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Executive Summary

1. introduction

1.1. General

The Commonwealth Government made a decision in 1997 to provide funding for the
Australian Nuclear Science and Technology Organisation (ANSTO) to construct a
replacement nuclear research reactor at the Lucas Heights site in Sydney, New South
Wales. The then-Minister for Science and Technology, in announcing this decision, also
announced that the proposed reactor "will meet the strictest international nuclear safety
standards and its construction will be subject to a stringent environmental assessment
process under the Environmental Protection (Impact of Proposals) Act 1974, which will
be open to public comment". Depictions of the proposal location and site layout are
provided in Figures ES-1 and ES-2. Under the Environment Protection (Impact of
Proposals) Act 1974, the Minister for the Environment and Heritage may, following the
completion of the EIS, provide the action Minister, the Minister for Industry, Science and
Resources, with recommendations that are considered necessary for the protection of the
environment and on the environmental acceptability of the proposal. This Supplement
to the Draft Environmental impact Statement (Draft EIS) is an important step in the
overall environmental assessment process.

A Draft EIS was released on 17 August 1998 for public comment. Nine hundred and
thirty-five submissions were received as a result of the 12-week public exhibition period.
This Supplement reviews submissions received and provides the proponent's response to
issues raised in relation to the replacement research reactor. This Supplement and the
Draft EIS together represent the Final EIS and are the culmination of the environmental
assessment process undertaken by the proponent ANSTO in keeping with
Commonwealth environmental legislation.

1.2. The Proposal

The overall safety philosophy adopted for the proposal requires a design is chosen that:

• maximises inherent safety features;

• meets internationally agreed safety objectives for research reactors;

• is subsequent to independent regulatory oversight of the safety of the reactor; and

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

The replacement research reactor would be built on a site adjacent to HIFAR. The
design of the replacement research 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.
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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.

It is possible that a number of variants of the reactor design, meeting the required safety
features, could meet the performance specifications described in the Draft EIS. At this
stage details of the design can only be provided where exact features can be predicted
with a reasonable degree of certainty. In other cases, the description of the proposal
focuses on generic characteristics and generic safety features of pool type reactors that
enable all possible worst case environmental impacts to be identified and assessed. Key
elements of the proposal are described below.

The replacement research reactor would:

• include a 'pool' reactor type, in which the core of the reactor is at the bottom of a
pool of water at least eight metres deep;

• use low enriched uranium fuel;

• produce a higher neutron flux than HIFAR;

• have a flexible irradiation facility arrangement;

• include neutron beams for research experiments which would have a wide range of
energies, be cleaner and of higher intensity than those from HIFAR; and

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

Associated buildings and supporting facilities 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;

• 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 under
which:

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

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

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

The replacement research reactor would be designed to provide the capacity for target
irradiation for the key medical radioisotope molybdenum-99 to increase by up to a
factor of four from current levels, and for the yield of other radioisotopes to be increased
by lesser amounts, but sufficient to meet Australia's needs well into the next century.
Existing infrastructure at the Centre would be extended and upgraded to support the
operation of the replacement research reactor, and services would be extended to the
site of the replacement nuclear research 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 research 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 research 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 replacement research 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 the National Category S Waste Store
which is being considered for co-location with the National Radioactive Waste
Repository.

A budget of $286.4 million (in 1997 dollars) has been identified to cover the cost of the
proposed replacement research reactor facility. The total value of domestic content of
this cost is estimated to be approximately 50 percent. Annual operating and
maintenance 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.

1.3. Background

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

• 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;
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• encourage and facilitate the implementation, utilisation and dissemination 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 have included a review of the role of the
Australian Atomic Energy Commission in 1986 (Committee of Review, 1986), prior to
the establishment of ANSTO; reviews by the Australian Science and Technology Council
in 1985 and in 1992 (Australian Science and Technology Council, 1985, 1992), when
the need for a replacement nuclear research reactor was identified as one of seven items
of national scientific research infrastructure needed in Australia; the Research Reactor
Review in 1993 (McKinnon et al 1993), which yielded a number of recommendations
and suggested conditions in relation to the continued operation of HIFAR (High Flux
Australian Reactor) and of establishing a new reactor, and an ANSTO Board initiated
Strategic Review in 1994 (Bain, 1994).

All of these earlier reviews contributed to the Commonwealth Government's decision to
proceed with the planning of a replacement nuclear research reactor.

On September 3 1997, the then-Minister for Science and Technology announced the
decision 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.

The Minister in announcing the proposal also stated that it "will meet the strictest
international nuclear safety standards and its construction will be subject to a stringent
environmental assessment process under the Environmental Protection (Impact of
Proposals) Act 1974, which will be open to public comment" (McGauran, 1997).

1.3.1 Public Review of the Draft Environmental impact
statement

In accordance with the requirements of the Environment Protection (Impact of
Proposals) Act 1974, a Draft EIS was prepared and made available for public review and
comment for a period of 12 weeks from 17 August 1998 to 9 November 1998. Nine
hundred and thirty-five submissions to the Draft EIS were received by Environment
Australia from government bodies, local councils, community groups and individuals.
Copies of all submissions were provided to ANSTO and PPK.

Extensive consultation was undertaken during the preparation of environmental studies
for the Draft EIS. It included identifying the issues of interest or concern to the local
community, developing appropriate information, communicating that information,
consulting with the community and seeking feedback. Direct contact and two-way
exchange of information with the community occurred through meetings, information
days, displays at shopping centres, a telephone information line, the internet and by
responding to written submissions.
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The public review process for this project has been supplemented by three expert
technical peer review reports commissioned by Environment Australia. The reports
were released in October 1998 to coincide with the period of public review. These
reports were separately commissioned by Environment Australia to provide an
independent review of technical issues in the Draft EIS. These reports were also made
publicly available to assist others in preparing submissions. These reports have been
treated as an individual submission (see Submission No. 24). The role of these reports,
by International Atomic Energy Agency. CH2M Hill and Parkman UK, was to provide
independent technical reviews on different aspects of the proposal and Draft EIS.

1.3.2 Role and Objectives of the EIS supplement

The objective of the Environment Protect/on (Impact of Proposals) Act 1974, is *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". It is intended that this
Supplement to the Draft EIS will:

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

• provide responses to issues raised in submissions to the Draft EIS;

• provide an additional source of information to the Commonwealth Government,
the community and other stakeholders, relevant to consideration of the
environmental impacts of the proposal and in identifying measures that might be
taken to mitigate those impacts; and

• provide a basis for any recommendations or advice that might be made under the
Environment Protection (Impact of Proposals) Act 1974 by the Minister for
Environment and Heritage.

1.3.3 Structure of the Eis supplement

Comments were received on most chapters of the Draft EIS. To facilitate cross-
referencing between this Supplement and the Draft EIS, the ordering of chapters within
this Supplement generally follows the order of the Draft EIS. Furthermore, each chapter
has been structured in the same way. Chapters commence with a summary of the Draft
EIS and a summary of the issues raised in submissions to the Draft EIS. This is followed
by consideration of the issues raised, including any additional environmental assessment
undertaken to address particular issues. An overview is then provided which
summarises the information in the Draft EIS and this Supplement.

A number of appendices are provided with this Supplement. The purpose of these
appendices is to provide more detailed technical responses, or clarification, where this
has been required, in order to more comprehensively respond to issues raised.
Statistical summaries of submissions and issues raised are also presented as appendices.
An errata appendix details all editorial changes relating to the Draft EIS. Additionally, a
glossary of technical terms used in the EIS has also been prepared.
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1.4. Submissions

Nine hundred and thirty-five submissions were received by Environment Australia
during and immediately following the 12-week Draft EIS exhibition period. Of these,
some 776 submissions were pro-forma submissions. A further 50 submissions were
either pro-forma based or repeated issues contained in pro-formas. Substantive
submissions included technical submissions from Sutherland Shire Council, from
Greenpeace Australia, from the three Peer Review Consultants and from the NSW
Government (via the Department of Urban Affairs and Planning).

A complete list of submissions is presented as Appendix A to this Supplement.

Upon their receipt from Environment Australia, all submissions were subject to a review
process in order to extract issues from each submission and develop a list of issues that
required response by the proponent. This review process was carried out by PPK in
conjunction with ANSTO personnel.

In all, 205 distinct issues requiring responses were extracted by the submission process.
They ranged from simple editorial comments to discussion of detailed technical issues.

Issues were arranged under the same chapter headings as in the Draft EIS to allow a
structured approach to the response process. Appendix B contains a full three-tier list of
issues.
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2. issues Raised and Responses Provided in
this Supplement

2.1. Overview Of issues Raised During Submissions

As outlined in Chapter 1 of this Supplement, 935 submissions were received from the
public, community groups, statutory authorities and others raising a large range of issues
arising from the Draft EIS. Of the 935 submissions, some 776 were of pro-forma type.

