was subsequently supported by an independent
review, undertaken on behalf of the NSW Government, which came to a similar conclusion
(Comford and Rosen, 1989).

Siting the replacement research reactor immediately to the west of HIFAR, as proposed, would not
require any adjustment to the existing buffer zone. Areas to the west are already owned by the
Commonwealth, as they are situated within the Holsworthy Military Area. Only a small sliver of
land currently in the ownership of Waste Service NSW would potentially be affected, although
based on current and proposed future land uses no land use restrictions would need to be applied
to the land.

The range of activities presently conducted in the buffer zone have already been described, and
these would vary little as a consequence of the commissioning of the proposed replacement research
reactor as the land use restrictions administered by ANSTO within the buffer zone would continue
to apply. Land uses would continue to be restricted to commercial, research and technological uses
associated with the Lucas Heights Science and Technology Centre or the adjacent Business and
Technology Park, low employment generating land uses such as the Waste Management Centre and
associated facilities, and a relatively narrow range of passive and structured recreational activities
consistent with those already conducted within the zone. These restrictions, based on the siting
criteria set and the hazard and risk assessment set out in Chapter 11, are consistent with the land
use zoning controls applied by Sutherland Council.
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A decision to proceed with the proposed replacement research reactor would not require any
change to the existing statutory planning framework applicable to the Lucas Heights Science and
Technology Centre or the buffer zone. As mentioned earlier, ANSTO is not subject to local and
State planning controls (refer Appendix D); but in the event, planning decisions made in the past
have at all times recognised the particular land use constraints imposed by the operation of HIFAR.
ANSTO would continue to exclude residential development from the 1.6 kilometre buffer zone.
Future land use proposals within the buffer zone would be subject, as now, to approval by the
ANSTO Board in accordance with the environmental and safety criteria described in this chapter.

No new impacts on planning and land use are foreseen if the proposal to build a replacement
research reactor goes ahead, but rather a continuation of the existing situation. This would mean:

• the land use restrictions that have historically applied to the 1.6 kilometre buffer zone
surrounding HIFAR would continue to be applied by ANSTO; and

• exclusion of residential development within the buffer zone and continued restrictions on
the range of permitted uses and activities, with permission being based on safety
considerations and response procedures in case of emergency.
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This chapter assesses the potential traffic and transport impacts on the regional and local road network
surrounding the Lucas Heights Science and Technology Centre during construction and operation of the
proposed replacement research reactor. This chapter examines the following matters raised by the EIS
Guidelines (refer Appendix A):

Section of EiS
Guidelines

7.2.6

7.2.11

8.9

8.23

8.27

10.11

Outline of issue

Proximity to airports and flight routes

Local and arterial road networks, traffic flow and capacity, public
transport to and from the site

Impacts on local road networks, traffic and infrastructure during

construction

Impacts on local road networks, traffic and infrastructure during
operation

Transport of reactor products, modes and frequency

Minimisation of traffic during construction

Section of
this Chapter

J4.2.6

14.2, 143,14.4

H5.1

145.2

14-4, 14.5

14.6

In order to assess the potential impacts of constructing and operating the proposed replacement
research reactor on traffic and roads in the environs of Lucas Heights, the following steps were taken:

• the existing transport network (road, rail and bus) was described, including any planned
improvements;

• an investigation was made of the characteristics of traffic on State and regional roads used
to access the site, including traffic volumes (at present and projected to 2005), and the
proportion of heavy vehicles;

• the nature and volume of traffic at present generated by the Lucas Heights Science and
Technology Centre was assessed;

• the impact of potential changes to traffic and transport from the proposed replacement
reactor during construction and operation was determined; and

a the proposed environmental management measures that must be adopted to mitigate
potential traffic and transport impacts were determined.

Issues relating to the transport of hazardous materials are addressed in Chapter 11.
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14.2.1 Regional Road Transport Network

The Lucas Heights Science and Technology Centre is bounded by an arterial road network as shown
in Figure 14.1. These are State Roads, controlled by the Roads and Traffic Authority.

Of the three main elements in the network, the Princes Highway links Wollongong to the south-
eastern suburbs of Sydney, Sydney Airport, Port Botany and the Sydney Central Business District;
Heathcote Road links areas south of Sutherland to Liverpool; while Alfords Point Road and New/
Old Illawarra Road provide an important sub-regional connection between the Menai/Lucas
Heights area and Bankstown.

The volumes of traffic on this network have been growing steadily, with an average annual increase
of between two percent and nine percent over the 10 year period from 1987 to 1996. Traffic
volumes since 1987 are presented in Table 14-1 • Traffic growth on Menai Road and Old Illawarra
Road (south of Menai Road) is partly attributable to the development of the Menai urban release
areas and partly attributable to general increases in traffic being experienced across Sydney. Growth
is expected to slow as the release area becomes almost fully developed by the year 2000 as described
in Chapter 13.

Table Annual Average Daily Traffic Flows

Road

Heathcote Road

Newlllawarra Road

New Illawarra Road

Alfoids Point Road

Old Illawarra Road

Menai Road

Menai Road

Location

West of Princes Highway

Lucas Heights School

North of Heathcote Road

North of Menai Road

South of Menai Road

East of Old Ulawarra
Road

Woronora Bridge

1 9 8 7

15,532

n/a

9,556

n/a

11,866

16,897

17,783

I raffic Volumes

1389

18,775

n/a

n/a

n/a

14,591

19,653

19,387

1991

18,049

n/a

n/a

n/a

16,182

23,062

22,193

1993

n/a

I2,ll3

n/a

n/a

n/a

n/a

25,433

1996

19,782

13,829

13,480'

33,227

n/a

35,352

21,079

Growth
Percent

per
Annum

2.7

3.5

n/a

n/a

9.1

10.9

1.9

Source: NSW Roads and Traffic Authority C1Q961.

Noces: 1 . Average annual traffic growth per annum calculated to 1 996 over the longest period over
which data is available.

2. Abbreviation n/a means that no data were available.

3. The traffic volume for 1 996 is estimated by applying traffic growth rates for New Illawarra
Road at Lucas Heights Public School to the 1987 annuai average daily traffic volume.

14.8.8 Local Road Transport INetwork

Old/New Illawarra Road south of Menai Road carries a volume of traffic consistent with an arterial
road. Houses are typically oriented away from Old/New Illawarra Road or in some cases are
separated from New Illawarra Road by former portions of Old Illawarra Road which now acts as an
access lane. Access to adjoining residential areas is restricted to intersections with arterial roads,
while the layout of local roads in combination with the topography restricts through traffic to the
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arterial road network. The Lucas Heights Primary School and High School are situated at the
intersection of New and Old Illawarra Roads, with the main entrance to the schools off Old
Illawarra Road.

Heavy vehicle traffic on Old/New Illawarra Road is generated by a variety of activities, although a
significant proportion service the Lucas Heights Waste Management Centre. According to a study
by Mitchell McCotter in 1990, traffic from the Waste Management Centre accounted for 14
percent (100 vehicles) of the morning peak flow (714 vehicles per hour) in the period between 8:00
am and 9:00 am.
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Traffic lights are installed at the intersection of Old Illawarra Road with Menai Road, but not at
other intersections along New and Old Illawarra Roads. Roundabouts control intersections with
local roads within the 60 kilometre per hour speed limit zone. The intersection giving access to the
Waste Management Centre, the access is known as Little Forest Road, and the T-intersection with
Heathcote Road are both controlled by seagull type intersections with painted and raised medians.

The entrance to the Lucas Heights Science and Technology Centre is situated approximately 800
metres north of the entrance to the Waste Management Centre. Mendleef Avenue at the western
end of the Lucas Heights Science and Technology Centre also intersects with New Illawarra Road,
almost directly opposite the entrance to the Waste Management Centre. This entrance is no longer
used and access is restricted by a security gate.

Left and right-turning lanes are provided for vehicles visiting the Lucas Heights Science and
Technology Centre. A deceleration lane is provided for southbound vehicles turning left, and an
outside passing lane is provided for northbound through traffic to safely pass vehicles turning right
into the Centre.

14.a.3 Public Transport Network

Buses

SouthTrans is the only private bus operator currently servicing the local area. Sydney Buses do not
operate in the local area and there are no public bus services that specifically service or run past the
Lucas Heights Science and Technology Centre.

SouthTrans runs a morning and afternoon service between Sutherland Interchange (next to
Sutherland Railway Station) and the Lucas Heights Science and Technology Centre via Engadine,
primarily to take staff to and from the Centre. The morning service departs from Sutherland
Interchange at 7.55am; in the afternoon, it departs from the Centre at 4.55pm. The service picks
up passengers, in addition to ANSTO staff, during the trip between Sutherland Interchange and
the Centre.

Apart from this special bus, the closest service (route 960) terminates at Barden Ridge off Old
Illawarra Road, more than two kilometres north of the Centre. There are numerous bus services
operating in the general vicinity of the Centre (for example, at Engadine).

Trains

State Rail Authority provides a service through Sutherland Shire as part of the CityRail Network.
The closest stations, at Sutherland, Engadine and Heathcote, are more than eight kilometres away
from the Centre.

14.8.4 Rood Safety

The NSW Roads and Traffic Authority indicates that two accidents have been recorded at the
intersection of New Illawarra Road with the entrance to the Lucas Heights Science and Technology
Centre in the five years between 1992 and 1996. Anecdotal evidence from employees of ANSTO
suggests that numerous "near misses" have occurred near the entrance to the Lucas Heights
Science and Technology Centre, which is situated near the bottom of two inclines where a 90
kilometre an hour speed limit applies. In association with the high volumes of heavy vehicles
travelling to the Lucas Heights Waste Management Centre there tends to be a conflict between
southbound through traffic and vehicles slowing to turn left to enter the Lucas Heights Science and
Technology Centre.
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In response to concerns raised by ANSTO regarding road safety at this location, the NSW Roads
and Traffic Authority advised:

"The Authority appreciates your concern for the safety of road users within your local
community, however, mindful of the existing passing provision at this location for northbound
vehicles on New Illawarra Road, this junction does not reveal a demonstrated accident type
sufficient to warrant the installation of a 'seagull' traffic facility, providing shelter for right
turning vehicles into and out of Rutherford Avenue [the entrance to the Lucas Heights Science
and Technology Centre]." (NSW Roads and Traffic Authority, 1997, pers. comm. 3
November).

From a road safety point of view, the frequency of accidents is not representative of a situation
which requires physical counter measures or road improvements. The section of New Illawarra
Road in the vicinity of the entrance to the Centre is characterised by good lines of sight in both
directions, overtaking line markings extend to the north and south of the entrance, a road surface
in reasonable condition and no obstructions or uses adjoining the road which may distract a drivers
attention. In addition, an outside passing lane is provided allowing northbound vehicles to safely
pass vehicles turning right into the Centre.

14.2.5 Traffic Associated with Other Developments

Business and Technology Park

In January 1988, a traffic study was undertaken (Colston Budd Wardrop and Hunt, 1988) to identify
issues relating to the Business and Technology Park proposed to be developed at the Lucas Heights
Science and Technology Centre. The development of the Business and Technology Park, originally
envisaged to accommodate up to 1,500 employees, was expected to add congestion and delays to
the Menai Road/Old Illawarra Road intersection, particularly for right turning vehicles. It was
assumed that these difficulties would be alleviated by the construction of an extension of Alfords
Point Road. However, development of the Business and Technology Park has not proceeded beyond
the establishment of the AJ Woods Centre, and no significant development of the Park is
anticipated by ANSTO in the future. The current number of staff employed in the Business and
Technology Park is 50, and by 2005 the number of staff is not expected to exceed 100.

Lucas Heights Waste Management Centre

It is proposed that the quantity of waste being transported to the Lucas Heights Waste Management
Centre would reduce from an average of about one million tonnes to 630,000 tonnes per year by
the end of 2000 (Office of Environmental Mediation and Inquiry, 1996). A consequent reduction
in the number of waste related truck movements to and from the Waste Management Centre would
result, although truck movements in relation to recyclable material are expected to increase with
the introduction of the proposed waste recycling facilities described in Chapter 13. In addition, it is
also proposed to divert 1.3 million tonnes of non-putrescible waste over 10 years to Lucas Heights
No. 1 waste depot (Office of Environmental Mediation and Inquiry, 1996).

In 1989 when waste production was at its peak, the number of trucks visiting the Waste
Management Centre each weekday varied from 675 to 920 (Mitchell McCotter and Associates,
1991). In 1989 on an average day, the minor peak occurred between 6:00am and 7:00am with the
major peak occurring between the hours of 8:00am and 10:00am. The major peak comprised 25
percent (191) of all heavy vehicle arrivals.
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14.2.6 Interaction with Aviation Activities

The Lucas Heights Science and Technology Centre is located approximately 22 kilometres south-
west of Sydney Airport, and 14 kilometres south-east of Bankstown Airport. Aircraft are excluded
from airspace above the buffer zone surrounding the Lucas Heights Science and Technology Centre
up to an altitude of 2,000 feet above sea level (Airservices Australia, 1996a). Current flight paths
for jet aircraft taking off and landing from Sydney Airport do not pass over the buffer zone, as
outlined in the Long Term Operating Plan for Sydney (Kingsford-Smith) Airport and Associated Airspace
(Airservices Australia, 1996b). However, in the event of adverse weather conditions, or for other
air traffic control requirements, aircraft may fly over the buffer zone at altitudes of greater than
2,000 feet above sea level.

Airspace restrictions also apply to the Holsworthy Military Area, located immediately west of the
Lucas Heights Science and Technology Centre and forming part of the buffer zone. Aircraft are
excluded from airspace up to an altitude of 3,000 feet above sea level in the southern part of the
Holsworthy Military Area, and from airspace up to an altitude of 1,500 feet in the northern part.

14.3.1 Roads and Traffic Authority

The Roads and Traffic Authority is proposing improvement works in the surrounding road network,
to be completed by the year 2000 (Roads and Traffic Authority, pers. comm.1998). It proposes to:

• construct a new high level, two lane bridge over the Woronora River at Woronora to
complement the existing low level crossing;

• upgrade Linden Street, Sutherland to four lanes between River Road and The Grand Parade; and

a upgrade Menai Road, Bangor to four lanes between Anzac Road and Akuna Avenue.

The Roads and Traffic Authority's longer term program, to be completed within ten years (Roads
and Traffic Authority pers. comm., 1998) includes additional work. It intends to:

• extend Alfords Point Road, Menai from the existing intersection with Old Illawarra Road,
to connect with Old Illawarra Road approximately 600 metres south;

• duplicate Alfords Point Bridge to provide three trafficable lanes on each bridge (a tidal flow
arrangement operates at present);

• upgrade Alfords Point Road to six lanes between Brushwood Drive, Alfords Point and
Clancy Street, Revesby Heights; and

• install traffic signals at the intersection of Heathcote Road with New Illawarra Road,
Lucas Heights.

14.3.8 Sutherland Shire Council

Sutherland Shire Council has no plans for road improvements in the foreseeable future beyond
maintenance of the local road network. This is partly due to the fact that improvements are planned
to occur on arterial and sub-arterial roads controlled by the Roads and Traffic Authority.
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In the recent past the Department of Housing investigated a proposal for an east-west link; the
"West Menai Link Road", which would connect Old Illawarra Road at Barden Road to Heathcote
Road to the west and would have serviced the West Menai release area. Removal of West Menai
from the Urban Development Program, as described in Chapter 13, means that the need for this link
no longer exists.

However, Sutherland Council does intend to reconstruct the 'fire trail' through Woronora Heights
that links Bundanoon Road with Prince Edward Park Road. This would give more direct access to
Menai Road and the north for residents in Engadine and Woronora Heights. Approval for the
project was based on the Roads and Traffic Authority's recent approval for the reconstruction of the
Woronora Bridge.

{

Owing to the Centre's isolated position, only limited public transport is available to the staff, and
thus they tend to travel to and from work by motor vehicle, either as a passenger or driver.

Approximately 780 persons are currently employed by ANSTO at the Lucas Heights Science and
Technology Centre (ANSTO, 1997c). Typical attendance at the centre comprises (ANSTO, 1998
pers.comm. 16 July):

B 114 staff employed on long term contracts (B-pass holders) who mostly attend the Centre
daily;

n 143 visiting scientists (T-pass holders) who on average spend two months a year at the
Centre (approximately 17 percent might be at the centre on any single day);

n 365 tradespersons/labourers (C-pass holders) who routinely visit the site (approximately 25
percent might be at the centre on any single day); and

B approximately 50 contractors who sign in to the Centre each day on day passes.

In addition, 107 persons are employed by the CSIRO at the Centre and 50 persons are employed
within the Business and Technology Park. Between March 1997 and March 1998, 6,784 visitors (or
on average, 27 visitors per day) including 421 overseas visitors, attended the Lucas Heights Science
and Technology Centre. These visitor numbers exclude tours. Therefore, on a typical weekday,
attendance at the Centre would be approximately 1,243 persons.

Table 14-2 presents daily one way vehicular movements generated by the Lucas Heights Science and
Technology Centre, based on a survey of traffic movements conducted in March 1998.
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Table

Description

Cars

Existing Traffic Qeneratian af "the LUCBS Heicjhtis Science and
Technology Ccntre,193B

Typical Number of Vehicles
¥isiting the Centre Per Day

743'

Additional vehicles arriving for afternoon shift 30

Additional vehicles arriving for night shift 30

Midday movements 100

Sub Total (cars) 903

Light Trucks 10

Additional delivery vehicles (lghttrucks)

• ANSTO 60

• CSIRO 20

• Other 10

Sub Total 200

Total Daily Vehicle Visits (Cars and Light Trucks) 1,003

Source: ANSTO 1SE3Bpers. comm., 1 Q March.

Notes: * . Total number of vehicles parked within the perimeter security fence and at ANSTQ facilities
outside the fence at a.3Opm, Tuesday March 1O, 1998.

In summary there are approximately 2,000 daily vehicle trips (either to or from the site), including
200 light truck trips. The peak periods for the Centre were identified as 7.45am to 8.45am in the
morning and 4.15pm to 5.30pm in the afternoon, with truck trips peaking between 10.00am to
12.00pm. This number of daily vehicle trips is consistent with the daily pattern of visitation
described above.

ANSTO typically deliver between 60 and 120 radiopharmaceutical packages per week day. These
packages are dispatched to hospitals and medical centres from the Lucas Heights Science and
Technology Centre to:

• the Sydney metropolitan region, two deliveries per day;

B interstate and international destinations distributed by air from Sydney Airport, three
deliveries per day;

• NSW country deliveries distributed by air from Sydney Airport, one delivery per day; and

B an occasional dispatch of radiopharmaceutical packages requested on demand typically to
destinations within the Sydney metropolitan region.

Table 14.3 illustrates the typical number of radiopharmaceutical packages per delivery to each
destination. It should be noted that a range of vehicle sizes are used to deliver the packages with
the vehicle chosen to suit the size of the delivery.
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Table 14.3: Number of Radic3pharmaceut;ical Packages per Qelivery

Day Destination

Metropolitan Metropolitan'1 Sydney Airport RSSMf
West/Upper International/ Country
North Shore Interstate

1 East/Lower
North Shore

Monday

Tuesday

Wednesday

Thursday

Friday

Weekends

Total
Weekly
Packages'

Source:

Notes:

16

20

18

8

14

76

15%

13

9

15

7

17

61

12%

AM
6

29

33

51

29

148

30%

PM3

55

40

33

31

As
required

159

32%

14

12

5

12

-

43

9%

2

1

2

1

1

7

2%

Other2 Total Daily
Packages

106

111

106

110

61

1034

597

ANSTO 1398, pens, comm, 39 April.

These deliveries depart the Lucas Heights Science and Technology Centre early morning.

Occasional daily packages delivered pn demand.

3. The number of packages refers Co the total number of packages distributed between separate
early and late afternoon deliveries.

<2. This figure represents the total number of packages distributed over the weekend period.

5. The calculation of the percentage of packages by destination excludes weekend packages.

A study of the Centre in 1988 (Colston Budd Wardop & Hunt, 1988) showed a trip generation rate
of 0.23 cars per employee in the morning and 0.21 cars per employee in the evening peak hour, with
a distribution of traffic of 45 percent to/from the north and 55 percent to/from the south. Analysis
of the place of residence of current ANSTO employees indicates that this distribution of traffic
remains valid. On this basis 260 trips would be generated in the afternoon peak hour.

The most critical period for analysis of the intersection of New Illawarra Road and the entrance to
the Lucas Heights Science and Technology Centre would be the afternoon peak hour during a
weekday. This is the period when the greatest number of vehicles would be attempting to turn right
from the entrance to New Illawarra Road.

During the existing weekday afternoon peak period, up to 10 vehicles may turn right into the
Centre and up to 10 vehicles may turn left into the Centre. Over the same one hour period, up to
130 vehicles may leave the Centre by turning left into New Illawarra Road and up to 110 may leave
the Centre by turning right. Analysis using INTANAL intersection analysis software indicates that
the intersection is currently operating at level of service B as defined by the Roads and Traffic
Authority (1993). Level of service is a measure of how effectively the intersection functions as set
out in Table 14 A-
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Table L-evel of Service for Snt;erBect;ian&

Level of Service

A

B

C

D

E

Intersection Effectiveness1

Good operation

Acceptable delays and spare capacity

Satisfactory, but accidentstudy required

Near capacity and accidentstudy required

Atcapacity, another means of control required

Source:

Note

NSW Roads and Traffic Authority, 19S3.

Based on level of service for intersections controlled by give way and stop signs.

The proposed replacement research reactor would not result in a direct increase in the number of
persons employed by ANSTO at the Lucas Heights Science and Technology Centre.
Commissioning of the replacement research reactor is, however, expected to increase the number
of visiting scientists utilising the enhanced capabilities of the replacement reactor, potentially
doubling the number of T-pass holders from 114 to 228. Similarly, the average number of daily
visitors may rise from the current 27 to approximately 40. In addition, by 2005 it is anticipated that
the number of persons employed by the CSIRO would increase marginally from 107 to 117, and the
number of persons employed in the Business and Technology Park would approximately double,
from 50 to 100.

14.5.1 Traffic and Transport; Impacts During
Construction

The main construction vehicle movements for the proposed replacement research reactor involve
the haulage of concrete, steel and internal/external cladding. The total duration of construction
activities for the replacement research reactor is expected to be 36 months, although peak
concentration of truck movements would occur between months 6 and 18.

It is expected that an average of up to 100 construction workers would commute to the site of the
proposed replacement research reactor each day, although during the period of peak construction
activity up to 150 workers might be expected. Construction workers would typically arrive before the
7:00am thereby avoiding a conflict with the morning peak period in the surrounding road network.

Based on the quantity of materials presented in Chapter 5, Table 14-5 outlines the truck movements
anticipated to be generated by construction of the proposed replacement research reactor.

Table 14.5: Truck Movements During Construction

Vehicle Type Average Truck Movements1

Weekly Daily

Steel Truck2 up to 15 3

Concrete Truck3 110 to 120 20 to 25

Cladding Truck2 95 to 105 16 to 20

Approximate Duration

2 to 3 months

14 months

3 months

1 . Truck movements include total trips made to and from the site.

2. Assumed steel and cladding haulage truck capacity is 2O tonnes

3. Assumed concrete truck haulage capacity is five cubic metres.
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The truck movements shown in Table 14-5 assume that all concrete batching occurs off-site and
construction plant and equipment brought to the site remains until it is no longer required. Some
overlap would occur between the traffic generated by different construction activities. Assuming
total peak daily truck movements for each truck delivery overlapped and all construction workers
travelled by car to the site, the peak total daily traffic generated during construction would be
approximately 200.

Based on normal construction procedures, a majority of the material to be hauled to the site of the
proposed replacement research reactor would occur outside the morning and afternoon peak
periods. Under the worst case scenario outlined above, traffic generated by construction would
result in a minor increase in daily traffic volumes on New Illawarra Road, which represents less than
two percent of the annual average daily traffic volume of over 13,000 vehicles experienced on New/
Old Illawarra Road. This increase would be temporary and would not present any adverse traffic
impacts for the surrounding road network.

The potential conflict between trucks accessing the Centre during construction and the continued
movement of trucks associated with the Lucas Heights Waste Management Centre presents a
potential road safety issue. This relates to the potential conflict between southbound through traffic
and vehicles slowing to turn left to access the Lucas Heights Science and Technology Centre which
during the construction period would comprise a greater proportion of heavy laden vehicles. The
current left turn deceleration lane is considered to be inadequate in these circumstances.

Accordingly, consideration is being given to extending the length of the deceleration lane to a
minimum length of not less than 130 metres in accordance with Ausroads (1988) requirements and
constructing a seagull intersection to allow the safe movement of through traffic and construction
vehicles. A seagull intersection, as depicted in Figure 14-2 would ensure the safety of any future
traffic generated by the Lucas Heights Science and Technology Centre and would accommodate
any future increase in background traffic volumes on New Illawarra Road.

Figure 14.2 Source: Ausroads. 13aB

Example of Typical Seagull Intersection

Depending on the method of construction chosen, it may be necessary to transport oversize plant
and equipment to the site of the proposed replacement reactor from a remote location or possibly
from overseas. In the event that this became necessary, ANSTO would notify and liaise with the
relevant regulatory authorities, including Sutherland Shire Council and the Roads and Traffic
Authority, to determine the appropriate route.
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14.5.S Traffic and Transport; Impacts During Operation

No adverse impacts are anticipated on the surrounding road network as a consequence of the
commissioning and operation of the proposed replacement research reactor. By the year 2005, the
one hour afternoon peak period background traffic flow on New Illawarra Road past the main
entrance to the Centre is expected, by extrapolating existing traffic growth rates, to have increased
from an estimated 660 to 870 vehicles southbound and from an estimated 480 to 630 vehicles
northbound. Against this general growth in background traffic, the number of persons employed at
the Lucas Heights Science and Technology Centre (including CSIRO and Business Technology
Park employees) may have increased to not more that 1,000 persons. Daily visitation to the Centre
by scientists and others is also expected to have increased by approximately 130 persons. In 2005
during the one hour afternoon peak the level of service assuming a seagull intersection was
constructed would be B (refer Table 14A), with an average delay per vehicle of 26 seconds. The
increase in trip generation arising from this increase would be well within the capacity of New and
Old Illawarra Roads and would also be within the capacity of the intersection of the main entrance
to the Lucas Heights Science and Technology Centre and New Illawarra Road.

Further, as indicated in Chapter 4 the expected increase in the production of radiopharmaceuticals
from the replacement research reactor would result in a need to potentially deliver approximately
four times the number of packages. It is expected that there would not be any significant increase
in the number of deliveries per day, if at all. ANSTO could accommodate the increased production
within the existing seven deliveries per day by selecting larger delivery vehicles. As very few heavy
vehicle movements are generated by the Lucas Heights Science and Technology Centre, the
impacts on the surrounding traffic and transport network during operation of the proposed
replacement research reactor would not result in the need to undertake any specific environmental
management measures.

No management measures are proposed to be undertaken to address traffic and transport impacts
arising from the operation of the proposed replacement research reactor. However, improvements
to the existing intersection of New Illawarra Road and the entrance to the Lucas Heights Science
and Technology Centre may be appropriate and are being considered prior to the commencement
of construction to ensure the safety of road users and staff employed at the Centre during the
construction period. Such considerations would include:

• extending the existing left turn deceleration lane; and

• upgrading the intersection to provide a seagull arrangement to accommodate the expected
increased movement of heavy vehicles during construction.

Such an arrangement would allow for the safe passage of construction vehicles as well as any future
growth in traffic on New Illawarra Road.

Operation of the proposed replacement research reactor would not result in any adverse impacts on
the surrounding road network because there would not be a significant increase in the number of
people employed at the Lucas Heights Science and Technology Centre and the delivery of packages
associated with an increased production of radiopharmaceuticals could be accommodated without
increasing the existing number of deliveries made per day.

Australian Nuclear Science and Technology Organisation



Infrastructure and Services



infrastructure and services

arid

This chapter describes existing infrastructure and services at the Lucas Heights Science and Technology
Centre, including inter-related facilities and services such as water supply, stormwater, sewage, wastewater,
electricity, gas and telephone. The infrastructure and service requirements of the proposed replacement
reactor, including those during dual operations of HIFAR and the proposed reactor, are outlined. Potential
impacts of developments associated with the infrastructure and services are abo described, as are measures
proposed to mitigate these impacts. This chapter examines the following matters raised by the EIS Guidelines
(refer Appendix A) :

Section of EIS Outline of Issue Section of
Guidelines this Chapter

5.5.3 Infrastructure requirements, including water and wastewater, 15.2 to 15.9
eleartity, gas, telecommunications, etc.

7.2.12 Description of existing infrastructure 15.2, 15.3.1,
15.51,15.6.1,

15.7.1

8.24 Water requirements for proposed replacement reactor 15.3

8.25 Minimisation of water and energy use during operation of replacement 15.10

reactor

8.29 infrastructure requirements and implications during dual operation of 15.8
HIFAR and replacement reactor

The methodology adopted for services and infrastructure involved:

• identifying infrastructure and services required to support the construction and operation of
the proposed replacement reactor;

B describing the existing infrastructure and services situated at the Lucas Heights Science and
Technology Centre which may be affected by the proposed replacement research reactor; and

• assessing the potential impacts on, or need for augmenting, existing infrastructure and
services, including the requirements for dual operation of the existing HIFAR facility and
the proposed replacement reactor.
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Proposed Replacement Re

The infrastructure and services required for the efficient operation and utilisation of the
replacement research reactor are wide ranging and involve complex interactions. The major
items of physical infrastructure required to support the operation of the replacement reactor are
listed in Table 15.1, with a brief description of their purpose. These items of infrastructure already
exist and are dependent on other items of infrastructure and other services in order to fulfil their
required function.

Table 1 5 . 1 : g Infrastructure Required to Support She Proposed
Replacement Reactor

Infrastructure

Australian Radio isotopes
(ARI)

High Activity Handling
Cells (Hot Cells)

Liquid Waste Management
Facilities

Solid Waste Management
Facilities

Emergency Control and
Management Facilities

Environmental Monitoring
and Control Facilities

Testing and Inspection
Facilities

Pu rpose

Radioisotope processing and transport facilities

Handling and examination of irradiated materials
and equipment

Collection and treatme nt of all types of liquid
effluent

Handling, storage and treatment of all solid
wastes

Systems for detection, alarms, monitoring, public
access, evacuation and control and support for
emergency arrangements

Measure and assess compliance with
environmental requirements and standards

High standard testing and inspection to satisfy
quality assurance requirements in all areas of
reactor operation

Location

Buildings 23 and 54

Buildings 23,41 and 54

Building 12 and 57

Building; 27,57,57A
and 59

Various

Various

Building 63

In addition there is a range of physical services that also exist but would be extended to meet the
requirements of the replacement reactor. These physical services include:

• water - reliable supplies of potable water to support, for example fire fighting systems and
cooling tower operation;

• electricity - reliable supplies of high voltage power for systems and equipment, including
emergency control and management facilities; and

• telecommunications/data services - reliable telecommunication facilities with links to other
on site facilities, including connection of all digital data services via fibre optic links.

The following services currently provided by ANSTO personnel to support the operation of the
existing HIFAR facility would continue to be provided for the replacement reactor:

• engineering, project management and design and development services providing a range of
reactor plant and equipment, such as irradiation rigs and target cans;
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• materials research and development and analytical services to support the research and
operational functions of the reactor;

• corporate services and public relations, including services to satisfy ANSTO's obligations
in accordance with International Atomic Energy Agency and Australian Safeguards
Office obligations;

• general and specialised maintenance services to maintain the reactor and supporting
infrastructure to the required standard;

• safety and health physics support, including medical facilities;

• information technology, records and library service; and

• ready access to a wide variety of contractor and consultancy services.

All the elements of infrastructure and services described above are available at the Lucas Heights
Science and Technology Centre. However, to meet the physical interface requirements, and in some
cases the capacity requirements for the replacement reactor, some of the services would need
modification and others would need augmentation. The extent to which modification and
augmentation is required is described in the following sections.

15.3.1 Description of Existing System

The existing water reticulation system at the Lucas Heights Science and Technology Centre
consists of supply pipelines, storage facilities, pump systems and site distribution systems.

Water is supplied from the 230 megalitre Lucas Heights Reservoir, located approximately 2.1
kilometres north-east of the Lucas Heights Science and Technology Centre, via a 300 millimetre
diameter gravity-fed pipeline. On reaching the Lucas Heights Science and Technology Centre,
water is received into two balance tanks before being pumped to a water tower near Einstein
Avenue. It is then gravity fed throughout the system by ring mains around each sector of the
Centre. The multiple pump system is controlled with valves and the water tower can be bypassed
by a pump direct from a balance tank into the ring main so as to increase the general site pressure.
The total water storage capacity at the Centre is 1.5 megalitres.

Water is used at the Centre for a variety of purposes, as shown in Figure 15.1. It is used to augment
the water in the HIFAR cooling towers, in the treatment of radioactive liquid wastes and non-
radioactive liquid wastes including sewage, in radiopharmaceutical production and for other general
uses, such as drinking water, sprinkler systems and fire hydrants.

The water supply to the Centre is separated from the Centre's water distribution system by an air
gap, and within that distribution system the fire and potable water mains are separated with air gaps
from the laboratory water supply systems to ensure cross contamination cannot occur and drinking
water is always safe.
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Figure 15.1
Water Use and Wastewater Disposal System at the
Lucas Heights Science and Technology Centre

15.3.8 Water Requirements During Construction

Water demand during construction of the proposed replacement reactor could increase by up to 20
percent. The Lucas Heights Reservoir System has the capacity to supply 100 percent more water to
ANSTO (which is equivalent to another 20 megalitres per month) and as such it would easily
accommodate water supply requirements during construction.
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15.3.3 Water Requirements During Operation

The capacity of the existing water supply system, both to the Lucas Heights Science and Technology
Centre and within the Centre, is sufficient to meet the operational requirements of the proposed
replacement reactor. Water supply to the reactor would be achieved by supplementing the existing
site distribution system near the site of the proposed replacement reactor. A new reticulation main
is required to provide additional capacity and the fire hydrant system would be extended further out
from the site to provide additional depth of coverage by hoses. Water would be drawn from the
Lucas Heights Reservoir over longer periods to accommodate the likely water demand during
operation of the proposed replacement reactor.

Water requirements during operation of the proposed replacement reactor would depend on the
design of the reactor's cooling system. If it is assumed that the new cooling system would be similar
in type to the existing system, and that the replacement reactor power operates at 20 megawatts
thermal power, then the water usage by ANSTO would increase by 40 percent from approximately
20 megalitres to approximately 28 megalitres per month.

Infrastructure is currently in place at the Lucas Heights Science and Technology Centre for the
treatment and discharge of low level liquid wastes ("B" line wastewater), trade wastes ("C" line
wastewaters), and non-radioactive sewage. This infrastructure includes delay tanks for collection
from buildings with pipework to the low level liquid and trade waste treatment facilities, a sewage
treatment plant and a liquid waste disposal pipeline, most of which is located in the south-east
corner of the Lucas Heights Science and Technology Centre. Existing infrastructure for wastewater
and current management of liquid wastes including ANSTO's Trade Waste Agreement with Sydney
Water and requirements during construction and operation of the replacement reactor are
described in detail in Chapter 10.

15.5.1 Description of Existing System

Stormwater runoff from the Lucas Heights Science and Technology Centre drains to three main
discharge points and a number of small stormwater drain outlets, which are illustrated on Figure
18.3 in Chapter 28. The main discharge points include:

• MDP Creek, which flows into the Woronora River;

• Strassman Creek, which also flows into the Woronora River; and

• Bardens Creek, which flows into Georges River via Mill Creek.

Small capacity concrete retention bunds exist at each of these discharge points. Any accidental
spills or releases of contaminated liquid which enter the site stormwater system can be contained
and pumped back to the wastewater treatment system. Following inspection of the contents, the
bunds are discharged daily in normal weather conditions in order to maintain capacity for potential
spills and during rain periods the stormwater overflows are allowed to function. Accumulated
sediments are removed from the dams every six months. The quality of stormwater discharged from
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the Lucas Heights Science and Technology Centre is discussed in Chapter 8 and incidents involving
unintentional emissions are discussed in Chapter 10.6.

As discussed in Chapter 8, the site of the proposed replacement reactor is on a watershed between
Bardens Creek and Melinga Molong Gully catchments and consequently surface waters flow either
north or south from the Lucas Heights Science and Technology Centre. North-flowing stormwater
is conducted through short lengths of stormwater piping underneath Old Illawarra Road and
through a culvert under New Illawarra Road. It is then directed into a retention weir on the
northern side of the road and then into a tributary of Bardens Creek. South-flowing stormwater
flows through a number of outlets into Melinga Molong Gully and the Woronora River.

15.5.2 Stormwater Requirements During Construction

Temporary stormwater retention ponds would be required during construction to complement the
existing permanent facilities as described in Chapter 8. These would be provided as part of the
reactor construction to ensure there are no adverse effects on stormwater flows from the Lucas
Heights Science and Technology Centre in accordance with NSW Environment Protection
Authority (1996b) and NSW Department of Land and Water Conservation guidelines.

i 5.5,3 Stormwater Requirements During Operation

A new stormwater system comprising a concrete retention bund would be constructed on the
southern side of the site of the proposed replacement reactor. The bund would be located within
the proposed bush fire fuel-reduced zone and existing fire trails (refer Chapter 17). Further,
additional stormwater control for both existing drainage catchments, with consideration of
contouring, bunds, detention ponds and rubbish collection would need to be constructed. The
system would be designed to current best practice and in accordance with NSW Environment
Protection Authority guidelines and monitoring requirements and ANSTO land management
constraints. A number of options for handling stormwater flows would be considered, including the
possibility of a small connection to the existing Rutherford Avenue system, upgrading the
Mendeleeff system or reassessment of the existing Business and Technology Park system.

15.B.1 Description of Existing System

The existing electricity supply to the Lucas Heights Science and Technology Centre consists of two
independent 33 kilovolt feeders, which converge on an Energy Australia main substation, located
at the northern boundary. The power is then converted by two transformers to 11 kilovolts, and
distributed from ANSTO's main 11 kilovolt switchboard, located in the building within the main
substation, to other ANSTO substations. The existing electrical supply feeders to the Lucas Heights
Science and Technology Centre would provide sufficient capacity for operation of the proposed
replacement reactor. However, the present total capacity of the main substation at the Centre is 12
MVA in the form of two redundant 6 MVA systems, which is insufficient for the projected
maximum demand of 7.8 MVA.
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15.6.S Electricity Requirements During Construction

Electricity requirements during construction of the proposal would be addressed using portable
power boards or mobile generators, depending on the contractor's preference. Power boards could
draw power from existing substations near buildings adjacent to the site of the proposed
replacement reactor.

15.6.3 Electricity Requirements During Operation

The capacity of the main electrical substation would be increased, and the distribution system at
the Centre would be augmented as described in Chapter 5.3.

15.7.1 Existing Systems

Public Address System

The public address system at ANSTO, which is used for major broadcasts to staff, including
emergency announcements, consists of two redundant systems of amplifiers, cables and
loudspeakers. The network covers the whole of the Lucas Heights Science and Technology Centre,
and is divided into zones which can be selected to control the required range of coverage.
Loudspeakers from both systems are located in all buildings which may be occupied, as well as
throughout the outdoor areas of the Centre. Broadcasts may be made from either of the two Site
Control Centres.

Alarm System

The alarm system, which consists of a network of alarm sensors, detects events such as changes in
the status of safety and plant systems. These sensors connect, via an extensive system of cabling and
concentration points, to the Site Control Centre for monitoring and response.

Telephone and Related Communications

The telephone system consists of a network of in-ground cables, radiating from a central PABX
room, to all occupied buildings. Cabling from the distribution frames connects a range of equipment
to the network, including telephones, fax machines, data equipment, access control units, video
conferencing facilities and the Site Control Centre. The PABX is connected to the Menai Exchange
via a multichannel fibre optic link.

High Speed Computer Network

The computer communication system consists of an extensive network of fibre optic cables and
communication equipment configured as a ring system for enhanced reliability. The network
connects centralised and distributed computer servers to computers and facilities throughout the
Lucas Heights Science and Technology Centre, as well as connecting via a secure "firewall" to the
external telephone network.
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Security System

The main security system provides for the physical protection of nuclear materials and facilities in
accordance with national and international obligations. It consists of distributed detection and
assessment equipment connected to a dedicated network meeting the requirements of a national-
security endorsed system.

Miscellaneous Services

The Lucas Heights Science and Technology Centre also contains other services such as non-
flammable gases, bulk liquid nitrogen, gaseous nitrogen, compressed air reticulation, distributed
compressed air system, landscaping, garden sprinklers, cooling water systems, chemical stores and
solvent stores.

Pneumatic transfer lines in underground shielded ducts would be installed to allow the safe delivery
of irradiation target cans from the proposed replacement reactor building to Building 23.

15."7.a Requirements During Operation

The existing Lucas Heights Science and Technology Centre public address system would be
extended into the site of the proposed replacement reactor in the form of dual underground cables
from the amplifier room situated in Building 8 to the site of the proposed replacement reactor for
distribution to loud speakers which would be installed throughout the site.

Similarly, the existing telephone system would be extended into the site of the proposed
replacement reactor by means of an underground multi-core cable from the PABX room to the
reactor building and other buildings associated with the replacement reactor. Telephones and
related equipment would be installed throughout the area to meet the communication needs of the
replacement reactor. Safety alarms and access control requirements would be extended from the
existing site access and alarm network system.

Computer requirements would be met by extending the closest existing Ethernet network system in
the form of underground cables to the replacement reactor buildings.

Gaseous nitrogen would be reticulated from the existing site system vessels near Building 23 and
linked to a new bulk storage at the reactor site. The new storage vessels would also provide a supply
of liquid nitrogen for use in the beam hall research installations.

SBiHilli^^
siiiiiiii^^

Infrastructure requirements would be reviewed and temporary arrangements made to ensure
compliance of all essential support facilities during the approximately six month period of dual
operation. These requirements would address the features of both reactors and the final licence
details. Once HIFAR is no longer functional, the decommissioning process would commence and
the existing infrastructure and services would be utilised as required.

1 S.B.I Water Supply

As indicated above the existing site distribution system would be extended to the site of the
proposed replacement reactor. The system would be designed to satisfy water supply demands
during dual operation of HIFAR and the replacement reactor.
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Water requirements during dual operation of HIFAR and the proposed replacement reactor would
be greater than during normal operation of the replacement reactor. If a water cooling system similar
to the existing system is adopted, site water demand would peak at up to 80 percent above current
usage levels, that is, increase from the current 20 megalitres per month to approximately 36
megalitres per month, for the short periods when both reactors are at full power.

15.S.2 Wastewater

Sewage

The existing sewage treatment system would accommodate the relatively small increase in demand
during dual operation.

Wastewater Collection and Treatment

The existing active "B line wastewater" and "C line trade wastewater" handling systems would have
the capacity to accommodate any increase in demand arising from dual operation.

15.B.3 Stormwater

Stormwater control during dual operation would be accommodated by the existing stormwater
system and by proposed extensions to the system, as described in Section 15.5.

15.8.4 Electricity

Likely energy usage during dual operation is outlined in Chapter 5.3.

The electricity infrastructure requirements to meet electricity usage demands during dual
operation are equivalent to those for operation of the proposed replacement reactor and are set
out in Section 15.6.

The principal impact relating to the development or extension of infrastructure and services relates
to the increased usage of water and energy resources.

Other impacts associated with the development of additional infrastructure for the proposed
replacement reactor relate mostly to construction activities and include:

• possible disturbance to, and some loss of, top soil during excavation activities;

• potential deposition of sediments to Melinga Molong Gully, associated with the construction
of stormwater systems beyond the southern boundary of the site of the proposed replacement
reactor; and

• possible disturbance to vegetation beyond the southern boundary of the site of the proposed
replacement reactor.

These potential impacts would occur over a short time frame. With the implementation of appropriate
mitigative measures outlined in Section I5.W and those in Chapter 8, impacts would be minimised.
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Specific measures to mitigate potential impacts arising from development of additional
infrastructure include:

• implementing erosion and sedimentation controls, as outlined in Chapter 8, for all
construction activities associated with infrastructure development for the proposal;

B ensuring disturbance to vegetation, soils and drainage in Melinga Molong Gully associated
with the possible installation of additional stormwater facilities is minimised; and

B minimising water and energy usage. This would be an integral component of the efficient
operation of the proposed replacement reactor, for economic and environmental reasons.
One of the key aims of the ANSTO Radioactive Waste Management Policy (Levins et al,
1996) is the "minimisation of radioactive waste generated and stored". The Policy incorporates
waste reduction at the source, waste segregation and waste volume reduction. As part of the
upgrade of the wastewater treatment system, ANSTO will be examining segregation and
separate treatment of waste streams and reuse of treated water.
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The capacity of the existing water supply system to, electrical supply system to, and liquid effluent
disposal system from the Lucas Heights Science and Technology Centre, is adequate for
construction and operation of the proposed replacement reactor and for dual operation of HIFAR
and the proposed replacement reactor.

Additional infrastructure required for construction of the proposed replacement reactor includes:

B stormwater retention ponds on both sides of the site; and

• power boards or generators for contractor electricity requirements.

Additional infrastructure required for dual and normal operation of the proposed replacement
reactor includes:

B additions to the water distribution system on site;

B stormwater control system, involving an upgrading of the existing system;

• modifications to the main electricity substation, including two high voltage circuit breakers,
a substation within or adjacent to the reactor building, and underground high voltage feeders
from the main substation to the new substation;

• extensions to public address, telephone , alarm, security, and computer network systems; and

• installation of pneumatic transfer lines to the Building 23 complex in underground shielded
ducts. This would allow some irradiation target cans to be safely delivered without using a
transport vehicle.

These additional infrastructure and service requirements for the proposed replacement reactor at
the Centre would be minor additions to existing provisions.
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con o:fTi to
Impacts

This chapter examines the social and economic impacts of the proposal on the communities of interest and
key community values identified in Chapter /'. It examines the following matters raised by the E1S
Guidelines (refer Appendix A):

Section of EIS Outline of issue
Guidelines

7-2.7 Demographic characteristics of nearby communities

7.2.8 Future population growth

7.2.9 Employment lev els and characteristics

8.8 Impacts of construction activities on demographic characteristics,

employment and economics at the local, state and national level, as
relevant

8.17 Impacts of operational workforce on demographic characteristics,

employment and economics at the local, state and national level, as
relevant

8.22 Community attitudes to theproposal

8.56 Perceptions of risk from the existing H1FAR facility in adjoining

communities and actions aimedat addressing this (including
community consultation and liaison)

10.12 Mitigation of any deleterious effects on economic, recreational, and

community activities and resources, including disturbance and
perceived loss of amenity

Section of this
Chapter

16.2

163.1, refer ako
Chapter 13

16.2

163.2,1633,
163.4

163.2, 16.33,
163.4

163.1, refer ako
Chapter 7

163.1

16.4

lillBiiflilllliiiiSi'oiluC:. i i

16.1.1 Potential Nature of Social and Economic Impacts

Social impacts may generally be defined as all changes in the structure and functioning of patterned
social orderings that occur in conjunction with, or as a result of an environmental, technological,
or social innovation or alteration (Witney, 1978 in Commonwealth Environment Protection
Agency, 1994). Social impacts may refer to changes to people's way of life, culture, tradition or
community structure, cohesion and stability. Broadly speaking, social impacts may be categorised as
quantifiable, such as the likely effects on future population growth, or unquantifiable, such as
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community attitudes towards the proposal, community perceptions of hazards and risks and likely
effects on community cohesion.

Economic impacts, on the other hand, are generally quantifiable at the local, regional and national
community of interest levels. Potential economic impacts include likely effects on employment and
economic activity. Employment effects are typically described as: direct, that is the initial impact of
operating and utilising the replacement reactor and decommissioning the existing HIFAR facility;
and indirect, the employment created from expenditure originating from the consumption and
production patterns generated by operation of the replacement reactor. Other economic benefits
are not easily measured because of the difficulties of placing an economic benefit or value on future
research output or on training of a PhD student. These broader benefits are described in Chapter 4
in the context of the need for the proposal.

1E.1.S Methodology

The social and economic impacts of the proposed replacement research reactor have been assessed
by examining the characteristics of the local, regional and national communities of interest. The
social context for each of these communities of interest was defined in Chapter 7 and involved both
statistical analysis, using data from the 1996 Australian Bureau of Statistics Census, the NSW
Department of Urban Affairs and Planning and Sutherland Shire Council, and by more qualitative
assessment of the areas likely to be affected, based on community attitudes expressed in submissions
arising from the consultations undertaken as part of this Draft EIS. Social and economic impacts
have been determined by:

a predicting the likely social and economic changes that may result, given the social context
described in Chapter 7;

a assessing the likely significance of predicted changes brought about by a decision to proceed
with the proposal; and

• identifying ways of mitigating potential impacts and recommending environmental
management measures for ongoing monitoring and review.

The effects of additional economic activity generated by operation and use of the proposed
replacement research reactor may be estimated by the use of multipliers. A multiplier is a summary
measure used for predicting the total impact on all industry in an economy due to changes in the
demand for the output of any one industry. The direct, indirect and induced effects of changes in
output or employment generation within an economy can be expressed using multipliers. Direct
effects are those which occur as a direct result of proceeding with the proposal. Indirect effects
occur in industries which supply inputs to the proposal thereby ensuring positive economic benefits
to other supporting services. Induced effects are the expenditure on goods and services as a result
of wages paid to employees.

Socio-Economic Charactei i i - )

The current socio-economic characteristics of the local, regional and national communities of
interest are described by examining the level and composition of employment, household income
levels and levels of highest educational qualification of residents of Sutherland Shire, Sydney
(regional community of interest) and Australia (national community of interest) at the time of the
1996 Census. For the purpose of this analysis Sutherland Shire will be defined as the local
community of interest.
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The economic indicators for each of the areas described above are shown in Table 16.1. Sutherland
has a higher labour force participation rate (68 percent) than the regional (62 percent) and national
(60 percent) communities of interest. The unemployment rate in Sutherland Shire is approximately
half the unemployment rates found in the other communities of interest, 4-15 percent compared to
9.18 percent nationally.

Table 1S.1: Economic Indicators,

Economic indicators

Population

Population > 15 years

Employed

Unemployment

In the Labour Force

Not in the Labour Force

Participation Rate

Unemployment Rate

% of total Sydney Labour Force

% of total Australian Labour Force

13SB

Local1

194,105

152,244

98,537

4,267

102,804

46,976

68%

4.0%

5.0%

1.21%

Community of Interest

Regional2

3,741,290

2,942,398

1,675,461

134,834

1,810,295

1,052,220

62%

7.5%

n/a

21.5%

National3

17,892,423

14,040,303

7,636,319

771,970

8,408,289

5,174,181

60%

9.2%

n/a

n/a

Source: Austr-alian Bureau of Statistics, 199G.

Notes: 1. Sutherland Shire Council area.

H. Sydney Statistical Division.

3. Australia.

The proportion of households with a weekly household income (Table 16.2) greater than $700 in
Sutherland Shire (55.1 percent) is higher than that for the regional (47.6 percent) and national
(45.2 percent) communities of interest.
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Table 16.S:

Income ($3

No Income

1 -119

120- 299

300 - 499

500 - 699

700- 999

1,000-1,499

1,500-1,999

2,000 or more

Partial income
stated

All income snot
stated

Weekly

Local2

296

308

7,902

7,455

6,630

10,283

13,283

6,632

6,931

6,248

1,448

Household Income^, 1SSB

Regional3

10,803

8,771

192,526

170,748

153,418

201,194

214,737

95,063

109,349

111,373

34,029

Com m unity

National4

27,964

16,277

500,288

771,649

627,644

802,429

772,733

80,690

250,501

510,889

94,855

of interest

% Local %

0.5

0.5

11.7

11.1

9.8

15.3

19.7

9.8

10.3

9.3

2.2

Regional

0.8

0.7

14.8

13.1

11.8

15.4

16.5

7.3

8.4

8.5

2.6

% Natii

0.6

0.3

10.7

16.6

13.5

17.2

16.6

6.0

5.4

11.0

2.0

Total5 67,416 1,302,011 4,455,919 100.0 100.0 1Q0.0

Source: Australian Bureau of Statistics, 1996.

Notes: 1 : Gross Income including pensions end allowances.

2. Sutherland Shire Council ares.

3. Sydney Statistical Division.

4. Australia.

5. Percentages may not add to 1DD due to rounding.

The highest level of educational qualifications are shown in Table 163. Sutherland Shire has a lower
proportion of persons with a higher degree (three percent) or bachelor degree (16.2 percent) than
the regional community of interest (4.6 percent and 21.0 percent, respectively) and national
community of interest (3.3 percent and 18.5 percent, respectively). Sutherland Shire also has a
higher proportion of persons with skilled vocations (28.7 percent) compared with 21.7 percent in
the regional community of interest and 25.4 percent in the national community of interest.
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Table IB.3:

Higher degree

Postgraduate
Diploma

Bachelor Degree

Undergraduate
Diploma

Associate Diploma

Skilled Vocational

Basic Vocational

Inadequately
describe d

Not Stated

Total4

Highest: Educational Qualification, 199G

Local1

2,343

2,286

12,597

6,359

6,387

22,311

6,828

1,936

16,771

77,818

Regional2

62,984

39,536

289,728

109,580

94,795

299,516

95,651

32,745

354,196

1,378,731

Community

National3

190,840

183,087

1,076,934

486,843

359,701

1,483,000

398,794

124,812

1,530,815

5,834,826

of Interest

% Loca 1 °/o

3.0

2.9

16.2

8.2

8.2

28.7

8.8

2.5

21.6

100.0

Regional

4.6

2.9

21.0

7.9

6.9

21.7

6.9

2.4

25.7

100.0

°/o Natioi

3.3

3.1

18.5

8.3

6.2

25.4

6.8

2.1

26.2

1Q0.0

Source: Australian Bureau of Statistics, 1 336.

Nates: 1. Sutherland Shire Council area.

2. Sydney Statistical Division.

3. Australia.

A. Percentages may not add to 1 DO due to rounding.

Tables 16 A and 16.5 outline the industry and occupation groups of residents in the defined areas,
that is, the industries that the residents of Sutherland Shire are employed in, as opposed to the
industries that are located within Sutherland Shire. Table 16.4 provides a profile of the proportion
of persons employed in each industry group. There are only marginal differences between the
industry of employment for persons who reside in Sutherland Shire compared to those in the
regional and national communities of interest. The main industry sectors that persons are employed
in are manufacturing (12.5 percent), retail trade (13.3 percent) and the property and business
sector (12.0 percent).
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Table I B . 4 : Employment by Industry, 1 BBS

Industry Community of Interest

Agriculture, Forestry and
Fishi ng

Mining

Manuf actur ing

Electricity, Gas andWater
Supp ly

Construction

Wholesale Trade

Retail Trade

Accommodation, Cafes and
Restaurants

Transport and Storage

Communication Services

Finance and Insurance

Property and Business Sector

Gov er nment Administration
and Defence

Education

Health and community
services

Cultural and Recreational

Person al and o ther services

non classifiable

not stated

Total4

Local1

212

98

12,320

726

6,973

6,785

13,071

3,602

7,526

2,072

5,973

11,817

3,378

6,956

7,945

2,449

3,928

1,392

1,318

98,541

Source: Australian Bureau of Statistics, 1

Notes: 1 . Sutherland Shire Cotjncil area.

Regional

11,275

3,454

214,754

10,989

107,014

118,474

213,291

74,442

86,559

40,603

100,285

211,441

65,957

107,246

151,841

44,931

60,607

24,161

28,155

1,675,479

99B.

National3

324,330

86,261

965,036

58,699

484,084

446,545

1,036,648

355,287

332,078

150,188

296,456

750,195

373,427

540,063

725,178

179,055

277,908

103,142

151,739

7,636,319

Local

0.2

0.1

12.5

0.7

7.1

6.9

13.3

3.7

7.6

2.1

6.1

12.0

3.4

7.1

8.1

2.5

4.0

1.4

1.3

10Q.0

Regional

0.7

0.2

12.8

0.7

6.4

7.1

12.7

4.4

5.2

2.4

6.0

12.6

3.9

6.4

9.1

2.7

3.6

1.4

1.7

100.0

National

4.2

1.1

12.6

0.8

6.3

5.8

13.6

4.7

4.3

2.0

3.9

9.8

4.9

7.1

9.5

2.3

3.6

1.4

2.0

100.0

2. Sydney Statistical Division.

3. Australia.

A. Percentages may not add to 1 DO due to roundir

The largest occupation group in Sutherland Shire are professionals (18.6 percent) and
intermediate clerical, sales (17.9 percent). Sutherland Shire has a larger proportion of persons
employed as tradespersons and associate professionals, compared with the regional community of
interest, and a lower proportion of labourers and related workers than the regional and national
communities of interest.
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Table 1B.B:

Occupation

Employment by Occupation, 199B

Local1
Community of Interest

Regional2 National3 %
Local Regional National

Managjis and Administration

Professionals

Associate Professionals

Tradespersons

Advanced Clerical and
Services

Intermediate Clerical, Sales

Intermediate Production and

Elementary Clerical, Sales

Labourers and Related
Workers

Inadequately described

Not stated

Total4

9,244

18,370

11,950

13,075

7,002

17,604

5,717

8,873

4,644

833

1,225

98,537

140,399

329,249

187,947

201,335

90,731

287,384

131,710

146,451

118,119

15,707

26,431

1.675.463

709,925

1,309,468

861,169

997,010

329,844

1,222,735

661,425

677,395

667,250

71,503

128,595

7.636.319

9.4

18.6

12.1

13.3

7.1

17.9

5.8

9.0

4.7

0.8

1.2

100.0

8.4

19.7

11.2

12.0

5.4

17.1

7.9

8.7

7.0

0.9

1.6

100.Q

9.3

17.1

11.3

13.1

4.3

16.0

8.7

8.9

8.7

0.9

1.7

1OQ.Q

Source: Australian Bureau of Statistics, 1996.

Notes: 1 . Sutherland Shire Council area.

2. Sydney Statistical Division.

3. Australia.

•4. Percentages may not add to 1 OO due to rounding.

The industries located in Sutherland and the number of persons they employ have been compared
with the industry profile for the regional and national communities of interest. Business Register
Data from the Australian Bureau of Statistics (1997) is outlined in Table 16.6.
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Table 1E.B:

Industry

Business Register Data by Location

Agriculture, Fores try and
Fishing

Mining

Manufacturing

Electricity, Gas and Water
Supply

Construction

Wholesale Trade

Retail Trade

Accommodation, Cafes and
Restaurants

Transport and S torage

Communication Services

Finance and Insurance

Property and Business Sector

Government Administration
and Defence

Education

Health and community services

Cultural and Recreational

Personal and other services

Total"

Community of Interest

Local1 Regional8 National3 % % °/a
Local Regional National

42 2,599 163,544 >1 16

7

622

8

1,531

634

1,411

253

501

52

405

1,998

22

203

700

201

418

i.ooe

260

13,622

239

23,878

16,238

30,868

6,996

9,078

1,373

10,174

48,698

1,108

3,837

15,727

5,790

9,199

1SS.E84

3,523

57,512

2,858

101,434

66,569

152,852

38,566

44,971

6,077

38,109

163,694

8,375

24,138

72,119

23,067

47,466

1.014.874

>l

7

>l

17

7

16

3

6.0

1.0

4.0

22.0

>1

2.0

8.0

2.0

5.0

100.0

>1

7

0

12

8

15

4

5.0

1.0

5.0

24.0

1.0

2.0

8.0

3.0

5.0

1QO. 0

> l

6

0

10

7

15

4

4.0

1.0

4.0

16.0

1.0

2.0

7.0

2.0

5.0

1QO.Q

Source: Australian Bureau of Statistics, 1 997.

Notes: 1 . Sutherland Shire Council area.

2. Sydney Statistical Division.

3. Australia.

4. Percentages may not add to 1 OO due to rounding.

16.3.1 Impacts on Community Values

A decision to proceed with the proposed replacement reactor would be expected to have social
impacts, not only on people living within the local community of interest, but also on people living
in the regional and national communities of interest. Positive social impacts would relate to the
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benefits in terms of employment and economic activity in the local community of interest due to
the high proportion of ANSTO employees who live in Sutherland Shire or who benefit directly or
indirectly from providing contract services to ANSTO. Additional positive social impacts, locally,
regionally and nationally are related to the nuclear medicine and health benefits and industry
benefits discussed in Chapter 4. Other more intangible impacts would largely relate to people's
perceptions of hazards and risks, associated with the operation of the replacement reactor and their
individual concerns regarding "nuclear" issues in general. The local community values which are
assessed in the following sections have been derived from the consultations and community input
outlined in Chapter 7.

The IMatural Environment

As described in Chapter 7, residents of Sutherland Shire value the natural environment of their
area. It could be interpreted from information derived from the consultations undertaken as part of
this Draft EIS and previous community attitudes surveys that this characteristic of the local
community of interest has partly contributed to the high proportion of young families who have
chosen to live in the Menai district.

The proposal would not appreciably alter the high quality aesthetic of the landscape and visual
character of the bushland surrounding the Lucas Heights Science and Technology Centre as all the
buildings would be accommodated at the periphery of an existing complex of buildings as described
in Chapter 17. Areas of undisturbed bushland within the 1.6 kilometre buffer zone also contribute
to the quality of the natural environment and these areas of bushland would continue to managed
by ANSTO to retain the landscape and visual character (refer Chapter 12). As the quality of the
natural environment would not be changed, it is unlikely that the values which people ascribe to
the natural environment would be affected.

A concern expressed in some submissions to this Draft EIS relates to the risks to the environment
posed by radioactive materials leaching or being accidentally discharged from the Lucas Heights
Science and Technology Centre to surrounding waterways, in particular the Woronora River. All
radioactive and potentially radioactive liquids are either converted to sludge and stored within the
Lucas Heights Science and Technology Centre as solid waste, or subject to satisfying the discharge
limits set by Sydney Water, discharged via ANSTO's effluent treatment plant to the Engadine
Sewer. Further, the management of solid waste would not present an exposure route to the
environment or the public during site storage. The management of liquid effluent and solid wastes
is described in detail in Chapter 10.

Recreational Opportunities

Construction and operation of the proposed replacement reactor would be undertaken mostly
within the perimeter security fence which already exists around the Lucas Heights Science and
Technology Centre. The normal activities associated with construction and operation would not
temporarily remove or alienate any areas of natural bushland from access by the community.
Opportunities to participate in structured recreational pursuits within the buffer zone, such as those
conducted by the Sutherland Police and Community Youth Club and the United Pistol Club, as
described in Chapter 13, would continue unaffected. Further, plans for the future use of parts of the
Lucas Heights Waste Management Centre for passive recreational uses would also be unaffected by
a decision to proceed with the proposed replacement research reactor, although any activity
planned for this area would remain subject to the land use criteria applied by the ANSTO Board
(refer Chapter 13).
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Safety

Safety is also highly valued by the majority of persons living in the Sutherland Shire as described in
Chapter 7. The principal issues associated with the proposed replacement reactor relate to potential
hazards and risks:

• to human health;

• associated with the treatment, transport and disposal of waste products;

• associated with the management and transport of spent fuel; and

• associated with decommissioning.

These issues are assessed in Chapters 10, 11 and 19 and are relevant in the context of social impacts
because of people's perceptions of how these issues impact on their safety and general wellbeing.

Individual perceptions of these risks vary. Some have expressed the view that HIFAR has existed
for a considerable period of time without affecting their wellbeing and that the replacement of
HIFAR with a more technologically advanced reactor should be viewed positively. On the other
hand, others have expressed the view that HIFAR and the proposed replacement reactor,
including all associated activity conducted at the Lucas Heights Science and Technology Centre,
are inherently unsafe and pose an unacceptable risk to individual and community health and to
the environment.

On the basis of the assessments and investigations conducted as part of Chapters 10 and 11 the
likely impact on community health and safety may be described as follows:

• the results of epidemiological studies (Lancaster, 1993; McKinnon Henderson-Sellers and
Hundloe, 1993a; Taylor, 1993; Doll, 1993) of the community surrounding the Lucas Heights
Science and Technology Centre show no evidence of any detrimental affects on health due
to activities at the Centre;

B existing radioactivity levels due to activities at the Lucas Heights Science and Technology
Centre measured at off site locations outside the 1.6 kilometre buffer zone are too low to be
discernible above background radiation levels; and

• all assessments of predicted radiation doses at locations outside the buffer zone due to future
emissions from the Lucas Heights Science and Technology Centre would be less than 0.5
percent of natural background radiation levels.

In addition, ANSTO has made an environmental commitment as part of this Draft EIS that the
maximum off-site dose to a member of the public would remain below one percent of the public
dose limit adopted by the National Health and Medical Research Council of one millisievert per
year as a result of operating the proposed replacement reactor or any associated increase in
radioisotope production. The calculation of the off-site doses is described in Chapter 10.

On the basis of the assessment in Chapter 11 it is considered that the site of the proposal is a suitable
location for a research reactor because the consequences of the reference accident are well below all
regulatory criteria. In the unlikely event of this hypothetical accident occurring the results of the
assessment show that, in accordance with threshold limits established by the National Health and
Medical Research Council and the International Commission for Radiological Protection, there
would be no need for any counter measures for people who live beyond the buffer zone. Furthermore,
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the maximum dose from this hypothetical accident to any individual outside of the buffer zone would
be similar to that received from natural background radiation in the course of a year.

All liquid waste, other than that discharged to the Engadine Sewer in accordance with the limits
set by Sydney Water, would be converted into solid form and along with other low level and
intermediate level solid wastes, would be transported in accordance with standards established by
the International Atomic Energy Agency. These standards specify not only the maximum
radioactivity levels, as measured at the outside surface of packages, but also the robustness of
packages. The risk to the public from the transport of radioactive waste products and spent fuel has
been assessed in Chapter 11 to be acceptably low. The transport of such waste would only be
undertaken on arterial roads.

Based on an assessment of waste generated by HIFAR and the proposed replacement reactor, risks
associated with the storage of radioactive waste at the Lucas Heights Science and Technology Centre
are considerably less than the risks of operating the reactor. This is because all waste would be in solid
form and all spent fuel would be contained within the storage pool, within the reactor building.

In summary, no significant adverse health or safety impacts are expected from the proposed
replacement reactor. Those persons within the community who consider any risk associated with
the proposal to be unacceptable, regardless of how negligible that risk is demonstrated to be, would
likely still consider themselves to be adversely affected by a decision to proceed with the
replacement reactor.

Community Cohesion

Change and attitudes towards it affect people's sense of community. The changes may be physically
evident, for instance new higher density housing developments, or intuitive. By intuitive it is meant
that people may have a sense that the structure or shared values of the community in which they
live are changing, but cannot point to a single contributing factor, relying instead on anecdotal
evidence from what they hear or read. These intuitive responses are evident in concerns expressed
regarding anti-social behaviour and crime. It is likely that the level of community cohesion in the
Menai district will continue to grow as the community life cycle matures. A majority of people now
living in Menai, and to a lesser extent in Engadine, moved to the area knowing that a reactor
existed at Lucas Heights. Some, however, have indicated during the Draft EIS consultations that
they were led to believe HIFAR was to be shut down and would not have moved to the area had
they known otherwise.

It is not possible to definitively characterise an individual's likely response to a decision to proceed
with the replacement reactor, however the following generalisations may be drawn:

• a decision to proceed with the replacement reactor is unlikely to alter the pattern of urban
development evident in the local community of interest;

m as described in Chapter 13, future population growth would be a consequence of decisions
taken by the NSW State Government and Sutherland Shire Council about the location,
timing and rate of urban development, irrespective of whether a reactor continues to be
located at Lucas Heights;

n the shared beliefs of the local community of interest, based largely on the homogeneity of its
structure are unlikely to be seriously impacted or eroded; and
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H the broader social and economic changes evident in the national and regional communities
of interest would be reflected in the sense of community and, ultimately, community
cohesion of the local community of interest, such that a decision to proceed with the
replacement reactor would not undermine the stability, character or cohesion of this
community either now or in the future.

16.3.S Impacts on Direct: and Indirect: Employment

Existing Situation

In May 1998 ANSTO employed 780 persons (ANSTO, 1998, pers. comm., 16 July). Based on the
ANSTO Annual Report (ANSTO, 1997c) the majority of ANSTO staff are employed on a full time
basis, with only 2.5 percent of the workforce employed part-time. Professional staff make up 27
percent of the workforce, research scientists 13 percent, technical officers 36 percent and
administrative officers and craftspersons 24 percent (ANSTO, 1997c). Approximately 48 percent
of ANSTO's employees reside in the Sutherland Shire. Furthermore, approximately 15 percent
reside in the northern part of Illawarra.

The average salary for ANSTO employees is $47,200, which results in total salaries of
approximately $36.8 million per year using the 1998 employment figures.

Currently on average a total of approximately 1,240 persons (including ANSTO staff, business
visitors, visiting scientists and contractors) attend the Lucas Heights Science and Technology
Centre per day. This includes the 107 persons employed at the Lucas Heights Science and
Technology Centre by the Commonwealth Scientific and Industrial Research Organisation and
approximately 50 persons employed by the firms operating in the Business and Technology Park.

Construction Impacts

During construction approximately 40 to 100 persons would typically be employed at the site of the
proposed replacement research reactor, depending on the phase of construction, with an expected
peak employment for a period of approximately 12 months of up to 150 persons. On average over
the duration of construction, 20 additional persons would be employed at off site locations within
the Sydney metropolitan area. During the period of peak activity this might increase to 50 persons.
These persons would be involved in the fabrication of plant and equipment such as ventilation,
cooling, mechanical plant, computer control and instrumentation systems. The multiplier effects of
this construction employment is an additional 44 to 110 persons over a three year period and up to
an additional 165 persons over 12 months as shown in Table 16.7.

Operational Impacts

No change is expected to the number of persons employed by ANSTO at the Lucas Heights Science
and Technology Centre when the replacement research reactor commences operation in 2005,
however the number of visiting scientists is expected to double from approximately 24 per day to 48
per day. This increase would be expected to generate employment for an additional 38 persons in
the national economy as shown in Table 16.7. This is a conservative estimate as international
experience has shown that the availability of a cold neutron source, as described in Chapter 5, has
increased the number of beam user days at the reactor by at least threefold (National Research
Council of Canada, 1998).
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1.0992

1.0992

1.5464

1.5464

44 to 110 persons

up to 220 persons

1,380 persons

38 persons

Table 1E.7: Impacts of Direct: and Indirect: Employment

Multiplier Generated Employment

Construction

- typical - 40 to 100 persons

-peak - u p to 200 persons

Operation

-existing- 89 4* persons

-additional 24 visiting scientists

Notes: 1 . Multipliers based on Australian National Accounts, Australian Bureau of Statistics.

2. Industry classification "other [non-residential] construction".

3. Includes 1 14 persons employed by ANSTD on long term contracts.

A, Industry classification "scientific research" has been used because the Australian National Accounts are based
an industry output, not occupation.

Generated employment due to construction and operation of the proposed replacement research
reactor would be up to 220 persons (period of peak activity) and 1,380 persons, respectively. It is
recognised that the multiplier effect from the existing 780 employees, almost half of whom live in
the Sutherland Shire, and 114 persons employed by ANSTO on long-term contracts, is significant
in the context of the local community of interest. Therefore a decision not to proceed with the
replacement reactor, or a decision to locate it at a remote location, would have a negative impact
on employment and economic activity within the local community of interest.

IB.3.3 Impacts on Economic Activity

Construction Impacts

The estimated costs in April 1997 dollars for design and construction of the proposed replacement
research reactor facility, which includes beam guides and some research instrumentation, are $286.4
million. The tendering process for supply of the proposal would include a requirement for
maximising Australian content. It is anticipated that half of the total costs would be spent
domestically. The output multiplier has only been estimated for the domestic component of total
cost, approximately $143 million. The additional economic output as a result of the construction of
the proposal would be expected to be approximately $260 million as shown in Table 16.8.

The overseas component of this expenditure represents a leakage, largely because no firms exist in
Australia with the capability to provide the specialised nuclear services required to design and
construct the replacement reactor. The smaller the area the lower the multiplier or economic effect
as there are more opportunities for leakages to occur, that is for the effect to occur in other regions.
Given the size of Sydney's economy and the diverse range of services available to support the
replacement reactor's construction it could reasonably be expected that the majority of domestic
expenditure would occur within the regional community of interest.

Operational Impacts

Operating costs for the replacement reactor are estimated to be $12 million per annum. An
additional output in the economy of $19.5 million would be expected to result from ANSTO's
annual operating expenditure as shown in Table 16.8.
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Table 1B.B: Impacts of Economic Activity

Construction

Direct Expenditure $143 million
Output Multiplier1 1.8122

Output $260 million
Operation

Direct Expenditure $12 million
Output Multiplier1 1.626'
Output $19.5 million

Notes: 1 Multipliers baseo on Australian National Accounts, Australian Bureau of Statistics

2. Industry classification "otner [non-residential] construction"

3. industry classification "scientific research"

It should be noted that the macro-economic benefits arising from increased employment and
economic activity would be roughly similar to the benefits from spending the same money on an
alternative public investment (Coopers and Lybrand, 1993). Should a decision be made not to
replace HIFAR " it may be assumed that the community of nuclear scientists in Australia would
diminish and the industry decline. The alternative use of resources would also produce broader impacts,
unless they involve a project which is essential to the continuation of a key area of scientific research within
Australia, they are unlikely to have the same impact on economic structure and national competitiveness"
(Coopers and Lybrand, 1993).

IB.3.4 Ofcher Social and Economic: Impacts

Other social and economic impacts which could affect the relevant communities of interest include:

• residential amenity during construction - air and noise impacts and disruptions to
traffic are not expected to result in impacts on the amenity of residents in the local
community of interest, provided the management measures outlined throughout this
Draft EIS are implemented;

B effects on local land values - it is not possible to identify a definitive impact, either positive
or negative, on house prices in the suburbs surrounding the Lucas Heights Science and
Technology Centre, nor is it possible to separate potential impacts arising from either the
Lucas Heights Waste Management Centre or the existence of a reactor (Coopers and
Lybrand, 1993); and

a a range of quantifiable and non-quantifiable scientific, educational and national interest
benefits as described in Chapter 4.

Social and economic impacts are a combination of other impacts described in other chapters of this
Draft EIS. Implementation of the range of environmental management measures outlined
throughout this Draft EIS would assist in reducing potential adverse social and economic impacts.

A crucial factor in managing the social impacts of the replacement research reactor proposal is the
need to ensure continuing consultation and education in conjunction with Sutherland Shire
Council and the affected communities. ANSTO would be committed to:
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ensuring ongoing monitoring of the implementation of the environmental management
measures during both construction and operation; and

releasing information about the performance of environmental management measures to the
community to assist in overcoming any sense of alienation from the process of developing
and implementing the replacement reactor proposal.

The potential social impacts of the proposed replacement reactor would include effects on
individuals and on communities at the local, regional and national levels. The social impact of any
change brought about by a decision to proceed with the replacement research reactor would be
minor as the replacement reactor would not alter the aesthetic value of the natural environment or
disturb existing recreational opportunities. In terms of community cohesion, the stability and
character of the local community of interest is unlikely to be affected. Concerns regarding risks to
human health and safety have been assessed in Chapters 10 and 11 of this Draft EIS. It is concluded
that there would be no significant adverse health and safety impacts.

The range of economic impacts would include effects on employment levels and economic activity
during construction and operation of the proposed replacement reactor. Relatively modest increases
in direct and indirect employment in the local and regional communities of interest could be
expected. The domestic component of additional economic output would largely be expended
within the regional community of interest.
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E n Wi r o n m d;n t a I
Impacts

T/iis section o/ the Draft EIS describes the environmental integrity of the site of the proposed replacement
reactor with respect to land contamination. The potential of contaminated soils being present at the site of
the proposed replacement reactor as a result of past and present land use is assessed. The presence of any
soil contaminant(s) is identified and its significance discussed in relation to current regulatory site
assessment guidelines. The management, treatment and disposal of soib during construction is briefly
discussed. This section examines the following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS Outline of issue Section of
Guidelines this Chapter

7.1.4 Radiological assessment of concentrations of radionuclides in soib 17.1-3

7-L7 Past use of the site 17.1

8.5 Contamination assessment of soils to be excavated 17.1.2 and

17.1.3

8.11 Transport and disposal of contaminated construction wastes, if any 17.1.4

10.10 Environmental safeguards to avoid and mitigate environmental impacts 1 7.1.4

1 7 . 1 . 1 SVlefchodoIgay

The land contamination assessment for the site of the proposed replacement research reactor (PPK
Environment & Infrastructure, 1998) involved:

• examining the previous activities undertaken at the site of the proposed replacement reactor
and assessing the likely effect of these activities on the existing environment with respect to
land contamination;

• identifying the environmental contaminants which could be present within the subsurface
soils as a result of the previous activities;

• undertaking a physical investigation of the site, involving the collection of soil samples
from disturbed locations for field and laboratory analysis. The scope was refined to target
specific areas of potential contamination in addition to providing a general
characterisation of the site;

• considering the findings of the site investigation with respect to the relevant regulatory
assessment guidelines; and
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• developing environmental management measures for the control of waste material
(excavated soils) during construction works on site.

The scope of work, methodology, sampling, analysis and reporting procedures were developed with
reference to, and/or, performed in general accordance with the following key guidelines and
standards for site investigation:

• Sampling Design Guidelines (NSW Environment Protection Authority, 1995b);

• Guidelines for Assessing Service Station Sites (NSW Environment Protection Authority,
1994b);

• Australian and New Zealand Guidelines for the Assessment and Management of Contaminated
Sites (Australian and New Zealand Environment and Conservation Council and National
Health and Medical Research Council, 1992a);

• Guidelines for Consultants Reporting on Contaminated Sites (NSW Environment Protection
Authority, 1997b); and

• Draft State Environmental Planning Policy No. 55 - Remediation of Land, NSW Department of
Urban Affairs and Planning, 1997).

Analyses of soil samples was undertaken by NATA accredited laboratories. Extraction methods,
analytical techniques and quality control procedures have been performed in accordance with
internationally accepted standards.