Over 200 separate issues were raised in submissions. The most frequently mentioned
issues raised by submissions:

• concern about lack of availability of information (Issue 1.01.03);

• concern for a Chernobyl type incident (Issue 1.01.09);

• proposal may destroy the ozone layer (Issue 1.02.02);

• concern about the effects of the proposal on health (Issue 1.03.02);

• concern that ANSTO has government support and thus the proposal would go
ahead regardless (Issue 2.01.03);

• general concerns over military use of the reactor (Issue 3.02.02);

• reactor funding could be better utilised (Issue 4.06.01);

• funding for the replacement reactor is being diverted from more vital areas (Issue
5.07.02);

• cyclotron production not sufficiently considered in Draft EIS (Issue 6.01.02);

• opposes Cronulla Beach disposal route for wastewater (Issue 10.03.04);

• no solution or site exists for disposal of radioactive waste in Australia (Issue
10.04.02);

• concern over previous incidents at ANSTO not being considered in Draft EIS (Issue
11.07.02); and

• ecologically sustainable development principles not applied in Draft EIS (Issue
20.01.01).

A large number of submissions generally indicated that no replacement reactor should
be built at Lucas Heights (Issue 1.01.01) or raised a concern over ANSTO in general
(Issue 1.01.07). A number of submissions indicated support for the replacement reactor
at Lucas Heights (Issue 1.01.02).

Chapters 10 and 11 of the Draft EIS were the subject of detailed scrutiny in many of the
more technical submissions.
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Significant additional information and clarification has been provided in the areas of
Waste Management {Chapter 10) and Hazards and Risks (Chapter 11) associated with
the proposed replacement reactor.

2.2. Overview of Responses to issues Raised in Submissions to
the Draft Environmental Impact Statement

2.2.1 General issues

The majority of submissions (greater than 80 percent) were pro-forma submissions.
About 10 percent of the submissions represent key submissions as defined in Section
1.3.1. The origin of the submission was such that the largest number of submissions
came from northern New South Wales, with submissions from South Australia
representing the second largest group. The local Sutherland region provided the third
largest number of submissions representing approximately 10 percent of the total
submissions. All submissions have been examined in detail and major issues arising
categorised and summarised.

General issues have been extracted and addressed in this chapter including the desire
for no replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre, concern over lack of available information, liability issues,
Chernobyl type accidents, the ozone layer and health issues.

In respect of these general issues, new information has been provided within this
Supplement on liability issues, the ozone depletion and health studies.

With regard to liability, on 27 August 1998, a deed of indemnity was signed between
the Commonwealth and ANSTO. This means that any member of the public who has a
claim against ANSTO for nuclear related compensation may pursue that claim in an
Australian court secure in the knowledge that any judgement against ANSTO will be
met by the Commonwealth of Australia.

Claims that radioactive xenon and krypton might contribute to the depletion of the
ozone layer were shown to be incredible. A recent study of the health of local residents
using the most up to date information has been included in Appendix C of this
document and indicated no impact on public health as a result of ANSTO's activities.

2.2.2 The Decision Making Process

ANSTO considers that the assessment process has been in compliance with the
Environment Protection (Impact of Proposals) Act 1974 and associated Administrative
Procedures. The process that ANSTO was required to follow was outlined in the Draft
EIS (Chapter 2) and included input from submissions to the Draft EIS Guidelines.

A specialist community consultation consultant was commissioned to review the
consultation process during the preparation period for the Draft EIS. As a result of
recommendations from the consultant, additional community consultation activities
were conducted during the exhibition period.

During the public exhibition period issues were raised relating to the decision making
process, the Draft EIS document and the scope and effectiveness of the consultation
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process. These issues are addressed in this Supplement but do not alter ANSTO's
conclusion that the EIS has complied with the requirements of relevant legislation.

2.2.3 Background to the Proposal

Information was provided In the Draft EIS on the background to the proposal including
the responsibility of the proponent. Issues raised in submissions included:

• roles and functions of nuclear research reactors;

• activities of ANSTO;

• possible production of sensitive nuclear materials;

• regulatory framework for nuclear activities; and

• other issues related to the background of the proposal.

In the responses within this Supplement EIS, a number of important items require
highlighting. With regards to nuclear non-proliferation it is important to note that the
proposed replacement research reactor would use low enriched uranium fuel which has
no proliferation significance.

There have also been major advances with regard to the national regulatory framework
for all Commonwealth activities involving the use of radioactive materials or radiation.
On 10 December 1998 the Australian Radiation Protection and Nuclear Safety Agency
legislation was passed by both Houses of the Federal Parliament. The Australian
Radiation Protection and Nuclear Safety Agency is expected to be established in early
February 1999 as an operational organisation. Although, in practical terms, this does
not alter the findings of the EIS (as the Nuclear Safety Bureau has been involved both
before and during the EIS process), it does address a number of issues raised in the
public submissions.

2.2.4 Need for the Proposal

As stated in the Draft EIS, the need for the replacement nuclear research reactor is based
on four inter-dependent requirements. Public submissions received questioned these
needs, in particular the medical and national interest justifications. There were also a
number of submissions which raised the need for a cost benefit analysis.

Particular issues raised in submissions were that the replacement reactor would not be
"world-class" and that the need was exaggerated, in particular the medical and national
interest based needs. The responses given in this Supplement identified that the
replacement research reactor could be conservatively ranked with the best in the world
for neutron-beam research and reflected the arguments presented in the Draft EIS, which
stated that it would address four major needs for Australia in medicine, national interest,
research and industry. The assertion that the reactor will fulfil the objectives of the
proposal is maintained.

2.2.5 Description of the Proposal

The Draft EIS presented a generic design for the proposed replacement research reactor
based on generic safety features and a set of binding performance criteria that would
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need to be met. Submissions to the Draft EIS raise concerns that this generic reactor
type did not allow an adequate environmental assessment process. In addition,
submissions were concerned that the costs of the proposal could not be accurately
presented with a generic reactor design. Responses within this chapter have expanded
and clarified several points associated with reactor design and costings, the
environmental assessment process and the subsequent detailed regulatory process.

2.2.6 Alternatives to the Proposal

Alternatives to the proposal were discussed in detail within the Draft EIS. The
alternatives considered were defined by the Guidelines for the EIS. Submissions arising
from the public consultation phase mainly dealt with other methods for producing
radioisotopes, that siting the reactor at Lucas Heights Science and Technology Centre
was inappropriate, or that alternative sites were not fully considered. Additional
information is provided in this Supplement, particularly on spallation processes.
Alternative methods for producing some neutron-rich radioisotopes, such as those
produced in a reactor, while in some cases theoretically possible, are not commercially
viable. The potential use of a spallation source to produce isotopes interferes with any
concurrent use for other cutting edge scientific purposes. The acceptability of the Lucas
Heights Science and Technology Centre for the replacement research reactor was
examined and the conclusions of the independent peer reviews confirmed the site
acceptability.

2.2.7 Physical, Biological and social Context of the Proposal

The Draft EIS addressed potential impacts of the replacement reactor on the social,
physical and biological characteristics of the surrounding areas and communities. The
key issues derived from this assessment were similar to that of the Research Reactor
Review undertaken in 1993.

Various submissions raised issues regarding any possible physical, biological and social
impacts. The issues raised were concerned with the background radiation levels and the
baseline data. These issues have been addressed within Section 7.3 of this Supplement.
In addition to this, ANSTO's environmental commitments in relation to the replacement
reactor are detailed in Chapter 18 of this Supplement. No additional conclusions are
reached under the subject of the physical, biological and social context of the proposal.

2.2.8 Geology, soils and water

The Draft EIS {Chapter 8), addressed multiple issues on the environmental impacts of the
geology, soils and water within the area of the proposed replacement research nuclear
reactor. A number of submissions were received from individuals, local and state
government as well as an independent peer review. The issues raised by submissions
addressed the assessment methodology oi the Draft EIS, the potential impacts on soils,
hydrology and water quality, environmental management and the suitability of the
geological substrata. These issues have been thoroughly addressed in Section 8.3 of this
document and in Chapter 8 of the Draft EIS.

Mitigation measures to reduce the impact to the soils, hydrology and water quality have
been identified and would be implemented within both the Construction Environmental
Management Plan and the monitoring programs developed as part of the environmental
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management system. A timetable for these programs has been presented in Chapter 18
of this Supplement.

2.2.9 Air Quality (Non-Radioactive)

The principal impacts on air quality were identified in the Draft EIS 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.

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.

2.2.10 Management of Reactor Products, spent Fuel and
wastes

This chapter of the Supplement describes the treatment of reactor products, spent fuel,
wastes and emissions associated with the replacement nuclear research reactor and the
isotope processing facilities. Both the existing and future arrangements are described
and the radiation exposures to the public as a result of present and future operations are
presented.

A range of issues were raised in submissions related to management of these reactor
products, spent fuel and wastes. These submissions covered such issues as the feasibility
of shipping spent fuel overseas, the treatment of historical wastes, the need for more
information on how emissions would be minimised if radiopharmaceutical production is
increased, treatment of liquid wastes and the Little Forest Burial Ground.

Responses are provided for each of the issues raised. In doing so, additional
information, to that given in the Draft EIS, is provided on:

• spent fuel shipments;

• synroc and its use in waste conditioning;

• the feasibility of the methods for reducing gaseous emissions should isotope
processing be increased;

• the process for treating intermediate liquid wastes; and

• ANSTO's use of "As Low As Reasonably Achievable".