1 7.1.a Existing Environment

A preliminary or Phase One environmental assessment was undertaken to identify potential
contaminant sources that may result in contamination of the site of the proposed replacement
reactor. This historical review found that the entire area of the Lucas Heights Science and
Technology Centre was natural bushland before the 1950's when the land was acquired for the
Australian Atomic Energy Commission. For the purpose of classification the site of the proposed
replacement reactor can be divided into two main sections:

• the northern section of the site, which is largely native vegetation. Half of this area has been
cleared as a fire break and now has some re-growth of native flora. The land has no known
prior uses apart from installation of underground services (for example, power and sewer) to
feed the CRC Biowaste Research Facility to the west and the erection of a transmission
tower on the northern property boundary;

• the southern section of the site, comprising concrete slabs and several brick and
prefabricated buildings, which has been used as:

a temporary store (on three specially fabricated concrete slabs) of low level
radioactive waste in double sealed drums. The drums had been transported
from Fishermans Bend, Victoria and have since been removed to Woomera,
South Australia;

a fire training area (Building 62), where various types of fires (including petroleum)
were ignited to demonstrate the use of different types of fire extinguishers;
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an isotope field facility (Building 61), for the maintenance of Standard Iodine
Adsorption Module filters. The building consists of an external filtration press and an
internal area in which spent activated carbon (charcoal) is temporarily stored under
water in double contained 200 litre drums; and

other general uses and storage (possibly including isotope samples).

The potential for contamination in the northern section of the site of the proposed replacement
research reactor is considered remote. Based on a review of the previous and current site usage,
including the operations of HIFAR, the Phase One assessment identified the following areas of
potential land contamination and the possible environmental contaminants of concern:

• the southern section of the site, particularly around the concrete slabs - potential for the
presence of heavy metal and radionuclide contamination as a result of the possible leakage
of storage drums and surface water runoff;

• the area in which fire training has been conducted - potential for petroleum hydrocarbon
(total petroleum hydrocarbons, benzene, toluene, ethyl benzene, xylenes and polycyclic
aromatic hydrocarbons) and heavy metal contamination; and

• areas adjacent to the existing buildings - potential for pesticides (organochlorine and
organophosphate pesticides) resulting from insect control (termite eradication).

The entire site of the proposed replacement research reactor has the potential for background
concentrations of (naturally occurring) heavy metal contaminants (arsenic, cadmium, chromium,
copper, lead, mercury, nickel and zinc) and the presence of background concentrations and diffuse
(atmospheric fallout) concentrations of radionuclides. These are considered to be the only source
of potential contamination within the northern portion of the site.

As part of the Phase One assessment the report entitled Radiological Soil Assessment of the Proposed
Replacement Reactor Site (ANSTO, 1998a) was reviewed. The purpose of this report was to conduct
a preliminary characterisation of the existing surface soil conditions with respect to radionuclide
concentrations. The report concluded that soils from the site surface displayed only background
levels of radioactivity.

17.1.3 Contamination Assessment and Impacts

Based on the historical review and the existing site conditions, an environmental investigation
was undertaken involving the collection of soil samples from a broad grid over the site of the
proposed replacement reactor. Targeted samples were also collected from locations in the
southern section, to assess potential runoff from the concrete slabs, the fire training area and the
land around the existing buildings. The soil sampling locations and their identification numbers
are shown in Figure 17. J.

Environmental investigation guidelines for soil quality provided by the Australian New Zealand
Conservation Council and National Health and Medical Research Council (1992a) have been used
to assess the contaminant concentrations identified during the land contamination assessment.
These guidelines are based on threshold values for phytotoxicity and flora contaminant uptake have
been set utilising overseas and Australian data and represent conservative values which should
protect the environment. Generally, where these levels are exceeded, further investigation should
be undertaken. However, these levels are guidelines only and consideration of all site specific factors
(for example land use and potential sensitive receptors) should be undertaken when assessing land
contamination.

The degree of soil contamination is discussed below.
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Inorganic Compounds (Heavy SVlefcaSsl

Twenty soil samples were tested for heavy metal concentrations. The results (PPK Environment &
Infrastructure, 1998) were compared to the environmental investigation guidelines described above
and set out in Table 17-1.

Table 17.1: Soil Analytical Results - Heavy Metals1, S, 3

Sample ID
[refer Figure

17.1)

ilrsenic
CAs)

Cadmiu
m(Cci)

Northern Section Bushland/Cleared Area

TP1/0.1

TP2/0.1

TP3/0.1

TP4/0.1

TP5/0.1

TP6/0.1

TP7/01

TP8/0.1

TP9/0.1

TP10/D.1

TP11/0.1

Southern Section

TP12/0.1

TP13/0.1

TP14/D.1

TP15/0.1

TP 16/0.1

TP17/0.1

TP18/0.1

TP19/0.1

TP20/0.1

PQL 4

ANZECC
(Adopted
Acceptance
CritEria5

0.8

nd

0.7

nd

0.9

0.9

nd

1

nd

1.6

0.6

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

Buddings and Slabs

nd

0.7

2.4

1

1.8

1.5

1.2

1.5

nd

0.5

20

nd

nd

nd

0.4

nd

nd

2

0.1

nd

0.1

3

Chromium
(CrJ

8.4

4.6

10.4

1.6

1.6

16.1

1.7

9.7

nd

12.8

4.5

12

7.1

12.7

6.9

7.9

8.9

12.3

15.9

3.5

0.5

50

Copper
CCul

0.8

0.7

0.9

0.5

0.5

nd

1.1

nd

nd

13.4

0.9

53.2

0.9

5.6

16.1

4.4

18.3

7.3

36.3

2.3

0.5

60

Lead
CPbJ

4.9

3.3

4.2

3.7

3.7

4.1

6.7

3.2

nd

23.9

6.6

1.5

11.1

12.7

22.3

10

42.8

37.2

5.8

5.5

0.5

300

Nickel
[Nil

0.5

0.6

nd

nd

nd

nd

nd

nd

nd

0.7

nd

169

nd

2.3

4.4

1.4

6.8

3.8

623

0.6

0.5

60

Tin
ISn]

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.9

0.5

0.5

nd

nd

nd

0.5

50

Zinc
IZnl

3

nd

4

3

3

3

3

7

nd

29

5

51

22

29

123

19

33

1,700

57

12

1.0

200

Mercury
(HgJ

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

0.05

1

1. All results expressed as milligrams per kilogram.

2. nd = Nat detected above Laboratory Practical Guantitation Limits.

3. Bold » values in bold exceed adapted acceptance criteria.

A. PQL = Practical Quantisation Limit.

5. Acceptance criteria based on ANZECC Environment Investigation guidelines £19923].
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No heavy metals in the 20 soil samples analysed were detected above the environmental
investigation threshold except for:

• two elevated nickel results (62 and 169 milligrams per kilogram) near the concrete slab and
in the south-western zone of the site (the area at which surface water runoff is considered to
flow); and

a one elevated zinc result (1,700 milligrams per kilogram) near Building 61, the isotope
field facilities.

The isolated nickel and zinc levels most likely relate to the use or corrosion of metallic objects in
the southern area.

Organic Compounds

No petroleum hydrocarbons (including Polycyclic Aromatic Hydrocarbons) or pesticides, were
detected above environmental investigation levels (Australia and New Zealand Conservation
Council, 1992a; NSW Environment Protection Authority, 1994b), in any of the targeted samples
except elevated mid to heavy end hydrocarbon chain groups (C10-C36), occurring at greater than
24,000 milligrams per kilogram in the fire fighting area (TP15/0.1) (refer Figure 17.1). The NSW
Environment Protection Authority guidelines (1997b) for assessing service station sites state an
acceptance criteria for total polycyclic hydrocarbons C10 - C36 of 1,000 parts per million. However
for industrial sites the Environment Protection Authority typically accepts the use of the Dutch
intervention criteria of 5,000 parts per million for this carbon chain range. The elevated
hydrocarbons are the result of use of petroleum products for fire fighting drill and are considered to
impact approximately 30 cubic metres of soil.

Radianuclides

Radionuclides were initially measured by ANSTO, as part of the preliminary assessment process
(ANSTO, 1998a). As part of the land contamination assessment (PPK Environment &
Infrastructure, 1998), and to confirm the previous monitoring data, a further 10 surface soil samples
were collected for radionuclide laboratory analysis. The sampling program comprised the collection
of three randomly selected soil samples from the northern section of the site of the proposed
replacement reactor and seven targeted soil samples from the southern section. Laboratory analysis
for radionuclides was undertaken by the ANSTO Environmental Radiochemistry Laboratory. Three
duplicate soil samples were sent to Australian Radiation Laboratory as an independent quality
control to assess data quality and comparability. Radionuclide analysis comprised analysis of:

• gross alpha activity;

• gross beta activity; and

• gamma spectroscopy (man-made and naturally occurring isotopes)

The reported isotopes identified by gamma spectrometry are set out at in Tables 17.2 and 173
and include:

• naturally occurring radionuclides potassium-40, beryllium-7 and the uranium-238 and
thorium-232 decay series inclusive of their respective radioactive daughters; and

• man-made radionuclides caesium-13 7, caesium-134, cobalt-60 and americium-241-
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Table 17.2: Soil Analytical Results far Bushland/Cleared Area - Radianuclides''

Gross alpha

Gross beta

Americium'24l

Beryllium-7

Caesium-134

Caesium-137

Cobalt-60

Potass ium-40

Lead-210

Thorium-234

Lead-214

Bismuth-214

Thallium-208

Lead-212

Ac:inium-228

TP3/0.1

420 ±30

380 ± 10

<l

58± 8

3 ± l

<l

I ± l

33 ± 7

52 ± 7

31± 5

27±3

26 ± 3

54±5

52± 5

55 ± 6

TP5/O.1

430 ±30

410 ± 10

<1

38 ± 6

3 ±1

<2

1 ±1

26 ± 8

55 ± 7

37 ± 6

32 ± 3

28 ± 3

54 ± 5

53 ± 5

58 ± 6

TP 7/0.1

450 ±30

350 ± 10

<2

<23

3 ± l

6 ± l

<3

49 ± 13

46 ± 8

46 ± 8

22 ± 3

25 ± 3

43 ± 4

44±4

50 ± 6

Nate: 1 . All resulcs expressed m becquenels per kiiagrarr

2. Sample locations are depicted an Figure 17.1.

Table 17.3: Sail Analytical Results for Southern Portion/Buildings and Slabs -
Radianuclides''' E

Gross alpha

Gross beta

Americium-241

Beryllium-7

Caesium-134

Caesium-137

Cobalt-60

Potass ium-40

Lead-210

Thorium-234

Lead-214

Bismuth-214

Thallium-208

Lead-212

Actinium-228

TP12/0.1

i oo± io

210 ± 1 0

<1

30 ± 5

1 ±1

<1

<2

168 ±17

<8

13 ± 3

10 ± 3

8 ±1

13 ± 2

11 ± 1

12 ± 2

TP15/0.1

360 ±30

430 ±10

<1

69 ± 8

1 ±1

1 ±1

<2

94 ± 11

113 ±11

78 ± 8

23 ± 3

21± 2

38±4

3 9 ± 4

47 ± 5

TP1S/O.1

380 ±30

400 ± 10

<2

66 ± 9

4 ± l

<3

4 ± l

172±24

27 ± 9

76 ± 13

16 ± 4

19 ± 3

38 ± 5

42 ± 4

54 ± 8

TP17/0.1

330 ± 30

340 ± 1 0

<1

46 ± 6

<1

2 ±1

<2

63 ± 9

57 ± 7

31 ± 5

25 ± 3

23 ± 3

42 ± 4

41 ± 4

50 ± 6

TP18/Q.1

360 ± 3 0

370 ± 10

< l

68 ± 8

< 1

2 ± l

<2

87 ± II

66 ± 8

24 ± 5

23 ± 3

24 ± 2

36 ± 4

38 ± 4

39 ± 5

TP19/0.1

230 ± 20

360 ± 10

<1

39 ± 7

2 ± 1

<2

2 ± 1

167 ± 2 2

17 ± 7

27 ± 8

8 ± 3

9 ± 2

14 ± 3

23 ± 2

24 ± 5

TP2Q/0.1

320 ± 30

260 ± 1 0

<2

25 ± 7

3 + 1

4 + 1

3 ± 1

76 ± 17

49 ± 10

28 ± 9

6 ± 3

8 ± 2

18 ± 4

21 ± 2

21 ± 5

NoGe: 1. Alt resulcs expressed in becquerels per kilpgrarn.

S. Sample locations are depicted on Figure 17.1 .
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Gross alpha activity, gross beta activity and the individual isotope concentrations identified by the
gamma spectroscopy are ubiquitous across the site of the proposed replacement reactor and were
not localised to a particular area. The presence of the reported radionuclides at the site is therefore
considered to be due to diffuse sources and natural concentrations within the soil/rock matrix
rather than any previous site activities (that is, storage of low level waste from Fishermans Bend).

There are few published references for background concentrations of radionuclides within
uncontaminated Australian soils. For the purpose of determining whether the radionuclide
concentrations identified at the site of the proposed replacement research reactor are elevated
above background concentrations in the Sydney region, published and unpublished sources were
investigated (Kathern, 1984; United Nations Scientific Committee on the Effects of Atomic
Radiation, 1993; Australian Radiation Laboratory, 1988, pers. comm., 6 July). From these
investigations it is considered that the levels of alpha activity, beta activity and the targeted isotopes
identified are generally within the normal ranges of variability for typical soil profiles and
sedimentary rock strata.

17.1.4 Environmental Management

Based on these environmental investigations the site of the proposed replacement research reactor
was found to contain:

• isolated trace metals in soil above the general background concentrations, resulting from the
use of metallic equipment, storage vessels and containers used for combustion or corrosion
of same, in the southern section of the site; and

• approximately 30 cubic metres of hydrocarbon impacted soil within the fire training area.

Hydrocarbon impact occurs over a relatively small area and is not considered to pose any significant
risk to human health or the environment. However, given the proposed use of the site, it is
recommended that this area be remediated at the time of site development.

The extent of metals impact is considered to pose no risk to human health or the environment and
is unlikely to warrant any further investigation provided the soils remain on site. If the soils are to
be removed from site during construction further investigation would be required as outlined below.

Spoil Management and Disposal

The construction of the proposed replacement reactor and associated buildings could generate
approximately 31,000 cubic metres of excavated spoil material. It is not intended that this spoil be
disposed off site. However, should this become impractical, strategies for off site disposal of this spoil
would be determined in accordance with Environmental Guidelines - Assessment, Classification and
Management of Non-Liquid Wastes (NSW Environment Protection Authority, 1997a), and included
in the waste management strategy.

The presence of environmental contaminants within spoil material would require additional control
procedures to be incorporated into the waste management strategy. The strategy would form an
integral part of the construction environmental management plan. It would encompass controls
relating to all general excavation and construction activities, such as silt/surface water runoff, dust,
traffic, storage, handling and transportation. Contamination exceeding threshold criteria could
impose the need for specialist handling, remedial or alternative disposal options to be considered.
Based on the findings of the soil and analytical testing program it is considered that spoil generated
from excavation of the site of the proposed replacement reactor would:

Australian Nuclear Science and Technology Organisation
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• mostly fall into the category of inert waste (NSW Environment Protection Authority,
1997a), requiring only normal levels of care and waste management.

• require isolated areas within the southern section of the site to undergo some additional
investigation (analytical testing) to satisfy the requirements of NSW Environment
Protection Authority (1997b); and

B require the small area, in which fire training has been undertaken, to be remediated prior to
off-site disposal.

Additional sampling and analysis for heavy metals in spoil arising from the excavation of the
southern section of the site would include toxicity characteristic leaching procedure testing to
determine leachable concentrations, and statistical analysis of the results, to determine the 95
percent upper confidence level, as required by the NSW Environment Protection Authority for the
determination of landfill disposal options.

The 30 cubic metres of hydrocarbon impacted soil can be readily remediated on-site to standards
that would allow reuse or disposal as inert waste. Remediation of this soil may require the
generation of a Remedial Action Plan in accordance with NSW Environment Protection Authority
guidelines. Off-site disposal of the hydrocarbon impacted soils, if proposed, would be undertaken in
accordance with the NSW Environment Protection Authority disposal guidelines.

Radionuclides levels detected in soil samples collected from the site would not require any specialist
handling or disposal measures to be implemented.

MMS&I

This section of the Draft EIS describes the history and implications of recent bush fires at the Lucas Heights
Science and Technology Centre. The existing bush fire hazard is assessed, as is the system of emergency
planning and response in place at ANSTO to deal with bush fire incidents. Potential impacts of bush fires
on construction and operation of the proposal are assessed, as well as the possible effects of the proposal on
bush fire hazards. Management measures are proposed to minimise the potential hazards and risks of bush
fires. This section examines the following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS Outline of issue Section of

Guidelines This Chapter

7.1.6 incidence of bush fires 17-2.4

8.41.6 Identification of likely hazards and risks, addressing: external risks to 17.2.5
the proposed reactor, including bush fires

8.62 Fire precaution and protection, fire fighting measures and equipment at 17.2.3
Lucas Heights Science and Technology Centre

8.63 Development and implementation of emergency management plans, 17.2.2, 1 7.2.5,

emergency access routes, provision of emergency services and l/.i.'t, I /.Z.o

intervention requirements, including for external e vents such as bush

fires (including any lessons leamt or implications from bushfires in
December 1997 and in 1994)
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17,2.1 Methodology

The bush fire hazard assessment:

• examined the existing bush fire hazard at the site of the proposed replacement reactor;

• assessed the likely effect of the proposal on bush fire hazard, and reciprocally the likely
impact of bush fires on the construction and operation of the proposal; and

• set out appropriate measures to minimise the risk from bush fire during construction and
operation of the proposal, including lessons learnt and implications of recent bush fires.

The assessment involved reviewing existing literature and consulting relevant bush fire fighting services.

Key documents in the literature review included Planning for Bush Fire Protection (Department of
Bush Fire Services, 1991) and Planning in Fire Prone Areas (Department of Planning, 1989). Other
important source material included environmental impact assessments conducted for proposals in
the Lucas Heights area, such as PPK Environment & Infrastructure (1997) and Dames and Moore
(1990), and plans of management for the buffer zone (Australian National Parks and Wildlife
Service, 1986; Bannister, 1993).

Agencies responsible for bush fire management and bush fire fighting who were consulted during
the assessment included NSW Fire Brigades, Sutherland Rural Fire Service, Department of Bush
Fire Services, Sutherland Shire Council, NSW National Parks and Wildlife Service,
Commonwealth Department of Defence and ANSTO Safety Division (including Fire Officer), and
Buffer Zone Manager.

17.2.a Regional Bush Fire Management; Framework

Bush fire fighting activities in the Sutherland Shire are planned and coordinated by Sutherland
Bush Fire Management Committee, which was formed in 1989 and recently restructured to comply
with the provisions of the Rural Fires Act, 1997. The Committee comprises members of all local bush
fire fighting services, representatives of utilities and services companies, Sutherland Shire Council,
ANSTO and other relevant interested groups, including:

a NSW Fire Brigades;

B NSW Rural Fire Service;

B National Parks and Wildlife Service;

B the Australian Army;

• Local Emergency Operations Controller (NSW Police);

• Sydney Water;

• Energy Australia;

• Roads and Traffic Authority;

• State Rail Authority; and

0 Nature Conservation Council of Australia.
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The Committee is currently in the process of recruiting representatives of local Aboriginal Land
Councils and Pacific Power.

ANSTO is also a member of a number of local working parties, including the ANSTO Local Liaison
Working Party, Sutherland Local Emergency Management Committee and Georges River District
Management Committee. ANSTO provides reports to these groups on bush fire incidents affecting
the Lucas Heights Science and Technology Centre, such as the December 1997 bush fires (see
Section 17.2.4). Feedback from these groups is incorporated in ANSTO emergency response plans.

ANSTO currently receives advice on bush fire management from the NSW Fire Brigades and the
NSW Rural Fire Service, which are responsible for bush fire fighting and management within the
Lucas Heights Science and Technology Centre and in the 1.6 kilometre buffer zone outside the
Centre, respectively. Internal management of fire hazards and initial response to fire fighting within
the Centre is the responsibility of ANSTO's Safety Division.

17.3.3 Current Bush Fire Management Practices

Current bush fire management at the Lucas Heights Science and Technology Centre involves:

B hazard reduction;

• bush fire preparedness; and

B emergency planning and exercises.

Hazard Reduction

A 'hazard reduction program' is carried out by ANSTO's Safety Division in conjunction with
Sutherland Rural Fire Service. The program aims to provide a 'fire protection zone' between
buildings and areas of bushland within the site boundary fence and along the boundary fence, in
order to eliminate or reduce available fuel for bush fires. The zone consists of a 'fuel-free zone', a
well maintained grassed area between buildings and the boundary fence; and a 'fuel-reduced zone',
located between the site boundary and surrounding bushland, which is maintained as a high
standard fire break of low shrubs and grasses. Sutherland Council requires a standard fire protection
zone of 40 metres, consisting of a 20 metre fuel-free zone and a 20 metre fuel-reduced zone. This
requirement is satisfied in all areas of the Lucas Heights Science and Technology Centre and is
exceeded in most areas often by a considerable amount.

The hazard reduction program is undertaken on an annual basis between July and September, before
the start of bush fire season. The program covers the entire Lucas Heights Science and Technology
Centre and incorporates hazard reduction burning, hand clearing and mechanical clearing.

Initially a full site survey is conducted by ANSTO's Fire Officer to determine the appropriate
method of application for different areas.

A hazard reduction burn is a low intensity (or 'cool') burn, in which usually only the understorey
vegetation (low level shrubs and grasses) is burned in order to reduce fuel loads. The ANSTO Fire
Officer conducts hazard reduction burning, with the assistance of trained staff, in bushland areas
surrounding the Centre with relatively high existing fuel loads.

Hand clearing is conducted before machine clearing to remove any material that may obstruct the
machine. After an area has been cleared for two years, it may be included in the mowing program
for regular mowing.
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Mechanical clearing is undertaken in conjunction with ANSTO and Sutherland Rural Fire Service
and involves the use of a 'trittering' machine which shreds understorey vegetation, leaving a dense,
mulch on the ground that readily decomposes. Management techniques may be employed in a
patchwork system over the area of hazard reduction or may alternate over time.

Bush Fire Precaution and Protection

Existing precautionary and protective measures for bush fires in place at the Lucas Heights Science
and Technology Centre include:

• a full-time Fire Officer, who is responsible for maintaining and updating bush fire
precautionary measures, including hazard reduction programs and fire control equipment;

a a Building Warden and a Deputy within each building at the Lucas Heights Science and
Technology Centre, who have specific duties in case of any emergency. Many other members of
staff have specific roles in the bush fires which are documented in the existing ANSTO
emergency plan;

• building design and modification - all buildings within the Centre except two, are designed or
have been modified to prevent ember attack during bush fires. Plans are in place to modify the
two outstanding buildings, both located on Old Illawarra Road and outside the security fence.
All buildings in the vicinity of HIFAR have fire detectors and alarms installed that give warnings
in the event of a fire. Fire extinguishers and fire hoses are located in buildings in accordance with
fire regulations;

• fire fighting equipment, such as fire hydrants, hoses and a portable tanker unit. There are
over 100 fire hydrants within the Lucas Heights Science and Technology Centre, as shown
on Figure 17.2. The hydrants are located both within and outside the existing site perimeter
fence and so can be accessed by ANSTO staff and visiting fire fighting crews. Water pumps
are present to ensure circulation from on-site storage facilities (with a capacity of 1.5
megalitres) as well as a booster pump to increase water pressure if greater demand is placed
on the system. Current portable fire fighting equipment includes hundreds of fire
extinguishers, knap sack sprays and a small tanker unit that can be placed on four wheel
drive vehicles to provide fire fighting support. ANSTO also maintains two specially
equipped mobile emergency response vehicles;

n fire spotting - the existing water tower is 30 metres high and can be accessed during bush
fires to allow the observation of fire fronts, and to locate and direct fire fighting crews;

• support facilities, including canteen amenities and a helipad, are made available to fire
fighting crews during bush fire emergencies;

• support fire fighting - ANSTO have trained staff who are capable of responding to fires and
assessing the need for assistance required to extinguish them; and

• an ongoing maintenance program for buildings and gardens that follows the
recommendations of Australian Standard HB36 Building in Bush Fire Prone Areas —
Information and Advice (Australian Standards, 1993). This program is conducted annually
before the start of bush fire season.
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Preparation of emergency plans at the Centre is undertaken by the ANSTO Local Liaison Working
Party in accordance with the NSW State Emergency and Rescue Management Act, J989. This working
party consists of representatives from bush fire fighting authorities, NSW Emergency Services,
Ambulance Service of NSW, Environment Protection Authority and NSW Department of Health.
The Act requires that a range of plans, known as 'disaster plans' (DISPLANs), be prepared in
readiness for potential emergencies (ANSTO, 1998c). Emergency planning and response is
discussed further in Cliapter 11.
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During a bush fire emergency, a nominated liaison person from ANSTO is placed in the Sutherland
Bush Fire Control Centre while a representative of NSW Fire Brigades is stationed at ANSTO's
Alternative Site Control Centre. Fire fighting crews can gain access to bush fires on the perimeter
of the Lucas Heights Science and Technology Centre via the external road system (Old Illawarra
Road, New Illawarra Road and Heathcote Road); they can also use internal roads and fire trails. A
fire trail running adjacent to the existing perimeter fence gives access to the bushland surrounding
the ANSTO site as shown in Photo 17-1.

Photo 1 7.1 Existing Burnt Woodland on Western Boundary of Site of Proposed Replacement
Reactor. Burnt During December 1 997 Bush Fires (Perimeter fence and fire trail
at left).

Exercises form an integral part of ANSTO's emergency planning and preparedness. Building
evacuation drills are conducted on a regular basis and emergency exercises involving emergency
services agencies are conducted periodically to test the existing emergency planning arrangements.
A bush fire exercise was conducted in February 1997 which assisted in emergency response during
the December 1997 bush fires.

17.2.4 Incidence of Bush FireB

Bush Fire History

During the bush fires of 1982, records held at Sutherland Bush Fire Control Centre in Heathcote
were destroyed (Bannister, 1993). As a result, data on the incidences of bush fires in the vicinity of
the Lucas Heights Science and Technology Centre is limited. However, it is widely known that the
Holsworthy - Lucas Heights - Bardcn Ridge - Menai region experiences repeated major btish fires,
the most recent occurring in early December 1997 (refer Photo 1/'.2). The most significant impact
of these recent fires on human property was the destruction of 10 houses in the nearby suburb of
Menai. A summary of recent bush fires is given in Table 17 A-
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Photo 1 7.2 Existing Bushland Beyond Southern Boundary of Site of Proposed Replacement
Reactor. Burnt during December 1997 Bush Fines.

Table 17.4 Recent: Bush Fires in the Lucas Heights - Menai Area

Year Fire Behaviour and Area Burnt

Early 1970s Started in Holsworthy Military Area, jumped Heathcote Road and burnt through to
western perimeter of Lucas Heights Science and Technology Centre.

1981-1982 Burntmost of Barden Valley. Crossed Heathcote Road north of Lucas Heights Science
a nd Technology Centre, and stopped at Woronora River.

1989 Southern, eastern and northern sections of buffer zone burnt. Fire passed close to the
Lucas Heights Science and Technology Centre.

1997 Most of the existing butter zone burnt; Holsworthy Military Area, through to Sandy Point,
Menai, Barden Ridge and Engadine burnt.

Sources: Bannister. 1993; Sutherland Shine Council, 1 998.

Implications of Recent; Bush Fires

In 1994 a number of major bush fires occurred in bushland throughout Sydney and surrounding regions.
However, there were no bush fires within the Lucas Heights Science and Technology Centre buffer zone
(Sutherland Shire Council, 1995). The closest fires were small spot fires restricted to a small area north
of Menai Road at Woronora. Hence there were no implications for bush fire management at the Lucas
Heights Science and Technology Centre arising from the 1994 bush fires.

During late November and early December 1997, bush fires occurred in the vicinity of the Lucas
Heights Science and Technology Centre near Heathcote and IUawarra Roads. The main fires close
to the Centre occurred on Tuesday 2 and Wednesday 3 December. On the Tuesday, a major bush
fire crossed Heathcote Road and proceeded towards the ANSTO site. Assistance was requested and
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received from Heathcote Bushfire Control Centre. Fire fighting involved a coordinated response
from NSW Fire Brigades, Rural Fire Services, the Australian Army and ANSTO staff (ANSTO,
1998b,d; Sutherland Shire Council, 1998a).

The fire came up the gully on the western border of the Centre and travelled along that perimeter
before being driven along the southern border by the wind. The fenced area surrounding HIFAR was
evacuated at the request of the NSW Fire Brigades Fire Chief on site and a decision was made to shut
down HIFAR as a precaution. Reactor staff remained in HIFAR, as there was no threat to the reactor.
(ANSTO, 1998b,d; Sutherland Shire Council, 1998a). All staff were requested by police to remain on
site because of more serious fires elsewhere in the Menai area and because the police considered the
Lucas Heights Science and Technology Centre to be a safe area. Staff were eventually allowed to leave
around 10.00 pm on Tuesday. No structures were damaged at the Lucas Heights Science and
Technology Centre during the bush fires and although some vegetation within the site ignited near
the perimeter fence behind the Environment Division building, which is in a part of the Centre well
away from the site of the proposed replacement reactor, it was quickly extinguished (Sutherland Shire
Council, 1998a).

Backburning by the Rural Fire Service took place on Wednesday, 3 December 1997, on the eastern
side of New Illawarra Road, causing the closure of New Illawarra Road until the afternoon, although
staff were not precluded from access to the site. Helicopters were used to fight the remaining fires
in the surrounding area, but there were no further fires near the Centre. ANSTO provided support
to the emergency services, such as food and refuelling and refilling areas for helicopters and water
tankers. On Thursday 4 December 1997 at 1.00 am HIFAR was brought up to power.

ANSTO Safety Division has reviewed the bush fires of December 1997 for aspects of fire prevention
and emergency response that could be improved. Consultations took place between ANSTO and
the NSW Rural Fire Services and NSW Fire Brigades to determine what lessons could be learned
from the December bush fires.

A series of questions for the emergency services organisations were collated and an initial meeting held
with the NSW Fire Brigades, Rural Fire Services, the District Emergency Management Officer and
Sutherland Shire Council in early January 1998. Representatives from these groups considered that
ANSTO were well prepared for the bush fires (for example, NSW Fire Brigades, 1998 pers.comm;
Sutherland Shire Council, 1998a). Some areas for improvement have been identified and an action
plan is currently in preparation (ANSTO, 1998b,d). The following actions have already been
implemented:

• a process to ensure easy identification of the location of hydrants under all weather and fire
conditions has been developed;

• the addition of a purpose built four wheel drive tanker unit with the ability to carry a range
of ancillary emergency equipment;

• a training and awareness program was held by the NSW Fire Brigades, the Rural Fire Service
and ANSTO Safety Division in March 1998 for ANSTO building wardens and tenants; and

• emergency planning arrangements are being further refined. To aid communications between
ANSTO and the local emergency services, the first emergency service to arrive at the Lucas
Heights Science and Technology Centre during a bush fire will provide ANSTO with a liaison
person and ANSTO will send a representative to the relevant emergency service control room.
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17.2.5 Bush Fire Hazard Assessment

Existing Risk to HIIFAR of Bush Fire

HIFAR is situated 217 metres from the western boundary fence of the Lucas Heights Science and
Technology Centre, 132 metres from the nearest part of the southern boundary fence and 194
metres from the nearest part of the northern boundary fence. Outside the fence the bushland has
been cleared at least 30 metres from the boundary fence. HIFAR is surrounded by buildings and
non-combustible external surfaces such as fibro, brick, aluminium and steel. There are lawns for at
least 150 metres in every direction and roads encircling the building act as a five metre break.

Water supply is available from numerous hydrants located throughout the Lucas Heights Science and
Technology Centre (refer Figure 172). All buildings in the HIFAR fence area have fire detectors and
alarms installed to give warnings in the event of a fire from whatever cause. Fire extinguishers and
fire hoses are located in buildings in accordance with the Building Code of Australia, 1996.

The potential exists for damage to occur to existing HIFAR cooling towers through radiant heat
from a nearby bush fire. This could cause an extended shutdown of HIFAR, however this would
pose no threat to the reactor (ANSTO, 1998b). There are standard procedures in place for the safe
shutdown of HIFAR, as detailed in Chapter 11,

Bush Fire Hazard at the Site of the Proposed Replacement
Reactor

The assessment of existing bush fire hazard around the site of the proposed replacement reactor was
undertaken based on the guidelines contained in the publication Planning for Bush Fire Protection
(Department of Bush Fire Services, 1991). This publication has been used in the planning of hazard
reduction activities at the Lucas Heights Science and Technology Centre by the Sutherland Bush
Fire Control Centre (Midgely, 1998 pers. com.).

The Department of Bush Fire Services risk criteria for a particular area include:

• the State fire zone the area is in (NSW is divided into fire zones according to topography,
climate, fuel type and fire behaviour);

B the vegetation types it supports; and

• the amount of slope.

The site of the proposed replacement reactor and adjoining terrain to the west and north are flat,
with slopes of less than five percent, and currently consist of open, heathland and woodland
vegetation (refer Chapter 12); it is therefore classified as a low to moderate bush fire risk zone. The
area south of the site supports woodland vegetation on steeper slopes (15 to 25 percent), and is
therefore considered to be a zone of moderate fire risk. The area to the east of the site is built up
and therefore does not constitute a bush fire hazard zone.

The Department of Bushfire Services (1991) guidelines provide for only a general assessment of
risk. Assessments for a specific site must take into account a number of other important factors,
such as:

• climate and prevailing weather conditions;

• existing fuel loads;
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• hazardous activities in the area;

• fire history; and

• potential ignition sources from roads, such as discarded cigarettes and cars.

Fire risk increases during dry seasons, and will peak on days of strong winds, dry conditions and high
temperatures. At present, fuel loads in the area are minimal as a result of the December 1997 bush
fires, and as a consequence the existing fire risk is low. The Lucas Heights area has been subject to
regular bush fire activity in recent years as shown in Table 17.4- Based on Department of Bush Fire
Services (1991) guidelines, historical records and advice provided by Sutherland Rural Fire Service
(Midgely, 1998 pers. comm.) the site of the proposed replacement reactor is situated in an area
currently considered to have a low to moderate bush fire hazard, depending on prevailing climatic
patterns, weather conditions and fuel loads. However, when the replacement reactor and
associated buildings are constructed and the site is landscaped, the area would have the same low
fire hazard as HIFAR.

Potential Impacts on Bush Fire Risk

Vegetation on the site of the proposed replacement reactor would be cleared as a result of site
preparation works and creation of the proposed fuel-reduced zone. This would effectively remove
potential fuel from the site available to bush fires and therefore lower the risk of bush fire in the
immediate area. Provided fuels for construction plant and other flammable materials are stored in
appropriate locations, construction activities would have no negative impact on bush fire hazard.
Maintenance of the fuel-reduced zone during operation of the proposed replacement reactor (see
Section 17.2.6) would ensure the existing low bush fire hazard remains indefinitely. The proposed
replacement reactor and associated buildings would be constructed with non-flammable materials
and designed to prevent entrance of embers or sparks during bush fires. The net overall impact of
the proposal on bush fire hazard would therefore be negligible.

Potential Impacts of Bush Fires on Construction and Operation
of the Proposal

The potential impact of bush fires on construction and operation of the proposed replacement
reactor would be similar to those for HIFAR. The occurrence of a bush fire in the vicinity of the
site of the proposed replacement reactor during construction may require the evacuation of
construction staff from the site, depending on advice from the relevant fire fighting authority. The
implementation of existing emergency response plans in place at the Lucas Heights Science and
Technology Centre would ensure the safe evacuation of construction staff.

The proposed replacement reactor would be surrounded by a fire protection zone ranging from 50
metres to 350 metres. It would be located 350 metres from the southern boundary, where the higher
bush fire hazard exists as shown on Figure 173. This distance greatly exceeds the requirements of
the Department of Bush Fire Services (1991) and those of Sutherland Council (40 metres)
(ANSTO, 1998b,d).

1*7.2.6 Environmental Management

Bush fire management would aim to achieve a balance between keeping bush fire risk at an acceptable
level while maintaining biodiversity and groundcover protection against erosion. However, hazard
reduction would be the higher priority if the situation arose where both goals could not be achieved.
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The system of bush fire management currently practised by ANSTO has been approved by all
relevant fire fighting authorities and has shown to be effective in protecting life and property at the
Lucas Heights Science and Technology Centre and in helping to control bush fires. The proposed
hazard reduction measures outlined below would be an extension of the existing hazard
management systems.

The site of the proposed replacement reactor would incorporate a fire protection zone, comprising
a grassed fuel-free zone between the buildings and the perimeter fence and a fuel-reduced zone
extending out from the perimeter fence to surrounding bushland, as shown in Figure 173.
Sutherland Rural Fire Service (Midgely, 1998 pers. comm.) advises that the total fire protection
zone between outer building alignments and the edge of bushland on the southern perimeter should
be a minimum of 39 metres, incorporating a minimum fuel-free zone of 22 metres, and a minimum
fuel-reduced zone of 17 metres. Preliminary plans for the site indicate that the fuel-free zone
between the reactor building and the southern perimeter fence (where the highest bush fire hazard
exists) would be at least 150 metres.

For the western and northern sides of the site, the recommended fuel-free zone is 20 metres, with a
fuel-reduced zone of 15 metres. Preliminary plans indicate the fuel-free zone in these areas would
be a minimum of 30 metres. The proposed fire-protection zone for the replacement reactor would
therefore substantially exceed distances recommended by Sutherland Rural Fire Service for the
majority of the site.

Specific measures proposed for the site of the proposed replacement research reactor to reduce bush
fire hazard and to assist in fighting bush fires during construction are:

• ensuring that the minimum fuel-free zone (the distance between outer building alignments
and the perimeter fence) is 22 metres on the southern perimeter of the site and 20 metres on
the western and northern perimeters;

• ensuring that the minimum fuel-reduced zone width is 15 metres on the western and
northern perimeters of the site of the proposed replacement reactor and 17 metres for the
southern perimeter;

• preparing fuel-free and fuel-reduced zones, involving clearing, mulching and hazard
reduction burning, prior to construction;

• preparing emergency response plans for construction workers in the event of a bush fire;

• storing flammable materials, including fuel for construction plant, away from the perimeter
of the site;

a designing proposed buildings to prevent entry of ember showers or smoke during major bush fires;

• installing smoke detectors and fire alarms in all proposed buildings; and

• installing new fire hydrants and fire-fighting equipment in all proposed buildings.

Specific bush fire management measures proposed for the operation of the proposed replacement
reactor are:

• regularly maintaining proposed buildings;

• regularly maintaining vegetation and fuel loads within the fuel-reduced zone;
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• regularly mowing and watering grasses within the fuel-free zone;

• maintaining existing fire trails in the buffer zone to a high standard;

• implementing erosion control on the fuel-free zone and access tracks;

• selecting trees and shrubs for ornamental planting to include species not readily combustible,
such as native rainforest species;

• preparing the site before the bush fire season by:

pruning landscape trees that overhang gutters and cover windows;

removing vegetation and litter accumulated around buildings and fences; and

where appropriate, sealing crevices under roofs to prevent entry of windborne embers
and smoke into buildings; and

• ongoing training and awareness programs for ANSTO staff.

These management measures would be incorporated into an environmental management plan for
construction of the proposal.

This section of the Draft EIS describes the existing noise environment of the areas surrounding the Lucas
Heights Science and Technology Centre. The potential impacts of noise generated during construction and
operation of the proposed replacement research reactor are assessed and management measures to mitigate
these impacts are identified. This section examines the following matters raised by the EIS Guidelines
(refer Appendix A):

Section of EIS Outline of Issues Section of
Guidelines this Chapter

7.2 Existing noise environment 17.3.1

8.1 Effects of noiseand vibration during construction 173.2

8.2 Effects of construction (blasting, heavy earthworks, etc) on existing 17.3.2
HJFAR facility and safety

8.7 Nature and extentof construction and construction traffic noise 17.3.2

8.10 Effects of construction activities outside of normal work hours 1 7.3.2

10.10 Environmental safeguards and control of construction noise 17.3.4

17.3.1 Existing Noise Environment

Background Noise Levels

For a quantitative guide to background noise levels, this assessment relies on studies undertaken in
the area surrounding the Lucas Heights Science and Technology Centre (Wilkinson Murray/PPK
Environment & Infrastructure, 1997). Monitoring for these studies was carried out in accordance
with the requirements of the Environmental Noise Control Manual (NSW Environment Protection
Authority, 1994a).
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The nearest houses are located at Alpine Place and along Sierra Road and Mountain Street, North
Engadine, about 1.8 kilometres east of the site of the proposed replacement reactor (as measured
from the centre of the construction site), and 800 metres east of the existing perimeter security
fence surrounding the Lucas Heights Science and Technology Centre. Measured noise levels at
selected surrounding residential locations are given in Table 17.5.

Table 1 7.5 indicates that background noise levels during the daytime were generally less than 40
dB(A) while night-time noise levels were generally below 35 dB(A). The measured noise levels at
Thomas Mitchell Drive have been taken for the purpose of this assessment to be most
representative of the noise environment of properties backing onto areas of bushland. Accordingly,
a daytime background noise level of 34 dB(A) has been assumed for those houses closest to the site
of the proposed replacement reactor situated in Alpine Place, North Engadine.

Table 17.5: Measured Noise Levels in the Vicinity of the Lucas Heights Science and

Technology Centre

Section of EIS Outline of issue Section of this
Guidelines Chapter

7.2.15 Sites of Aborignal or European cultural significance 17.5.2,17.53

7.2.15 Siteslistedon the Register 4 the National Estate 17.5.2,17.53

8.13,8.16 Effects on National Estate sites or of Aboriginal or European 17.5.4,17.5.5

cultural significance

10.10, 10.12 Safeguards to mitigate environmental impacts 17-5.6

Source: Wilkinson Murray/PPK Environment; S. Infrastructure. 1997.

Notes: 1 . The measured noise levels are based on noise surveys conducted over a period of three months to
January 1 997.

2. The 1-Aeq ' e v e l * s the 'equivalent continuous sound level' and has the same sound energy over the
sampling period as the actual noise environment with its fluctuating sound levels

3. The LAgrj descriptor is the noise level exceeded for SO percent of the time, normally taken as the
background noise level.

17.3.2 Impacts of Construction Noise

Sources of Construction Noise

Principal sources of construction noise include:

• earthworks and bulk excavations;

a various daily construction activities; and

• construction traffic.

A high density concrete batching plant may be used, as described in Chapter 5, depending on the
construction requirements.
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The noisiest stage of construction involves initial site clearing followed by bulk excavation works.
Rock excavation would be undertaken by pavement breakers (excavators with a rockbreaker head
attached to the excavation arm). No rock blasting is proposed. Likely plant and equipment to be
used during construction are shown in Table 17.6, together with their typical sound power levels.
The levels given are at the upper end of the typical range, and are therefore conservative (in the
sense of presenting a "worst case").

Table 17.6 Typical Sound Power Levels

Plant/Equipment Sound Power Level fdB)

Heavy Earth Mover 114

Excavator 114

Pavement Breakers 130

Lift Cranes 120

Mobile Generators 112

Concrete Batching Plant 121

Fork Lift Trucks 112

Source: AusCralian ScandBrd AS243B. 1 3S1

Construction Noise Criteria

The NSW Environment Protection Authority (1994a) sets out maximum recommended noise
levels for construction sites. These recommendations take into account the duration of the
activity, and assume that construction is carried out generally during the daytime and during the
following hours:

• Monday to Friday 7.00 am to 6.00 pm; and

• Saturday 7.00 am to 1.00 pm, if inaudible at residential premises;
otherwise 8.00 am. to 1.00 pm.

No construction activity should take place on Sundays or public holidays.

Based on these times, the following noise levels at the nearest houses are recommended by the
NSW Environment Protection Authority:

• for a construction period of four weeks and under:

The I-A10 level measured over a period of not less than 15 minutes when the construction
site is in operation must not exceed the background (LJ\C)Q) level by more than 20 dB(A).

• for a construction period greater than four weeks and not exceeding 26 weeks:

The 1~AIQ level measured over a period of not less than 15 minutes when the construction
site is in operation must not exceed the background (L^^Q) level by more than 10 dB(A).

for construction periods greater than 26 weeks, the criterion for a continuously-operating
source would apply; this would generally mean that the L^JJQ noise level emanating from
the construction site should not exceed the existing L ^ ^ Q background noise level by more
than 5 dB(A).
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It should be noted that during construction no potentially high noise activities are anticipated to be
undertaken for periods exceeding 26 weeks.

Construction Noise Impacts

It is anticipated that the overall construction period for the replacement research reactor would be
three years. However, the noisiest activities, those associated with bulk excavation, would probably
be completed in less than four months. A cement batching plant may be installed on site for a period
of about three months depending on the method of construction adopted, as described in Chapter
5. None of these noise generating activities would be conducted outside of daytime hours. The
remainder of the construction period would be dedicated to activities such as building fit-out,
installation of hydraulic and mechanical services and other low-noise generating activities. Some of
these activities may be undertaken outside of daytime hours.

In order to calculate predicted noise levels at the nearest houses, the proposed construction
activities have been simulated as a single point source with a cumulative sound power level of 131
dB. The assessment is based on all plant and equipment operating simultaneously, at full power, with
noise emanating from a notional point source located at the centre of the construction site.

The noise levels at the boundary of the nearest house, situated in Alpine Place, have been
calculated by extrapolating the total sound power level, taking into account attenuation caused by
distance, ground effects and geometric divergence. In order to simulate worst case conditions, no
allowance has been made for the potential reduction in noise achieved by enclosing equipment at
the source or taking into account noise reductions caused by the topography. In addition, the
predicted noise levels also include the effect of worst case weather conditions for the maximum
propagation of sound and the effect of prevailing weather conditions at all sensitive receptors for
wind speeds up to five metres per second.

With this worst case assumption, the predicted daytime noise level at the nearest house would be
45 dB(A); Only a slight exceedance of one dB(A) is predicted over the relevant Environment
Protection Authority guideline of 44 dB(A), that is, the background noise level plus 10 dB(A).

Exceedance of the construction noise guideline is unlikely in practice. Typically, during construction
not all items of machinery would operate simultaneously and continuously at their maximum noise
level. Therefore the calculated noise level provides a guide to potential worst case noise levels at
the property boundary of the closest house. Other houses in the vicinity are located at distances
greater than 1.8 kilometres, and hence construction activities would have a negligible impact, if any,
in elevating background noise levels. For example, at Barden Ridge the nearest house to
construction activities is approximately 2.6 kilometres away, and at this distance it is unlikely that
construction noise would be discernible above background noise levels.

Some noise disturbance could be expected to normal operations and research activities conducted
within the Lucas Heights Science and Technology Centre. The level of disturbance would vary with
distance from the site of the proposed replacement research reactor, the presence of intervening
structures or buildings and whether or not the particular building relies on natural ventilation.
Apart from the period of peak noise generating activity, approximately four months, noise
disturbances are likely to be episodic rather than continuous.

Construction Vibration Impacts

Vibrations in their simplest form are simple harmonic motions characterised by frequency and
amplitude; geological characteristics, such as rock type and soil moisture content, play an important
role in modifying the vibration characteristics of any particular source.
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The construction of the replacement reactor would not involve blasting or pile driving and hence,
air blast overpressures or groundborne vibrations resulting from these particular activities would not
be generated during the construction period. Other construction activities such as rockbreaking
and the use of heavy construction equipment (bulldozers, articulated heavy vehicles and
rockbreakers) would very likely cause some groundborne vibrations; however, the effect of these
vibrations would be localised and temporary, and would have a negligible impact on HIFAR
(approximately 200 metres to the east) or on people working within the Lucas Heights Science and
Technology Centre or residing nearby.

Construction Traffic Noise Impacts

Traffic generated by construction of the proposed replacement reactor would result in a minor
increase in daily traffic movements on New Illawarra Road for the duration of the construction
period, approximately three years.

The increase in traffic is anticipated to peak at approximately 110 additional traffic movements per
day (assuming that all concrete batching occurs off-site) as outlined in Chapter 14- These
movements represent less than one percent of existing total daily traffic movements on New
Illawarra Road and accordingly would not generate a noticeable increase in traffic noise.

17.3.3 Operational Noise Impacts

Sources of Noise During Operation

The replacement research reactor would be situated within a reactor building designed to contain
any accidental release of radioactivity. The containment around the reactor assembly would also
act to shield surrounding areas from noise. Noise from the replacement reactor would be less than
from HIFAR because the replacement reactor and most of its support systems would be contained
within the reactor building whereas only HIFAR itself is contained within a dome structure.
Therefore because noise from HIFAR is not discernible above background noise levels at the
boundary of the Lucas Heights Science and Technology Centre neither is it expected that noise
from the replacement reactor would be discernible. The only potential noise sources during
operation would be a backup diesel generator, which would be located outside and adjacent to the
replacement reactor building, and the fans contained within the cooling towers.

The diesel generator is required for emergency use in the event of a complete loss of electrical power
to the proposed replacement reactor. It would be tested for four hours every week to ensure it is
operating reliably, but otherwise would remain idle.

The cooling towers would be located to the south of the reactor building. The cooling tower fans
would operate while the reactor is operating and noise levels would be similar to, or less than the
noise levels generated by the HIFAR cooling towers. The lower noise levels would result from the
ability to design less noisy equipment located within a concrete structure.

The noise levels of the existing diesel generator were measured and the highest level recorded at a
distance of four metres from the generator was 87 dB(Lin). The noise levels of the cooling towers
whilst all six towers were running, were also measured at a distance of four metres and the highest
level recorded was 81 dB(Lin). From these noise measurements it is possible to calculate the sound
power levels for this plant to assess potential noise impacts during operation. The calculated sound
power level of the existing diesel generator and cooling towers are 112 dB and 98 dB respectively.
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Noise Impacts During Operation

Using the measured background noise levels set out in Table 17.6, recommended planning noise
levels (NSW Environment Protection Authority, 1994a) were determined for the nearest house,
situated in Alpine Place, North Engadine as described in Section 17.3.1; the values were 39 dBA for
daytime and 33 dBA for night-time. The maximum noise level calculated during operation at this
location would be less than 30 dBA, and hence would not exceed the recommended planning
levels. Given the intermittent nature of the use of the diesel generator and the low noise levels
generated by the cooling towers, there would be almost no noise impact on houses adjoining the
buffer zone. None of this plant would be any closer to the nearest houses than the existing HIFAR
plant and the low noise levels generated would generally not be discernible at the boundary of the
Lucas Heights Science and Technology Centre.

Traffic Noise Impacts Attributable to Proposal in Operation

The proposed replacement research reactor would not result in any direct increase in the total
number of people employed at the Lucas Heights Science and Technology Centre, although an
increase in the number of visiting researchers could be expected. Any increase in traffic generated
as an indirect consequence of the replacement reactor proposal would only marginally increase
traffic volumes on the surrounding regional road network. Accordingly, there would be no increase
in noise impacts on development adjoining the surrounding road network.

17.3.4 Environmental Management

During Construction

Noise during construction would unlikely be discernible at the nearest house. Management of
construction noise levels would however, involve:

• minimising the period of bulk excavation works as much as practicable and ensuring that no
noisy activities took place outside of normal construction hours;

• siting noisy plant as far as possible from noise sensitive locations within the Lucas Heights
Science and Technology Centre; and

• wherever possible, selecting quiet-running construction plant and equipment, and
maintaining them regularly.

These management measures would be incorporated into an environmental management plan for
construction of the proposal.

During Operation

If the proposal proceeds, no noise impacts would occur beyond the boundary of the Lucas Heights
Science and Technology Centre. No specific management measures would therefore be necessary.

Australian Nuclear Science and Technology Organisation



ntal impacts

This section of the Draft EIS describes the visual quality of the site of the proposed replacement reactor, the
Lucas Heights Science and Technology Centre, the surrounding buffer zone and surrounding region. The
potential impacts of construction and operation of the proposal on the existing visual quality are assessed
and management measures to mitigate these impacts are provided. This section examines the following
matters raised by the EIS Guidelines (refer Appendix A)

Section of EiS Outline of Issue Section of

Guidelines this Chapter

7.2.14 Existing landscape/usual environment 17.4-2

8-10 Effects of consstruction activities duringnon-regular workhours on 17.4-3

residents

8.12 Visual and aesthetic impacts of construetion works 17-4.3

8.20 Impacts of night lighting 17.4-3

8.28 Visual impacts of completed facilities 17.4-3

10.10 Mitigation of construction impacts, including site rehabilitation and 17.4-4
landscaping

17.4.1 Methodology

The visual assessment is broadly based on methodology developed by the United States Forest
Service (1974) and adopted by the NSW Department of Environment and Planning (1981). The
approach involves determination of the visual quality of an area, which may be defined as its
attractiveness based on human aesthetic values. Visual quality is assumed to be enhanced by the
diversity of natural features within a given landscape and incorporates:

• landform;

• vegetation cover;

• amount of natural landscape in proportion to the built landscape;

• prominent areas, such as ridges, escarpments, and visually significant stands of vegetation;

• presence of bodies of water, such as creeks and rivers, lakes and oceans; and

• level of human development.

Visual quality is assessed as high, moderate or low on the basis of these criteria. Areas of high visual
quality have a high diversity of natural landscape features that are outstanding or distinctive. Areas
of moderate visual quality include features common throughout a landscape that are not
outstanding in visual quality. Areas of low visual quality contain minimal diversity of natural
features and a greater proportion of human-made features or human disturbance.

This assessment of the existing visual quality of the site of the proposed replacement
reactor and potential impacts associated with the proposal has also taken into account the
following characteristics:
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• visual catchment: area within which the site of the proposed replacement reactor can be
seen, including all opportunities for views into the site; and

• visual sensitivity; this is based on the perceived severity of change to the landscape, the
capacity of the landscape to absorb change, the number and sensitivity of viewers of the
landscape and the distance between viewers and the site.

Impacts on visual quality will be greater when larger visual catchments and sites of high visual
quality and sensitivity are involved. The degree of impact will also vary from different viewing
locations, and this is taken into account in the assessment.

The existing landform, vegetative cover and land use of the site of the proposed replacement
reactor and surrounding buffer zone were assessed, and potential viewing locations identified, using
topographic maps, orthophotos and aerial photographs. A field survey was carried out with the aims
of describing existing landscape characteristics, assessing the visual and landscape quality of the site,
ground-truthing potential viewing points and assessing the quality of views into the site.

IT1.4.2 Existing Environment

Regional Visual Qualify

Lucas Heights Science and Technology Centre is situated within the Woronora Plateau region,
which extends south from Sydney to Wollongong and is characterised by elevated sandstone
plateaus dissected by deep river valleys.

The region is predominantly a mix of residential and bushland landscapes and, consequently, many
residents have access to a variety of views, panoramas and glimpses of bushland. Bushland is
assumed to be made up of living and non-living elements, such as flora and fauna, rock outcrops
and escarpments, rivers and creeks.

Bushland forms an integral part of the visual character of the Sutherland area, and contributes to
making it a relatively high quality visual setting. Major tracts of bushland include Royal National
Park, Heathcote National Park, Georges River National Park, reserves along the Woronora River,
and Holsworthy Military Area. Residential development has mainly occurred along ridges that are
predominantly aligned in a north-south direction, whereas valleys and other areas of steep terrain
have largely been left undeveloped. This pattern of development affords many viewing
opportunities of attractive natural environments for residents, public transport commuters,
motorists and tourists alike.

Views of natural bushland settings can range from narrow glimpses to broad panoramas, depending
on elevation, topography and aspect. The highest quality views in the region typically include a
combination of dense native vegetation, escarpments and cliffs and deep river valleys, and are
available to residents situated in elevated locations on the boundaries of ridges.

Buffer Zone

The 1.6 kilometre buffer zone surrounding Lucas Heights Science and Technology Centre consists
largely of bushland formed by Holsworthy Military Area in the south-west and land owned by
ANSTO in other directions. These surroundings enhance the aesthetic appeal of the Lucas Heights
Science and Technology Centre. Vegetation varies from low-lying heathland, through woodland on
sandstone plateaus, to gully forest in the valleys (refer Chapter 12). However, the western and
north-western sections of the buffer zone have been significantly disturbed, as operations at Lucas
Heights Waste Management Centre and night soil disposal area have resulted in major vegetation
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clearance and weed invasion. Nevertheless, the visual quality of the buffer zone is considered to be
moderate to high based on these characteristics.

Lucas Heights Science and Technology Centre

Lucas Heights Science and Technology Centre is situated in an attractive natural setting, on an
elevated sandstone plateau bounded to the east by the Woronora River valley, to the west by the
Mill Creek and Deadmans Creek catchments, to the north by Bardcns Creek, and to the south by
Melinga Molong Gully. Most views into the site are obscured at least partially by surrounding
vegetation which screens low level structures and partially screens taller buildings. The most
prominent built features in the viewing catchment are HIFAR, a water storage tower and two
discharge stacks as shown in Photo 173.

Stack H | F A R Stack
Water Tawer\^ \ / J
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•

Photo 1 7.3 View of the Lucas Heights Science and Technology Centre from hngadine.

The visual catchment of the Centre extends from Menai in the north, through Barden Ridge to
Engadine, as far south and as far west as Heathcotc Road. The visual catchment and main viewing
locations are shown in Figure 17A- Due to the high relief, varying landform and vegetative cover of
the viewing catchment, there are only a limited number of locations from which the Centre can be
seen. Views may be obtained from streets with westerly aspects, positioned on the eastern
escarpment of the Woronora River Valley in Engadine and Woronora Heights, and streets with
south-western aspects in Barden Ridge and Menai.

Residents living in streets in western Engadine such as Sierra Mountain Street and Ridge Road are
closest to the Centre, and are therefore considered to be the most sensitive viewers in the area.
Here houses with unobstructed westerly aspects have panoramic views of bushland and the
Woronora River valley. Taller buildings within the Lucas Heights Science and Technology Centre,
including the building that contains HIFAR, are visible in the background as shown in Plioto 173,
and form the only built element in an otherwise natural setting; however, they appear in the
background of views (approximately two kilometres away) and arc framed by bushland. The visual
sensitivity of the Centre from these locations is considered to be moderate.
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At viewing locations in North Engadine, as shown in Photo 17.4, and Barden Ridge, as shown in
Photo 17.5, the site of the Lucas Heights Science and Technology Centre appears in the
background, nestled in bushland on the horizon. It does not constitute a significant feature of the
landscape, and thus the visual sensitivity of the Lucas Heights Science and Technology Centre from
these locations is considered to be low. Limited views of the Centre are also available from Hall
Drive in Menai, where it appears behind a number of intervening ridges in the distant background
(Photo 17.6).

Water-Tower N Stack
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Photo 1 7.5 View of the Lucas Heights Science and Technology Centre from Barden Ridge.

PPK Environment a Infrastructure §IBS1«



other environmental Impacts

Photo 1 "7.G View of the Lucas Heights Science and Technology Centre from Menai.

Glimpses of the Lucas Heights Science and Technology Centre are available to motorists on Old
Illawarra Road, New Illawarra Road and near the junction of Heathcote Road and New Illawarra
Road, where HIFAR is clearly visible above the woodland vegetation in the near background. In
this area too, the disturbed areas of the Lucas Heights Waste Management Centre are exposed to
view, reducing the overall visual quality of the landscape. Motorists, however, are only transient
viewers of the Centre, and thus its visual sensitivity from nearby roads is judged to be low.

Site of the Proposed Replacement Reactor

The site of the proposed replacement reactor, an area of approximately four hectares, is located at
the western end of the existing Lucas Heights Science and Technology Centre. It is bounded by
bushland to the north, south and west, and by the developed area of the Centre to the east.
Mendeleeff Avenue, an internal road within the Lucas Heights Science and Technology Centre,
runs along the eastern perimeter of the site, while Old Illawarra and New Illawarra Roads pass close
to the northern boundary. It is partly vegetated with low heathland shrubs and dry woodland
including an overstorey of medium size trees, ranging in height from 10 to 15 metres, as shown in
Photos 17.7 and 17.8.

Photo 17. "7 Site of the Proposed Replacement Reactor - Northern End, Looking South.
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Photo 1 7.S Site of the Proposed Replacement Reactor - Southern End, Looking West.

The visual quality of the site is low to moderate, since it has been extensively cleared for bush fire
management and contains unsealed fire trails, fill material, a communications tower installation,
overhead electricity lines, and large ground-level concrete slabs at its southern end.

Due to the screening effect of the surrounding vegetation, the site of the proposed replacement
reactor is not visible from any of the viewing locations described above.

17.4.3 Visual and Landscape Impacts

Construction Impacts

Visual impacts associated with construction would involve a temporary reduction in visual
quality associated with vegetation clearance, night lighting, the presence of construction plant
and machinery, and the addition of workshops, fencing, and other human features. However,
only a relatively small area of low lying vegetation would be removed, and vegetation
surrounding Lucas Heights Science and Technology Centre would continue to obstruct views
into the site. These activities are therefore not likely to be visible from most of the viewing
locations described previously.

Motorists on New Illawarra Road and Heathcote Road may catch glimpses of construction activities
following vegetation clearance, however, a substantial amount of vegetation would remain between
the construction site and the roads, and therefore this is considered to be a minor impact.
Construction activities are not likely to be visible from other locations within the viewing
catchment. Visual impacts on sensitive locations in Engadine and other areas are therefore likely to
be minimal.

Normal construction hours would be 7.00 am to 6.00 pm Monday to Friday and 7.00 am to 1.00 pm
Saturdays. However, construction activities may occur outside these hours on occasion. In these
instances night lighting may be erected to facilitate night-time construction. Such works
undertaken during night-time hours would be for limited periods of approximately two months
duration. Limited night lighting is currently used throughout the Lucas Heights Science and
Technology Centre to illuminate carparks, walkways and emergency exits. Additional lighting
would only be required at the site of the proposed replacement reactor. Much of the night lighting
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would be shielded by structures and vegetation and would occur over a short timeframe. Visual
impacts of night lighting during construction would therefore be minor.

Operational Impacts

If commissioned, the main visual impact of the proposed replacement reactor would be the addition
of built structures to an already built-up section of the horizon. Table 17.7 lists the buildings
proposed for the site of the replacement reactor and their possible maximum dimensions.

Table 17.7 Maximum Dimensions of Proposed Replacement: Reactor Buildings

Structure Maximum Height [metres!1

HIFAR2 21

Reactor Building 30

Neutron Guide Hall 10

Stack 50

Pump House 10

Cooling Towers 15

Workshop 10

Note: 1 : The final configuration, height and overall dimensions of buildings and structures would depend on the

design adopted by the selected vendor to satisfy all reactor requirements.

2: Included for comparison to proposed replacement reactor.

Depending on viewing location, parts of the reactor building and the discharge stack would be
visible at the southern end of the Lucas Heights Science and Technology Centre.

A number of features of the siting of the proposal would reduce its visual impact, namely:

B the height and scale of the proposed reactor building and discharge stacks would be
consistent with existing structures at Lucas Heights Science and Technology Centre; and

• from areas north-east of the site, such as Barden Ridge, the proposed replacement reactor
would largely be screened by intervening buildings, leaving existing views mostly unchanged.

In addition, the proposed replacement reactor would be designed to complement existing buildings
within the Centre.

The proposed replacement reactor would represent a relatively small addition to the built
environment of the Centre. This would correspond to a small reduction in the quality of views from
the nearest viewing locations, such as Engadine. However, even at these locations, the proposed
buildings would not make a significant addition to westerly views of the Centre. Impacts on visual
quality for residents in Barden Ridge and Woronora Heights would be minimised by the screening
effect of existing buildings, as described above. In less sensitive viewing locations, such as Menai,
where the Centre appears in the far distance, impacts of the proposal on the existing visual
environment would be minimal.

The reactor building and discharge stack would be significant features of the visual environment
when viewed from near the intersection of Heathcote and New Illawarra Roads. This would affect
mainly motorists, however, and impacts would only be minor, due to the short viewing times
involved.
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Night lighting would be required during operation of the proposed replacement reactor, to satisfy
requirements of staff safety. This would involve lighting of carparks, walkways and emergency exits
as is currently done throughout the Lucas Heights Science and Technology Centre. The exterior of
the proposed reactor building would be illuminated to a level which would allow the use of security
surveillance systems, such as cameras. However, the reactor building would not be fully illuminated
at night, such as currently done for HIFAR, although the system of lighting adopted would also
depend on the final design of the reactor building. Hence the night lighting system would aim to
achieve staff safety with only a minor visual impact.

Overall impacts on visual quality associated with the proposal are therefore expected to be low.

«l 7,4.4 Environmental Management

Specific measures to reduce visual impacts associated with the proposal include:

II ornamental trees with low flammability, such as native rainforest species, would be planted
around structures (in accordance with the requirements of fire hazard management); and

• lighting used during night-time construction activities would to be appropriately shielded
and directed away from the site boundaries.

These management measures would be incorporated into an environmental management plan for
construction of the proposal.

This section of the Draft EIS identifies sites or items of potential heritage significance within the site of the
proposed replacement reactor, including the proposed fuel-reduced zone. Potential impacts of the proposal on
sites or items of heritage significance are addressed, and safeguards to mitigate impacts are outlined. This
section examines the following matters raised by the EIS Guidelines (refer Appendix A).

Section of EiS

Guidelines

7.2.15

7.2.15

8.13,8.16

10.10,10.12

Outline of issue

Sites of Aboriginal or European cultural significance

Sites listed on the Register of the National Estate

Effects on National Estate sites or of Aboriginal or European

cultural significance

Safeguards to mitigate environmental impacts

Section of this
Chapter

17.5.2,17.5.3

17.5.2,17.53

17.5.4,17.5.5

17.5.6

17.5.1 Methodology

Aboriginal

The assessment of Aboriginal archaeology is based on an archaeological report prepared by Helen
Brayshaw Heritage Consultants (1998). This report has been prepared in accordance with the
Aboriginal Cultural Heritage Standards and Guidelines Kit (NSW National Parks and Wildlife
Service, 1997).
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The methodology adopted for assessing Aboriginal cultural heritage included:

• reviewing previous work;

• investigating and documenting the environmental and archaeological context of the
area surveyed;

• consulting with the Gandangara Local Aboriginal Land Council;

• discussing survey results and assessment of heritage values and other issues such as native
title with the Local Aboriginal Land Council;

• field survey of approximately 12 hectares, including both the site of the proposed
replacement reactor and an area of the buffer zone which potentially may be affected by bush
fire hazard reduction activities, and recording of surface archaeological features;

• analysing results and assessing their significance;

• assessing potential impacts of the proposal; and

B developing mitigative and environmental management strategies.

The site of the proposed replacement reactor, a disturbed area of less than four hectares, was
surveyed in parallel transects. Survey coverage at this site and the remaining area subject to field
survey (Figure 17.5) is set out in Table 17.8. The degree of disturbance of the remaining area varied,
however, ground and surface visibility was excellent due to the recent bush fires.

Table 17.S Survey Coverage

Landform Survey Area Exposure Area of Visibility Area Finds
Unit Unit (hec- (R

tares)
/oJ Exposure 1°/

(hec-
tares)

-aJ bailable Landform
for Available

Detection for Site
(hectares) Detection

(hectares)

1.1 100

2.65 100

Ridge Top Site of
(Vegetated) proposed

replace-
ment
reactor

Ridge Top Site of
(Stripped) proposed

r eplace-
ment
reactor

Ridge Top Portion
of Buffer
Zone1

Slope Portion
of Buffer
Zone2

Source: Helen Brayshaw Heritage Consultants, 199B.

l.l 30 033 30

2.65 60 1.6 60

2.4 1.92

4.8

80

80

1.54

2.56

64

64 4
Shelters

with
PAD3

Notes: 1 . This portion of the buffer zone is located directly west of the site of the proposed replacement reactor.

2. This portion of "Che buffer zone is located directly south of the site of the proposed replacement reactor.

3. Potential Archaeological Deposit.
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A range of information sources were consulted or reviewed for this study. Included were
contemporary and historical written reports and documents and discussions with local Aboriginal
community representatives. Commonwealth, State and local authorities were consulted, and the
relevant site register examined. Authorities consulted included the National Parks and Wildlife
Service, the Australian Heritage Commission and the National Native Title Tribunal.

Won- Aboriginal

Investigation of non-Aboriginal heritage involved consulting local, State and Commonwealth
government agencies responsible for maintaining registers and databases of such material.
Requests were made for listings and locations of heritage items to be found at the site of the
proposed replacement reactor and within the bush fire clearance zone. The following agencies
were contacted:

a Australian Heritage Commission;

H National Council of Engineering Heritage (Institution of Engineers, Australia);

• The National Trust of Australia;

• NSW Heritage Office; and

• Sutherland Shire Council.

In addition, items of non-Aboriginal heritage were searched for during the Aboriginal
archaeological field survey.

17.5.2 Cultural Heritage Context

Aboriginal

Environmental Context;

The ridge that separates Bardens Creek and Mill Creek features Triassic Hawkesbury sandstone
bedrock outcrops, standing up from the slopes to the south-west and west and forming occasional
shelters and overhangs. The site of the proposed replacement reactor is on the ridge top, which is
relatively flat. Vegetation is mostly composed of Eucalypt species. On the slopes to the west and
south are heathland and Angophora costata (Smooth-barked Apple) communities. A number of
species occurring in these associations were used by the Aboriginal people for food or materials.

The site of the proposed replacement reactor has been heavily disturbed with evidence of
vegetation clearing, some earthworks and some quarrying activities, with the exception of a portion
of land in the north-eastern sector. This area has also been subject to earthworks and pipe laying
activities, but is still vegetated.

Archaeological Context

Excavation of rock shelter sites at Bardens Creek and Mill Creek, north of the Lucas Heights
Science and Technology Centre, indicates that Aboriginal occupation in this area may have begun
2,000 to 3,000 years ago (Attenbrow and Negerevich, 1981) and lasted until 400 to 500 years ago
(Koettig, 1985).
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Previous Investigations

Several Aboriginal archaeological surveys have been completed in the region surrounding the Lucas
Heights Science and Technology Centre, some of which have involved surveys carried out within
the buffer zone. Rock shelter sites within the Bardens Creek Valley to the north of the Lucas
Heights Science and Technology Centre contain art work and occupation deposits (Silcox, 1994).
Attenbrow and Negerevich (1981) found an average of six to seven sites per square kilometre in
Bardens Creek Valley; and noted that these sites were restricted to slopes only. Koettig (1985, 1990)
excavated a 70 by 25 metre area adjacent to Mill Creek (also to the north of the Centre) and
recorded over 7,000 artefacts. Studies have revealed little evidence of Aboriginal occupation on
ridge tops. Subsequent studies for residential and urban development in ridge top areas off New
Illawarra Road (for example, Corkill 1992, Silcox 1994) did not reveal archaeological sites. Shelters
with visible or potential archaeological deposits were the only site type identified.

Navin Officer (1997) undertook archaeological surveys within the Holsworthy Military Area for the
Second Sydney Airport investigations, and recorded some 289 surface sites in sampling surveys from
an area of 174 square kilometres situated immediately to the west of Heathcote Road. Of these, 53
percent were shelter sites of which over half contained art or archaeological deposits. Open artefact
scatters made up less than seven percent of sites and were most common on elevated plateaus.

Dowling (1990) surveyed land immediately north of the Centre, between Old Illawarra and New
Illawarra Roads, some two kilometres in length to the intersection of Heathcote Road. The only
find recorded was an isolated sandstone block with 12 irregularly shaped engraved depressions
approximately 300 metres west of the site of the proposed replacement reactor.

A site on the National Parks and Wildlife Service register (No. 52-2-13), originally reported in 1965
as being at the eastern end of the Centre, consists of about 17 low stone walls up to 75 centimetres
high. It was regarded at the time as possibly being of Aboriginal origin; however, in 1972 a National
Parks and Wildlife Service ranger concluded that the walls were definitely not of Aboriginal origin,
but rather that they were constructed in connection with military (infantry) manoeuvres during the
1914-18 war.

Based on the results of previous surveys, and given the laridforms occurring in the vicinity of the
Lucas Heights Science and Technology Centre the following archaeological site types are likely to
occur within the area of the field survey:

• open sites in the form of scatters of artefacts, or isolated finds, on plateau tops;

• although such sites would be sparse and within the site of the proposed replacement reactor
they would have likely been disturbed by past land clearing activities;

• shelter sites with art or archaeological deposit, or shelters with potential archaeological
deposits on the slopes overlooking Melinga Molong Gully; and

• possibly grinding grooves associated with shelter sites in the Gully.

Native Title

The Native Title Act, 1993, focuses on continuity of links with an area, and where this can be
demonstrated, Aborigines of local derivation and ancestry will have a case for making native title
claims. As at 14 April 1998 no native title claims have been received by the National Native Title
Tribunal covering either the site of the proposed replacement reactor or the buffer zone.
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Non-Aboriginal

Over the years, there have been several different roads created called Old Illawarra Road and New
Illawarra Road. Sections of Old Illawarra Road were originally cleared in the 1830s and were
surveyed by Thomas Mitchell in 1843. It is the oldest road in the region, originally connecting
Sydney and the southern settlements. It traverses the Holsworthy Military Area and meets with
New Illawarra Road some 600 metres south-west of the Lucas Heights Science and Technology
Centre, at Heathcote Road. It is probable that Old Illawarra Road traces an Aboriginal migration
route which was later used as a track by the early Georges River settlers (Godden Mackay/PPK
Environment & Infrastructure, 1997). The section of New Illawarra Road that traverses the
Holsworthy Military Area is marked on a 1908 plan of the area as Eckersley Road. Built in the
1870s, it connected southern areas to Liverpool (Godden Mackay/PPK Environment &.
Infrastructure, 1997).

There has been little documentation of early European settlement in the Lucas Heights area
(Brayshaw 1984). The earliest known land grant here was made to John Lucas in 1823-4. He
received 150 acres adjacent to the Woronora River and built a mill, which was used for grinding
grain bought from Campbelltown (Dowling, 1990). Land was granted to David Duncombe in 1923-
4 and in years following the main activity appears to have been timber cutting in the Little Forest
and Menai areas. However, no evidence exists or has been documented of this prior occupation
(Australian National Parks and Wildlife Service, 1986).

i 7.5.3 Existing Aboriginal and SNSon Aboriginal Resources

Aboriginal

No Aboriginal relics, sites or potential sites were identified within the site of the proposed
replacement reactor. Four rock shelters with earth floors and potential archaeological deposits
(numbered 1 to 4 in Figure 17.5), were identified in the area of the buffer zone which was surveyed,
all to the south and south-west of the site.

The closest potential archaeological deposit (PAD 1) to the site is in a shelter approximately 30
metres south of the proposed fence line of the site, facing south over the Melinga Molong Gully.
The shelter is 6.7 metres long, 3.5 metres deep and 2.4 metres high.

Results of the survey agreed with the pattern recorded during previous investigations: no sites were
found on the plateau but rock shelters on the slopes below provided possible evidence of
occupation. The four shelters recorded (PADs 1 to 4 in Figure J 7-5) have no visible archaeological
manifestations, but have earth deposits which may contain cultural material below the surface.

Non-Aboriginal

No non-Aboriginal cultural or heritage items were identified within the site of the proposed
replacement reactor. Nearby sites or items of non-Aboriginal cultural heritage are recorded on the
registers of agencies listed in Section 17.5.1, and include:

• possible sites of European settlement along Barden Creek, north of the proposal site (NSW
Heritage Office, 1998 pers. com.; Attenborough, 1998 pers. com.). Items include a stone
wall and remains of a bed frame (possibly dating from the Great Depression in the 1930s);

• Old Illawarra and New Illawarra Roads to the west of Heathcote Road within the
Holsworthy Military Area are listed with the National Trust (Godden Mackay/PPK
Environment & Infrastructure, 1997);
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• Old Illawarra Road, Lucas Heights is listed as an archaeological site under Sutherland Local
Environmental Plan, 1993. This site relates to a track crossing the Woronora River between
Old Illawarra Road at Barden Ridge and Woronora Road at Engadine; and

• a site on the National Parks and Wildlife Service Register (No. 52-2-13), originally reported
in 1965 may be evidence of European settlement. It consists of some 17 low stone walls up
to 75 centimetres high, and is at the eastern end of the Centre, about 100 metres south-west
of the Biomass Research Facility Building. It is probable these walls were constructed in
connection with military (infantry) manoeuvres during the 1914-18 war.

The National Trust has proposed that Holsworthy Military Area should be designated a "landscape
conservation area". It is considered by the Trust to have significance for its European and Aboriginal
cultural heritage, threatened flora and fauna species, and in other areas (National Trust, 1996). As
a consequence, the Military Area has been entered on the interim list of the Register of the
National Estate as 'Cubbitch Barta National Estate Area'. As no objections have been raised to the
listing, it will be entered on the Register at the next available gazettal, expected to be in mid-1998
(Australian Heritage Commission, 1998a).

Heathcote National Park, located on the southern boundary of the buffer zone, is already listed on
the Register, principally for its recreational and aesthetic features, and for the landscape quality of
the Heathcote River gorge (Australian Heritage Commission, 1998b).

17.5.4 Aboriginal Cultural Heritage Impacts

Results of the field survey indicate that there is no archaeological constraint to the proposed
construction of the replacement reactor. For the immediate environs, the closest potential
archaeological deposit is a rock shelter approximately 30 metres from the proposed external security
fence for the replacement reactor, outside the proposed fuel-reduced zone. Although not directly
impacted by any construction activities or works associated with bush fire hazard reduction, this
shelter is on the downhill slope from the proposed fuel-reduced zone and may potentially receive
sediment runoff from earthworks associated with clearing that area.

The heritage value of any particular Aboriginal site, that is, the assessed Aboriginal, scientific and
public significance of its archaeology, provides the basis for its management (Sullivan and Bowdler,
1984). Rock shelter sites have considerable potential to provide information about early
occupation of an area, because their deposits are stable and can preserve cultural and organic
materials for long periods of time in chronologically stratified and datable contexts. The
significance of archaeological deposits generally cannot be assessed without some amount of test
excavation, although excavation would not be necessary if the sites were not to be affected by the
proposal. Three of the potential archaeological deposits would not be affected by the proposal or
any activities associated with the proposal.