The responses indicate that gaseous emissions would be controlled so that the off-site
exposure would be less than one percent of the current National Health and Medical
Research Council (1995) public dose limit of one millisievert per year. The techniques
for doing this are feasible, as confirmed by the peer reviews and international practice.

Since the production of the Draft EIS, the process for solidification of the intermediate
level liquid waste has reached the operational stage.
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In addition, ANSTO has reached agreement with COGEMA in France for the
reprocessing of the non-United States origin spent fuel. These arrangements take
account of the fact that Dounreay in Scotland is no longer accepting spent fuel for
reprocessing.

The overall conclusion is that the management of the wastes for the replacement
research reactor would ensure that all applicable standards and regulatory requirements
would be met and that off-site exposures from all emissions from the Lucas Heights site
would continue to result in a dose of less than 0.01 millisieverts per year which is one
percent of the current National Health and Medical Research Council (1995) public
dose limit of one millisievert per year.

2.2.11 Hazards and Risks

Hazards and risks associated with the replacement research reactor were raised in many
submissions received during the exhibition period. The issues varied from unspecified
general concerns to concerns over the risk assessment methodology, the results of the
risk assessment, risks during dual reactor operation, emergency planning and transport
risks. Specific issues raised included the way seismic events were treated in the EIS, the
amount of radioactivity that could be released during an accident, the analysis of the
pathways for exposure and the history of accidents involving research reactors
worldwide.

The assessments made for the Draft EIS considered hazards associated with the reactor,
with other facilities and from transport. For accidents associated with the replacement
research reactor, the assessments made both by ANSTO and independently by NNC of
the United Kingdom, indicate that there will be no requirement for countermeasures
beyond the 1.6 kilometre buffer zone, even in the event of the hypothesised severe
accident, the Reference Accident. This accident is used to assess the suitability of the
site for location of a research reactor and is based on generic design information relevant
to a pool type reactor. When the detailed design is known, the Safety Analysis Report
will confirm that no accident will lead to more severe consequences than the Reference
Accident for the particular design chosen, as well as showing that the design will meet
all regulatory requirements and risk criteria.

In responding to the issues raised, this chapter has provided significant additional
information on :

• how the Reference Accident was selected;

• the purpose of the Reference Accident and its relationship to the detailed design
process for the replacement reactor;

• collective doses associated with the Reference Accident;

• why a Chernobyl type accident cannot happen with the replacement reactor and
why comparisons with Chernobyl are not valid;

• the accidents that have occurred worldwide with research reactors;

• risks associated with liquid effluent discharges to the sewer;

• risks during dual operation; and
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• transport risks.

The results of these additional assessments confirm the conclusions given in the Draft
EIS that the Lucas Heights site has no negative features that would render it unsuitable
for location of a replacement reactor and that the consequences of the hypothesised
most severe credible accident would not require any countermeasures beyond the
1.6 kilometre buffer zone.

These conclusions were also supported by the three independent peer reviews
conducted by the International Atomic Energy Agency in Austria, Parkman of the United
Kingdom and CH2M Hill on behalf of Environment Australia.

2.2.12 Flora and Fauna

The construction of the proposed replacement research reactor would involve the
clearing of existing vegetation on the four hectare site. As discussed in the Draft EIS,
this would result in the loss of approximately 1.5 hectares of woodland and
approximately one hectare of degraded heathland. The area to be cleared contains no
significant roosting or feeding habitats of threatened species.

Environment Australia received various submissions that raise issues related to flora and
fauna. These issues are concerned with the background study, flora and fauna impacts
and the need for continuing management of the buffer zone.

No threatened species or their habitats were likely to be affected by the proposal.
However, mitigation measures to minimise the impact to the surrounding flora and
fauna would be implemented within the Construction Environmental Management Plan.
An assessment of the presence of species of conservation significance listed under both
national and State legislation whose presence has been recorded within and surrounding
the buffer zone is provided in Appendix H of the Draft EIS. Impacts on species
potentially affected by development of the proposal are discussed in further detail in
Section 12.4.2 of the Draft EIS and in Section 12.3 of this document Current
management practices for the buffer zone would continue through the lifecycle of the
replacement reactor including weed control.

2.2.13 Planning and Land use

ANSTO would continue to exclude residential development from the buffer zone.
Future land use proposals within the buffer zone would be subject to approval by the
ANSTO in accordance with the environmental and safety criteria described within
Chapter 13 of the Draft EIS.

As mentioned in Chapter 13 and Appendix D of the Draft EIS, ANSTO is not subject to
local and State planning controls, however, in accordance with the Intergovernmental
Agreement on the Environment 1992, environmental issues of interest and concern to
the State government are addressed within the Draft EIS.

In summary, the Draft EIS has considered relevant planning legislation pertinent to the
proposal. Proceeding with the construction and operation of the replacement reactor
would not appear to affect or alter the current metropolitan, regional or local planning
frameworks or directions as set out in various strategic planning documents.
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2.2.14 Traffic and Transport

Traffic impacts generated by construction activities of the proposed replacement nuclear
research reactor would be minimal and would have no adverse impact on the
surrounding road network. Traffic impacts during the operation of the proposed
replacement research reactor would be minor, as an increase in staff at the Lucas
Heights Science and Technology Centre is unlikely.

ANSTO would consult with the relevant regulatory authorities, including the NSW
Roads and Traffic Authority, to determine appropriate routes for oversize vehicles during
construction. This approach would also be adopted for the transportation of fuel rods to
and from the Centre. The NSW Roads and Traffic Authority would be included in the
consultation process, together with NSW Police Service and Environment Protection
Authority in determining designated routes.

2.2.15 infrastructure and Services

Existing infrastructure and services would meet the needs of construction and operation
of the proposed replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre. However, as suggested by the NSW Government submission (No.
935) dual operation for up to a six month period of the proposed reactor and HIFAR
would increase the demand for water at the site. The increased demand for and
availability of water would involve co-ordination with Sydney Water and ANSTO would
ensure an adequate Iead4ime is allowed in planning co-ordination with Sydney Water.

2.2.16 social and Economic impacts

The proposed replacement nuclear research reactor would affect individuals and the
surrounding communities both positively and negatively. The positive impacts would
include benefits derived from additional employment, economic activity generated by
the reactor and medicinal and scientific benefits to the community. The obvious
negative impacts are addressed in Chapter 11 - Hazards and Risks of this document. No
impact on rural produce would occur even if the hypothesised Reference Accident
occurred.

Six submissions were received by Environment Australia on social and economic
impacts. The issues raised were concerned with assessment methodology, background
information and assumptions, and social and economic impacts. These issues have been
addressed in Section 16.3 of this Supplement as well as in Chapter 16 of the Draft EIS.
The overall negative impact on society and the economy as a result of the proposed
replacement research reactor would be very small in comparison with a number
tangible benefits associated with the proposed replacement reactor.

2.2.17 other Environmental impacts

The Draft EIS addresses issues of minor environmental impact in Chapter 17. The issues
that were addressed included land contamination, bushfire hazard, noise, visual and
landscape impacts, and cultural heritage issues.

Environment Australia received several submissions that raise issues under the rubric of
other environmental impacts. The issues raised were in line with issues addressed in the
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Draft EIS and have been addressed in Section 17.3 of this Supplement and Chapter 17 of
the Draft EIS.

Mitigation measures to reduce environmental impacts have been identified and would
be implemented within the Construction Environmental Management Plan for the
replacement nuclear research reactor and the ongoing environmental management
system for the Lucas Heights Science and Technology Centre.

2.2.18 Environmental Management

ANSTO has established policies and guidelines in place at the Lucas Heights Science
and Technology Centre. These policies include a Health, Safety and Environment
Policy, an Occupational Health and Safety Policy, and a Radioactive Waste
Management Policy. These policies would be upgraded to form part of an
environmental management system that is consistent with the principles of the ISO
14000 series, Australian Radiation Protection and Nuclear Safety Agency relevant
legislation and best practices.

Environment Australia received several submissions that raised issues concerning
environmental management. These issues were concerned with existing environmental
management, environmental management during the replacement research reactor, and
also expressed a more general concern over environmental management during
construction.

The Draft EIS (Section 18.3 and Appendix /) outlines ANSTO's environmental
commitments and management measures. Appendix I of the Draft EIS outlines a
Construction Environmental Management Plan that would be prepared prior to
construction and once detailed design is finalised, in order to address all germane issues
identified by relevant legislative requirements.

This Supplement (Chapter 18) has presented two new key additions to the Final EIS:

• an outline timetable for the development and environmental monitoring program
associated with the replacement research reactor, and

• an updated table of commitments associated with the proposal.

2.2.19 Decommissioning

The Draft EIS (Chapter 19) addresses the decommissioning process. There are generally
three stages of decommissioning: firstly, the fuel and the coolant are removed,
secondly, preliminary dismantling, care and maintenance of the reactor and, thirdly,
final dismantling.

Environment Australia received submissions raising six issues under the subject of
decommissioning. The issues raised were concerned with the decommissioning of the
HIFAR reactor, decommissioning of the proposed replacement research reactor,
management of decommissioned wastes and the perceived need for a further options
study on decommissioning HIFAR.

Hazards and risks associated with decommissioning would be addressed in detail in a
Decommissioning Plan in which the best procedures and technologies would be
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identified to ensure potential adverse impacts on health, safety and the environment are
prevented or minimised. These would include any impacts on the replacement reactor
and the handling and storage of radioactive waste. This plan will require approval from
the Australian Radiation Protection and Nuclear Safety Agency. The decommissioning
process may also require environmental assessment.

2.2.20 Cumulative impacts and Ecologically Sustainable
Development

Potential cumulative impacts have been identified in the Draft EIS, including those at a
national, regional and local level. The principles of ecologically sustainable
development have also been considered in the Draft EIS, including the precautionary
principle, inter-generational equity, conservation of biological diversity and ecological
integrity and improved valuation and pricing of environmental resources.

Environment Australia received several submissions that raise the issues of cumulative
impacts and ecologically sustainable development. The issues raised are concerned
with the cumulative impact assessment methodology, ecologically sustainable
development principles and uranium mining in Australia.

Cumulative impact assessment and the principles of ecologically sustainable
development have been thoroughly addressed in Chapters 7 and 20 of the Draft EIS and
in Section 20.3 in this Supplement. As a result of this, a set of ecologically sustainable
development initiatives to be adopted as part of the proposal have been developed and
would form part of the environmental management system.

In conclusion, it is the proponents view that there would be little to no cumulative
impacts associated with the replacement reactor. In fact, the removal of radioactive
waste and the regular removal of spent fuel from the Lucas Heights Science and
Technology Centre could be considered as lessening and reducing the existing
cumulative impacts to the local area.

2.3. Corrections to the Draft Environmental impact Statement

Submissions to the Draft EIS and subsequent investigations by the proponent ANSTO
and PPK Environment and Infrastructure have led to several errata being found within
the text of the Draft EIS. Appendix D of this document provides a complete list of errata
applying to the Draft EIS.

It should be noted however that none of these errata effect the conclusions of the Final
EIS.

2.4. Conclusions of the Final Environmental impact Statement

2.4.1 conclusions of the Draft EIS

The conclusions of the Draft EIS (as stated in Section 21.4) were as follows:

• 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;
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• 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 plus 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 [of the Draft EIS]. 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;

• 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; [and]

* 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.

2.4.2 conclusions of the Supplement to the Draft EIS

Submissions to the Draft EIS have a number of important issues associated with the
proposal. This Supplement had provided responses in a number of key areas including
hazards and risks and waste management.

New information arising since the Draft EIS has included:

1. a deed of indemnity signed between the Commonwealth and ANSTO on
27 August 1998;

2. a recent study of the health of local residents, in comparison with an equivalent
area (Warringah) and NSW as a whole, was performed using the most up to date
statistics available from the NSW Cancer Council. The study indicated no impact
on public health as a result of ANSTO's activities. ANSTO's commitment to keep
the public dose to one hundredth of the current National Health and Medical
Research Council (1995) public dose limit will ensure no impact, from the
proposal, on public health;
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3. on 10 December 1998 the Australian Radiation Protection and Nuclear Safety Act
was passed by both Houses of the Federal Parliament which regulates all ANSTO
activities. The Australian Radiation Protection and Nuclear Safety Agency will be
responsible for regulating all radiological emissions and activities oi ANSTO;

4. since the production of the Draft EIS, the process for solidification of the
intermediate level liquid waste has reached the operational stage;

5. ANSTO has reached agreement with COGEMA in France for the reprocessing of
the non-United States origin spent fuel;

6. an assessment of the impacts due to wastewater discharges from the Lucas
Heights Science and Technology Centre, including bioaccumulation at the Potter
Point outfall, was undertaken and showed that no impacts will occur;

7. provision of detailed information on the process used in the selection and
screening of potential causes of accidents in order to derive the Reference
Accident;

8. collective dose was reassessed out to a distance of 50 kilometres and was still
well within the Nuclear Safety Bureau's acceptance criteria;

9. release fractions, in the unlikely event of an accident, were reassessed and it was
found that the assessment in the Draft EIS was appropriate and was based on
scientifically defensible experimental data and evaluations of the release fractions
from pool type research reactors; and

10. an outline timetable was presented for the implementation of an environmental
management system associated with the replacement research reactor.

The Draft EIS concluded that the construction and operation of the proposed
replacement reactor would result in a range of benefits in the areas of health care, the
national interest, scientific achievement and in industrial applications.

The Draft EIS further concluded the environmental assessment of the proposal to
construct and operate a replacement reactor has shown that the scale of environmental
impacts that would occur is acceptable, provided that the management measures and
commitments made by ANSTO are adopted.

Further studies, relating to issues raised in the public submission process, were
undertaken for the Supplementary EIS. These studies confirm, in ANSTO's view, the
findings of the Draft EIS and hence the findings of the Final EIS are unchanged from the
Draft EIS.
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Chapter 1 - Introduction

1. introduction

1.1. General

The Commonwealth Government made a decision in 1997 to provide funding for the
Australian Nuclear Science and Technology Organisation (ANSTO) to construct a
replacement nuclear research reactor at the Lucas Heights site in Sydney, New South
Wales. The then-Minister for Science and Technology, in announcing this decision, also
announced that the proposed reactor "will meet the strictest international nuclear safety
standards and its construction will be subject to a stringent environmental assessment
process under the Environmental Protection (Impact of Proposals) Act 1974, which will
be open to public comment". Depictions of the proposal location and site layout are
provided in Figures 1.1 and 1.2. Under the Environment Protection (Impact of
Proposals) Act 1974, the Minister for the Environment and Heritage may provide the
action Minister, the Minister for Industry, Science and Resources, with recommendations
that are considered necessary for the protection of the environment and on the
environmental acceptability of the proposal. This Supplement to the Draft
Environmental Impact Statement (Draft EIS) is an important step in the overall
environmental assessment process.

This Supplement and the Draft EIS represent the Final EIS and are the culmination of the
environmental assessment process undertaken by the proponent ANSTO in keeping with
Commonwealth environmental legislation. A Draft EIS was released on 17 August 1998
for public comment. Nine hundred and thirty-five submissions were received as a result
of the 12-week public exhibition period. This document reviews submissions received
and provides the proponent's response to issues raised in relation to the replacement
nuclear research reactor.

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

PPK has assembled an EIS study team for this purpose. 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 issues and responses relating to its description, the
need and alternatives to the proposal, decommissioning and regulatory matters.
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Replacement Nuclear Research Reactor
Supplement

1.2. Background

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

- 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 and facilitate the implementation, utilisation and dissemination 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 have included a review of the role of the
Australian Atomic Energy Commission in 1986 (Committee of Review, 1986), prior to
the establishment of ANSTO; reviews by the Australian Science and Technology Council
in 1985 and in 1992 (Australian Science and Technology Council, 1985, 1992), when
the need for a replacement nuclear research reactor was identified as one of seven items
of national scientific research infrastructure needed in Australia; the Research Reactor
Review in 1993 (McKinnon et al 1993), which yielded a number of recommendations
and suggested conditions in relation to the continued operation of HIFAR (High Flux
Australian Reactor) and of establishing a new reactor; and an ANSTO Board initiated
Strategic Review in 1994 (Bain, 1994).

All of these earlier reviews contributed to the Commonwealth Government's decision to
proceed with the planning of a replacement nuclear research reactor.

On September 3 1997, the then-Minister for Science and Technology announced the
decision 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.

The Minister in announcing the proposal also stated that it "will meet the strictest
international nuclear safety standards and its construction will be subject to a stringent
environmental assessment process under the Environmental Protection (Impact of
Proposals) Act 1974, which will be open to public comment" (McGauran, 1997).

Page 1-4 Australian Nuclear Science and Technology Organisation



Chapter 1 - Introduction

We are
here

1.2.1 The Decision Making Process

The construction of the replacement nuclear research reactor is subject to the
Environment Protection (Impact of Proposals) Act 1974, its regulations and
administrative procedures. The environmental assessment process established by this
legislation is illustrated in Figure 1.3.

Commonwealth involvement in project triggers Commonwealth
environmental legislation

ANSTO designated as the proponent

Direction fay Minister for the Environment and Heritage that an £1S be
prepared

EIS Guidelines finalised by Environment Australia

Draft EIS prepared

Exhibition ot Draft EtS for comment

Response to public submissions prepared including any additional
investigations or updated information in the form of a Una! EtS

Final EIS submitted to Environment Australia and made
available to the public

Minister for Environment and Heritage considers proposal

Minister for the Environment and Heritage provides recommendations to
the Minister for Industry, Science and Resources

Figure 1.3: Environmental Assessment Process

1.2.2 Public Review of the Draft Environmental impact
statement

In accordance with the requirements of the Environment Protection (Impact of
Proposals) Act 1974, a Draft EIS was prepared and made available for public review and
comment for a period of 12 weeks from 17 August 1998 to 9 November 1998. Nine
hundred and thirty-five submissions to the Draft EIS were received by Environment
Australia from government bodies, local councils, community groups and individuals.
Copies of all submissions were provided to ANSTO and PPK.