In the case of the closest shelter potentially affected (PAD I), impact would only occur should bush
fire hazard reduction activities be carried out in the area immediately surrounding the deposit, such
as might be brought about by clearing a firebreak with a bulldozer, or should any change occur to
existing drainage and water runoff patterns. A subsurface archaeological investigation would be
needed if it were to be affected by any of the works described above to determine, first of all,
whether it is in fact a site. Before any test excavation, a permit would be required from the National
Parks and Wildlife Service. It should be noted, however, that no such works are proposed during
construction or operation of the proposed replacement reactor which would have the potential to
directly affect this deposit and necessitate a permit.
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17.5.5 Non-Aboriginal Cultural Heritage Impacts

Construction traffic would access the site of the proposed replacement reactor via a portion of
Old Illawarra Road between the entrance to the Lucas Heights Science and Technology Centre
and Mendeleeff Avenue. This section of Old Illawarra Road forms part of the northern boundary
of the site of the proposed replacement reactor. Some modification of portions of Old Illawarra
Road may be required to give access to construction traffic. This part of Old Illawarra Road is not
identified as a heritage item on the registers of the National Estate, the National Trust or
Sutherland Shire Council.

There are no sites of non-Aboriginal heritage significance that would be directly affected by the
proposal. The proposed replacement reactor would also not affect the cultural heritage significance
of the Holsworthy Military Area or Heathcote National Park.

17.5.G Environmental Management

Aboriginal

Rock shelter PAD 1 would not be directly impacted by any construction activities or bush fire
hazard reduction. The shelter would, however, be noted as a potential archaeological deposit, and
environmental management would involve constructing a bund at the southern edge of earthworks
directing water runoff around the shelter as described in Chapter 8.

PAD 1 represents an ongoing management issue for the buffer zone. Because of the potential that
it could contain archaeological material, it would be subject to provisions of the National Parks and
Wildlife Act 1974- Any alteration to this shelter in the future, brought about by changes to
environmental management practices, that might affect the deposit and any cultural material
within it, would require a permit from the Director, National Parks and Wildlife Service.

The interests of the Gandangara Local Aboriginal Land Council must be taken into account with
regard to any activities that might affect Aboriginal heritage. Any permit applications to the
National Parks and Wildlife Service should be accompanied by a statement from the Land Council.

Wean-Aboriginal

No mitigation measures are required for non-Aboriginal heritage impacts.
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Management and
Monitoring

This chapter outlines the existing environmental management framework applicable to the Lucas Heights
Science and Technology Centre. It describes the approach to environmental management for construction
and operation of the proposed replacement research reactor and consolidates information on the regulatory
framework, legislation and environmental commitments for management, monitoring and auditing. It
examines the following matters raised by the E1S Guidelines (refer Appendix A):

Section of E1S Outline of Issue Section of
Guidelines this Chapter

10.1 Consolidate information on the regulatory regime and draw together 18.1.3,
specific commitments which the proponent will make for the protection of Append.it: I
the environment.

10.2 A consolidated list of commitments indexed and cross referenced tothe Appendixl
text

JO.3 A clear analysis of the likely effectiveness and secondary effects of Appendix I
environmental safeguards and monitoring programs

10.4 Overall management philosophy to be applied to the replacement reactor 18.2.1
and an outline of any environmental and safety management plans for
construction and operation

10.5 Monitoring and quality assurance programs designed to ensure 18.1.5,18.1.6,
environmental safeguards are being effectively applied and to identify and 18A-2
measure any differences between predicted and actual impacts

10.6 Details of any environmental management system to be used for the 18.2.1, 1 8.3.1,
proposal and its faciH ties 18.4-1

10.7, 10.8 Reference to relevant legislation, standards, codes and policies. The 18.1.3,
bodies responsible for implementing each of the various environmental Appendix D
safeguards and monitoring programs should be identified and their roles
explained. Arrangements for making public any environmental
management plans and monitoring results should be provided.

10.9 Overview of regulatory infrastructure to oversee Commonwealth nudear 18.2.2
activities and the role and likely requirements of the proposed Australian
Radiation Protection and Nudear Safety Agency.

10.16 Education of workforce 18.3.1

10.18 Monitoring programs to ensure environmental protection measures are 18.2.3, 18.4-2,
applied effectively Appendix I
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Section of E1S
Guidelines

10.18

10.18

10.19

Outline of issue

Mechanisms for handling pollution incidents

Responsibility for monitoring programs identified and arrangements for
making use of outside expertise

Provision for tightening of environmental standards, response
mechanisms, imposition of penalties and further remedial action if
monitoring indicates unexpected environmental degradation or health

Section of
this Chapter

18.1.2

18.1.2,18.13,
18.1.4,18.1.5

18.2.2,18.23

10.20 Existing monitoring programs run by ANSTO

2 0.21 Monitoring of all discharges to the environment

10.22 Monitoring of stored wastes and risk of leakage, including public
disclosure

10.23 Monitoring by State agencies

10.24 hdependentmonitoring, review and audit by regulatory authorities

10.25 Monitoring of adequacy of emergency procedures

10.2 6 Monitoring of safety and health

10.27 Additional monitoring programs

10.28 Communit y attitudes

10.29 Prowsion for liaison/consultation

18.1.5

18.13,18.1.5,
18.4-2

18.1.2,18.1.5,
18.1.6

18.1.3

18.13,18.2.2

18.13,1 8.2.2

Appendix 1

18.2.2,18.23,
Appendix I

18.4.2

18.3.2,18.43

18.3.2,18.43

i P ^

18.1,1 Irrtraducision

Environmental management of ANSTO's activities at the Lucas Heights Science and Technology
Centre is prescribed by the following policies:

• the Health, Safety and Environment Policy (ANSTO, I998g) - the emphasis of this policy is
on public health and safety external to the Lucas Heights Science and Technology Centre,
although its principles are equally relevant and apply to ANSTO staff;

• Occupational Health and Safety Policy (ANSTO, I993e) - the emphasis of this policy is on
radiological and occupational protection of staff; and

• Radioactive Waste Management Policy (Levins et al, 1996) - the emphasis of this policy
relates to the manner in which ANSTO manages radioactive waste at the Lucas Heights
Science and Technology Centre.

These existing policies form the basis of ANSTO's environmental management system. These
policies and the existing environmental management system would continue to apply to the
replacement research reactor, but would be refined and updated in accordance with ANSTO's
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commitment to continual improvement and to take account of any specific regulatory requirements
promulgated by the new regulatory authority ARPANSA. This chapter outlines the existing
environmental management framework applicable to the Lucas Heights Science and Technology
Centre as a basis for describing the environmental management systems that would be in place for
the proposed replacement research reactor.

18.1.S AlWSTO's Existing Environmental Management
Systems

Health, Safetiy and Environmental Policy

Due to the close association between health, safety and environmental protection, ANSTO has
incorporated management of the three issues under the one policy; the Health, Safety and
Environment Policy. This policy states that ANSTO will undertake its activities in a manner that
protects human health and the environment; promotes a positive safety culture and strives for
continual improvement in safe working practices; is in accordance with national and international
standards; and complies with ANSTO's quality policy.

Within the framework of the Health, Safety and Environment Policy, ANSTO is committed to
providing verifiable evidence of compliance with the policy by:

• a program of monitoring, auditing and reporting; and

• ongoing community dialogue on the policy and its implementation.

The policy recognises ANSTO's obligations in the area of radiological protection to ensure that
radiation doses to staff and the community comply with limits determined by the International
Commission on Radiological Protection and the Australian National Health and Medical Research
Council, and are as low as reasonably achievable, taking into account economic and social factors.

ANSTO also has an ongoing commitment to the achievement of quality system requirements, as
set out in the ISO 9000 series. Procedures have been developed for ANSTO as a whole, however
responsibility for development and implementation of applicable quality systems within Divisions
rests with the respective Division Directors. Some Divisions as a whole, or sections therein, such as
the Engineering Division, the Nuclear Technology Division and Radiopharmaceutical Operations
have achieved Third Party Certification, whilst others are still progressing towards formalising
existing quality assurance practices. ANSTO's Health, Safety and Environment Policy is intended
by ANSTO to be revised to take account of the principles contained within the ISO 14000 series.

Occupational Health and Safety Policy

In 1992 ANSTO adopted a revised occupational health and safety policy to comply with the
requirements of the Occupational Health and Safety (Commonwealth Employment) Act 1991. Under
the provisions of this Act the Executive Director of ANSTO has the statutory obligation to ensure
that the health and safety of staff is protected and that the provisions of the Act are implemented.
The overall ANSTO safety structure is described in Chapter II and recognises four essential
components:

• an effective health and safety program with overall responsibility for radiation protection,
occupational health and safety, safety of experiments and operational activities and onsite
emergency arrangements;
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B dedicated arrangements for nuclear plant safety, interfacing with the health and safety program
and involving independent external oversight and review by the Nuclear Safety Bureau;

• workplace consultation in accordance with the principles prescribed by the Commission for
Safety, Rehabilitation and Compensation for Commonwealth Employees; and

• periodic external review of the overall safety practices and performance of ANSTO by the
Safety Review Committee.

Safety directives relating to the Occupational Health and Safety Policy cover areas such as
occupational health and safety administration, emergency services, radiological safety, occupational
hygiene, safety engineering and industrial safety, medical services and personnel monitoring,
protective clothing and equipment and safety training. In relation to radiological safety the relevant
directive adopts the recommendations for radiation protection made by the International
Commission on Radiological Protection and by the Australian National Health and Medical
Research Council of reducing doses to as low as reasonably achievable. The safety directives apply
to all ANSTO staff and by agreement, to all staff of all Commonwealth Scientific and Industrial
Research Organisation units located at the Lucas Heights Science and Technology Centre, as well
as to all other persons working at the Centre.

Radioactive Waste Management Policy

In 1995 ANSTO adopted a radioactive waste management policy and an associated waste
management action plan. The policy and action plan are described in greater detail in Chapter 10.

Mechanisms for Handling Pollution Incidents

As discussed in Chapter 11 the emergency planning arrangements for dealing with accidents,
incidents or emergencies having only consequences within the Lucas Heights Science and
Technology Centre are:

• the Lucas Heights Science and Technology Centre Emergency Plan, for circumstances which
can be handled by ANSTO personnel; and

• the ANSTO Emergency Plan (DISPLAN) for circumstances requiring assistance and
control from NSW Combat Agencies, with technical support from ANSTO personnel.

For accidents, incidents and emergencies with off-site consequences the Sutherland Shire Local
Disaster Plan (DISPLAN), St George-Sutherland District Disaster Plan (DISPLAN) and NSW
State Disaster Plan (DISPLAN) would apply, as relevant. ANSTO's DISPLAN is rolled into these
and is fully compatible with them.

In all cases ANSTO's Safety Division would be notified and would be involved in the investigation
and response to the incident. For environmental matters, the Environment Division would also be
notified and involved. For significant incidents, not requiring immediate emergency response,
ANSTO's Government and Public Affairs Division would be notified and would act as liaison with
the appropriate external agencies, including the Nuclear Safety Bureau, the Safety Review
Committee, the Australian Radiation Laboratory and the NSW Environment Protection Authority.
Safety related incident notification arrangements are shown in Figure 18.1.
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RSC= Reactor Safety Committee
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18.1.3 Regulatory Regime

An overview oí the regulatory regime which applies to HIFAR and which would apply to the
construction and operation of the proposed replacement research reactor is provided in Chapter 3.
A description of the relevant legislation, standards, codes and policies is provided in Appendix D.

Following the withdrawal of the NSW Environment Protection Authority from monitoring of the
site in 1992 an agreement was reached between ANSTO, the Nuclear Safety Bureau and the
Australian Radiation Laboratory for the interim monitoring and evaluation of radioactive
discharges (airborne and liquid) pending establishment of a Commonwealth regulatory agency. The
Australian Radiation Laboratory requests samples from ANSTO in order to audit ANSTOß
monitoring procedures and results. The Safety Review Committee periodically reviews ANSTO's
environmental monitoring policy and practices and the Australian Radiation Laboratory is
represented on the Safety Review Committee.
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Monitoring and auditing carried out by the Nuclear Safety Bureau, Safety Review Committee and
Australian Radiation Laboratories in relation to ANSTO's activities are outlined in Table 18.1.

Table 1B.1 : Monitoring and Auditing of ANSTO's Existing Activities

Authority/Ares of Responsibility

Nuclear Safety Bureau

• Radiation protection at HIFAR

• Airborne discharges

Liquid discharges

Emergency management
arrangements

• Training and accreditation of •
HIFAR operating staff

• Unusual operating events in nuclear •
plant

• Safety Review Committee
8 Reactor safety •

• Storage of nuclear material •

• Emergency planning •

• Waste management •

• Health and safety •>

• Australian Radiation Laboratory

,• Airborne discharges •

• Liquid discharges •

Source: Nuclear Safety Bureau. 1S97a.

What is Monitored/Audited?

Monitoring of radiation protection iss ues

Audit of radiation protection of HIFAR staff against
HIFAR authorisation

Independent calculation ofradiation doses

Inspection of monitoring equipment

Audit of radioactive discharges with Australian Radiation
Laboratory

Inspection ofmonitoring equipment

Audit of radioactive discharges with Australian Radiation
Laboratory

Participation in Local Liaison Working Party

Participation as observers in exercises

Monitoring of accreditation and reaccreditation
procedures

ANSTO required to report "abnormal occurrences" to
Nuclear Safety Bureau

Review of programs, procedures and incidents

Review of programs, procedures and incidents

Review of programs, procedures and incidents

Review of programs, procedures and incidents

Monitoring radiation doses and occupational health and
safety statistics

Independent verification of ANSTO monitoring
measurements

Independent verification of ANSTO monitoring
measurements

18.1.4 Management Structure

All staff are responsible for ownership of ANSTO's Health, Safety and Environment Policy and for
ensuring that their activities are carried out in compliance with this policy and environmental
management directives and procedures. Specific responsibility for managing the environment rests
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with the Executive Director of ANSTO and the Division Directors. Areas of responsibility for
monitoring and auditing of ANSTO's environmental management at the Lucas Heights Science
and Technology Centre are shown in Figure 18.2.
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Figure 18.9
Environmental Management; Organisational Structure

An Environmental Monitoring Committee has been established to advise the Senior Management
Committee, through the Director, Environment Division, on relevant issues associated with the
implementation of the Health, Safety and Environment Policy. The roles of the Environmental
Monitoring Committee are to:

• recommend to the Director, Environment Division for approval, an environmental
monitoring program as the primary means by which ANSTO demonstrates compliance with
the Health, Safety and Environment Policy;

• present to the Director, Environment Division for public release, the annual report on
environmental and effluent monitoring at the Lucas Heights Science and Technology Centre;

• recommend to the Director, Environment Division any changes to the monitoring program,
the sampling regime and the analytical procedures;
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• in consultation with ANSTO's Manager Quality, recommend to the Director, Environment
Division steps towards the implementation of AS/NZS ISO 14001 "Environmental
Management Systems - Specification with Guidance for Use" (Standards Australia, 1995);

• contribute to relevant aspects of ANSTO's public information programs; and

• initiate scientific investigations into aspects of the monitoring programs.

Health and safety aspects of the Policy are assessed and approved by the Safety Assessment
Committee.

18.1.5 Monitoring Programs

Environmental management and monitoring programs currently implemented at the Lucas Heights
Science and Technology Centre include meteorology, surface water, soils, environmental radiation
and waste management (including solid wastes, liquid wastes, airborne emissions and low level
liquid effluents). ANSTO's environmental monitoring programs are designed to ensure any
radiation exposure arising from operations at the Lucas Heights Science and Technology Centre are
within the limits set by the relevant international guidelines and the National Health and Medical
Research Council as described in Chapters 10 and J J.

The principles used by ANSTO for the control of any gaseous emissions from the Lucas Heights
Science and Technology Centre are:

• measurements are made at each stack of any emitted radioactivity to confirm that the
amounts are well below agreed working levels for each stack;

• detectors are placed around the perimeter security fence of the Lucas Heights Science and
Technology Centre to detect radioactivity in the air;

• these two processes ensure that there are no significant amounts of radioactivity in the air;

• calculations are made of the worst possible exposure for a person assumed to live
continuously in the open at the buffer zone boundary and to eat locally grown produce.
These calculations confirm that worst possible doses are very small (Hoffman et al, 1995,
I996andl997);and

• in addition, samples are taken of soil, water and flora in the local area to confirm that there
is no contamination above natural background.

All such processes are reviewed and validated by the appropriate authorities, as discussed in
Section 10.5.4.

A summary of ANSTO's existing environmental monitoring program is contained in Table 18.2 and
the locations of monitoring sites at the Lucas Heights Science and Technology Centre are shown in
Figure 183.
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Table 1B.E:

Program

Meteorology

Environmental IVlanifcoring Programs

Where

Lucas Heights
meteorological tower,
Shackles Estate, Lucas
Heights Community School
and Boys Town School

What: is Measured

Wind speed and direction
Stability category
(atmospheric
turbulence/mixing layer)
Rainfall and evaporation
Temperature
Solar radiation intensity

Relevant
Legislation/Guidelines

n/a

Surface Water

Sea Water

Soils/
Sediments

Environmental
Radiation

® MDP Creek, Bardens •
Creek

• Lucas Heights Science .
and Technology
Centre stormwater
bunds

o Strassman Creek •

« Bardens Creek »

• Forbes Creek •

• Woronora River •

» Potters Point outfall •
• Potters Point outfall •

(Blackfish, Barnacles,
green algae)

• In the vicinity of •
effluent pipeline

• Lucas Heights Science •
and Technology
Centre stormwater
bunds

• 15 locations around •
the Lucas Heights
Science and
Technology Centre
perimeter security
fence

« Three pr ivate hous es •
(Barden Ridge,
Engadine, Woronora)

Tritium, gamma
spectrometry and
alpha/beta activity

Tritium

Gross alpha/beta activity

Gross alpha/beta activity,
tritium

Tritium

Tritium

Tritium
Gamma spectrometry

Gamma spectrometry and
alpha/beta activity

Gamma spectrometry and
alpha/beta activity

Ambient external gamma
radiation

Ambient external gamma
radiation

NSW Clean Waters
Regulations, 1972

NSW Clean Waters
Regulations, 1972

NSW Clean Waters
Regulations, 1972

NSW Clean Waters
Regulations, 1972

NSW Clean Waters
Regulations, 1972

NSW Clean Waters
Regulations, 1972

Sydney Water Trade Waste
Agreement

NSW Clean Waters
Regulations, 1972

National Health and
Medical Research Council,
International Commission
on Radiological Protection

National Health and
Medical Research Council,
International Commission
on Radiological Protection
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Program

Air Quality

Waste
Management

Where

Four continuous air
sampling stations
along eastern fence
boundary perimeter

What is Measured

Ambient iodine-131
concentration

Relevant
Legislation/Guidelines

National Health and
Medical Research Council,
Int ernation al Co mmiss ion
on Radiological Protection

Low Level •
Liquid Effluents

Airborne •
Emissions

Source; Hoffman

Waste management •
facilities

Buildings 3, 19, 20, •
21A, 2 IB, 23 A 23 B,
41,54,56,57,64A,
64B and HIFAR

et al, 1997.

Gross alpha/beta/gamma
activity, pH, ammonia,
chromium, biochemical
oxygen demand,
suspended solids, total
grease, tritium

Gamma emitters, noble
gases, gross alpha/beta and
tritium, iodine

WHO Guidelines for
Drinking Water Quality
Former NSW Radioactive
Substances Regulations,
1959
Sydney Water Trade Waste
Agreement

NSW Radiological
Advisory Council
Discharge Authorisation,
Nuclear Safety Bureau
Discharge Authorisation

In addition, in accordance with ANSTO's Waste Management Policy (Levins, 1997), the following
actions are to be implemented to monitor stored waste and the risk of leakage:

• compiling an inventory of all solid radioactive waste at the Lucas Heights Science and
Technology Centre;

• assessing waste conditioning and packaging processes to determine the extent to which they
comply with best practice storage requirements;

• continuous monitoring for leaks from intermediate level waste tanks in Building 57; and

• undertaking a survey of all major sources of tritium entering the water circuit and modifying
operational procedures to reduce tritium levels.

1B.1.G Reporting

ANSTO reports on its environmental monitoring through: weekly and monthly reports on airborne
emissions to the Nuclear Safety Bureau and Australian Radiation Laboratory; quarterly reports on
liquid and airborne discharges to the Nuclear Safety Bureau, Australian Radiation Laboratory,
NSW Environment Protection Authority and Sydney Water; and an annual report. The annual
report presents the results of environmental and effluent monitoring conducted in the vicinity of
the Lucas Heights Science and Technology Centre. The report compares all low level liquid and
gaseous effluent discharges with existing discharge authorisations and relevant legislation and
regulations. The report also estimates the potential doses to the general public from controlled
airborne discharges during the course of a year.

In addition to the annual reports ANSTO has issued a number of reports which consolidate
information about ANSTO's environmental monitoring programs. These reports include:

• an updated analysis of the Lucas Heights climatology, 1975-1996, Clarke and ANSTO
(I997);and

• ANSTO's Radioactive Waste Management Policy - Preliminary Environmental Review,
Levins et al (1996).
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18.2.1 Approach fco Environmental Management;

ANSTO has a commitment to ongoing review and updating of its policies and processes to ensure
compliance with all relevant legislation and consistency with best international practice. ANSTO
is committed to moving towards an environmental management system that is consistent with the
principles of the ISO 14000 series. ISO 14001 requires management to define an organisation's
environmental policy and ensure that it:

li is appropriate to the nature, scale and environmental impacts of the organisation's activities,
products or services;

• includes a commitment to continual improvement and prevention of pollution;
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• includes a commitment to comply with relevant environmental legislation and regulations
and with other requirements to which the organisation subscribes;

• provides the framework for setting and reviewing environmental objectives and targets;

• is documented, implemented, maintained and communicated to all employees; and

• is available to the public.

This environmental management system would be supported by quality assurance programs,
designed to ensure that environmental management and monitoring are being effectively applied.

The requirements of relevant laws and regulations for environmental protection and monitoring
would also be incorporated to ensure compliance with local, national and international regulatory
initiatives. Community consultation and public health would continue to form a key component of
effective environmental management in the social context of the proposal. Figure 18.4 provides a
summary of the inter-relationship of the various approaches to environmental management and
how these approaches take account of the principles of ecologically sustainable development that
are described in Chapter 2,

Revision and updating of the existing environmental management system to accommodate the
replacement research reactor would involve putting in place the necessary management controls
through the licensing process and the Safety Analysis Report by drawing together the existing
environmental and waste management policies, management structures, emission control measures
and monitoring programs.

18.8.8 Role of ARPANSA and Oteher Regulatory Authorities

A new body to be called ARPANSA will be established as described in Chapter 3 with the combined
resources of the Nuclear Safety Bureau and the Australian Radiation Laboratory. The
authorisations currently issued by the Nuclear Safety Bureau to regulate the operation of HIFAR
are equivalent to a licence and give wide powers of inspection and authorisation of activities.
Establishment of ARPANSA will strengthen the legal system in respect of the operation of the
replacement research reactor, as well as all other radiation and nuclear activities undertaken by the
Commonwealth by creating a formal licence system. The "relevant legislation" listed in Table 18.2
will be replaced by the Australian Radiation Protection and Nuclear Safety Agency Act, which is
currently before Parliament, and subsequent regulations.

The role of ARPANSA in environmental management and monitoring will be to:

• regulate all activities involving potential environmental impact of radioactive material not
just releases from the replacement reactor; and

• ensure all ANSTO activities, including operation of the replacement reactor, comply with
the prescribed standards.

ARPANSA will have the legal authority to grant licences during design, construction and operation
of the replacement reactor. The requirements of these licences would form the primary basis of the
environmental management and monitoring systems for both the construction and operation of the
replacement research reactor. In addition, regulation of radiation and nuclear activities by
ARPANSA would involve the imposition of penalties for breaches of certain requirements under
the Act, including a breach of standards prescribed by ARPANSA and licence conditions. A licence
may prescribe a requirement to:
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• conduct regular safety verifications in respect of radiation exposure and provisions for
protection and safety;

• conduct investigations relating to breaches and take appropriate remedial and
preventative actions;

• report breaches or suspected breaches of radiation standards and any corrective or
preventative action taken;

• permit access for authorised inspectors to conduct audits, inspect records and ensure
compliance with the requirements of the legislation;

• maintain, implement and document protection and safety programs;

• ensure the currency of relevant qualifications of licence holders, such as ANSTO and their
employees; and

• obtain prior approval for any modifications to a radiation source or practice where such
modifications could have the effect of increasing exposure or the risk of potential exposure
to radiation.

The following bodies would also be established under the legislation which would create
ARPANSA:

• the Radiation, Health and Safety Advisory Council, which would perform the same role as
the former National Health and Medical Research Council Radiation Health Committee;

H the Nuclear Safety Committee; and

B Radiation Health Committee.

These and other committees would be responsible for specialist issues including overseeing
development and implementation of relevant national standards, codes of practice, guidelines
and recommendations.

Other authorities and regulatory bodies would also have a role in licensing and advising on various
activities associated with the operation of the replacement research reactor. Sydney Water
Corporation would continue to regulate the discharge of wastewater to the sewer system.
Consultation would be undertaken with authorities such as Sydney Water, the NSW Environment
Protection Authority and the NSW Fire Brigade, to ensure that appropriate impact prevention and
mitigation measures are implemented in the context of regional, environmental and social issues.

18.2.3 Environmental Management; Commitments

Part E of this EIS has outlined the environmental management measures that would minimise the
environmental impact of constructing and operating the proposed replacement research reactor.
Appendix I summarises the environmental management measures that would be adopted as
ANSTO's commitments during construction and ongoing operations. These commitments, to
achieve a desired environmental outcome, or to undertake certain activities to mitigate adverse
impact, form an important component of the approach to environmental management.
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1B.3 Environmental Management During Construction

IB.3.1 Environmental Management Systems

As described in Chapter 5 the replacement research reactor would be designed and constructed by
a suitably qualified vendor with nuclear expertise under a "turnkey" contract administered by
ANSTO. The vendor undertaking the contract would be required to implement an environmental
management system for the project consistent with the requirements of AS/NZS ISO 14001
(Standards Australia, 1995). Construction would only commence when the relevant authorities
were satisfied that the environmental management system had identified all relevant legislative
requirements and was consistent with the undertakings and conditions of approval following
determination of the replacement reactor proposal.

The environmental management systems that would be used during construction of the
replacement research reactor are as follows:

• the Health, Safety and Environment Policy, the Occupational Health and Safety Policy and
the associated Safety Directives would continue to provide the basis for managing ongoing
activities at the Lucas Heights Science and Technology Centre;

• an environmental management plan would be prepared to address issues such as waste
minimisation, dust suppression, noise control, erosion and sedimentation control, soil and
water management, traffic control, occupational health and safety, landscaping and
rehabilitation in accordance with the environmental commitments and management
measures outlined in Appendix I. An outline environmental management plan for
construction is provided in Appendix ];

• a program of community liaison and reporting during the construction period, managed by
a community liaison manager designated by ANSTO;

• appointment of an environmental manager by the vendor, responsible for overseeing
successful implementation of the construction environmental management plan;

• designation of an environmental manager by ANSTO, responsible for monitoring and
auditing the implementation of the vendor's environmental management plan;

• a workplace procedures manual would be developed by ANSTO and implemented as the
principal reference for personnel working at the site during the construction period. The
manual would incorporate information on all relevant legislation and ANSTO policies and
would be appended to, or form part of, the construction environmental management plan; and

• an induction training program would be implemented for all new personnel attending the
site of the proposed replacement research reactor dealing with safety, emergency
arrangements, environmental issues, responsibilities and management requirements.

1S.3.2 Community Liaison and Reporting

Community consultation and liaison is an important part of the approach to environmental
management and would be the responsibility of ANSTO. Successful construction of the proposed
replacement research reactor requires it be undertaken in a manner which maintains community
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awareness of the various stages of construction and its likely level of impact on individual and
community amenity. Thus a consultation strategy during construction would:

• ensure the community is kept informed on the progress of the project through a variety of
mechanisms such as media releases, letter box drops and a toll free project hotline during the
construction period; and

• ensure the community is notified of any potential traffic or other disruption.

The consultation strategy would include communities immediately adjoining the buffer zone to the
proposed replacement research reactor, Sutherland Shire Council, relevant NSW government
authorities such as NSW Environment Protection Authority, Department of Land and Water
Conservation, Department of Urban Affairs and Planning and other interest groups. ANSTO's
community liaison manager would be the principal contact. ANSTO is in the process of developing
a customer service charter which, among other things, will address provision of information. All
members of the community would have access to a complaints handling and resolution procedure
developed by ANSTO to ensure complaints are recorded and addressed. As part of the
environmental management plan for construction ANSTO, most likely involving a third party,
would report publicly on issues relating to the number of complaints received, how these complaints
were resolved and if they impacted on the project.

1B.4.1 Environmental Management Systems

A specific environmental management plan would not need to be developed for the operation of
the proposed replacement nuclear research reactor as it can be incorporated within the existing
ANSTO policies, which make up its existing environmental management system, and the
regulatory framework within which the reactor would operate. The Safety Analysis Report, which
would assess in detail all the risks associated with operation of the reactor is the principal document
which ensures that operation of the reactor would comply with the regulatory and licensing
processes of ARPANSA. The Safety Analysis Report would be a "living" document which would be
regularly updated, reviewed and audited throughout the life of the reactor.

Further, a range of environmental policies as described in preceding sections of this chapter control
and manage all activities conducted at the Lucas Heights Science and Technology Centre. These
documents in combination with the environmental management measures and commitments
identified in this Draft EIS and summarised in Appendix I would form the basis of the environmental
management system which would apply to the operation of the replacement research reactor.

1B.4.S Modifications to Existing Environmental
Monitoring

ANSTO's current environmental monitoring strategy is designed to ensure that any radiation
exposure arising from operations at Lucas Heights are within the limits set out by regulator
requirements and relevant national and international guidelines. This strategy would continue to
apply for the replacement research reactor and would be extended to identify and measure any
differences between impacts predicted in this Draft EIS and actual impacts, should they occur.
Modification of the existing environmental monitoring strategy would be required as a result of the
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proposed replacement research reactor and as operations and plant processes were developed and
refined. Table 18.3 indicates what modifications would be made to the existing monitoring strategy.

Continued monitoring of baseline conditions would enable further expansion of the existing
environmental monitoring program to incorporate monitoring and auditing over the life of the
proposed replacement research reactor.

Table IB.3: Modifications Required to the Existing Monitoring Strategy for AN5TD

Monitoring Program

Meteorology

Surface Water

Ground water

Soils

Environmental Radiation

Waste Management

Airborne Emissions

Action Required

No change required

Expand to determine impacts on the environmental quality and amenity of
creeks within the buffer zone a s a consequence of construction and continue
as part of a broadened state of the environment report

Initiate a program to monitor groundwater exposure pathways by analysing
for gross alpha/beta and gamma activity, and tritium

No change required

No change required

Install airborne effluent stack discharge monitors to sample for gamma
emitters, noble gases, gross alpha and gross beta activity and tritium for the
replacement research reactor

Low Level Liquid Effluents No change required

18.4.3 Community Liaison and Reporting

ANSTO already has a number of activities for reporting environmental performance to the
community. These include publishing an annual report Environmental and Effluent Monitoring at
Lucas Heights Science and Technology Centre that is made available to the public. This technical
document would be complemented by the annual publication of a combined environmental
performance-occupational health and safety newsletter in accessible language, which would be
available to the public. A publication on the waste held on the site and how it is managed has been
published and will be revised periodically. ANSTO has made presentations to community groups on
aspects of waste management, such as discharges to the sewer, and will continue to do so on request.
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This chapter discusses the decommissioning of both HIFAR and the proposed replacement research reactor.
ANSTO would decommission HIFAR when the replacement reactor is fully operational, and eventually
the replacement reactor would itself be decommissioned at the end of its operational life. It examines the
following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS Outline of Issue
Guidelines

9.1 Furth er studies require d

9.2 Background to decommissioning; including regulatory framework
and obligations

9.3 Likely timings and estimated costs

9.4 Prudent and feasible options and strategies

9.5 Integrity over time of any proposed entombment measures

9.6 Overseas experience

9.7 Options fo r treatment or disposal of radioactive wastes

9.8 Addition al s tor age requiremen ts for fue I elements

9.9 Risksto the environment andhuman health and measures to reduce
these risks

9.20 Risksto proposed replacementreactor

9.11 Site c ontamination risks and remediation

9.12 Security ami maintenance

9.13 Treatment of non-radioactive equipment

9.14 Final use of the site and long term implications

10.15.6 Environmental safeguards and management associated with
decommissioning

Section of
this Chapter

19

19.

19.

19.
19

19.

.1.2,19.5.1

.1.1,19.1.2

.2.1,19.3.2

1.2,19.2.1,
.3.1,19.3.2

.1.1,19.2.1

19.1.3

19.4

19.4

19.5.1

19.5.1

19.5.1

19.1.5

19.4.4

19.5.2

19.4

19.1.1 What: is Decommissioning?

Decommissioning is the process by which a reactor is taken out of operation and dismantled. In
most, but not all cases, the ultimate aim of decommissioning is to enable the use of the reactor site
without restrictions regarding radioactivity. Decommissioning is considered to commence with the
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final shutdown of the reactor and involves a series of planned actions which are designed at all
times to protect the health and safety of workers and members of the public, as well as protecting
the environment.

During operation of a research reactor, the primary source of radioactivity is contained in the fuel
elements. However, neutrons produced during reactor operation can cause other parts of the
reactor to become radioactive (for example, tritium will be produced in heavy water coolant, and
structural components exposed to neutrons will become activated). Although the radioactive decay
process is still the same as for irradiated fuel, the number of radionuclides present is small and their
half lives are shorter than those contained in irradiated fuel. In HIFAR, the two radionuclides of
main concern are cobalt-60 with a half-life of 5.3 years and iron-55 with a half-life of 2.7 years. Thus
even after the reactor ceases to operate and the fuel elements and coolant are removed, there is a
residual radioactive inventory. The extent and nature of this inventory has a large bearing on the
actions taken in the decommissioning process. It should be noted that the largest volume of waste
to be generated by decommissioning would be non-radioactive as described in Section 19.2.1.

There are typically three stages in the decommissioning process. Many countries use these stages,
or variations of them, in defining their specific decommissioning programs.

B Stage 1 - Removal of Fuel and Coolant

This stage involves removal of the nuclear fuel from the reactor core and draining of the
primary and secondary coolant circuits. These operations involve routine procedures which
are familiar to the reactor operating and maintenance staff and would be done immediately
after final shutdown. Once the fuel and coolant have been removed, only a very small
proportion of the total radioactive inventory remains in the reactor. Full care and
maintenance of the reactor is provided, thus minimising the possibility of any radioactive
impacts or incidents which could arise from either unintended or malicious actions. The
spent nuclear fuel would be sent overseas for reprocessing in accordance with the procedures
explained in Chapter 10. The heavy water would be dispatched overseas for purification to
remove radioactive tritium and either returned for use in the replacement reactor or sold.

• Stage 2 - Preliminary Dismantling, Care and Maintenance

This stage involves continued maintenance of the facility in a safe condition pending Stage
3 action, and safeguarding it from unauthorised access. Any ancillary systems and items that
are no longer required would be removed, leaving only the reactor block and the
containment building in place. Most ancillary systems are not likely to be radioactive,
although some may require decontamination. Following clearance these would be scrapped
or sent for recycling. Any radioactive material that is removed would be conditioned and/or
packaged and sent to the national radioactive waste repository. Ventilation, heating and
cooling systems would continue to operate but may be modified or replaced to match the
reduced requirements relative to when the reactor was operating.

• Stage 3 - Final Dismantling

This is the last stage where the reactor building and remaining systems are completely
removed leaving a "greenfield" site. After this the site would be free from restrictions on
access due to radioactivity. Alternatively, the reactor building and remaining systems might
be entombed in concrete or buried to prevent environmental release of any remaining
radioactivity. ANSTO's stated preference is for an approximately 30 year Stage 2, during
which all options for ultimate disposition of the reactor building and remaining systems are
reviewed, followed by implementation of the selected option.
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19.1.2 Decommissioning Options

Immediate dismantling of the reactor (Stage 3) after the Stage I process requires greater
precautions against radiological exposure of workers and environmental impacts than would occur
after an extended intermediate waiting period (Stage 2). In deciding on a decommissioning
strategy, the cost and benefits of a long period of surveillance and maintenance has to be assessed
against the cost and benefits of immediate dismantling. As noted in Section I9.1.I, this would be
done early in Stage 2.

Normally Stage I would be completed within a year or so of final shutdown. The plan for Stage I
of the decommissioning of HIFAR would be developed between mid 2004 and December 2004. The
duration of Stage 2 and the decision as to the ultimate objective (for example, a "greenfield site")
would be determined by an "Options Study" and the development of a "Decommissioning Plan". It
is foreseen that these would be developed in about the middle third of the anticipated Stage 2 of
approximately 30 years. Although a "greenfield" site may be the ultimate objective in most cases,
other end-points have been considered or adopted for specific decommissioning projects. For
example, entombment in concrete is being considered for some power reactors. On-site burial has
been considered for at least one research reactor. Several reactors have been decommissioned to
Stage 2 and used as displays to show visitors the development of nuclear technology.

The Options Study would take into account the particular circumstances pertaining to the reactor
including the residual radioactivity in activated components remaining after fuel removal, the decay
times of the major activated components, the costs and safety issues involved in dismantling at
different times after final shutdown, including costs of care and maintenance in the interim period,
and whether or not the site is needed for other purposes. If final dismantling is deferred, the Options
Study would need to be periodically reviewed to take into account changing circumstances.

Immediate dismantling (that is, proceeding without delay to Stage 3) would involve a greater cost
in ensuring that exposures to workers are kept below safe levels because specialised techniques and
remote handling equipment would be required. Given these circumstances, ANSTO's preference is
for a Stage 2 to extend for approximately 30 years, during which the Stage 3 decommissioning
options can be analysed with greater accuracy and in full knowledge of the national radioactive
waste repository acceptance criteria. The advantage of delaying Stage 3 until the activated materials
have decayed to low levels makes the final dismantling process much cheaper, safer and easier. The
national waste repository and national storage facility would accommodate the low and
intermediate level radioactive materials arising from Stage 3 of the decommissioning.

It is important to note that the regional location for the national radioactive waste repository
has been decided and Government expects the preferred site for the national radioactive waste
repository to be identified in early 1999, with construction of the facility likely in 2000. Thus
the national radioactive waste repository is planned to be fully operational from the earliest
stages of decommissioning of HIFAR and would be able to received conditioned radioactive
wastes from ANSTO.

The commitment by ANSTO and support from the Commonwealth Government to fully
implement safe care and maintenance of the reactor site at all stages of the decommissioning
process is common to all options.

19.1.3 Overseas Experience

There is considerable worldwide experience in decommissioning nuclear reactors and other nuclear
facilities. About 70 commercial nuclear power stations and over 350 research reactors around the
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world have ceased operation and are in various stages of decommissioning. Many of these reactors
have been decommissioned to Stage 2, that is, the fuel and coolant have been removed and the
reactor is kept under protective storage whilst the radioactivity decays. Some reactors and other
facilities have been completely dismantled and the site released for unrestricted access.

Many decommissioning activities are similar to those carried out during normal preventative
maintenance and repair of reactor components at major shutdowns. The steps involved -
planning, budgeting, cutting, welding, decontamination, waste management, security, radiation
monitoring, occupational health and safety, licensing - are tasks routinely carried out at nuclear
plants.

Over 12 research and prototype reactors of power greater than one megawatt have been shutdown
in the United Kingdom. Of these three are in the early stages of decommissioning, six are
decommissioned to Stage 1, two have been decommissioned to Stage 2 and one (LIDO of 300
kilowatt (thermal)) has been decommissioned to Stage 3 (Colquhuon et al, 1994).

The two reactors DIDO and PLUTO in the United Kingdom are very similar to HIFAR. They
were both closed in 1990. In the first stage of decommissioning, the fuel and coolant were
removed and all circuits external to the shield were decommissioned, with the reactor building
remaining intact. Irradiated rigs containing cobalt-60 were stored in the reactor vessel. The
reactors are now under surveillance whilst the radioactivity decays. This Stage 2 is expected to
last at least 20 years before complete dismantling takes place (ANSTO,1993e). The United
Kingdom decommissioning experience with DIDO and PLUTO would provide experience
directly applicable to the decommissioning of HIFAR.

In the United States, most of those reactors that have been decommissioned have been taken to
the condition known as Safe Storage, which is effectively Stage 2 with fuel and coolant removed.
Under the Safe Storage process the nuclear plant is kept intact and placed in protective storage for
up to 60 years. There are twelve United States power reactors using the Safe Storage approach to
decommissioning (Nuclear Energy Institute, 1998).

Some United States reactors have been totally dismantled under a process known as
Decontamination. Four United States power reactors have been totally dismantled - Shippingport
(72 megawatt), Pathfinder (66 megawatt), Shoreham (849 megawatt operated only for equivalent
of two full power days) and Fort St Vrain (330 megawatt) - and there are plans to dismantle the Big
Rock Point and the Maine Yankee plants.

To gain additional experience in decommissioning, the European Union has established a pilot
decommissioning project on the BR3 reactor in Belgium. BR3 is a 40 megawatt (thermal)
pressurised water reactor (Massaut et al, 1997). Also in Europe, the 100 megawatt (thermal) HDR
boiling water reactor in Germany is being decommissioned with release of the site expected in late
1998 (Valencia et al, 1997).

These examples of overseas decommissioning projects demonstrate the considerable international
experience in safely and effectively decommissioning nuclear facilities, much of which would be
directly applicable to decommissioning the 10 megawatt HIFAR and, in due course, the
replacement reactor.

It should be noted that the tender specifications for the replacement reactor would include
requirements for ease of decommissioning at the end of its operational life. The design of the
replacement reactor, therefore, would take account of international experience in decommissioning.
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19.11.4 Australian Experience

The Moata research reactor at the Lucas Heights Science and Technology Centre was built in
1961. This small, light-water cooled, graphite-reflected reactor was originally commissioned for
operation at a maximum power of 10 kilowatts. It was used initially for reactor physics experiments
on fuel/ moderator systems relevant to the design of power reactors. However, changes in
government policy with respect to nuclear power reactors altered the direction of physics research
at Lucas Heights. In 1972, modifications to Moata's cooling and control systems were completed
to enable a power upgrade to 100 kilowatts. The increased neutron intensity levels (providing a
maximum flux of approximately 1.2 x 1012 neutrons per square centimetre per second) enabled
Moata to be used for a wider range of applications, including neutron radiography, boron neutron
capture therapy, delayed neutron analysis of uranium ores, and minor neutron activation analysis
projects. In 1993, the demand for commercial neutron radiography of the kind that could be
undertaken on Moata ceased with the closure of the aircraft turbine blade production facility in
Western Australia. After a careful assessment of costs and benefits, Moata was closed down in
1995. It should be noted that, because of the lower neutron flux levels, the national needs for
neutron scattering, radiopharmaceutical production and other industrial applications could never
be met by using Moata.

After closure, the fuel was removed and placed in temporary storage on-site, and the light-water
coolant was drained from the reactor. An options study is currently being prepared and will form
the basis for the preparation of a detailed decommissioning plan which would need to be approved
by the regulatory body (ARPANSA). It is envisaged that the reactor would be completely
dismantled. Thus the Moata decommissioning project would assist in establishing the procedures
and approval processes that would be needed for decommissioning HIFAR and, in due course, the
replacement reactor.

13.1.5 Regulatory Framework

ANSTQ's Responsibilities

ANSTO as the operating organisation is responsible for all aspects of the safe decommissioning of
HIFAR and, eventually, the replacement reactor. This includes the preparation of a
Decommissioning Plan and its submission to the regulatory body for approval. The regulatory
framework under which ANSTO currently operates and will operate in the future is described in
Chapter 3. The plan would take into account all relevant legislation and other agreements relating
to health and safety, environmental protection and the management of radioactive waste (see
Chapter 2 and Appendix D). ANSTO would be required by the regulatory body to ensure that the
subsequent decommissioning activities comply with the requirements of the approved
Decommissioning Plan. Furthermore, ANSTO's responsibilities for HIFAR and its site in
accordance with the requirements of ARPANSA will continue until approval is given by
ARPANSA to release this area for other uses.

Following the removal of the remaining inventory of spent high enriched uranium fuel from the
Lucas Heights Science and Technology Centre the need for the additional security and surveillance
arrangements around HIFAR will no longer be required. However, in accordance with ANSTO's
commitments to public health and safety, access to HIFAR will continue to be restricted.
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Nuclear Safety Bureau

Currently, the role of the Nuclear Safety Bureau, under Section 37A(l)a of the ANSTO Act 1987
(as amended), includes reviewing and auditing any activities associated with the decommissioning
of HIFAR. The Nuclear Safety Bureau has developed draft guidelines, Safety Guidelines for
Decommissioning Australian Nuclear Facilities (Nuclear Safety Bureau, 1997c).

Australian Radiation Protection and Nuclear Safety Agency

When the ARPANSA is formed, it will take over the role of the Nuclear Safety Bureau and, in
addition, have a formal regulatory role in the decommissioning process for HIFAR and the
proposed replacement research reactor. The Agency is expected to be fully functioning at the
end of 1998, well before preparations for HIFAR decommissioning commence.

Other international Guidance

The International Atomic Energy Agency has issued a series of reports on both regulatory and
planning aspects of decommissioning, which would be taken into account when developing the
Decommissioning Plan. These include:

s The Regulatory Process for Decommissioning of Nuclear Facilities - Safety Series 105
(International Atomic Energy Agency, 1986a); and

H Planning and Management for the Decommissioning of Research Reactors and Other Small
Nuclear Facilities - Technical Report Series 351 (International Atomic Energy Agency, 1993).

S

19.S.1 Options, Estimated Costs and Timing

Background

An Options Study, an overall Decommissioning Plan and a comprehensive Stage I
Decommissioning Plan, which would include costs and time schedules would need to be completed
at least one year before HIFAR is shut down. Comprehensive details for the ultimate disposition of
HIFAR would be developed during the approximately 30 year Stage 2 care and maintenance period.
The Options Study would include the following considerations, as set out in the appropriate
International Atomic Energy Agency guidelines for decommissioning research reactors and small
nuclear facilities (International Atomic Energy Agency, 1993):

B defining safety and environmental principles;

• preparing an inventory of radiological and toxic materials;

B establishing waste management procedures;

• assessing alternative decommissioning options;

B justifying the proposed option;

• preparing detailed work packages including the resources required;
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B defining equipment and staff requirements;

• carrying out safety and environmental assessments; and

• preparing cost estimates and obtaining funding.

The largest volume of waste to be generated by decommissioning of HIFAR would be non-
radioactive, consisting of pipes, pumps, motors, electrical wiring, concrete shielding and
thermal insulation. After clearance, this non-radioactive plant and equipment would be
scrapped or recycled.

Sources of Radioactivity

During normal operation of the HIFAR reactor, the fission process which occurs within the fuel
gives rise to highly radioactive isotopes which remain within the fuel elements and are thus removed
from the reactor when the elements are taken out of the reactor. The heavy water in HIFAR
becomes contaminated by tritium, which has a long enough half-life to still be present after closure.
The bulk of the tritium in HIFAR would be removed when the heavy water is drained from the
reactor. This tritiated heavy water would be dispatched overseas for treatment to remove the
tritium, as was done when the heavy water in HIFAR was changed in 1991. Depending on
circumstances at that time, the treated "clean" heavy water would be sold commercially.

Most of the remaining radioactivity is in the aluminium, steel, graphite and concrete which have
been activated by neutrons. It is these activated components, which were not designed originally
for easy removal, that give rise to the necessity for special dismantling techniques or for a long decay
period prior to using more conventional techniques. Rigs and some other activated items that have
been in the reactor core would be handled in one of two ways, depending on their level of
activation. They could either be removed, conditioned and dispatched as short lived intermediate
level waste to the national radioactive waste repository, or they could be stored in the reactor vessel
until the radioactivity decayed to low levels, as is being done in DIDO and PLUTO (see Section
19.1,4), and subsequently conditioned and dispatched as low level waste to the national radioactive
waste repository.

Options for HIFAR Decommissioning

To assist in the preparation of its submission to the Research Reactor Review, ANSTO commissioned
the United Kingdom Atomic Energy Agency to report on Decommissioning and Waste
Management Options for HIFAR (United Kingdom Atomic Energy Authority, 1992). A number of
options were identified including immediate and deferred dismantling.

An alternative to complete dismantling, is entombment of the reactor block and the fuel storage
block in a concrete weather-proof shield. The containment building would then be demolished.
After entombment, the ongoing maintenance cost would be low. The main advantage with this
approach is that it minimises the volume of wastes needed to be handled and transported off-site.

As an indicative guide to the relative costs and amounts of waste generated, ANSTO produced
some notional estimates based on information provided in United Kingdom Atomic Energy
Authority (1992) on the following three options:

• Option 1 - immediate dismantling of HIFAR to a greenfield site;
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• Option 2 - removal of fuel and heavy water, followed by care and maintenance for
approximately 30 years, then entombment in concrete. It must be noted that the
entombment option is presented as an example only; and

B Option 3 - removal of fuel and heavy water, followed by care and maintenance for up to 120
years, then dismantling to a greenfield site.

Table 19.1 compares the estimated costs for notional volumes of waste generated by each of the
above options.

Table 1 5 . 1 : Comparison of

issue
Estimated Cost2

Estimated Volumes of Waste:

• Non- rad ioa ctiv e

" Low Level Radioactive Waste

• Intermediate Level Radioactive
Waste 3

Source: ANSTO. -1393B.

Notes: 1 . Option 2 assumes entombme

HIFAR Decommissioning Options

Option 1

$31m

15,000 cubic metres

2,500 cubic metres

150 cubic metres

Option 21

$llm

2,000 cubic metres

500cubic metres

5 cubic metres

:nt of Che reactor biolOQical shield in concrete at the er

Option 3

$10m

15,000 cubic metres

2,000 cubic metres

38 cubic metres

nd of 3D vears

2. These figures are notional present worth C1998 dollars] when discounted [at &°h discount rate] to account
for sums spent at different times. They are indicative only. More detailed cost assessments would ae
undertaken when the Decommissioning Plan is prepared and the preferred options are defined.

3. Most of this is short-lived and could be sent to the national repository.

The structural integrity and condition of the HIFAR containment building are considered by
ANSTO to be good and would be unlikely to incur high maintenance costs (ANSTO, 1993e). The
HIFAR containment building would serve as such for as long as adequate maintenance was applied
to keep it in good condition.

Techniques that have been already used successfully on nuclear facilities overseas and those that
will have been developed in the intervening years would be used for dismantling HIFAR and the
replacement research reactor. The techniques and procedures for decommissioning would be
assessed by ANSTO's internal review process and would be subject to approval by ARPANSA. All
dismantling operations would be closely supervised and monitored.

IS.2.2 Preferred Sfcrafcegy

In considering the various HIFAR decommissioning options in its Research Reactor Review
submission, ANSTO did not believe that there was a pressing case for immediate restoration to a
"greenfield" site, as there was no urgent need to reuse the land. Consequently, ANSTO's favoured
decommissioning strategy was, and continues to be, the removal of fuel and coolant, as soon as
possible after shut-down followed by a surveillance, care and maintenance period of about thirty
years. At the end of this period, the situation will be reviewed in the light of residual radioactivity
and decisions made as to whether to extend the care and maintenance period or to commence
complete dismantlement. It is envisaged that the initial Decommissioning Plan would focus on the
first 30 year period. It would not try to pre-empt decisions that might be made beyond the 30 year
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horizon, but would aim to ensure as much flexibility as possible, so that full advantage of future
technological and social changes could be taken into account when those decisions are eventually
made.

The preferred decommissioning strategy for HIFAR is set out in Table 19.2.

Table 13.2: Preferred HIFAR Decommissioning Stages

Stage Act iwities

Stage 1 Removing the nuclear fuel and dispatch to an overseas reprocessing
plant.

Draining of the heavy water primary coolant and dispatch of the
heavy water overseas for treatment to remove tritium wilfi
subsequent sale

Stage 2 Issuing revised procedures and instructions to cover the permanently
shut down reactor, setting up a revised organisational structure and
providing appropriate human resources

Conditioning radioactive materials removed during initial
decommissioning in the most appropriate way to minimise the space
occupied and subsequently transferring these materials to the
national radioactive waste repository and store

Removing ancillaries such as the secondary cooling water circuits,
standby generators and electrical switchgear, ventilation system,
collimators, platforms adjoining the reactor block and control room

If post operational care is for a long period, fitting a new smaller-scale
heating, cooling and ventilation system, and lighting system to the
containment building and maintaining the containment building,
internal crane and reactor block free from interference and corrosion

Stage 3 Dismantling of the reactor block and containment building, crane
and remaining rigs, and a complete cleanup of the site

Conditioning or packaging all components and associated debris,
both radioactive and non radioactive, as appropriate, and removal to
suitable repositories

Timing

Immediately following
shut down in 2005

2005-2035

2035/2125

Source: ANSTO, 1SS3e.

This strategy offers the possibility of deferring dismantlement in further periods of 30 years up to
about 120 years by which time the residual radioactivity would have further decayed making
dismantling operations even simpler and cheaper.

19,3.1 Planning for Decommissioning

Specifications for the replacement reactor would include requirements for the design to include
features which would assist decommissioning at the end of reactor life. Factors which should be
considered at the design and construction phase are listed in Table 29.3.
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The decommissioning of the proposed replacement reactor should be significantly simpler than that
of HIFAR as it would be an open pool type reactor rather than a closed tank reactor. The
advantages of a pool type reactor are the ease of access to the reactor and the internals and the
reduced radiation field because of the shielding effects of the water. The pool water provides the
shielding for underwater operations such as cutting, packaging of wastes and loading of transport
flasks. The water also reduces the potential for release of airborne radioactive particles that may be
generated during these operations.

The residual radioactivity in a pool type reactor after the fuel is removed is much less than for a
closed tank reactor. In a pool reactor, the shielding is provided by a significant thickness of
demineralised water rather than layers of solid material. The most significant activation products
arising from the irradiation of water are nitrogen-16 with a half life of seven seconds and argon-41
(due to dissolved air within the water) with a half life of 1.8 hours. As a result, the only highly-
activated components in a pool reactor a few days after shut-down would be those in the
immediate vicinity of the reactor core and reflector. The better access and radiological shielding
provided by a pool reactor would permit an almost immediate start to dismantling without
significant exposure to workers.

Table I S . 3 : Factors to be Considered During Oesign and Construction
Phases to Assist; Decommissioning

Factor

The design should be such that the reactor is capable of being maintained in a safe condition for a sufficient
period of time at the end of its predicted operational lifetime to allow decommissioning

Reactor design should facilitate complete dismantling following final shut down

Reactor layout and choice ofmaterials should facilitate dismantling and minimise production of radioactive
wastes and any radiation doses

Reactor design should minimise the surveillance period and the period before which the site may be used
without restrictions regarding radioactivity

Reactor design should take into account the need for controlling andmonitoring of any actual or potential
leakage of radioactive material at the time of decommissioning

Reactor design should take into account the need to monitor those parameters in the ieactor operational
lifetime which affect the radioactive inventory and radiological factors necessary for estimating doses
throughout decommissioning

Essential information required for decommissioning processes should be identified and the consequent
requirements to ensure that such information is available at the end of the operational lifetime of the reactor
should be recognised

Source: International Atomic Energy Agency, 1 S93.

i9.3.2 Options,, Estimated Costs and Timing

The proposed replacement reactor would be commissioned in 2005 and would have an operational
life of approximately 40 years. It would therefore not be expected to be decommissioned until
around 2045. Similar considerations would apply to decommissioning the proposed replacement
reactor as apply to HIFAR.

It is not practical to define a preferred strategy for decommissioning the proposed replacement
research reactor at this stage. A preliminary decommissioning plan would, however, be prepared
during the design and construction phase and updated throughout the operational life of the facility.
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Detailed planning would commence several years before the planned final shutdown of the reactor.
It is possible to conceive that the final decommissioning of both HIFAR and the replacement
reactor could occur at a similar time.

Packaging and transport of any radioactive wastes to the national radioactive waste repository or an
above ground intermediate level storage facility would be in accordance with the then current
edition of the Australian Code of Practice for Safe Transport of Radioactive Substances.

Three distinct types of radioactive wastes from the HIFAR reactor and it's ancillary equipment have
to be considered (United Kingdom Atomic Energy Authority, 1992):

• liquid wastes - mainly heavy water;

• solid waste from the reactor structure and associated equipment; and

• unused fuel and spent fuel elements.

19.4.1 Liquid Radioactive Waste

Approximately ten cubic metres of heavy water from HIFAR would need to be dealt with after
decommissioning of the reactor (ANSTO, I993e). The heavy water would be sent overseas for
treatment to remove the tritium. The transport of heavy water would be undertaken in accordance
with the International Atomic Energy Agency's Code of Practice on the International Transboundary
Movement of Radioactive Waste (International Atomic Energy Agency, 1990) and the Code of Practice
for Safe Transport of Radioactive Substances. The treated heavy water would be sold commercially.

Other liquid wastes could arise from dismantling the primary and secondary coolant circuit
components and decontamination procedures. The radioactivity in these liquid wastes will be
removed and converted to a solid waste form. The treatment of liquid wastes and decontamination
solution has been performed at ANSTO for nearly 40 years in established waste management
facilities at the Lucas Heights Science and Technology Centre. These facilities would need to be
sustained as is required for the concurrent operation and use of the replacement reactor.

19.4.S Solid Radioactive Waste

These wastes would primarily be generated during Stage 3 although there could well be some during
the earlier part of Stage 2 of the decommissioning process.

Solid waste would mainly comprise low and short lived intermediate level waste, much of which
would consist of equipment, building materials and structures.

However solid radioactive waste would require appropriate temporary storage and conditioning
on-site prior to despatch to the national repository. Solid wastes would be conditioned and
packaged into containers, the size and type of which would depend on the waste, its radioactivity
level, and its ultimate destination at the repository. Disposal of low level and short-lived
intermediate level radioactive wastes would be at the proposed national radioactive waste
repository in South Australia.
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The timing and quantities of solid waste to be removed would depend on the decommissioning
option selected. Options involving complete dismantling of HIFAR would involve a larger volume
of waste to be conditioned and removed to the national repository than an option such as
entombment in which much of the solid waste could be sealed within the remaining structure.

The radioactive waste from decommissioning would be similar to other radioactive wastes at the
Lucas Heights Science and Technology Centre and would be conditioned, packaged and
transported in compliance with existing regulations for the transport of radioactive materials and
approved by appropriate competent authorities.

ie.4.3 FueE

All 25 fuel elements would be removed from the reactor at the shut down of the HIFAR facility as
part of the first stage of decommissioning. Fuel removal from the HIFAR facility would be
undertaken by experienced operating staff. The removal of fuel from the reactor is a standard
procedure; three spent fuel elements are routinely replaced each month and all 25 fuel elements are
removed every three to four years as part of major shut-down and maintenance operations. The
strategy for management of spent fuel is discussed in Chapter W.

19.4.4 Non-Radioactive Equipment

As noted in Section 19.1.1, non-radioactive equipment, following clearance, would be scrapped or
sent for recycling.

13.5.1 Risks to Human Health sod the Environment

While decommissioning of a nuclear reactor would appear a complex process because of the
radiological considerations, overseas experience referred to in Section 19.1.3 has demonstrated that
with proper planning and management decommissioning can be carried out without adverse impact
on either health or the environment. This experience has been acquired from decommissioning a
range of reactors, from research reactors similar to HIFAR to much larger power reactors. This
experience applied to the decommissioning both of HIFAR and, in due course, to the replacement
reactor, would ensure that no adverse impacts would occur to the health of workers and members
of the community or to the environment.

It is expected that all hazards and risks associated with decommissioning would be identified in the
Options Study and addressed in detail in the subsequent Decommissioning Plan. Each of these
hazards and risks would be assessed in developing the decommissioning plan and ensuring that
proper procedures and/or technologies are in place to ensure that the identified hazardous event
would not occur or that the consequences are acceptable. In all cases, the occupational health and
safety aspect as well as environmental impact would be considered. The Decommissioning Plan
would require approval from the regulator.

The radioactivity and potential for contamination associated with each task would be assessed, and
radiological protection measures planned. The radiation fields and staff exposures would be closely
monitored throughout the decommissioning process. At the completion of each decommissioning
stage, detailed surveys would be performed to confirm that the required radiological conditions had
been achieved.
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The removal of irradiated fuel and coolant from the reactor removes the major radiological hazards.
However, other radiological hazards remain in the form of activated structural components and
possible surface contamination on internal components. These present potential hazards to the
decommissioning staff, but in general, do not pose off-site risks to the general public. Radiation
exposures to decommissioning staff would be reduced by deferring dismantling for some decades
(ANSTO's preferred strategy).

The main hazards in dismantling activated and contaminated structures are direct radiation
exposure and the generation of airborne contamination from decommissioning activities (for
example, cutting operations). In the case of a heavy water reactor such as HIFAR, there would be
residual contamination from tritium adsorbed on pipework and other reactor components. It would,
therefore, be important to monitor tritium and other radioactive contaminants in the air
throughout the decommissioning process. During dismantling of the reactor, the outer containment
building would remain in place until the decommissioning is almost complete, that is, until there is
no further risk of releasing airborne contaminants. Thus these would be contained similar to when
the reactor was operating and any airborne contamination would be confined to within this
building. The potential for distribution of airborne activity would be further limited by the use of
tented enclosures around dismantling areas as required. Staff would wear protective clothing and,
if necessary, respiratory equipment. Other measures could also be used to prevent the release of
radioactive material including in-situ grouting and sealing of surfaces.

In these circumstances the risk of contamination of the ground surface surrounding the
containment building during decommissioning will be low and no specific remediation measures are
considered necessary.

1B.5.S Final Use of the Sites

HI FAR

The land occupied by the HIFAR containment building is approximately 360 square metres in area,
which is a very small part of the 70 hectare site of the Lucas Heights Science and Technology
Centre and the 1,000 hectares contained in the buffer zone. The area of land occupied by HIFAR
is unlikely to be urgently required for other uses. The final use of the site when decommissioning is
completed is likely to be for activities associated with ongoing research at the Lucas Heights Science
and Technology Centre.

Replacement Research Reactor

It is not possible to indicate with any certainty the likely final use of the land and containment
building occupied by the replacement research reactor, given that the reactor would have an
operational life extending to some 40 years from now. Unlike the purpose-built HIFAR containment
building, however, the structure of the replacement reactor building is likely to be adaptable to
alternative uses following its release from restrictions regarding radioactivity.

PPK Environment & Infrastructure





Cumulative Impacts and Ecologically
Sustainable Development
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£5 Unriii la t i ¥ i i : §m pUctss':: and
Ecologically Sustainable
Development

This chapter assesses the potential cumulative impacts of the replacement research reactor proposal and
considers its consistency with the principles of ecologically sustainable development. It examines the
following matters raised by the EIS Guidelines (refer Appendix A):

Section of EIS
Guidelines

6.2

10.30

12.1

Outline of Issue

Compliance uith ecologically sustainable development objectives

Potentially incompatible developments, actions or planning activities in

the region

Discussion of compliance with ecologically sustainable development
objectives

Section of
This Chapter

20.2

20.1

20.2

SQ.1 Cumulative Impact Assessmen

2D.1 .1 Assessing Cumulative Impacts

When considered individually, many development activities have relatively minor impacts;
however, when considered collectively they may cause significant impacts on the environment. The
consequences that may arise from the additive effects of incremental development are usually
termed "cumulative impacts".

The activities of human society exert pressure on the environment and change its state or
condition; society responds to the changed state by developing or implementing policies or strategic
initiatives, which in turn influence those human activities that exert pressure on the environment.
This cycle of pressure on the environment followed by a policy response, which in turn leads to
further pressure, has been identified by the Commonwealth Government as the pressure-state-
response model for the purpose of reporting on the state of the environment.

Identifying potential cumulative impacts of the proposed replacement research reactor assists in
developing appropriate management measures and also provides a basis for co-ordinated regional
planning and environmental monitoring initiatives. Where an environmental impact assessment is
being done on a specific proposal, an investigation of cumulative and regional/strategic impacts is
particularly important if the principles of ecologically sustainable development are to be adequately
considered. This is recognised in the National Strategy for Ecologically Sustainable Development
(Commonwealth of Australia, 1992) and the Intergovernmental Agreement on the Environment
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(Council of Australian Governments, 1992), and is acknowledged by Environment Australia (JD
Court and Associates and Gutherie Consulting, 1994).

SO. 1.2 Identification of Potential Cumulative Impacts

The potential cumulative impacts of constructing and operating the proposed replacement reactor
could arise as a result of either actions undertaken by ANSTO at the Lucas Heights Science and
Technology Centre, or by the actions of other Commonwealth, State or local governments or
agencies, private businesses or individuals. For instance, both adverse and beneficial cumulative
impacts may arise from:

• at a national level — policies and decisions taken in relation to the development of a national
waste repository for low level and short lived intermediate level radioactive waste; the
development of a national storage facility for long lived intermediate level radioactive waste;
the transport of these wastes and spent fuel, and their disposal;

B at a regional level — potential changes to the direction of metropolitan planning and expected
impacts arising from increased employment and economic activity due to the proposal;

H at a local level:

- local planning and land use decisions;

- impacts on the physical and biophysical environment; and

- impacts on the social environment.

Other issues considered in the Draft EIS relating to the cumulative impacts of the proposal include:

• the cumulative impacts arising from future changes to population and the resulting
exposures to radioactivity arising from operation of the reactor and the production of
radiopharmaceuticals measured as the collective dose to the public both at the first year of
operation and in the year 2016 {Chapter 11);

• the cumulative impacts arising from future changes to population and the resulting radiation
exposure arising from the handling, treatment and disposal of radioactive wastes and spent
fuel again measured as the collective dose to the public both at the first year of operation
and in the year 2016 (Chapter JO);

B the cumulative impacts of the proposal on local, metropolitan and State planning decisions
relating to population growth and urban development {Chapter 13);

B the cumulative impacts on the biodiversity of the site of the proposed replacement research
reactor and the buffer zone, with reference to the flora and fauna habitats and their
conservation significance within the region (Chapter 12); and

B the cumulative impacts on transport and access assessed now and at the first year of operation
Chapter 14-

Table 20.1 characterises the relationship between activities and uses that may, as a consequence of
a known or reasonably foreseeable action, cumulatively affect local, regional and national
communities of interest. The identification of a potential environmental issue does not necessarily
mean that an adverse or beneficial affect would result. For example, further residential development
in the areas zoned rural (future urban) surrounding the buffer zone may result in impacts on
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biodiversity and cultural resources, however, investigations to identify these environmental
resources and identification of appropriate management measures can serve to mitigate potential
harm. It should be noted that no attempt has been made to determine the relative significance of
the cumulative impacts and therefore Table 20.1 provides only guidance to threats to the
achievement of the principles of ecologically sustainable development.

Table SD.1: Activities/Uses that may Contribute to Cumulative Impacts

Description/
Responsible Authority

Utilities/S ervices

Lucas Heights Reservoir/Water
Supply (Sydney Water)

330 kV Electricity Transmission
Line (Transgrid)

Cronulla Sewage Treatment
Plant (Sydney Water)

Engadine Sewer Line (Sydney
Water)

Kurne 11 Co genera tio n P lant

Lucas Heights Waste
Management Centre

Status

Existing

Existing

Existing - to
be upgraded

Anticipated
Environmental

issues that
Could be

Cumulative'1

3, 10

1,7

3, 6,10

Significance and
Comments

Additional capacity currently
exists to accommodate the
proposal. Sydney Water
would need to examine future
demands from other users to
determine future overall
capacity constraints.

No cumulative impacts are
predicted.

No significant cumulative
impacts. Proposal does not

Existing

Proposed

Existing

Little Forest Burial Ground

Landfill Gas Electricity
G ene la tion S tan on

Existing

Existing

3,6

3,6,10

1, 2 ,3,4,5,6,7,8,
10

1,3,6,8,10

1, 2,6,10

constrain proposed upgrading
of plant or treated water reuse
options.

No significant cumulative
impacts. Minor additional
loads would be within existing
capacity.

No significant cumulative
impacts. Propos al does not
constrain a decision to
proceed with plant.

No significant cumulative
impacts. Non-radioactive
wastes generated during
construction and operation
likely to be disposed of here.
Additional txafficmovements
during construction would
have minor effect on
accessibility.

No cumulative impacts.

No significant cumulative
impacts. Station has already
been assessed as not posing
risk to proposal by ANSTO.
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Description/
Hesponsible Authority

Lucas Heights No. 1 Waste
Depot

Residential

Barden Ridge, Menai, Engadine,
Heathcote and other suburbs
within local community of
interest

West Menai

Educational Facilities2

Lucas Heights Primary and High
School

Engadine West Primary School

Recreation

Sydney Marconi Gun Club

Sutherland Police and
Community Youth Club Minibike
Track

Sporting and Recreational
Facility (Lucas Heights No. 1)

Passive Recreation Facility
(Lucas Heights Waste
Management Centre)

Natural Resources

Woronora Rive rand tributaries

Status

Existing
(dosed)

Existing,
proposed

anticipated
Environmental

issues that
Could be

Cumulative1

1, 2,3,4,5,6,7,8,
10

1,3,4,5,6,7,8,9,
10

Significance and
Comments

No cumulative impacts.

No significant cumulative
impacts. The proposal would
not limit or p revent future
urban/residential
development in the areas
outside the buffer zone.

Cancelled

Existing

Existing

Existing

Existing

Proposed

Proposed

Nil

5,

6

8,

8,

1,

1,

6

10

10

3,4,5,7,!

3,4,5,7,!

3,10

3,10

No cumulative impact.

No cumulative impact.

No cumulative impact.

No cumulative impact.

No cumulative impact.

No cumulative impact. New
facilities would be outside
buffe r zone.

No significant cumulative
impacts. Approval of final
recreational activities would
be necessary from ANSTO
Board. Total numb er of
participants and spectators to
be limited in accordance with
emergency planning
arrangements.

Heathcote National Park

Existing

Existing

1,3,4,6,7,8,10

1,4,7,8,9

No significant cumulative
impacts. Stormwater runoff
(non-radioactive) would
continue to be discharged in
similar volumes.

No cumulative impact.
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Description/
Responsible Authority

Areas of Undisturbed Bushland
wi thin buffer zon e

Status

Existing

Holsworthy Military Area Existing

Anticipated
Enwi ran men fcal

issues that
Could be

Cumulative*1

1,3,4,6,7,8,9, 10

1,4,7,8,9

Significance and
Comments

No significant cumulative
impacts. Cumulative impacts
would be managed within
buffer zone through an
environmental management
plan.

No significant cumulative
impacts. No proposals exist to
alter the existing activities
undertaken immediately to
the west of the buffer zone.
Ordnance is not exploded in
the direction of the Lucas
Heights Science and
Technology Centre.

Source: Adapted from Council of Environmental Qualify, "1 997.

FMote: Anticipated environmental issues chat could be cumulative:

1 . Land E5. Transportation

2. Air 6. Health and Safety

3. Water V. Landscape and Visual

4. Biodiversity a. Recreation

Remaining schools within five kilometres are identified in Chapter 13.

9. Cultural Resources

10. Land Use

Impacts on the social, physical and biological environments have been assessed in Part E of this
Draft EIS. The cumulative impacts arising from the construction and subsequent operation of the
proposed replacement research reactor for a period of not less than 40 years are expected to be
small, particularly if the management measures outlined in the Draft EIS are implemented.

Summary af Ecologically Sustainable Development

J

SO.S.i Approach to Applying the Principles of Ecologically
Sustainable Development

The National Strategy for Ecologically Sustainable Development establishes as one of its objectives the
need to incorporate ecologically sustainable development principles as a fundamental guidance for
all relevant government authorities involved in economic, environmental and social decision
making (Commonwealth of Australia, 1992). The four principles which have been adopted for the
purpose of this Draft EIS are identified by the Environmental Planning and Assessment Regulation
1994, and set out in Chapter 2, and include the precautionary principle, inter-generational equity,
conservation of biological diversity and ecological integrity, and improved valuation and pricing of
environmental resources.

It should be noted that there is no agreed method for assessing how well a proposal performs against
these principles, nor is there yet an agreed set of parameters for measuring sustainability. Achieving
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a sustainable development will necessarily involve negotiating a balance between each of the
principles in order for the decision maker, in this case the Commonwealth Government, to arrive
at a decision on whether or not to proceed with the proposal.

Integrating Ecologically Sustainable Development into this Draft
ESS

The principles of ecologically sustainable development have been considered in the preparation of
the Draft EIS by integrating both long and short term economic, environmental, social and equity
considerations as set out in Table 20.2.

Table ao.3: Integration of Ecologically Sustainable Development

E5D Principle

Precau tionary Principle

Social Equity, including
Intergenerational Equity

Conservation of
Biological Diveisity

Improved Valuation and
Pricing of Resources

How Principle has been Incorporated into this Draft EIS

Potential threats of serious or irreversible damage have been identified and
assessed in detail. These relate primarily to reactor operations, the
production and management of wastes andspentfuel and the resultant
hazards and risks.

Measures to mitigate damage have been identified for all potential
environmental impacts assessed in Part E.

Monitoring and auditing of the environmental outcomes predicted in this
Dra ft EIS woul d be unde rtaken as set o ut in Chapter 18.

A community consultation s trategy has been implemented as set out in
Chapters 2 and 7 and Appendix C to identify key community concerns and
values.

An asse ssment of the p otent ial soci al imp acts of the p ropo sal has b een
undertaken in Chapter 16 with specific reference to community concerns
and values.

Aboriginal cultural resources have been identified in Chapter 17 and local
Aboriginal representatives consulted.

Species of local, regional and State significance and the conservation
significance of the site of the proposed replacement reactor and the buffer
zone hav e been identified.

Potential impacts on flora and fauna have been assessed in Chapter 12.

A cumulative impact assessment has been undertaken.

Community values have been identified in Chapter 7.

Non-quantifiable costs are outlined in Chapter 4 •

2O.S.H Ecologically Sustainable Development Initiatives

Ecologically sustainable development should be considered at all stages of project development and
operation. The replacement research reactor proposal presents an opportunity to incorporate the
principles of ecologically sustainable development at the earliest stages of the project. This is because
of the nature of the regulatory process which is to be followed as described in Chapters 2, 5 and 11.
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The environmental impact assessment contained in this Draft EIS is based on a set of performance
specifications. A concept design would not be developed until a vendor is chosen to design and build
the replacement reactor. Unlike other projects this enables a broad range of ecologically sustainable
development initiatives to be considered as an integral part of the concept design. The initiatives to
be adopted as part of the proposed replacement research reactor are outlined in Table 20.3.

Table SO.3: Ecologically Sustainable Development Initiatives

Stage Ecologically Sustainable Development Initiative

Concept and Detailed The following initiatives would be implemented during concept and detailed
Design design:

• incorporating in the tender specifications a requirement by the vendor to
demonstrate solutions for the ultimate disposal of spent fuel;

• under taking a lifecyc le assessment of all building materials to be used in
structures constructed as part of the proposal.

• avoiding the use of materials, s uch as polyvinylchloride, in cabling, p lumbing,
stormwater piping, sewer drains, irrigation and water supply and using
alternatives, such as high densitypolyethylene, wherever practical;

• using recycled or ie cycled content products as construction materials,
wherever practical; and

• reusing all excavated spoil on site for use in landscaping works and if this
proves impractical minimising off site disposal of spoil.

Construction The following initiatives would be implemented during construction:

• developinga waste minimisation strategy which adopts a "cradle to grave"
approach to construction wastes;;

• implementing a source separation based collection system for recyclable
materials;

• using recycled or plantation timbers for formworkand scaffolding;

• undertaking the noise mitigation measures outlined in Chapter 173;

• implementing erosion and sediment controls in the form of a Erosion and
Sediment Control Plan as part of the Construction Environmen tal
Management Plan;

• implementing dust suppression initiatives as outlined in Chapter 9;

• directing water runoff around the identified potential archaeological deposit as
described in Chapter 17.5;

• undertaking monitoring and auditing of potential environmental impacts
during constru ction, including the designation of an environmental officer;
and

• avoiding the use of chlorofluorocarbons.
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Stage Ecologically Sustainable Development Initiative

Operation The following initiatives would be implemented by ANSTO during operation:

• minimising the production and volume of future wastes taking into account
economic and social factors;

• ensuring the maximum off site dose to a member of the public when the
reactor is operating would remain below one percent of the public dose limit
adopted by the National Health and Medical Research Council of one
millisievert, despite a potential fourfold increase in radioisotope production;

• transporting spent fuel from the Lucas Heights Science and Technology
Centre as soon as practical allowing for the constraints of fuel cooling,
radiation safety and economic transport;

® managing the buffer zone for the protection and long-term maintenance of
biodiversity and ecological systems;

® investigating the potential reuse of secondary cooling system water;

• investigating the possibility of a "green power" purchase agreement with
Energy Australia;

«» installing low water usagedevices, such as dual flush toilets, low flow taps,
trigger action hoses and drip irrigation; and

• installing energy efficient lighting.

Decommissioning The following initiatives would be implemented during decommissioning:

• undertaking an options study to determine the most appropriate strategy for
managing and disposing of radioactive wastes and minimising radiation
exposures to workers and the public during decommissioning of HIFAR; and
requirements for the design of the replacement reactor to include features
which would assist decommissioning at the end of its life.

SQ.E.3 Consistency with the Principles of Ecologically
Sustainable Development

The definition of ecologically sustainable development outlined in Chapter 2 is using, conserving
and enhancing the community's resources so that ecological process, on which life depends, are
maintained, and the total quality of life, now and in the future, can be increased (Commonwealth
of Australia, 1992). Table 20A sets out - in relation to the assessment of specific environment issues
assessed in Part E of this Draft EIS and based on the four environmental media; land, water,
atmosphere and biodiversity described in Chapter 7 - the consistency of the proposal with the
principles of ecologically sustainable development. This assessment is not intended to be a complete
summary of the environmental impacts of the proposal. This summary is contained in Chapter 21.
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Table SD.4: Consideration of the Principles of Ecologically Sustainable
Development

Environmental Media

Land (Chapters 8, 10, 11,17.1, 17.2andl7.4)

Predicted EiS Outcome

Geology and soils

Land contamination

Visual and landscape
quality

Bushfire

Waste production

The land on which the proposed replacement reactor is to be constructed is
disturbed and modified as a lesultmostly of previous bush fire hazard
reduction activities. The proposal would not result in any further
degradation of land resources.