Extensive consultation was undertaken during the preparation of environmental studies
for the Draft EIS. It included identifying the issues of interest or concern to the local
community, developing appropriate information, communicating that information,
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consulting with the community and seeking feedback. Direct contact and two-way
exchange of information with the community occurred through meetings, information
days, displays at shopping centres, a telephone information line, the internet and by
responding to written submissions.

The public review process for this project has been supplemented by three expert
technical peer review reports commissioned by Environment Australia. The reports
were released in October 1998 to coincide with the period of public review. These
reports were separately commissioned by Environment Australia to provide an
independent review of technical issues in the Draft EIS. These reports were also made
publicly available to assist others in preparing submissions. These reports have been
treated as an individual submission (see Submission No. 24). The role of these reports,
by International Atomic Energy Agency, CH2M Hill and Parkman UK, was to provide
independent technical reviews on different aspects of the proposal and Draft EIS.

1.2.3 Role and Objectives of the EIS Supplement

The objective of the Environment Protection (Impact of Proposals) Act 1974, is "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". It is intended that this
Supplement to the Draft EIS will:

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

• provide responses to issues raised in submissions to the Draft EIS;

• provide an additional source of information to the Commonwealth Government,
the community and other stakeholders, relevant to consideration of the
environmental impacts of the proposal and in identifying measures that might be
taken to mitigate those impacts; and

• provide a basis for any recommendations or advice that might be made under the
Environment Protection (Impact of Proposals) Act 1974 by the Minister for
Environment and Heritage.

1.2.4 Structure of the EIS Supplement

Comments were received on most chapters of the Draft EIS. To facilitate cross-
referencing between this Supplement and the Draft EIS, the ordering of chapters within
this Supplement generally follows the order of the Draft EIS. Furthermore, each chapter
has been structured in the same way. Chapters commence with a summary of the Draft
EIS and a summary of the issues raised in submissions to the Draft EIS. This is followed
by consideration of the issues raised, including any additional environmental assessment
undertaken to address particular issues. An overview is then provided which
summarises the information in the Draft EIS and this Supplement.

A number of appendices are provided with this Supplement. The purpose of these
appendices is to provide more detailed technical responses, or clarification, where this
has been required, in order to more comprehensively respond to issues raised.
Statistical summaries of submissions and issues raised are also presented as appendices.
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An errata appendix details all editorial changes relating to the Draft EIS. Additionally, a
glossary of technical terms used in the EIS has also been prepared.

1.2.5 The Next Steps

The Draft EIS and this Supplement constitute the Final EIS. Environment Australia is
required to examine the Final EIS, taking into account all submissions received, and to
provide an assessment report to the Minister for the Environment and Heritage. The
assessment report would address the impacts of the proposal, its environmental
acceptability and the adequacy of measures proposed for the protection of the
environment.

After examining the assessment report, the Minister for the Environment and Heritage
may make any comments, suggestions or recommendations to the Minister for Industry,
Science and Resources on the environmental acceptability of the proposal and any
conditions necessary for the protection of the environment that he considers necessary.

The Minister for Industry, Science and Resources must take into account any such
recommendations or advice in his determination.

1.3. Submissions

1.3.1 issues Raised During Submissions

Nine hundred and thirty-five submissions were received by Environment Australia
during and immediately following the 12-week Draft EIS exhibition period. Of these,
some 776 submissions were pro-forma submissions. A further 50 submissions were
either pro-forma based or repeated issues contained in pro-formas. Substantive
submissions included technical submissions from Sutherland Shire Council, from
Greenpeace Australia, from the three Peer Review Consultants and from the NSW
Government (via the Department of Urban Affairs and Planning). Table J. 1 presents an
outline list of key submissions received, whilst Figure 1.4 shows submissions by area
and type. A key submission was defined as:

• not a pro-forma;

• not based on a pro-forma; and

• larger than two pages or a submission from an organisation, or raised a new issue.

Table 1.1 Outline of Key Submissions'

Submission
Organisation / Author Name Number
Nuclear Diagnostics Randwick, Prince of Wales Private Hospital, I.PC. Murray , 1
Associate Professor
Comcare Australia, Jackie Cody 5
Mr and Mrs Calverley 9
Lisa Barbi 19
Technology Commercialisation International Incorporated, H William Nordyke 22
Murray Scott 23
Independent Peer Reviews (International Atomic Energy Agency, Parkman,
CH2M Hill 24
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Organisation / Author Name
Submission

Number

Tony Wood
Commonwealth Department of Primary Industries and Energy, Jeff Harris
Sustainable Futures Planning & Design, Dr Elizabeth Bragg (pro-forma 3)
Bruce and Simone Dixon
Environment Australia, Environment Protection Group, Frank Downing
Robyn Downing

J. R. Fredsall
Parents and Citizens Association, Lisa Hoy
Newcastle University Student, M. Paul

Laurie Toogood, Rosemary Toogood

Gavin Mudd

Greenpeace New Zealand, Stephanie Mills
Matthew Smith
Sutherland District Trade Union Club, Ian Dixon

Cumbrians Opposed to a Radioactive Environment, Martin Forwood
Medical Association for Prevention of War (Australia), Ian Buckley
Netta Care
Hazel Wilson, OAM

Sutherland Shire Environment Centre, Michael Priceman
Sutherland Shire Environment Centre, R. D, Walshe
David Ash
Robyn Gordon
Australian Nuclear Association, Roger Alsop
People Against a Nuclear Reactor, Genevieve Rankin
ALG Nuclear Free Zones and Toxic Industries, Dr Anne-Maree Witaker
Sutherland Shire Council, Mayor
Willoughby Environmental Protection Association, Lynne Zihrul

Australian Conservation Foundation, David Noonan
Terry Fidler
Sandy Point Progress Association Inc, Mrs Julie Curtin
A McGovern

K Couse

Australian Radiation Protection Society, Richard Smart

Total Environment Centre Inc, Jeff Angel

Suzanne Ireland

Shirley Colella
Justin M. Silver
Centre for the Subatomic Structure of Matter, Skullerud
Campbelltown Community Action Group, Leon Warren

Chris Holstein (Gosford City Councillor)

Steve Rowe (Gosford City Councillor)
Jo-Anne Lentern

Jean McSorley

Peter Schnelbogl
Phil Blight (Sutherland Shire Councillor)
Dawn Emerson (Sutherland Shire Councillor)
Bryon Hurst (Sutherland Shire Councillor)
Australian Peace Committee, Barbara Fuller-Quinn

Waverley Council, Mayor

Ken McDonell (Sutherland Shire Councillor)

27
28
174
228
235
236
246
254
280

300/3252

316
317
318

319

322
323
328
329

330
331
332
333
334
339
340
341
358

360
361
364
366
369

370/3822

371

372
374
380
381
383

796

839
866

867
868/9162

870
874
878
879

883
884
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Submission
Organisation / Author Name Number
G. Rankin (Sutherland Shire Councillor) 885
Paul Smith (Sutherland Shire Councillor) 886
National Parks Macarthur, Diane Jeffs 893

Australian Conservation Foundation, President 903

Dr Jim Green 906

Friends of the Earth, John Hallam 908
CH2M Hill, Ross McFarland 909
People for Nuclear Disarmament, Liam Phelan 913
Women's International League, Australian Section, Cathy Picone 914

Mudgee District Environment Foundation, Jocelyn Hulme 918
Willoughby Environmental Protection Association 919

Australian Academy of Science, Science Professor, John W. White 924

Department of Foreign Affairs (Nuclear), Brendon Hammer 926

Southern Sydney Regional Organisation of Councils, Juanita Higgs 927
Campbelltown City Council, I. S. Porter 929/9312

Women of the 1990's, Madge Sceriha 930
Nuclear Safety Bureau 934
NSW Government (via the Department of Urban Affairs and Planning) 935
Note: 1. Listed in order of receipt

2. Identical submission recorded twice due to preliminary facsimile copy.

A complete list of submissions is presented as Appendix A to this Supplement.

Upon their receipt from Environment Australia, all submissions were subject to a review

process in order to extract issues from each submission and develop a list of issues that

required response by the proponent. This review process was carried out by PPK in

conjunction with ANSTO personnel.

In all, 205 distinct issues requiring responses were extracted by the submission process.

They ranged from simple editorial comments to discussion of detailed technical issues.

Issues were arranged under the same chapter headings as in the Draft EIS to allow a

structured approach to the response process. Table 1.2 lists headings under which

generic issues were developed. Appendix B contains a full three-tier list of issues.

Table 1.2: Generic Issues List

1 General Issues

2. The Decision Making Process

3. Background to the Proposal

4. Need for the Proposal

5. Description of the Proposal

6. Alternatives to the Proposal

7. Physical, Biological and Social Context of the Proposal

8 Geology, Soils and Water

9. Air Quality

10. Management of Reactor Products, Spent Fuel and Wastes

1 1. Hazards and Risks

1 2. Flora and Fauna

13. Planning and Land Use

PPK Fnvifonment 4 Infrastructure Pl\ Ltd Page 1 -9
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14. Traffic and Transport

15. Infrastructure and Services

16. Social and Economic Impacts

17. Other Environmental Impacts

18. Environmental Management

19. Decommissioning

20. Cumulative Impacts and Ecologically Sustainable Development

1.3.2 Characteristics of Authors

Submissions can be categorised as arising from four distinct groups:

• individuals in the community;

• government;

" community groups; and

• other (including business and industry).