Levels of contaminants in soils at the site of the proposed replacement
reactor are capable of being managed in accordance with accepted best
practice for remediation and disposal (if required). Operation of HIFAR has
not provided evidence that the land has been unsustainably degraded by past
activities or contaminants discharged from the HIFAR discharge stacks.

The final form of the proposal would not adversely affect the high value the
community places on the landscape and scenic quality of the region to the
detriment offuture generations.

The finished site of the proposed replacement reactor would be classified as
low risk, and no threats of serious or irreversible damage are likely to be
imposed on the operation of the replacement reactor provided the measures
outlined in Chapter 17 are implemented.

All low level and short lived intermediate level radioactive wastes would be
transported from the Lucas Heights Science and Technology Centre to the
planned national radioactive waste repository. Provided these wastes are
managed, handled and transported in accordance with international best
practice any threats of serious damage would be avoided, (also refer to
discussion below).

Stormwater is discharged to Mill Creek and the Woronora River and is
monitored before discharge in the event of any accidental release of
radioactive emissions.

No significant degradation of groundwater resources or quality is predicted
and the means of mitigating p otential damag e would be incorporated into the
design of the replacement reactor.

No radioactive wastewaters are directly discharged into the surrounding
water resources, such as Woronora River. Wastewaters are discharged to the
Sydney Water sewer and ultimately to the Potters Point outfall via the
Cronulla Sewage Treatment Plant to agreed discharge limits which ensure no
significant impacts to the environment.

Atmosphere (Chapters 9, 10 and 11)

• Air quality Impacts on local a ir quality would be s hort term and minor, with no adverse
(construction) affects on the health or amenity of surrounding communities predicted.

« Greenhouse gases No greenhouse gases would be produced directly from operation of the
replacement reactor. Indirectly the replacement reactor would consume
approximately 15 gigawatt hours of electricity annually.

Water (Chapters 8 and 10)

• Water quality

Groundwater
resources and quality

Waste production
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Environmental Media

• Hazards and risks
(operation)

Biodiversity (Chapter 12)

• Flora

Fauna

Predicted ESD Outcome

During normal operation of the proposed replacement reactor the maximum
dose predicted to be received by a member of the public would be 0.003
millisieverts, which is equivalent to a risk of developing a latent cancer of 1.5
in 10 million per year.

The mean dose received due to occupational exposure is approximately one
millisievert per year, which is half the natural background radiation level of
approximately two millisieverts per year.

No detectable adverse affects have been found on the health of persons living
around the Lucas Heights Science and Technology Centre.

(a lso refer to d iscu ssion be low).

Impacts to flora on the site of the proposed replacement reactor would be
minor. Approximately 1.9 hectares of vegetation wouldbelost. Loss of
genetic, species and ecosystem diversity would be minor and resulting
ecological integrity and viability of the surrounding vegetation communities
would be maintained.

Vegetation lost provides poor to moderate habitat for native fauna. Loss of
genetic, species and ecosystem diversity would be minor and lesuiting
ecological integrity and viability would be maintained.

There are a number of issues associated with the proposed replacement reactor which require
further consideration in relation to the principles of ecologically sustainable development.

Precautionary Principle

One of the primary concerns raised during community consultation relates to the potential adverse
impacts of the proposed replacement reactor in relation to community and individual health. The
precautionary principle states that where there are threats of serious or irreversible environmental
damage, lack of full scientific certainty should not be used as a reason for postponing measures to
prevent environmental degradation or harm. This principle applies to a holistic interpretation of the
environment which includes social considerations, particularly in relation to possible adverse
implications for future populations. In the opinion of some members of the community who have
made a submission during preparation of this Draft EIS the "high risks" associated with the proposal
are such that in terms of the precautionary principle they justify a decision not to proceed. In this
regard the following militate against the perception of "high risks":

• environmental monitoring of the local and regional environment in which the proposal is to
be situated has been ongoing since HIFAR was commissioned and no adverse health effects
have been found;

• waste streams arising directly from reactor operation can be predicted with a high degree of
certainty due to the monitoring of waste arisings and emissions from HIFAR reactor and the
known characteristics of pool type reactors in other countries;

• waste streams arising from the production of radiopharmaceuticals have been assessed for
worst case scenarios with no significant impacts, although ANSTO has made commitments
outside this proposal to implement measures to minimise liquid emissions and airborne
discharges under the Radioactive Waste Management Policy (Levins et al, 1996);

Australian Nuclear Science and Technology Organisation



cumulative impacts and ecologically sustainable development;

• the impact predictions contained in the hazard and risk assessment undertaken for this Draft
EIS are based on worst case scenarios and modelling techniques which have been routinely
used in other countries to characterise hazards and risks from nuclear facilities and are
accepted by the Nuclear Safety Bureau and regulatory authorities in the United Kingdom
and the United States; and

• the impact predictions are also consistent with impact predictions made in relation to
HIFAR by the Nuclear Safety Bureau.

Many of the potential non-radiological impacts of the proposal are similar to those which would be
expected for constructing a similar sized industrial plant or complex. These occur predominantly as
a direct result of construction activities, such as impacts on air quality, noise and water quality.
Threats of serious or irreversible environmental damage were not identified for these impacts.

A direct quantitative comparison of the expected health benefits of the production of radioisotopes
from the replacement reactor against the potential long term risks to human health from radiation
exposures from the reactor is not possible. The nature of the health benefits to the national
community of interest, that is Australia, in terms of providing a supply of radiopharmaceutical
products is described in Chapter 4. These include the lives saved by the use of nuclear medicine, the
other benefits of that medicine in diagnosis and treatment, the use of radiopharmaceuticals in pain
relief and the capability it provides for out patient procedures thus saving cost. It is expected that
every Australian will require access to nuclear medicine in their lifetime. These health benefits must
be considered in light of the other benefits to science, industry and Australia's national interest
derived from the replacement reactor.

In relation to the potential radiological impacts the maximum collective dose arising from the
reference accident described in Chapter 11 would be 15 person-sieverts; the radiation dose from
contaminated land would be 0.094 millisieverts in the first year returning to the natural background
dose within one year of the reference accident. The risk of developing a fatal cancer as a result of
the reference accident would be equivalent to a one chance in six thousand million per year. The
hazards and risks of the proposed replacement reactor are within nationally and internationally
accepted standards and criteria and are As Low As Reasonably Achievable.

For those members of the community who consider that these risks are acceptable, then the
expected health benefits of the proposal would compare favourably or outweigh the risks from
exposure to radiation from the reactor.

For those members of the community who consider "any risk" to be unacceptable, the identified
hazards and risks to the local community of interest outlined above may not be considered to be
sufficiently outweighed by the expected health and other benefits to the national community of
interest. Considerations of acceptable levels of risk relate to a perceived lack of scientific certainty.

On the basis of the overall findings of the Draft EIS, however, the perceived lack of scientific
certainty is not sufficiently significant to justify not proceeding with the proposal. It should be noted
however that this Draft EIS has not only examined the environmental impacts of constructing and
operating a replacement reactor at the Lucas Heights Science and Technology Centre; it has also
examined the consequences of an increase in radioisotope production above that specified in the
licence conditions through the hazard and risk assessment contained in Chapter 11. This increase
does not form part of the proposal described in Chapter 5 of this Draft EIS. A separate regulatory
process would be required for any additional increase in radioisotope production in accordance with
licensing requirements established by ARPANSA and possibly further environmental assessment
under the Environment Protection (Impact of Proposals) Act 1974.
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iritergenerational Equity

Social equity embraces value concepts of justice and fairness so that the basic needs of all sectors of
society are met and there is a fairer distribution of costs and benefits to improve the well-being and
welfare of the community, population or society (Department of Urban Affairs and Planning,
1995b). These concepts may be applied to the present generation (intra-generational equity) or
between the present generation and future generations (inter-generational equity). The former
relates to access to improved well being and welfare now, while the later relates to the legacy; in
terms of the health, diversity and productivity of the environment; which is passed on to future
generations.

Some of the benefits of the proposed replacement reactor in relation to the principle of inter-
generational equity would be:

• economic benefits to the local, regional and national communities of interest through
generated employment, income and economic input;

B increases in the standard of health care through the availability of a reliable supply of
radiopharmaceuticals and access to increased numbers of radiopharmaceuticals;

• enhanced opportunities for neutron beam research to Australia's scientists and engineers;

H better analytical services to improve Australian industry competitiveness; and

• maintenance of technical expertise to provide sound advice to Government in international
affairs.

In terms of the environmental impacts described in this Draft EIS a number of environmental
management measures, including a continuation and partial extension of the existing environmental
monitoring program conducted by ANSTO would be implemented. This would enable any abnormal
occurrences to be identified, and appropriate mitigation measures to be implemented, thereby further
reducing the likelihood of passing on serious damage to future generations.

The proposed replacement reactor would be only one source of long lived intermediate level
radioactive waste in Australia. Other sources have historically arisen from State and other
Commonwealth activities. Compared to the existing arisings the annual volume from the
replacement reactor would be small, less than 0.4 percent, and over the expected lifetime of the
reactor would add no more than 16 percent to the existing volumes (ANSTO, 1998 pers. comm.,
20 July). ANSTO is also a major contributor to the total amount of low level and short lived
intermediate level radioactive waste generated in Australia each year. The management and
disposal of this radioactive waste, and in particular long lived intermediate radioactive waste (for
example, wastes arising from reprocessing of spent fuel), is an issue requiring consideration because
the principle of intergenerational equity seeks to ensure the health, diversity and productivity of the
environment is maintained and enhanced for the benefit of future generations. This concept
embodies the notion that the current generation should not pass on the legacy of their decisions to
future generations. It is therefore important that the waste be handled and disposed of according to
internationally accepted practices. This would avoid imposing undue burdens on future generations
and ensure that the risks to future generations are no greater than those permitted for the current
generation. This is consistent with International Atomic Energy Agency principles for radioactive
waste management (International Atomic Energy Agency, 1995).

Although the Commonwealth Government has agreed that it would consider co-locating the low
level and short lived intermediate level radioactive national waste repository with an above ground
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storage facility for long lived intermediate level waste, and this is supported by the States, a decision
will not be taken until early 1999, following the completion of environmental investigations at the
selected region in central-north South Australia. If co-location is not deemed a suitable option, the
Commonwealth Government is committed to determining an appropriate location for an above
ground storage facility for this waste. The present amount of long lived intermediate level
radioactive waste and current rates of production do not currently warrant, on economic grounds,
the establishment of a deep geological waste disposal facility.

The outcome of these investigations cannot be predicted with absolute certainty. On this matter,
some members of the community would argue that a decision to proceed with the replacement
reactor should be deferred, at least until a decision is made on a suitable site for storing and
ultimately disposing of long lived intermediate level wastes. It should be noted that a storage facility
is required to manage long lived wastes generated by ANSTO (for instance, wastes arising from
reprocessing of HIFAR spent fuel), and other State and Commonwealth activities regardless of
whether the replacement reactor proceeds. On this basis the timing of the decision need not be
chronological, such that a decision on the proposed replacement reactor necessarily relies on the
final decision relating to the above ground storage facility.

Further, until the design and fuel type of the replacement reactor are known, it is premature to
finalise arrangements for spent fuel management. ANSTO's commitment on this matter is to
include in the tender specifications a requirement for the vendor to demonstrate that their spent
fuel is suitable for reprocessing and that the waste can be conditioned into a form suitable for
emplacement into the national storage facility. However, commercial companies exist with the
capability to reprocess low enriched fuel as described in Chapter 10. The Commonwealth
Government has indicated that no reprocessing of spent fuel would be undertaken at the Lucas
Heights Science and Technology Centre and no waste from reprocessing will be returned to Lucas
Heights.

Aside from the issue of the national waste repository, other areas of uncertainty relate to:

• decommissioning of both HIFAR and the proposed replacement reactor. Decommissioning
of HIFAR is scheduled for the end of 2005. The decommissioning process will be subject to
regulatory processes set down by ARPANSA. Decommissioning of the replacement reactor
would not commence before approximately 2045. Because of the uncertainty surrounding
the social, political and economic environments which might exist at that time, proceeding
with the replacement reactor would necessarily involve a deferral to future generations of all
issues associated with decommissioning, including the disposal of radioactive wastes (refer
Chapter 19); and

• transport of spent fuel and radioactive wastes. Australian experience gained in relation to
three previous shipments of spent fuel, their associated environmental impact assessments,
overseas experience and International Atomic Energy Agency regulations (International
Atomic Energy Agency, 1996c) would suggest that the transport could be managed in such
a way that there would be no significant environmental impacts.

Conservation of Biological Diversify

Biological diversity is the variety of all life forms (plants, animals and micro-organisms), the genes
they contain and the ecosystems of which they form a part (Commonwealth of Australia, 1996a).
Both flora and fauna have been assessed at the site of the proposed replacement reactor as part of
this Draft EIS. Past studies, as described in Chapter 12, have assessed the conservation significance
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of the buffer zone and the surrounding region. Based on these studies and the investigations
conducted as part of this Draft EIS it is predicted that there would be no loss of genetic, species or
ecosystem diversity which could result in a diminished ecological integrity or viability of the
identified flora and fauna communities.

Improved Valuation and Pricing of Environmental Resources

There are several methods that may be used to compare measurable economic factors, such as the
costs of constructing, operating and decommissioning the replacement reactor, with more intangible
factors, such as the effects on Aboriginal heritage or resulting from the loss of vegetation. This Draft
EIS has examined the consequences of the proposal and identified environmental management
measures to ameliorate areas of environmental impact. These are summarised in Appendix I.

One of the concepts embodied in this principle is the concept of user pays, that is, the users of goods
and services should pay prices based on the full life cycle costs, including the use of natural
resources and assets and the ultimate disposal of any wastes (Department of Urban Affairs and
Planning, 1995b). As outlined in Table 20.4, ANSTO would make a environmental commitment to
undertake a lifecycle assessment of all building materials to be used in structures constructed as part
of the proposal. The life cycle assessment would evaluate the life cycle costs of the materials in terms
of their resource consumption in manufacture, maintenance and eventual decommissioning.

User pays is also seen as a means to encourage waste minimisation. In this regard ANSTO has made
commitments towards the minimisation of radioactive wastes under ANSTO's Radioactive Waste
Management Policy as described in Chapter 10. User pays becomes more difficult in relation to who
pays for the management of wastes generated by ANSTO which would ultimately be disposed of at
the national waste repository and storage facility. Establishment and management of the national
waste repository and storage facility would be funded under a user pays and licencing arrangement
based on the following policy (Bureau of Resource Sciences, 1997):

B reflect the true cost of disposal;

• enable recovery of the disposal facility establishment costs;

• cover operating costs during the lifetime of the facility and post-closure activities; and

• involve a charging regime that acts as an incentive for users to adopt waste minimisation
practice but does not encourage illicit disposal or abandonment of radioactive waste.

The management and transport of ANSTO wastes to the repository would be funded by ANSTO.
Any payment by ANSTO towards the disposal of waste would essentially involve a transfer payment
between government authorities.

Summary

The site for the proposed replacement reactor has been well characterised and the impacts of
HIFAR monitored over the past 40 years. The analyses in this Draft EIS has indicated that there
are no significant issues raised under the principles of ecologically sustainable development.
Provided the mitigating measures are taken, and the radioactive wastes can be transported to the
national radioactive waste repository and national storage facility, consideration of the principles of
ecologically sustainable development do not suggest that a decision whether or not to proceed with
the proposed replacement reactor should be deferred or avoided.
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: Overwient "of I m pact:;:

Conclusions

This chapter provides an overview of the environmental impact assessment documented in this Draft EIS.
It summarises the ways in which the outcomes of the Draft EIS assists the decision making process as well
as providing an overall conclusion as to the potential beneficial and adverse impacts of the proposed
replacement research reactor.. It examines the following matters raised by the EIS Guidelines (refer
Appendix A):

Section of EiS
Guidelines

12.1

Outline of Issue

An overall conclusion as to the environmental acceptability of the
proposal

Section of
this Chapter

Whole Chapter

S1.1 Need and Consequences of Not Proceeding

HIFAR is technologically obsolete and cannot provide Australia with a leading position in nuclear
related technologies and services into the next century Specifically the proposed replacement
reactor is needed because:

• the demand for the radiopharmaceuticals used in nuclear medicine is still growing and
HIFAR will not be able to fully satisfy that need beyond about 2005;

8 the inadequacies of the neutron beams extracted from HIFAR is inhibiting the range and
output of research projects;

• HIFAR does not have a 'cold source' to produce the slow neutron beams required for
examining the structure of biological and other molecules containing light elements;

0 HIFAR cannot meet industrial and medical requirements for radioactive sources, of a range
of specific activities; and

• the Government continues to require expert and up to date advice on nuclear matters
involving the latest technologies.

As discussed in Chapter 4, there are a number of consequences and implications of not
proceeding with the proposal Not proceeding may not necessarily however, equate to "doing
nothing" as the Nuclear Safety Bureau has indicated that if HIFAR is to continue to operate
beyond around 2003, it would require a major refurbishment to be undertaken Thus if the
replacement reactor proposal does not proceed, in the absence of a major refurbishment, HIFAR
would be shut down by about 2003.
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The major consequences of not proceeding would be:

• total dependence on the importation of radiopharmaceuticals and the possible degradation
of health care due to unreliability of supply, particularly of short-lived isotopes, a slower and
less responsive service, and the loss of a collaborative research base for the development and
trial of new radiopharmaceuticals and new applications;

inevitable loss of Australia's nuclear scientific knowledge and expertise, a source of expert
nuclear advice to government and the loss of specialised research staff to other countries;

• loss of a potential leading edge science facility with a performance which around the world
is subject to an increasing demand which cannot be met;

• loss of spin off benefits to industry now and into the future; and

• loss of local employment and economic impact on local businesses.

In addition, the potential environmental impacts identified in this Draft EIS would not occur
Potential impacts and management measures associated with the decommissioning of HIFAR would
however, still occur Also, current local community concerns and perceptions of risk about HIFAR
would mostly be alleviated.

i c ^

Several alternatives to building a replacement research reactor have been the subject of debate
within the community mostly since 1992/1993 when the Research Reactor Review (McKinnon,
Henderson-Sellers and Hundloe, 1993a,b) was undertaken These have been discussed with the
community and other stakeholders both during the preparation of this Draft EIS and some were
discussed during the recent Senate Economics References Committee Inquiry.

None of the alternatives meet all the objectives of the proposal. Specifically:

• alternative technologies considered were the construction of a spallation neutron source; the
construction of a number of cyclotrons; the importing of radioisotopes from overseas; the use
of overseas services for industrial applications; and the use of overseas facilities for scientific
research. None met all of the objectives;

• other alternatives were different types of reactors; the refurbishment of HIFAR; and
alternative spent fuel and waste management strategies The refurbishment of HIFAR would
still result in dated reactor technology and carry the risk of premature component failure
with loss of the investment The identified spent fuel management strategy is cost-effective
and consistent with Government policy and community expectations;

• the preferred site within the Lucas Heights Science and Technology Centre satisfies the
applicable siting criteria Duplication of the reactor and its associated radiopharmaceutical
production infrastructure at another site would lead to at least a doubling of the capital cost
of the facility plus an increase in annual operating costs of several tens of millions of dollars,
due to the operation of two sites.

None of the alternatives fulfil all of the objectives of the proposal and therefore none meet the
Commonwealth Government's overriding desire to establish a facility that can efficiently and
effectively perform multiple tasks.
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21.3.1 Potential Environmental Impacts of the Proposal

Table 21.1 provides an overview of the potential environmental impacts of constructing and
operating the replacement research reactor. The potential impacts are documented assuming the
management measures are implemented. The table is structured in the same order as the chapters
contained in this Draft EIS.

Table 21,1 Overview of Potential Environmental Impacts of the Proposal

Issue
Social, Physical
and Biological
Context of the
Proposal
(Chapter 7)

Geology, Soils
and Water
(Chapter 8)

Air Quality
(Chapter 9)

Management of
Reactor Products,
Spent FueI and
Wastes
(Chapter J 0)

Major Outcomes of Draft EiS

a consultation process has been undertaken during the preparation of this Draft
EIS. The major issues raised were the need for the reactor, potential health
impacts, waste and spent fuel management, decommissioning and possible
alternatives:

- 104 submissions were received, of which 59 came from the Sutherland Shire,

there are no significant impacts on surface water or groundwater quality:

- short term impacts on local creeks, Melinga Molong gully and Bard ens Creek
could arise from potential increases in sediment and nutrient loads due to
construction activities;

- only minor potential exists for pollutants, including accidental releases of
contaminated I iquids, to be discharged into local creeks; and

- these impacts would be minimised by implementing anerosion and sediment
control plan as part of the environmental management plan for construction
and installing concrete bunds designed to contain any small accidental spills or
releases of contaminated liquid which enters the s tormwater system from the
site of the proposed replacement reactor.

there are no significant adverse impacts on air quality:

- under normally prevailing wind conditions, the construction phase of the
proposal would h ave little influence on air qua lity, even at the time of peak
construction activity. During adverse wind conditions, which only occur
infrequently, there would be minimal impact on air quality at houses; and

- operation of the proposed replacement research reactor would not contribute
significantly to the gene ration of greenhouse gases in NSW

future liquid wastes would continue to have no significant impact on the
environment. Proposed arrangements ensure these would be well monitored and
radiation doses would remain below regulatory limits:

- the volume of liquid effluent discharged from the Lucas Heights Science and
Technology Centre would not increase above the existing range of 6.6 to 10
megalitres per month;

- even if there was a fourfold increase in the current rate of molybdenum-99
production a maximum of 1.2 cubic metres of intermediate level liquid waste
would be produced annually; and

- introduction of volume reduction initiatives, involving solidification of the
liquid waste into Synroc, would reduce the annual volume of intermediate level
liquid waste to O.I cubic metres of intermediate level solid waste.
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Issue Major Outcomes of Draft ESS

• in relation to future solid waste, the current levels provide the best estima te of
arisings for the replacement reactor. The ANSTO Waste Management Policy and
its associated actions would ensure that an effective system for waste
management, consistent with international standards, is in operation for the
replacement reactor:

- approximately 150 drums (200 litre capacity) of low level solid wastes are
produced per annum and this rate of production and the radionuclide content
of this waste would not change with the replacement reactor;

- approximately 1.5 cubic metre s of intermediate level solid wastes are currently
produced per annum, but waste minimisation strategies in accordance with
ANSTO's Radioactive Waste Management Policy are likely to reduce these
arisings; and

- sufficient capactiy exists to accommodate currentrates ofproduction of low
level solid wastes until 2010 and intermediate level solid waste well beyond
2010, however, these storage capacities would not be reached given the
national waste rep ositor y for 1 ow leve 1 and short liv ed intermed iate level soli d
waste and the waste storage faciliity for long lived intermediate level waste
becoming operational in 2000 as is currently planned.

• in relation to the future gaseous emissions their potential impact would notbe
increased by this proposal:

- emissions of tritiated water vapour from the replacement reactor would be
reduced compared to HIFARdue to the replacement reactor being light water
cooled and moderated and having a significantly reduced inventory of heavy
water, contained within a closed system; and

- the following initiatives are part of the process of ensuring that, despite
increased production of radiopharmaceuticals, releases would continue to be
below one percent of the public dose limit:

- reducing emissions of the noble gas argon-41 by at least a factor of two
compared to HIFAR by requiring the irradiation rigs not to be air cooled or
using argon free air to cool the rigs; and

— introducing technologies s uch as freezing noble gases and holding them in
plant until their radioactivity has decayed or us ing new technologies for
iodine absorption.

• in relation to the management of spent fuel, potential environmental impacts
would be minimal and lower than those associated with the HIFAR spent fuel as:

- the spent fuel arisings would be stored at the Lucas Heights Science and
Technology Centre for only as long as necessary to meet operational
requirements, expected to be a maximum of nine years (note: storage space for
ten years, but maximum arisings only nine years. The extra one year is a
reserve);

- the spent fuel strategy for the replacement reactor would be based on that for
HIFAR spent fuel, that is spent fuel to be reprocessed overseas, the wastes
conditioned into long lived intermediate level waste and ultimately returned to
Australia for placement in a national intermediate level waste storage facility in
a remote location;
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Issue Major Outcomes of Draft EiS

- the minimal on-site s torage would be integral with the reactor, thereby
eliminating any need for on-site movements of spent fuel betwe en facilities;

- maximum advantage would be taken of waste minimisation possibilities in
respect of the waste form resulting from reprocessing of the spent fuel;

- it would be a requirement of the successful vendor to demonstrate that the
above strategy -reprocessing followed by waste conditioning in an intermediate
level waste form suitable for the national intermediate level waste store - is
feasible with the vendor's fuel design; and

- waste arising from repro cessed sp ent fue 1 would not be return ed to the Lucas
Heights Science and Technology Centre.

• in relation to radiological exposure of the most exposed individual to emissions
this potential exposure would continue to be only one percent of regulatory limits:

- the most exposed individual, that is, a person who works at the Lucas Heights
Waste Management Centre, uses the bike track for 20 hours a week, lives at
West Engadine and whose diet contains 25 percent of local produce, would
receive a maximum dose of 0.003 millisieverts per year from atmospheric
emissions from all airborne discharges at the Lucas Heights Science and
Technology Centre;

- this off-site dose is well below the accepted annual dose limit for members of
the public of one millisievert per year above natural background radiation
(which is an average of 1.8 millisieverts per year in Australia) adopted by the
National Health and Medical Research Council and recommended by the
International Commission for Radiological Protection;

- the discharge of liquid emissions from the Lucas Heights Science and
Technology Centre does not expose members of the public to doses that exceed
regulatory limits established by Sydney Water and the World Health
Organisation and are below natural background radia tion levels in seawater as
measured at the outfall at Potter Point; and

- until the existing and future inventory of solid wastes are transported from the
Lucas Heights Science and Technology Centre all waste would be packaged
and fully contained to preclude a potential exposure route to the public during
storage and ensure that these wastes do not contribute to any off-site dose.

Hazards and a there are no unacceptable hazards and risks arising from the proposal:

/PJi h fH ~ quantitative analysis of the hazaids and risks arising duringnormal operation,
as well as during the hypothetical reference accident, show that the proposed
replacement reactor meets the regulatory criteria and requirements of the
Nuclear Safety Bureau, and the National Health and Medical Research
Council recommendations on radiation protection;

- if this hypothetical reference accident were to occur, the estimated doses, using

conservative modelling and assumptions, are:

- maximum dose to "worst case" individual- 3.4 millisieverts;

- maximum dose at 1.6 kilometres from the reactor - 1.8 millisieverts;

- maximum cumulative dose to exposed population- 15 person-sieverts;

- maximum dose from land contamination - 0.094 millisievert.
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Issue Major Outcomes of Draft EIS

- these doses meet the regulatory criteria for siting established by the Nu clear
Safety BuTeau. Also, at these doses, no emergency counter measures would be
required beyond the 1.6 kilometre radius buffer zone, according to National
Health and Medical Research Council criteria;

- comparison of the standards andpractices followed by ANSTO with similar
overseas standards used to control research reactor hazards and risks, shows
those adopted by ANSTO arc consistent with, and at least as stringent as,
those adopted in major industrial oountries;

- occupational and public hazards arising from the replacement reactor p roject
are similar to those currently occurring at the Lucas Heights Science and
Technology Centre and would be managed and regulated within a safety and
regulatory systemthat meets all relevant Australian standards and which are
also generally consistent with overseas standards. Doses would be maintained
at levels as low as reasonably achievable, and within dose limits and dose
constraints established or agreed with the regulatory authority; and

- using International Commission for Radiological Protection recommended
dose-to-risk conversion factors to convert these doses to a probability of a
health effect, along with the expected annual likelihood of the reference
accident being less than one in one million, gives the following risk results:

- the maximum risk of an individual developing a fetal cancer is less than one
in six thousand million (1 in 6,000,000,000) per year;

- the maximum risk of any harmful health effect is less than one in four
thousand million (1 in 4,000,000,000) per year;

- the total societal risk would give less than one fetal cancer in the exposed
population, if the accident occurred.

• these risks satisfy NSW guidelines for hazardous industry;

• the transport of all radioactive material to and from the Centre would continue to
meet international regulations. The risk associated with the transport offuelor
waste is assessed to be low and comparable to the normal transport risks
associated with transporting non-hazardous materials;

" a minor increase in risk is expected to occur during the few months of dual
operation of the replacement reactor and HIFAR; and

" a high level of emergency preparedness exists at the Lucas Heights Science and
Technology Centre and would be maintained.

Flora and Fauna • taking into consideration the low conservation significance of the site of the
(Chapter ] 2) proposed replacement research reactor, the low scale of impacts likely to result

from construction activities and the abundance ofbushland adjoining the site, the
overall impact of the proposal on flora and fauna is considered tobelow:

- there wouldbe a loss of approximately one to 1.5 hectares of woodland and
approximately one hectare of heath habitat, which are assessed as being of poor
to mo derate quality for fauna; and

- the bufferzone surrounding the Lucas Heights Science andTechnology Centre
is considered to be of moderate to high conservation significance.
Maintenance of a research reactor would assist the long-term conservation of
the vegetation communities and fauna within the buffer zone.
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Issue
Planning and
Land Use
(Chapter 1 3)

Traffic and
Transport
(Chapter 14)

Infrastructure and
Services
(Chapter 15)

Social and
Econo mic
(Chapter 1 6)

Land
Contamination
(Chapter 17.1)

Major Outcomes of Draft EIS

no new impacts on planning and land use are foreseen but rather a continuation
of the existing situation:

- the existing land use restrictions that have historically applied to the 1.6
kilometre buffer zone surrounding the existing HIFAR facility would continue
to be applied by ANSTO; and

- residential development within the buffer zone would continue to be excluded
and there would be continued restrictions on the range of permitted uses and
activities, with permission being based on safety considerations and response
procedures in case of emergency.

operation of the proposed replacement research reactor would not result in any
adverse impacts on the surrounding road network because there would not be a
significant increase in the number of people employed nor an increase in the
number of truck deliveries per day:

- during construction there is potential for conflict b etween tru cks e ntering the
Centre and those associated with the Lucas Heights Waste Management
Centre;

- mitigation measures such as a seagull intersection and an extended left turn
deceleration lane at the entrance to the Centre are to be considered prior to
the commencement of construction to ensure the safety of road users and staff
employed at the Centre.

some additional on-site services and infrastructure would be required:

- additional on-site stormwater and electricity infrastructure would be required
for the construction phase; and

- additional on-site infrastructure and services required for normal and dual
operation include augmentation of existing water distribution, stormwater,
electricity, public address, telephone, alarm, security and computer network
systems and installation of new isotope transfer lines.

positive social impacts are expected as a result of the proposal, including
generation of modest levels of employment and economic ac tivity in the regional
community of interest;

adverse social impacts are expected to be minor. The proposal would not have a
significant effect on community values in relation to the environment, recreation
opportunities, and community stability and cohesion would be largely unaffected;

- persons within the community who consider any risk associated with the
proposal to be unacceptable would likely consider themselves to be adversely
affected by a decision to proceed with the proposal;

- environmental management measures for all other issues addressed in the Draft
EIS would assist in mitigating potential adverse social impacts; and

- community consultation by ANSTO would be ongoing.

the construction and operation of the proposed replacement research reactor
would not result in land contamination:

- about 3 0 metres of existing soil contaminated with petroleum hydrocarbons due
to previous fire training exercises would be remediated on site prior to its
removal;

- levels of radionuclides in soil are considered to be similar to background 1 evels
and no specialist handling of soils for radioactivity would be required.
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issue

Bush Fire
(Chapter 1 72)

Noise
(Chapter 17.3)

Visual and
Landscape
(Chapter 17A)

Cultural Heritage
(Chapter 1 75)

En v ironm ental
Management and
Monitoring
(Chapter 18)

Major Outcomes of Draft EiS

the site of proposed replacement reactor when deve lop ed wo uld have a low bush
fire risk;

- impacts of bush fire on construction activities and operation would be minor;
evacuation of construction workforce and ANSTO staff wouldbe a potential
impact during bush fire;

- bush fires close to the site of the proposed replacement reactor would pose a
minor threat to its safe operation; and

- a 'fire-protection zone' would be created around the replacement reactor as
part of hazard reduction measures;

noise disturbance wouldbe minor:

- minor disturbance may occur to clos es t residence in Engadine und er worst case
conditions during construction activities, however worst case unlikely;

- potential noise disturbance may occur to activities at the Lucas Heights
Science and Technology, depending on locat ion within the Centre; and

- noise from operation of the proposed replacementreactor would not be
discernible at the boundary of the Centre; hence noise impacts on nearby
residences wo uld be negligible.

proposed replacement reactor would have a minor impact on visual quality:

- a small reduction in the quality of views for residences in Engadine with clear
view of site; and

- short term and temp orary impact expected from night lighting which would be
required intermittently during construction.

no impacts on relics, sites or potential sites of Aboriginal or non-Aboriginal
cultural heritage:

- potential for indirect impacts on a potential archaeological deposit (PAD1)
located south of site of proposed replacementreactor. However erosion and
sedimentation controls would be implemented to mitigate any potential
impacts.

ANSTO's existing environmental management system would be refined and
upgraded to comply with standards set out in ISO 14000 series and any
regulations applied to operation of the proposed replacement reactor by the new
regulatory authority ARPANSA:

- environmental management system proposed for construction would involve
existing policies, an environmental management plan, a community
consultation program and other measures; and

- ANSTO's current environmental monitoring program would be extended
during operation of the replacement reactor to identify andmeasure any
potential impacts for comparison with those predicted in this Draft EIS.
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.3.2 Related Potential Environmental Impacts

As stated in the EIS Guidelines, the potential impacts of decommissioning of both HIFAR and the
proposed replacement reactor have been identified in this Draft EIS. Decommissioning is not
however, part of the current proposal and because of the long time frames required, the
environmental impacts would need to be assessed in greater detail in separate environmental
assessments closer to the date of major activities.

There is considerable worldwide experience in decommissioning research reactors. Some reactors
have been completely dismantled and the sites released for unrestricted access. Decommissioning
research reactors is simpler than power reactors:

• the preferred HIFAR decommissioning strategy is based on a three stage process extending
beyond 30 years from the reactor shutdown; the three stage decommissioning plan is
designed to limit potential hazards to the decommissioning staff and would not pose off-site
risks to the general public or the environment;

• the removal of irradiated fuel and coolant from the reactor would remove the major
radiological hazards associated with HIFAR;

• the outer containment building which limits the risk of release of airborne contaminants
would remain in place until the activated and contaminated reactor structures are
dismantled;

' the spent fuel would be removed from the site and sent overseas for reprocessing and the
heavy water coolant would be sent overseas for purification and sold;

• the solid radioactive wastes from decommissioning would be conditioned and sent to the
national repository; and

9 the replacement reactor would include requirements for the design to include features which
would assist decommissioning at the end of its life.

Construction and operation of the proposed replacement reactor would result in a range of benefits
in health care, the national interest, scientific achievement and industrial capability.

None of the other alternatives considered can meet all of the objectives of the proposal.

Costs associated with the proposal are the expenditure of $286 million (in 1997 dollars) for design
and construction and the annual operating costs. These operating costs are estimated to be $12
million per year and include the management of the spent fuel from the replacement reactor as well
as the environmental management costs of waste management, safety and environmental
monitoring. Decommissioning costs for the replacement reactor would arise at the end of its
lifetime, around 40 years after construction.

There are a range of environmental impacts associated with the proposal as summarised earlier in
this chapter. The environment assessment of the proposal to construct and operate a replacement
reactor described in this Draft EIS has shown that the scale of environmental impacts that would
occur would be acceptable, provided that the management measures and commitments made by
ANSTO are adopted. Furthermore, the risk from normal operations or accidents has been shown
to be well within national and internationally accepted risk parameters.
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Other issues related to the proposal that could result in a range of potential environmental impacts
arise from the need to transport spent fuel, ultimately decommission the replacement reactor and
construct the national radioactive waste repository and the national storage facility. These activities
would be subject to future environmental assessments and regulatory approval processes.

The relative importance that should be placed on these costs and community concerns compared
to the need and benefits of the proposal is ultimately a matter for judgement by the Commonwealth
Government when considering the results of this Draft EIS, the Final EIS (which takes into account
submissions by the community) and other relevant material.
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This Glossary is in three parts:

• Part 1 describes radiation and radioactivity;

• Part 2 describes the risks from radiation; and

• Part 3 describes other terms and abbreviations.

ionising Radiation

Ionising radiation is produced when the nucleus of an atom becomes unstable and disintegrates,
releasing excess nuclear energy in the form of radiation. The quantities of energy associated with
these individual atomic decays are minute. Depending on their composition in terms of sub-atomic
particles, different atoms release their energy through the emission of different types of radiation
(refer Figure Gl). These are:

• alpha radiation: This consists of positively charged particles containing two neutrons and two
protons (a helium-4 nucleus). Although alpha particles are normally highly energetic, they
travel only a few centimetres in air and are stopped by a sheet of paper. If, however, an alpha
emitting substance is taken into the body, it will deposit energy in the surrounding cells. A
naturally occurring alpha-emitter is uranium-238 which has a half-life of 4.5 billion years;

• beta radiation: This consists of electrons (or positrons) which are much smaller and lighter
than alpha particles. High-energy beta particles may travel metres in air and several
millimetres into the human body. Low-energy beta particles are unable to penetrate the skin.
Most beta particles can be stopped by a small thickness of light material, such as aluminium
or plastic sheeting. If beta-emitting particles enter the body, they will irradiate internal
tissues. An example of a beta emitter is carbon-14 which is naturally occurring and can be
human-made with a half-life of 5,700 years;

• gamma-rays: These are short wavelength electromagnetic waves of the same general physical
nature as light. However, whilst their intensity is reduced by solid objects, they can penetrate
through them. Depending on their energy, gamma-rays may require a considerable thickness
of lead or concrete in which to be absorbed. An example is the human-made technetium-
99m, extensively used in nuclear medicine, with a half life of six hours;

• X-rays: These are similar to gamma-rays but generally have a longer wavelength and a lower
energy and are not as penetrating. X-rays may be produced electrically and are commonly
used in hospitals; and
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neutron radiation: Neutrons are fundamental particles that, together with protons, make up
the atomic nucleus. They arc emitted from the nucleus in the process known as nuclear
fission. Neutrons are penetrating like gamma-rays but generally, can be stopped by less dense
materials than are required to absorb gamma rays for example, concrete, water or polythene
barrier. Neutron radiation occurs in only a few natural materials and is most commonly
associated with nuclear reactors.

Radiation Sources

Figure G1

Penstrating Power of Alpha, Beta

and Gamma Radiation in Air

The passage of these radiations through a material causes some of the atoms within that material
to become charged ions (an atom that gains or loses one or more electrons), hence the term ionising
radiation. The event in which an unstable nucleus emits its excess energy is called a radioactive
decay and materials that undergo such decay are said to be radioactive.

Whether a particular nucleus is stable or radioactive depends upon the number of neutrons and
protons it contains. For a nucleus to be stable, the number of neutrons should in most cases be a
little higher than the number of protons. In a stable nucleus, the protons and neutrons are bound
together by nuclear forces so strong that no particles can escape. If that is the case, all is well and
the nucleus will stay balanced and calm. Things are very different, however, if the number of
neutrons and protons is out of balance. In such a case, the nucleus has excess energy and simply
cannot hold together. Sooner or later, it will discharge its excess energy by decay to a more stable
nucleus. Many naturally occurring materials are radioactive.