The main characteristics of these four groupings are as follows.

individual

• Eight hundred and eighty-eight submissions were received from individuals in the
community as a result of the exhibition process. Of these 87.4 percent were pro-
forma (776 in total).

Government

Fifteen submissions were received from the following Government Agencies (listed in
order of receipt):

• Com care;

• three peer review reports commissioned by Environment Australia;

• Commonwealth Department of Primary Industries and Energy;

• portfolios of Environment Australia;

• Sutherland Shire Council

• Gosford City Council (two submissions);

• CH2M Hill (through Environment Australia);

• Department of Foreign Affairs and Trade;

• Southern Sydney Regional Organisation of Councils;

• Campbelltown City Council (two submissions);

• Blacktown City Council;

Nuclear Safety Bureau; and

• NSW Department of Urban Affairs and Planning

1-10 Au^trajtar, Nurle^r Science and Technol
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Community Croups

Submissions from groups which can be said to represent significant community interests
totalled 30. They came from groups such as "People Against A Nuclear Reactor",
Greenpeace, Campbelltown Community Action Group, and the Sutherland Shire
Environment Centre. In some cases, such as People Against a Nuclear Reactor's, the
submission was based on the work of persons with specific technical knowledge within
the organisation and in some cases the submission represented a basic petition with
general statements either for or against the proposal.

Other (including Business and Industry)

Two business and industry submissions were received; from Technology
Commercialisation International Incorporated and Sustainable Futures Planning and
Design.

1.3.3 influence of Location on submission Characteristics

The 935 submissions received were subjected to an analysis process which included
plotting the submissions by location. Figure 1.4 presents the results of the graphical
analysis undertaken in terms of number of submissions only. It can be seen from Figure
1.4 that a large proportion of pro-forma submissions originated in the northern NSW
area or in South Australia (less non-pro-forma submissions were received from these
areas). Local submissions, that is, from Sutherland Local Government Area and Sydney
areas, were more even in terms of pro-forma/non-pro-forma breakdown, though fewer in
number.

PPK Environment & Infrastructure Ptv Ltd Page 1-11
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1.4. Methodology

1.4.1 Receipt and Acknowledgment of Submissions

All submissions were received by Environment Australia which allocated a number to

each submission (in the order received) and entered relevant details into a database. A

written acknowledgment was sent to all submissions. Copies of submissions were

forwarded to ANSTO and the original retained by Environment Australia. ANSTO also

provided a copy of all key submissions and a copy of each pro-forma to the Sutherland

Shire Library where they were made available for public reading.

1.4.2 Method used to Review Submissions

A database was developed by PPK during the exhibition period which allowed all

submissions to be logged and issues extracted and allocated by a core project team. To

ensure a consistent approach all submissions were analysed by two different Project

Team members. Response authors were then given access to a database and copies of

all submissions.

To further assist the reader, a change in font has been used to highlight the difference

between the issues raised in the public submissions and the response. This sentence

i l l u s t r a t e s the font used when referencing mater ia l from publ ic

submissions.

1.4.3 How to Track Your Submission

To allow a submitter to easily track any submission, this document has been formatted

with the same numbering system as both the Draft EIS and the Issues List developed

during this final stage of the process. Figure 7.5 illustrates how the reader can track

their submission from receipt through to response.

Submissions Sent to
Environment Australia

Submission Number Allocated Refer Appendix A

Submission Reviewed and
Issues Extracted

Refer Appendix B

Issues Addressed
in Final EIS

Figure 1.5: How to Track Your Response

Same Chapter
Numbers as

Draft EIS and Issues
List

PPK fcnvironmenl 6 [ntrjstructjre Pt\ Ltd Page 1-13
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worked Example

To illustrate with an example, a submission was received from Associate Professor
Murray, a Consultant Physician at Prince of Wales Hospital, Randwick, NSW. Murray
would be able to locate his/her details and submission number in Appendix A of this
document which provides an alphabetical listing of submissions.

Murray's submission is No. 1. Murray would note in Appendix A that the submission
has raised the issues 1.01.02 and 11.03.01. He/she can then turn to Appendix B to find
details of the issue including its definition, where it is responded to in this document
and which other submissions also raised the same issue.

Murray can then look in Sections 7.6 and ; 7.3 in this document to locate a response to
the issue raised.

For pro-forma submissions, the issue list states the number of the pro-forma. The reader
may examine the pro-forma issue key within Appendix A to determine the relevant
issues.

1.5. General issues

1.5.1 General issues Raised in submissions

Several general issues were raised in submissions that, while responded to
in specific chapters of this document, are considered important enough and
numerous enough to require response at this early stage of this document.
This would also allow the reader to obtain an overall picture of the
general "nature" of the submissions received and the direction of the
Proponent's response.

The following issues were included as general issues:

General

1.01.01 No reactor at Lucas Heights

1.01.02 Support for a reactor at Lucas Heights

1.01.03 Concern about lack of availability of information

1.01.04 Concern about adverse impacts on quality of life

1.01.05 General concern about the Proposal

1.01.06 Reactor proposal linked to Second Sydney Airport proposal

1.01.07 Concern over ANSTO in general

1.01.08 Concern over insurance and liability issues

1.01.09 Chernobyl-type incident

P<3gt? 1 -14 '\uNtrjlMn Nuclear Science and Jecbnologv
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1.01.10 Concern that proposal is linked to nuclear power

General Environmental Concerns

1.02.01 Unspecified concern about environmental impacts of the proposal

1.02.02 Proposal may destroy ozone layer

General Health Concerns

1.03.01 There has never been a local health study

1.03.02 Concern about the effects of the proposal on health

1.03.03 Inadequate investigation of impacts on health

1.03.04 Concern over occupational health of on-site workers

1.03.05 Previous ANSTO workers ill-health kept secret

1.03.06 Occupational and public exposure is acceptable

1.5.2 Responses to General issues Raised in submissions

This section of the Supplement provides general responses to these issues. Specific and
more technical responses are provided within each subsequent technical chapter of this
document.

Response to issue 1.O1.O1 (No Reactor at Lucas Heights) and issue
1.01.02 (Support fo ra Reactor at Lucas Heights)

The issue of whether a submission supported or did not support the proposal was drawn
from submissions only if clearly stated. No interpretation was thus made on this issue.

Of the 935 submissions received. 845 submissions (85 non-pro-forma. 760
pro-forma) stated opposition to the proposal. Eight submissions stated
expl ic i t support for the proposal. None of the f ive pro-forma types
contained express support for the proposal.

The decision making process has been extensively outlined in Chapter 2 of the Draft EIS
and is responded to under issues raised in Chapter 2 of this document.

Consultation, both with the community and with interested stakeholders, is an important
part of the process.

The EIS is the central part, but not the only part, of the environmental assessment
process, which seeks to ensure that all relevant environmental matters are examined and
that all interested organisations and individuals are involved. The EIS provides
information about the proposal and its potential impacts to decision makers, other
relevant authorities, interest groups and the community. The EIS also addresses concerns
voiced by the public during the public consultation phase.
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The EIS is therefore a tool to assist the decision making process, but does not make a
decision itself. No attempt has been made during the preparation of the EIS to weigh up
or place values on issues which would need to be considered in order to make a
decision concerning the proposal.

Response to issue 1.01.03 (Concerned About Lack of Availability of
information)

Submissions voiced the concern that there was. and s t i l l i s . a lack of
avai lab i l i ty of information surrounding the EIS and replacement nuclear
research reactor proposal in general. Submissions by Furzer (No. 333) and
Green (No. 906) also raised the issue that ANSTO did not always respond to
requests for information.

This issue has been raised previously by local interest groups and is
closely associated with the issue of "secrecy" or "national interest" and
also with the issue of community consultation. In addition, this issue is
reflected in a number of submissions which requested a public inquiry.
These are discussed in detail under Issue 2.01.01.

In summary, the implication of the bulk of submissions on this issue received appears to
relate to the opinion that ANSTO and the Government or "the decision-makers" have
somehow withheld information from the public before and during the EIS process. This
has also led to the additional perception that the Government would allow the proposal
to go ahead regardless of the results of the EIS or any other process.

During the Research Reactor Review (1993) and in the subsequent years, through
regular articles in local newspapers, the ANSTO Local Community Liaison Forum,
public speaking at community service club meetings, and Annual Reports, extensive
information was provided to the public on ANSTO's activities and the need for and use
of a multipurpose research reactor.

The 1995/96 ANSTO Annual Report, in particular, identified the need for a decision on
the reactor to be taken soon.

Extensive Information has been released to the public during the EIS process. Aside
from the community consultation process, discussed in detail under Issue 2.01.03,
significant amounts of technical information has been in the public domain, including:

• the EIS Guidelines;

the Draft EIS;

• the Draft EIS Overview;

• assorted technical papers associated with the Draft EIS;

• every submission has been placed in Sutherland Library; and

• this Supplement.

In response to requests for information, ANSTO endeavoured to respond promptly and
appropriately to all reasonable requests for information. Examples of this include: the
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provision of requested references to the Sutherland Shire Library, Sutherland Shire
Council and individuals; the availability of material through inter-library loans; and the
organisation of visits, upon request, to ANSTO's library facilities.

Response to issue 1.01.04 (Concern About Adverse impacts on
Quality of Life)

Several submissions raised concerns that the proposal would detract from
the "quality of l i f e " of local residents by. for example, causing "an
invasion on our beautiful Shire to have a heavy polluting industry". These
concerns are often linked to issues associated with waste (see Chapter 10)
and safety/hazards (see Chapter 11).

ANSTO has been situated at the Lucas Heights site since 1950, with the HIFAR reactor
reaching criticality in 1958. Concerns about potential loss of quality of life as the result
of the replacement nuclear research reactor do not appear to be prevalent in the local
population.

Reark Research (1993) conducted six focus groups as part of the Research Reactor
Review (McKinnon et al 1993), two in Sutherland Shire, two elsewhere in Sydney and
two in provincial cities of New South Wales. 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. Reflecting on the reasons for this, Reark Research (1993)
commented that people who have put themselves and their families in the vicinity of the
reactor have already made the necessary "trade-off" and come to terms with the safety
issues; they knew of the existence of the reactor before they moved into the area.

ANSTO has been and would remain an important and responsible part of the local
community and would continue to work with community groups to minimise any
adverse impacts. The claim that ANSTO is a "heavy polluting industry" is not correct as
is clearly shown in publicly-available annual reports. These reports provide details of
the site emissions and their impact which is well below the relevant limits and
guidelines.

Response to issue 1.01.05 (General Concern About the Proposal)

A number of submissions expressed general concern over the replacement
nuclear research reactor proposal.

General concerns consisted of perceptions relating to the risk aspects of
the proposal, associated health concerns and the nuclear industry in
general. While is not possible to directly address such general concerns, all specific
concerns have been addressed throughout this document where possible.

Health related issues are dealt with in Chapter 1 of this document. Hazards and Risk
aspects of the proposal were presented in detail in Chapter J1 of the Draft EIS
document. Detailed responses to concerns over hazards and risks raised in the public
submission process are presented in Chapter 17 of this document.
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Response to issue 1.01.06 (Reactor Proposal Linked to Second
Sydney Airport Proposal)

A number of submissions suggested that the replacement nuclear research
reactor proposal is somehow linked to the Second Sydney Airport proposal.
In particular, some submissions suggested that the Reactor Proposal was
"foisted" on the people of Sutherland Shire as soon as the proposed airport
si te at Holsworthy was rejected.

It is considered outside the scope of this Supplement to provide a response to this issue,
as it seems to be directed fundamentally at the policy decisions of the Commonwealth
Government and related to a separate proposal which is currently subject to a separate
EIS process.

Response to issue 1.01.07 (Concern Over AIMSTO in General)

The role and performance of ANSTO was cr i t ic ised in a number of
submissions. These criticisms related in the main to ANSTO's performance
(histor ical ly and during the EIS process) in public af fairs and in
community consultation and are addressed under Issue 2.04 (Scope and
Effectiveness of the Consultation). Submissions also linked concerns with
ANSTO with "accidents, secrecy and procrastination" (pro-forma 3).

It is not possible to make specific or useful responses to such general concerns in this
Supplement. For responses to specific concerns, the reader should refer to responses to
Issues 1.01.03, 2.01.03, 2.04 and 3.02.01, which deal with the consultation process, the
decision-making process and ANSTO's core activities.

Response to issue 1.01.08 (Concern over insurance and Liability
issues)

A number of submissions, including pro-formas and the submission from
Sutherland Shire Council (No. 341), express concern over the current status
of Australian nuclear l i a b i l i t y and compensation legislat ion.

The question of insurance and liability was covered in the Draft EIS (Chapter 71). The
Draft EIS states that in the event of an incident or an accident at the Lucas Heights
Science and Technology Centre involving radiation or radioactive materials and
affecting the community, compensation for any damage or loss could be claimed under
common law. In addition, the Draft EIS noted that the Commonwealth has indicated
that it would ensure that ANSTO had the capacity to meet any damage claims awarded.

Following the release of the Draft EIS on 17 August 1998, there has been additional
clarification of the support that would be given by the Commonwealth to ANSTO. On
27 August 1998, a Deed of Indemnity was signed between the Commonwealth and
ANSTO in which the then-Minister for Industry, Science and Tourism agreed that it was
appropriate for the Commonwealth to indemnify ANSTO and ANSTO Officers for
nuclear related activities in accordance with the terms and conditions set out in the
deed. The Deed provides that "the Commonwealth shall indemnify and at all times
hereafter keep indemnified ANSTO and ANSTO Officers from and against any loss
(including legal costs and expenses), or liability, incurred or suffered by them arising
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from any proceeding or claim by any person against them for injury to persons or
damage to property caused by Ionising Radiation, whether directly or indirectly". An
ANSTO Officer is defined to include an officer, employee, or agent of an ANSTO
Contractor, and an ANSTO Contractor is defined to mean a person or party providing
goods or services directly or indirectly to ANSTO.

This means that any member of the public who has a claim against ANSTO for nuclear
related compensation may pursue that claim in an Australian court secure in the
knowledge that any judgement against ANSTO will be met by the Commonwealth of
Australia.

The fact that Australia, in common with the half of the world's community that has
nuclear power stations or research reactors, is not a party to the currently-operating
international conventions, appears to have been misinterpreted as giving the community
less than comprehensive protection in terms of nuclear compensation claims.

The membership of the international conventions is far from international. Major
nuclear countries not party to either convention are Canada, China, Japan, Russia and
the United States of America.

International conventions currently provide for a maximum financial cover to
participating countries of around A$315 million as a ceiling for a Government's
responsibility. However, a country is also able to limit its aggregate liability for nuclear
damage to a lesser amount, which can be as little as US$5 million. In contrast, common
law claims which currently apply in Australia have no financial limit.

Response to issue 1.01.09 (Chernobyl Type incident)

A number of submissions raised the issue that the replacement nuclear
research reactor could be l ike "another Chernobyl". resulting in large
scale destruction and fa ta l i t ies throughout Sydney, or as stated in some
submissions, throughout Australia. Submissions also claim that as the
proposed replacement nuclear research reactor is approximately one percent
of the size of Chernobyl, the releases would also be approximately one
percent of those released in the Chernobyl accident.

The risks associated with the reactor were discussed in depth in Chapter 17 of the Draft
EIS and specific issues raised in submissions are discussed in Chapter 17 of this
Supplement. However, to succinctly address these concerns, the following explanation
is provided as to why a Chernobyl type accident could not occur with the proposed
replacement nuclear research reactor.

The most apparent reason that a "Chernobyl type accident" would not occur at the Lucas
Heights Science and Technology Centre is the relative size of the two reactors with the
proposed replacement nuclear research reactor being far smaller and of a completely
different type than Chernobyl. Various submissions use this relationship to extrapolate
downwards to arrive at the potential effects from an accident involving the replacement
nuclear research reactor (often using unsubstantiated high estimates of the impacts of
Chernobyl). This approach is incorrect because there are many other reasons why even
a scaled down Chernobyl-like accident could not occur.
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Chernobyl, as a power reactor operated at high temperatures and pressures whereas the
proposed replacement nuclear research reactor would operate at approximately 50
degrees Celsius and at normal atmospheric pressure. Chernobyl had no containment
structure to prevent the release of radionuclides whereas the proposed research reactor
would include a reactor building which meets stringent design parameters and would
restrict the release of radionuclides in the very unlikely event of an accident. Chernobyl
involved a graphite moderator which caught fire and resulted in greater emissions to the
environment. In addition, the graphite allowed the nuclear reaction to continue. This
could not happen with the replacement nuclear research reactor. The replacement
research reaaor would use water as a moderator and hence fire affecting the fuel in the
core is impossible. All these factors make a Chernobyl type accident impossible in the
replacement research reactor, even without consideration of the modern generic safety
features which would be incorporated into the design and operation of the research
reaaor.

These modern generic safety features ensure that, in the unlikely event of an accident,
releases would be minimised. Therefore, claims that emissions could be one percent of
those from the Chernobyl accident are inaccurate as they do not take into account the
significant differences.

Response to issue 1.01.10 (Concern That the Proposal is Linked to
Nuclear Power)

Public submissions which raise the issue that the proposal can be linked to
nuclear power can be divided into two types: those which were concerned
that the proposed reactor was a power reactor and those who expressed the
belief that the research reactor was the f i r s t step in the process of using
nuclear power in Australia.

In response to the first issue there is no means by which the proposed reaaor could be
used to produce elearical power. To produce elearicity sufficient heat would be to
generate steam, have the steam colleaed and passed through a elearicity generating
turbine. There is no possible way to modify a pool type reaaor so that power could be
generated. There is thus no way the proposed replacement nuclear research reaaor
could be classified as a power reaaor. In addition, the replacement nuclear research
reaaor would be optimised for scientific studies and radioisotope produaion making it
unsuitable for any application to support nuclear power.