A measure of radioactive decay rate is provided by the half-life, the period of time during which half
the unstable nuclei in a certain amount of material will decay. The half-life is unique and invariable
for each type of radioactive atom. Half lives vary from a fraction of second to billions of years. The
half-lives of most of the radioactivity released into the environment from nuclear facilities lie in the
range of a few minutes to 30 years. In successive half-lives, the activity of a radionuclide is reduced
by decay to 1/2, 1/4, 1/8 and so on, of its initial radioactivity.
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The radioactivity of a substance is measured in Becquerels (denoted Bq), where one Becquerel is
one disintegration per second. This is a very tiny quantity, and usually the radioactive content of a
substance is expressed in terms of multiples of the Bq per unit of weight or unit volume. So it may
be said that the amount of radioactivity in a substance is 200 Mega-Becquerel per tonne (200
MBq/t).

Background Radiation

The world is naturally radioactive. Radioactive polonium and radium are present in the bones of
the body; the muscles of the body contain radioactive carbon and potassium; radioactive gases are
contained in the air we breathe. The human body is constantly bombarded by cosmic radiation from
space and irradiated from within by the naturally radioactive substances that are consumed in food
and drink (refer Table Gl). The average annual radiation dose to humans from natural background
radiation is shown in Figure G2

Human activities have also resulted in the dispersion of radioactive substances in the environment.
Some substances have been discharged into the atmosphere through nuclear tests and to a far lesser
degree by releases from nuclear power plants. Mining for mineral ores and many other industrial
activities, such as burning of coal and the making of detergents, contribute significantly to the
radioactivity dispersed in normal activities by modern societies. Most of the radioactivity produced
by nuclear fission remains in radioactive waste, which is normally isolated from the environment by
multiple layers of containment. The average effect from all man-made sources is far smaller than
natural background radiation.

Table G l : Natural Levels of Radioactivity in Selected Materials (alpha, beta and gamma!

Food

< 400 Bq/kg

Cereals

Meat

Poultry

Fish

Fruit

Green vegetables

Root Vegetables

Source: Tho, 1994.

Stuffs

> 4 0 0 Bq/kg

Some nuts

Some shellfish

Tea

Coffee

Some drinking water

Other

< 4 0 0 Bq/kg

Books

Coal

Seawater - typically 11 near surface

Air - typically 55 near ground level

>400 Bq/kg

Soil

Some rocks

Some building materials

Fly ash

Fertilisers

If the ionising radiation produced by radioactive decay penetrates living tissue, the ions produced
may sometimes affect normal biological processes. Exposure to any of the common types of ionising
radiation: alpha radiation, beta radiation, gamma rays, X-rays and neutrons, may thus have effects
on health. For this reason it has become vitally important to have guidelines on how to work safely
with radiation and so the science of radiation protection has developed.

Some of the energy in the radiation emitted by radioactive substances is absorbed by any material
that the radiation encounters. This absorption takes place in both inanimate material and in the
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cells of a living being. Radiation dose reflects the amount of energy absorbed per unit mass of
material. This can result in damage to living cells and, if this damage is not repaired, is assumed to
have a possibility of leading to the development of fatal cancers, non-fatal cancers or genetic effects.
There are many other causes of cell damage, such as chemicals in the food we eat and pollutants in
the air we breath, which can cause much higher rates of damage than background radiation.

The body has developed very effective repair mechanisms to deal with the damage caused, so that
there is only a very small probability of damage leading to cancer.

At levels of exposure to radiation up to about 100 times that due to natural background radiation,
there will be no immediate effects. Any effect, if it occurs, will occur some years after the exposure
to the radiation.

The absorbed energy itself does not give a direct indication of possible biological effects. Different
tissues of the body react differently to different forms of radiation. The sievert, often denoted (Sv),
is a measure of the radiation dose to biological tissues which takes these differences into account,
and represents both the amount of radiation energy absorbed by living tissue and the extent to
which the particular energy transfers can affect biological processes. One thousandth of a sievert is
a millisievert and one millionth is a microsievert.

Another unit of dose is the person-sievert, this is the measure of the radiation dose to a group of
people. This group may be a specific selection of individuals, a local population, or even the global
population. The person-sievert is effectively the sum of the radiation doses to the individuals in a
population.

The most widely used model of the effect of radiation in cells is the linear risk model, according to
which a specific percentage radiation dose increase always increases the risk by the same amount.
The linear risk model is believed to overestimate the risk for most types of late (long after the
exposure) health effects in the low dose region because of the effectiveness of the repair mechanism
of the human body. An alternative to the linear model is the linear-quadratic risk model. This
model suggests that the risk of adverse health effects does not have a linear relationship to radiation
dose. At small doses the curve is gentle, but as the dose increases, the curve becomes steeper. Both
practical and theoretical tests have been found to support this model.

Another risk model for which there is some physical supporting evidence is the hormesis model.
According to the hormesis model, some radiation is beneficial to health, a phenomenon which
holds true for many substances. Supporters of this model cite the fact that people who live in
mountainous areas, at high altitudes with high radiation levels, suffer less cancer than others.
Although true, this is not necessarily the correct conclusion, as cancer may arise from a number of
different causes. However, all of the things around us contain radioactivity naturally. Humankind
has evolved in a radiation environment and has sub-cellular processes which act to repair the types
of damage that radiation can cause.

For the purposes of ensuring the safety of people who may be exposed to radiation as a result of the
use of radioactive materials, dose limits have been recommended for radiation workers and
members of the public by the International Commission on Radiological Protection. The
Commission, established in 1928, conducts substantial research, and liaises with many bodies
including the World Health Organisation, International Labour Organisation and the International
Atomic Energy Agency. The recommendations of the Commission are based on many
considerations. Their recommendations embody the linear model, no matter how much less than
background levels the dose of radiation may be. This is regarded by some experts as a very cautious
basis for radiation control.
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This illustration replaces Figure G2 in the Glossary of the Draft Environmental Impact
Statement and Figure 4 m the Overview document.

Air Travel - 1 a/o
People flying at. normal commercial jet

aircraft altitude C8 - 1 1 km] sustain
increased exposure with doses between

D.OO1 -O.OO5 millisieverc pen hour.

Rocks and Soil - 2O°/o
All rocks and soil contain
radioactive material. This
contributes to exposure
both directly by gamma

radiation and indirectly by
being incorporated into the

food and water we
consume.

Medical - 34%
Tlie average dose from medical
procedures in Australia is aboLit
1 millisievert per person per year.

_l

Cosmic Rays - 1 O°/o
The dose from cosmic

radiation is highly variable
from one location to

another and depends on
altitude, latitude, and,

very occasionally, on
siinspot activity.

Food and Drink - 1Q°/o
A number of radioactive
elements are continuously
produced in the
atmosphere by cosmic ray
interactions with matter
and are eventually
incorporated into the food
chain.

Radioactivity in Air - 25%
Radon gas, which is given off by rocks
and soil, has radioactive decay
products which, when inhaled,
contribute to internal exposure.

Distribution of Average Annual Radiation Dose
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Medical
The average dose from medical
procedures in Australia is about;

1 millisieverts per person pen year.

Air Trava - 1°/a
People flying at normal
commercial jet aircraft

altitude (8 - 1 1 km3 sustain
increased exposure with

doses between O.OQ1 -
O.OOE5 millisievents per hour.

Cosmic Rays - 1SD/aJ

The dose from cosmic
radiation is highly variable

from one location to
another and depends on

altitude, latitude, and,
very occasionally, on

sunspot activity.

Radioactivity in Air - 35%
All nocks and soils contain radioactive
unanium and thonium, both of which
give off alpha, beta and/on gamma
nays, continuously. These nocks
weather to form mildly radioactive
soils. When the radioactivity in rocks

Internal - 15%
A number of radioactive
elements are continuously
produced in the
atmosphere by cosmic nay
intenactions with matter
and ane eventually
incorporated into the food
chain.

Rocku and Boil -

Everything eaten on dnunk is slightly
nadioactive. Plants take up from the
soil radioactive minerals and trace
elements that have become dissolved
in groundwater.

Figure G2

Distribution of Average Annual Radiation Dose
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abnormal occurrences: An event which occurs outside the designed operational envelope of a
nuclear facility and which could have implications for its safe or effective operation. It could involve
failure of equipment, human error in following procedures or an unforeseen situation. Examples
would be an accidental spillage of material, a failure of a component or a mistake in an operating
procedure.

absorbed dose: The energy deposited by ionising radiation per unit mass of irradiated material. The
unit is the gray (Gy), and is measured in joules per kilogram.

accelerator: A device that accelerates charged atomic particles to very high speeds.

activated materials: Materials that have become radioactive.

activation analysis: A method of analysis based on the identification and measurement of
characteristic radiation from radionuclides formed by bombarding a sample of material with
neutrons or charged particles.

activation products: Radioactive products formed by irradiation of otherwise non-radioactive
atoms.

activity (of a substance): The number of disintegrations per unit of time taking place in a
radioactive material. The unit of activity is the becquerel (Bq), one disintegration per second.
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adsorbent: A solid material used to remove, in an extremely thin layer on its surface, molecules of
gases, dissolved substances and liquids with which it is in contact.

adsorption; The taking up of one substance at the surface of another.

adventitious activation: When materials, other than targets and samples, become radioactive
following exposure to neutrons.

airborne contaminants: Undesirable matter present in the air, including radionuclides.

ALARA: An acronym for "As Low As Reasonably Achievable", a concept meaning that the design
and use of sources, and the practices associated therewith, including their disposal, should be such
as to ensure that exposures are kept as low as is reasonably achievable, economic and social factors
being taken into account.

alpha-emitter: A radioisotope that emits alpha particles as it decays (refer Part 1).

amorphous materials: Solid materials that are non-crystalline.

APTCARE: 'A Plan To Cope with Accidents at the Research Establishment1; ANSTO's former
emergency plan, produced by a local working party consisting of officers from various emergency or
associated State services, local authorities and ANSTO.

Argonaut-type reactor: A reactor design based on a small training reactor at Argonne National
Laboratory, developed to meet the requirements of universities and similar research institutions for
a safe, flexible and low-power reactor for student training and physics experiments.

atom: All matter is made up of atoms. An atom consists of a positively charged central core, the
nucleus, which contains nearly all of the mass of the atom and is surrounded by negatively charged
electrons. In their normal state, atoms are electrically neutral. In a neutral atom, the positive
charges of the protons in the nucleus are balanced by the same number of negatively charged
electrons in motion around the nucleus (refer Part I).

atomic energy: Energy associated with nuclear transformations including fission in nuclear reactors.

atomic mass (weight): Numerically, the number of protons plus neutrons in an atom. The mass of
a proton or neutron is approximately an atomic mass unit which is one-twelfth the mass of a carbon-
12 atom. Thus, carbon-12 has an atomic mass of 12, hydrogen-1 a mass of one and uranium-238 a
mass of 238.

auger: A special boring tool that can extract a sample of material.

beam collimator: A device, generally a tube, that gives a parallel beam of radiation such as a gamma
ray or a neutron beam.

beam instrument: An instrument that utilises a beam of radiation, generally a neutron beam.

becquerel (Bq): The SI unit of radioactivity, defined as one radioactive disintegration of a nucleus
in one second. This is a minute quantity, and usually expressed in large multiples, the kilobecquerel
(one thousand Bq), Megabecquerel (one million Bq), Gigabecquerel (one thousand million Bq) and
Terabecquerel (one million million Bq). This SI unit replaces the curie (Ci): 1 curie is 37
Gigabecquerels.
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beryllium: Metallic element useful as a reflector of neutrons in a reactor.

beyond design basis accident: A low frequency, severe accident in which one or more safety systems
do not function and there is a probability of damage to fuel and release of radioactivity.

biological shield: Shield surrounding the core of a reactor that reduces or eliminates the exposure
of staff to radiation.

borosilicate glass: Heat and chemical resistant glass comprised of silica borax and other glass-
forming substances.

blow-down water: Water discharged from a secondary cooling circuit to adjust its quality.

boron-neutron capture therapy. The element boron will capture neutrons better than most other
elements and in doing so, boron atoms emit alpha particles. These particles will be stopped in tissue
in very short distances, usually destroying the cells they are in or pass through. In boron-neutron
capture therapy, boron is incorporated into a cancer seeking substance that is injected into the
patient. The patient is then exposed for a short time to a beam of neutrons directed at the cancer.
The boron captures the neutrons and cells in the immediate vicinity are destroyed. Cancer cells are
about four times more susceptible to radiation than healthy cells. The treatment is mainly used for
brain tumors.

buffer zone: An area surrounding the reactor, in which the reactor operator has the authority to
determine activities and safety requirements. Residential development within the zone is normally
prohibited.

bulk irradiation rig: A facility that is designed to irradiate large quantities of material in a reactor.

burri'Up: Either the percentage of a nuclear fuel that has been fissioned, sometimes expressed as
megawatt days per tonne (MWd/t), or the percentage change in other materials.

burial ground: An area of land that has been dedicated for the shallow disposal of short-lived low
and intermediate level waste. Public access as well as future use of the land will probably be
restricted.

category A waste: Solid waste with radioactive constituents, mainly beta- or gamma-emitting
radionuclides, whose half-lives are considerably shorter than the institutional control period. The
radioactivity will decay substantially during this period. Long-lived alpha-emitting radionuclides
should only be present at very low concentrations. Category A waste will comprise, for example,
lightly contaminated or activated materials, laboratory items, soils, mineral processing wastes,
industrial equipment and certain consumer products. The minimum depth of cover above the waste
must be two metres.

category B waste: Solid waste and shielded sources with considerably higher activities of beta- or
gamma-emitting radionuclides than Category A waste. Long-lived alpha-emitting radionuclides
would be at relatively low levels. Category B waste will comprise, typically, gauges and sealed sources
used in industry, medial diagnostic and therapeutic sources or devices, and small items of
contaminated equipment. The minimum depth of cover above the waste must be five metres.

category C <u/aste: Solid waste containing alpha-, beta-, gamma-emitting radionuclides with activity
concentrations similar to those for Category B. However, typically will comprise bulk materials, such
as from downstream processing of radioactive minerals, significantly contaminated soils, or large
items of contaminated equipment for which conditioning would be impractical. The minimum

PPK Environment & Infrastructure



glossary of terms

depth of cover above the waste must be five metres.

category S waste: Waste that does not meet the specifications of Categories A, B or C. Typically,
this category will comprise sealed sources, gauges or bulk waste which contains radionuclides at
higher concentrations than are allowable under Categories A, B or C. Waste within Category S is
unacceptable for near-surface disposal and must be retained in storage until an alternative disposal
method is available.

cementitious materials: Materials for bonding other materials.

centrifuge: A machine using centrifugal force to impel things or parts of things outward from the
centre of rotation in order to separate materials of different densities.

chain reaction: The process by which neutrons released during fission of nuclei of a fissile material
cause fissions in neighbouring nuclei so that a chain of successive fissions occurs.

cold neutrons: Neutrons of long wavelength and energies in equilibrium with material at extremely
low temperatures. Cold neutrons are used to examine large biological molecules, polymers and
proteins and to detect the locations of particular atoms in such structures.

collimator: Refer beam collimator.

conditioning: Those operations that produce a waste package suitable for handling, transportation,
storage and/or disposal. Conditioning may include the conversion of the radioactive waste to a solid
waste form, enclosure of the radioactive waste in containers and, if necessary, a provision of an
overpack. Within this Draft EIS, it also refers to the preparation of spent reactor fuel for disposal in
a repository.

containment: The prevention of release, even under the conditions of a reactor accident, of
unacceptable quantities of radioactive material beyond a controlled area. Also, commonly the
containing system itself.

contamination: A deposit of dispersed radioactive material on or within any other medium, such as
land, sea, air, structures or people.

control rods: Rods, plates or tubes of steel or aluminium, containing boron, cadmium or some other
strong absorber of neutrons that are used to control the rate of the nuclear reaction.

coolant: A fluid circulated through a nuclear reactor to remove or transfer heat. Common coolants
are light and heavy water.

core: That central fuelled region of a nuclear reactor in which a chain reaction can take place.

corrosion products: Products resulting from the reaction between a structure and its environment.
In a water cooled reactor such as HIFAR, these are trace quantities of the constituents of the
primary cooling circuit (mainly stainless steel and aluminium) which circulate with the primary
coolant and become radioactive.

critical mass: The smallest mass of fissile material that will support a self-sustaining chain reaction
under specified conditions.

criticality: A nuclear reactor has reached criticality when the production rate of neutrons is equal
to the rate of neutron loss and a self-sustaining chain reaction exists.

Australian fMuclear Science and Technology Organisation



glossary of terms

CT (CAT) scan: Computerised axial tomography. A special X-ray technique used to give images in
selected planes of the body.

curie (Ci): A measure of radioactivity. The official SI unit is now the becquerel (Bq). The curie is
the unit used in older references and in some American sources; 1 Ci = 37 Gigabecquerels (37
thousand million Bq).

cyclotron: A machine to accelerate charged atomic particles to high energies by the application of
electromagnetic forces. These particles can be used to bombard suitable target materials to produce
radioisotopes.

daughter product: A nuclide formed from the radioactive decay of another (called the parent).

de minimis: Part of the maxim de minimis non jurat lex ('the law does not concern itself with trifles'),
sometimes used with reference to sources of radiation which a competent authority may decide to
exempt from defined regulatory requirements because individual and collective effective dose
equivalents received from them are both so low that they may be ignored.

decay, radioactive: The disintegration of an atomic nucleus resulting in the release of alpha or beta
particles or gamma radiation (refer Part 1).

decommissioning: Refers to all steps leading to the eventual release of a nuclear facility, other than
a disposal facility, from regulatory control. These steps include the processes of removal of nuclear
material decontamination, intermediate storage of the facility under surveillance and final
dismantling and site remediation to restore the site for use without restriction.

decontamination: The process of removing radioactivity from surfaces.

defence-in-depth: The hierarchal deployment of diverse levels of equipment and procedures to
ensure that a single failure, whether equipment failure or human action at one level of defence, and
even combinations of failures at more than one level of defence, would not propagate to jeopardise
defence in depth at subsequent levels.

design-basis accidents: The class of accidents which is accommodated within the nuclear facility
design. Those accidents which the nuclear facility (with its safety systems) is designed to
accommodate, and which take into account internal and external initiating events which cause the
nuclear facility to operate outside its domain of normal operation.

deuterium: A stable isotope of hydrogen with atomic mass 2 (refer heavy water).

deuterons: Hydrogen atoms which have a neutron and a proton instead of only a proton in their
nucleus. When two deuterons combine with one atom of oxygen, 'heavy water' is formed. It is
heavier than normal water due to the presence of the extra neutrons (refer heavy water).

diagnostic medicine: Refer medicine, nuclear.

DIDO: The original reactor of the class of which HIFAR is an example. It produces a high neutron
flux at low thermal power through its use of highly enriched uranium fuel and a heavy water
moderator.

diffractometer: An instrument used to examine the atomic structure of a substance by a beam of
neutrons, electrons or X-rays.
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discharge: The controlled release of radioactive gases or liquids to the environment.

dismantling: The planned disassembly and removal of any structure, system or component during
decommissioning.

disposal: The emplacement of waste materials in a repository, or at a given location, without the
intention of retrieval. Disposal also covers the approved direct discharge of radioactive waste to the
environment, with subsequent dispersion.

dose limits: The maximum radiation dose that a person may receive over a stated period of time.
Most countries, including Australia, have adopted the recommended dose limits of the
International Commission on Radiological Protection.

dosimeter: A device, such as a film badge, to measure the radiation dose a person receives over a
period of time.

effective dose: A measure of dose which takes into account both the type of radiation involved and
the radiological sensitivities of the organs and tissues irradiated. The unit of effective dose is the
sievert, or more commonly the millisievert (one-thousandth of one sievert) (refer Part I).

effluent: A fluid (liquid or gas) which is released into the environment. This fluid may contain solids
as particulates.

electron volt (eV): Unit of energy for nuclear particles. The energy is usually expressed in kilo
electron volts, keV (thousands of eV) or Megaelectron volts, MeV (millions of eV).

electromagnetic radiation: Waves of energy that are caused by the acceleration of charged particles.
Includes radio waves, infrared, visible light and ultraviolet radiation (all non-ionising radiation),
and x-rays and gamma rays (ionising radiation).

electron: The negatively charged particle that is a constituent of all atoms. Electrons surround the
positively charged nucleus and, in a neutral atom, determine the chemical properties of the atom.

element: A substance that cannot be divided into simpler substances by chemical means.

emergency plan: A set of procedures to be implemented in the event of an emergency and covering
activities planned to be carried out by all authorities and organisations involved.

emergency response: Execution of emergency plans.

enrichment: Any process by which the content of a specified isotope of an element is increased.
Uranium, as a reactor fuel, usually has to be enriched, that is, the natural isotopic abundance of
uranium-235 (0.7 percent) has to be increased. Material at 20 percent or greater enrichment is
called high enriched uranium; below 20 percent it is low enriched uranium.

entombment: Radioactive structures, systems and components are encased in a structurally long-
lived substance, such as concrete. The entombed structure is appropriately maintained and
continued surveillance is carried out until the radioactivity decays to a level that permits
termination of the facility's license.

epithermal neutron radiation: Radiation by neutrons which are slightly more energetic than slow
(thermal) neutrons.
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equivalent dose: A measure of radiation dose in organs and tissues which takes into account the
type of radiation involved (refer Part I).

excitations: Addition of energy to a system, such as an atom or nucleus, raising it above its normal
energy state.

experimental rigs: The assembly of components forming the experiments to be loaded into the
research reactor.

exposure dose: A general expression for the quantity of X or gamma radiation to which a sample (or
person) has been exposed.

external dose: A dose of radiation delivered to a living organism from outside the body, as opposed
to an internal dose delivered by radioactive materials that have been swallowed, inhaled, or
incorporated into the body.

fast neutrons: High energy neutrons emitted from the nucleus during fission.

fissile material: A material capable of undergoing fission by thermal (or slow) neutron, for example,
uranium-235 and plutonium-239.

fission: Usually, the division of a heavy nucleus into two similar but generally unequal masses, with
the emission of neutrons, gamma radiation and a large amount of energy.

fission product decay: The process by which radioactive atoms from fission become stable through
the emission of radioactive particles.

fission products: The atoms formed as a result of fission. Most fission products are very unstable,
have short half-lives and are highly radioactive, emitting of beta rays and gamma rays with a range
of energies.

fission track: The track of ionised material produced by passage of a fission product.

flux scan assembly: A rig for measuring neutron flux.

flux, neutron: The number of neutrons passing through unit area per second.

fuel cycle, nuclear: The series of steps involved in managing fuel for nuclear power reactors. It
includes the mining, refining and enrichment of uranium; fabrication of fuel elements and their use
in a reactor; chemical processing to recover the fissionable material remaining in the spent fuel; re-
enrichment of the fuel material and its refabrication into more fuel elements; and waste
management, including spent fuel disposal.

fuel element: The assembly of fuel rods, tubes or plates that can be loaded into a reactor.

fullerenes: A class of discrete molecules which are soccer ball shaped forms of carbon with
extraordinary stability.

gamma radiation: Gamma radioactivity (refer Part ]).

graphite: A particular type of carbon compound used in a very pure form as a moderator and
reflector in some reactors.
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gray (Gy): The SI unit of measurement of absorbed dose. It is the amount of radiation that deposits
one joule of energy in one kilogram of material. Replaces the rad: 1 Gy = 100 rads.

greenfield site: In the context of decommissioning, the site of a shut down nuclear reactor restored
to a state where it can be used for any other purpose without restriction.

groundwater: Water naturally contained in and saturating the subsoil.

hafnium: A metallic element with high neutron absorption capacity.

half-life, biological: The time required for the amount of a particular substance in a biological
system to be reduced to one-half of its value by biological processes when the rate of removal is
approximately exponential.

half-life, radioactive: The time taken for the radioactivity of a radionuclide to halve as a result of
radioactive decay (refer Part I).

heat loading: The amount of heat being generated in, for example, a target material during its
irradiation in a reactor.

heavy water: Deuterium oxide (D2O), or water containing significantly more than the natural
proportion (one in 6,500) of heavy hydrogen atoms. Heavy water is used as a moderator in some
reactors because it slows down neutrons effectively.

HIFAR (High Flux Australian Reactor): Nuclear reactor of the DIDO class owned by ANSTO and
located at the Lucas Heights Science and Technology Centre.

high level waste: Waste containing high levels of beta and gamma radiation emitters and significant
levels of alpha emitters, and generating significant amounts of heat (>2kW/m ). It typically arises
from the reprocessing of spent fuel elements from nuclear power generation. Such waste requires
careful handling, substantial shielding, provision for dissipation of heat generated by the decay of
fission products, and long-term immobilisation and isolation from the biosphere. High-level waste
is not generated in Australia.

hot cell: A heavily shielded enclosure for highly radioactive materials. It can be used for their
handling or processing by remote means, or for their storage.

hot neutrons: Neutrons in thermal equilibrium with surroundings at very high temperatures (around
2,000 degrees Celsius).

intermediate level waste: Waste of a lower activity level and heat output than high level waste, but
which still requires shielding during handling and transportation. The term is used generally to refer
to all wastes not defined as either high level or low level.

internal storage block: The storage facility in the HIFAR containment building, which normally
contains irradiated fuel elements, new fuel elements, radioactive shield plugs and used irradiation
rigs.

ion: An atom that has lost or gained one or more orbiting electrons, thus becoming electrically
charged.

ionisation: Any process by which an atom, molecule or ion gains or loses electrons.

ionising radiation: Refer Part 1.
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irradiated fuel: Fuel elements that have undergone fission in the reactor and, therefore, contain
highly radioactive fission products.

irradiation: Exposure to neutrons, charged particles or ionising radiation.

irradiation rig: Equipment used to insert material into a nuclear reactor for bombardment with
neutrons (irradiation) and to remove the same material at the conclusion of the irradiation.

isotope: Atoms of an element having the same number of protons but different numbers of neutrons
in the nuclei. Different isotopes of the same element have the same chemical properties, but
somewhat different physical properties (refer also nuclide). There are several hundred naturally
occurring isotopes.

leachate: A liquid that has percolated through a material and removed any soluble substance.

light water: Sometimes used to denote ordinary water as opposed to heavy water.

light water reactor: Reactors that are moderated and cooled by ordinary water. They account for
most of the world's installed nuclear electricity generating capacity. Included in this group are
pressurised water reactors and boiling water reactors.

long-lived waste: Waste that will not decay to an acceptable level in a period of time during which
administrative controls can be expected to last (refer short-lived waste).

low level waste: Any waste material that contains measurable quantities of radioactivity, requiring
minimum standards of protection for personnel when the waste is handled, transported or stored.
It includes items such as wrapping material and discarded protective clothing and laboratory plant
and equipment. Disposal in near-surface structures is commonly practised overseas. In some cases,
the level of radioactivity is below the limit that regulations set as radioactive material.

medicine, nuclear: The use, for medical diagnostic or therapeutic purposes, of radioactive
substances in the human body. Diagnostic nuclear medicine relies on the fact that almost any
element can be made radioactive (in a nuclear reactor or a cyclotron). A biologically active
compound of the element is thereby labelled and, when incorporated in the human body, can be
located and measured. Radioactively-labelled pharmaceuticals are usually designed to concentrate
in particular organs or tissues, where they can be detected and visualised by cameras or scanning
equipment. Therapeutic applications comprise, typically, radiation treatment for cancer.

megawatt days (MWd): The thermal power output (MW(th)) of a reactor multiplied by the
number of days of operation.

megawatt, electrical (MW(eJ): The electrical power output of a power reactor (of the order of 30
percent of the thermal power).

megawatt, thermal (MW(th)): The thermal power output of a nuclear reactor (1 watt = 1 joule
per second).

microsievert: Refer sievert (Sv).

millisievert: Refer sievert (Sv).

moderator: A material, such as ordinary water {HjO), heavy water (DjO) or graphite, used in a
reactor to slow down high velocity neutrons, thus increasing the likelihood of further fission.
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neutron: An uncharged particle with a mass slightly greater than that of the proton, found in the
nucleus of every atom except ordinary hydrogen. Neutrons cause the chain reaction in a nuclear
reactor.

neutron diffraction: The systematic deflection or scattering of a beam of neutrons by the atomic,
molecular or crystal structure of a material.

neutron absorption: The addition of a neutron into the nucleus of an atom by capture or
bombardment.

neutron activation analysis: Analysis of elements in materials by activation with neutrons and
measurement of the resulting radiation to identify and quantify the elemental content of the
sample.

neutron beam: A parallel stream of neutrons.

neutron flux: Refer flux, neutron.

neutron radiation: Refer Part I.

neutron scattering: The displacement of a beam of neutrons by the atomic structure of a material,
(refer neutron diffraction).

neutron transmutation: Refer transmutation.

neutron transmutation doping: The controlled change of a very small amount of a chemical element
into another throughout its mass by neutron irradiation.

noble gases: Also known as inert gases, the noble gases (helium, argon, krypton, xenon and radon)
have filled electron shells and normally do not react chemically with other elements. There are
some radioactive isotopes of noble gases.

non-ionising radiation: Radiation incapable of producing ion-pairs in biological materials; for
example, radio waves.

normal operation: The operation of a nuclear facility under steady-state and transient conditions
within the domain of normal operation. Normal operation states include: startup; power operation;
shutting down; shutdown; maintenance; testing; inspection; and refuelling.

nuclear fuel: Any fissile or fertile material in the form of uranium or plutonium metal, alloy or
chemical compound. Examples include unirradiated and irradiated nuclear fuel elements and
natural uranium, and fertile materials such as thorium which may be converted in a nuclear facility
to fissile material.

nuclear material: Nuclear material includes nuclear fuel, isotopes, and radioactive waste.

nuclear non-proliferation: The measures to prevent countries which do not possess nuclear weapons
from acquiring them.

nuclear power plant: A neutron reactor or reactors, together with all structures, systems,
components and subsystems necessary for safety and for the production of power in the form of heat
or electricity.

nuclear reactor: A facility in which a fission chain reaction can be maintained and controlled. It
usually contains fuel, coolant, moderator, control absorbers and safety devices and is most often
surrounded by a concrete biological shield to absorb neutron and gamma ray emission.
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nucleus: The positively charged core of an atom. It is about 1/10,000 the diameter of the atom but
it contains nearly all the atom's mass. All nuclei contain protons and neutrons, except the nucleus
of ordinary hydrogen, which consists of a single proton.

nuclide: An alternative term to isotope. Hence radionudide for radioisotope.

persori'Sievert: The measure of the radiation dose to a group of people. This group may be a specific
selection of individuals, a local population, or even the global population. The dose in person-
sievert is effectively the sum of the radiation doses to the individuals in the chosen population.

PLUTO: A research reactor located at Harwell in the United Kingdom, which is a variant of DIDO
but for the purposes of decommissioning, may be considered to be the same.

Plutonium: A radioactive element that can be created by the absorption of a neutron by uranium-
238. It has the atomic number 94, and has a range of isotopes with mass numbers 238 to 246. The
most important is the fissile plutonium-239.

power reactor: A relatively large nuclear reactor used to generate electricity.

primary cooling circuit: The vessels and circuits in a nuclear reactor that contain the heat transport
material in direct contact with the fuel.

probabilistic safety analysis (or assessment) (PSA): A method of safety analysis that estimates the
likelihood and consequences of postulated events and uses this to evaluate resultant risks.

proton: An elementary particle with a single positive electrical charge and a mass approximately
1,837 times that of the electron. Also, the nucleus of an ordinary or light hydrogen atom. Protons
are constituents of all nuclei.

radiation, radiation dose: Refer Parts 1 and 2.

radiation dosimetry: Refer dosimeter.

radiation exposure pathways: The routes by which radioactive materials can reach and irradiate
people. These include the carrying of radioactive materials by air or water followed by inhalation or
ingestion, the carrying of radioactive materials through food or animals that absorb the materials,
or direct radiation from sources external to the body.

radiation, monitoring: The collection and assessment of information to determine the adequacy of
radiation protection.

radiation protection: The protection of persons and the environment against the harmful effects of
ionising radiation, while still allowing necessary activities from which radiation exposure might
result.

radioactive inventory: The inventory of radioactive material present in a container, building or
facility.

radioactive waste: Waste containing a range of radioactive nuclides that arises from the operation
of nuclear facilities and the use of radioactive substances. Radioactive waste varies from high-level
radioactive waste, usually in a solid or liquid form, in which quite large amounts of radioactivity are
contained in a small volume of waste material, and low-level radioactive waste in which the level
of radioactivity may be only a little above that found in the natural environment.
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radioactivity. Refer Part 1.

radiography: The practice of making radiographs, that is, pictures on photographic plates, using
some form of radiation other than light, generally X-rays, gamma rays or neutrons.

radioisotope: Refer isotope.

radionuclide: Refer isotope.

radiopharmaceuticah: Pharmaceutical compounds containing a radioactive constituent.

radiotracer: Refer tracer, radioisotope.

radon: A radioactive element, the heaviest of the noble gases. Radon gives rise to the major part of
radiation dose from natural background radiation. It is a decay product of radium.

reactivity: A measure of the change in the ability of the reactor to sustain a chain reaction.

reactor block: The HIFAR biological shield and everything contained within it.

reference accident: A postulated beyond-design-basis accident used to assess nuclear facility siting,
accident management and emergency planning. In the reference accident, many of the safety
related plant systems are assumed to fail, if the fuel temperature rises above its design limit and
fission products are released to the environment. The progression and consequences of the accident
are assessed using more conservative assumptions than would be used for the analysis of beyond-
design accidents in the final safety review of the facility design. The consequences are thereby
considered to bound those of any accident considered credible.

regulatory body: A national authority or a system of authorities designated by a country, assisted by
technical and other advisory bodies, and having the legal authority for conducting the licensing
process, for issuing licences and thereby for regulating nuclear facilities. The regulatory body has
four main responsibilities: to set standards and regulations; to licence against these; to inspect for
compliance; and to enforce adherence to the specified standards and regulations.

repository: An engineered facility for disposal of radioactive waste.

reprocessing: The process of removing uranium from spent fuel so that it can be reused and the
disposal of the wastes facilitated. The fission products are initially in liquid form which is solidified
before it is placed in a repository or store.

research reactor: A neutron reactor used mainly for the generation and utilisation of neutron flux
and ionising radiations for research and other purposes.

risk: The arithmetic product of the likelihood of occurrence of an event and its consequences (refer
Part 1).

risk model: Refer Part i.

sealed source: Radioactive material that is permanently sealed in a capsule or closely bonded in a
solid form.

sensitivity analysis: Calculations performed to determine which parameter values have most
influence on the overall result.
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short-lived waste: Waste that will decay to a level that is considered to be insignificant from a
radiological point of view, in a time period during which administrative controls can be expected to
last.

sievert (Sv): The unit used to assess the effects of ionising radiation on living cells. It is a measure
of the radiation dose to biological tissues and represents the amount of radiation energy absorbed
by living tissue and the extent to which the particular energy transfers can affect biological
processes. One thousandth of a sievert is a milli-sievert and one millionth is a micro-sievert. Usually
measured in millisieverts, the whole-body dose that every person receives from natural background
radiation in one year is 1.8millisieverts (refer person-sievert).

slow neutrons: Refer thermal neutrons.

spoliation: The breaking up of heavy atoms by a high energy beam, usually of protons. The beam
energies have to be very high and typical targets are lead, tungsten and uranium. The beams are
pulsed to avoid overheating of the beam target.

spectrometer: An instrument for measuring the energy distribution of a particular type of radiation.

spent fuel: Nuclear fuel elements in which fission products have built up and the fissile material
depleted to a level where a chain reaction does not operate efficiently. Also referred to as irradiated
fuel.

stable isotope: An isotope incapable of spontaneous radioactive decay.

storage: The emplacement of waste in a facility with the intent and in such a manner that is can be
retrieved at a later time.

sub-critical assembly: An assembly of fissile (for example, uranium 235) and other materials in
which the proportion of fissile material present is insufficient for a nuclear chain reaction to be
sustained.

super conductors: Materials having negligible resistance to the flow of electric current, in most cases
at extremely low temperatures. High temperature superconductors exhibit this property at
temperatures closer to room temperature.

synchrotron: A machine to accelerate charged particles to high speeds; the charged particles are
kept in a circular path by a magnetic field.

synchrotron radiation: The electromagnetic radiation emitted by particles travelling at almost the
speed of light when their trajectories are changed by a magnetic field.

Synroc: A synthetic rock based on titanate minerals that can immobilise the elements in radioactive
wastes within its crystal structures.

therapeutic medicine: Refer medicine, nuclear.

thermal neutrons: Neutrons having energies in thermal equilibrium with their surroundings.

thermal reactor: A reactor in which the fission chain reaction is sustained primarily by slow or
thermal neutrons.

tomography: A method of radiography displaying details in a selected plane within the body.
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tracer, radioisotope: A radioisotope introduced into a system and whose movement can be followed
to represent the movement of parts of that system.

transmutation: Change of atomic number of an atom due to bombardment by high energy radiation
or particles; most easily produced by neutron irradiation. This can lead to a change in the chemical
nature of the element, for example, gold can be transmuted into mercury.

TRIGA reactor: A training and research reactor designed by General Atomics utilising a proprietary
uranium-zirconium-hydride fuel.

tritiated water: Heavy water in which some molecules contain atoms of tritium.

tritium: A radioactive isotope of hydrogen with atomic mass 3 which contains two neutrons and
one proton in its nucleus. It occurs at low concentrations naturally and can be made in a number
of ways, including neutron absorption in lithium, deuterium or heavy water. It has a half-life of 12.5
years.

turnkey contract: A contract where the complete facility is provided by the vendor.

uranium: A radioactive element with two isotopes that are fissile (uranium-235 and uranium-233)
and two that are fertile (uranium-238 and uranium-234). Uranium is the basic raw material of
nuclear energy.

uranium, depleted: Uranium having less than the naturally occurring percentage of uranium-235
(0.7 percent). As a by-product of enrichment in the fuel cycle, it generally has 0.20-0.25 percent
uranium-235, the rest being uranium-238.

uranium, enriched: Uranium in which the content of the fissile isotope uranium-235 has been
increased above the 0.7 percent natural content. Low enriched uranium with two to four percent
of uranium-235 is fuel for many power reactors, whereas high enriched uranium with up to 90
percent of uranium-235 is fuel for fast breeder reactors.

vitrification: The incorporation of high-level radioactive waste into glass for long-term storage
(refer borosilicate glass) •

waste disposal facility: A facility for the emplacement of waste in an approved, specified location
(for example, near surface or geological repository) without the intention of retrieval.

waste management: All activities, administrative and operational, that are involved in the
handling, pretreatment, treatment, conditioning, transportation, storage and disposal of radioactive
and non-radioactive waste from a nuclear facility.

whole-body dose: The equivalent dose of radiation over a human body (refer effective dose).

X-ray: Electromagnetic radiation with wavelengths much shorter than visible light but usually
longer than gamma rays. X-rays generally have a lower energy than gamma rays and are not as
penetrating. X-rays may be produced electrically and are commonly used by doctors and hospitals.
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