The replacement research reaaor is based on well defined needs which are detailed in
Chapter 4 of the Draft EIS and in this Supplement. The replacement research reaaor
cannot be used as a power reaaor and is not the start of nuclear power generation in
Australia.

1.5.3 Responses to General Environmental Concerns

Response to issue 1.02.01 (unspecified Concern About
Environmental impacts of the Proposal)

Several submissions raised unspecified concerns about the environmental
impacts of the proposal.

1-20 A.uitrdhan Mucker Science dnd Technology



Chapter 1 - Introduction

It is difficult to respond to non-specific concerns. The "shadow" of a nuclear accident
has been raised frequently during the EIS process and may be linked to the fear that the
proposal represents an unspecified health risk (Issue 1.03.02) and might adversely
impact the quality of life of local people (Issue 1.01.04).

The proponent, ANSTO, has been and is aware of the perceptions outlined above and
has instigated measures to inform the public of the proposal and its impacts (refer
Chapter 2 - Community Consultation).

Health, safety and environmental studies have been carried out prior to, during, and

since the Draft EIS was completed. These include environmental management programs

in existence prior to the EIS process. In addition, ANSTO is committed to a more

expansive program that would continue to monitor the local environment. ANSTO is

also answerable to a number of independent and external organisations in regard to the

safety of its activities.

The International Atomic Energy Agency makes both regular, presently monthly,

inspections and random, unannounced inspections to ensure that ANSTO is meeting its

obligations in regard to the security of its nuclear materials. These obligations are also

monitored by the Australian Safeguards and Non-Proliferation Office, which is part of

the Department of Foreign Affairs and Trade.

Prior to the formation of the Australian Radiation Protection and Nuclear Safety Agency,

the Nuclear Safety Bureau and Australian Radiation Laboratory had important

authorisation, monitoring and audit roles with respect to nuclear plant and off-site

emissions. These organisations provided a report to parliament.

The recently passed Australian Radiation Protection and Nuclear Safety Act 1998

combines the Nuclear Safety Bureau and Australian Radiation Laboratory to provide a

single regulatory organisation covering all aspects of operations at ANSTO.

ANSTO is also subject to all legislation designed to protect the safety of Commonwealth

employees.

ANSTO publishes the results of all environmental monitoring on or around the Lucas

Heights site and independent monitoring has confirmed that ANSTO is meeting its

environmental obligations by a significant margin.

Response to issue 1.02.02 (Proposal May Destroy Ozone Layer)

Pro-forma 3 and a number of individual submissions based on this pro-forma
raised the issue that radioactive releases from the reactor may damage the
ozone layer. Specif ically, pro-forma 3 stated "The radioactive isotopes of
xenon and krypton, continually released from nuclear reactors, are actually
suspected as essential catalysts of the ozone destruction in the
stratosphere by CFCs."

The described process is not proven to be a factor in ozone depletion as is suggested by
pro-forma 3. There are many reasons why the radionuclide releases from reactors and
associated facilities cannot be essential catalysts in the destruction of ozone in the
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stratosphere. The most significant reason is the comparatively short half-life of the
isotopes released.

The half-lives of xenon and krypton range from minutes to a few days (see Table 1.3).
The stratosphere ranges from 15 kilometres to 50 kilometres above the earth's surface
(above the height that most commercial aircraft travel). For the radioisotopes of xenon
and krypton to be catalysts as claimed, they would have to be transported up to this
height and remain in the stratosphere for sufficient time to influence a large number of
CFC - ozone reactions.

The vertical exchange of gases between the troposphere (the atmosphere below 15
kilometres) and the stratosphere is relatively slow. The process requires gases to be
transported from the mid-latitudes to the tropics where intense convection transfers them
to the stratosphere. The estimated time for this to occur is between three and five years
based on information and discussions with the CSIRO. This means that the time taken
for any near-ground level release from the Lucas Heights Science and Technology
Centre to reach the stratosphere is sufficient for the radionuclides to decay and hence be
unable to influence any destruction of the ozone layer. Therefore, even assuming that
there is a potential method for radioisotopes of xenon and krypton to catalyse the CFC -
ozone reaction, it is not considered to be a sound claim that the releases from the
replacement reactor or associated facilities could influence the depletion of the ozone
layer.

Table 1.3: Half-Life of Radioisotopes of Xenon and Krypton

Radionuclide Half-Life

Xenon 133 5.25 days

Xenon 135 9.09 hrs

Xenon 135m 15.3 mins

Krypton 85m 4.48 hrs

Krypton 87 76 mins

Krypton 88 2.84 hrs

1.5.4 Responses to General Health concerns

Response to issues 1.03 (Health Concerns General)

Health concerns were one of the most commonly raised questions within the
public submissions. All the pro-forma submissions raised health issues as
a concern and most individual submissions also felt that health issues were
critical to the Draft EIS.

From analysis of all the public submissions a number of issues have been
extracted. These are:

• there has never been a local area health study;

concern about the effects of the proposal on health;

• inadequate investigation of impacts on health;

• concern over occupational health of on-site workers;
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• previous ANSTO workers ill-health kept secret; and

• occupational and public exposure is acceptable.

Response to issue 1.03.01 (There has Never Been a Local Area
Health study)

A number of individual submissions expressed a need for a detailed health
study to be undertaken in the region surrounding the Lucas Heights Science
and Technology Centre. The general tone of issues raised can be summarised
by the People Against a Nuclear Reactor submission (No. 339) which states
that "This lack of a comprehensive local area health study means that the
health impacts of the current reactor have not been assessed and that it
will not even be possible to quantitatively determine the impact of the new
reactor on the health of residents." The Nuclear Free Zones and Toxic
Industr ies Secretar iat submission (No. 340) s i m i l a r l y states "The

Secretariat is aware of calls over at least a 20 year period from
Sutherland Shire Council and residents for an independently refereed study
of the health impacts of the nuclear site on local populations. The
refusal to carry out such a study before embarking on the construction of a
new nuclear reactor is totally irresponsible." Pro-forma 1 also stated
that "There has never been a health study carried out in spite of the many
medical papers which have detailed the possible effects of low level
radiation."

Health studies were raised in detail by Colella's submission (No. 374)
where she requested "That a health study be conducted in the Shire. That
i t be cohort, retrospective and be conducted by street. That i t include
cancers, birth defects and thyroid disorders." She raised a particular
concern with regards to her street which she believes is a "cancer
cluster".

Independent studies were undertaken (for the publicly available Research Reactor
Review (McKinnon et al 1993) in the Sutherland Shire which would have shown any
negative aspect of the reactor. These studies were performed by Dr P Lancaster
(Australian Institute of Health and Welfare, University of Sydney), Associate Professor R
Taylor (Head, NSW Central Cancer Registry and Cancer Epidemiology Research Unit,
NSW Cancer Council) and Sir Richard Doll (Cancer Studies Unit, Oxford University).
The general conclusions of the independent studies and the McKinnon review were:

"On the basis of internationally respected consultant's reports, the review
concludes that the health of residents in Sutherland Shire is not affected by
emissions resulting from the presence of the reactor at Lucas Heights (Doll,
Lancaster Reports)";

• "The incidence of cancer and other related diseases in Sutherland Shire is not in
any way abnormal (NSW Cancer Council statistics)"; and

• "The health of the people of the Sutherland Shire is normal and compares with
another equivalent shire (Warringah) and NSW as a whole."
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These studies confirmed what would be expected given the modelled extremely low
contribution to public dose which arises from activities at the Lucas Heights Science and
Technology Centre. The ANSTO contribution is below the natural variation in
background and no health study, no matter how detailed, would be able to detect a
contribution which would be less than that caused by small variations in house design,
lifestyle or location. However, since publication of the Draft EIS, ANSTO
commissioned a follow up study of health effects by Professor Richard Taylor to
examine the most recent cancer statistics for the Shire. The report {Appendix Q found
that there were:

"No substantial and significant differences in the incidence of leukaemia,
Hodgkins lymphoma or all cancers in the population of Sutherland shire
compared to Warringah shire or all NSW were found. For non-Hodgkins
lymphoma in males, for the entire period 1972-95, the incidence in
Sutherland was not significantly higher than in Warringah but was
significantly higher than for all NSW. Increases in incidence of non-
Hodgkins lymphoma have occurred in many countries, and are mostly
unexplained. AIDS may lead to non-Hodgkins lymphoma, and increased
incidence in young and middle aged men in some parts of the world is
likely to be a consequence of this epidemic. The effects of chemical and
ultraviolet light exposure have been proposed as factors for consideration.
For other periods in males, and in women, no significant differences in the
incidence of non-Hodgkins lymphoma between Sutherland, Warringah and
all NSW were found."

The differences between the directly age standardised incidence rates for non-Hodgkins
lymphoma for Sutherland, Warringah and all NSW males, for the most recent period
(1991-95), and previous periods, are not statistically significant. The increases over time
in the incidence of non-Hodgkins lymphoma in males appears similar in Sutherland,
Warringah and NSW.

It should be noted that the Warringah Shire was selected by the study author as a
comparative area due to it's similarity in socio-economic status and lifestyle.

With regard to conducting retrospective cohort epidemiology studies, there are many
ways of conducting longitudinal studies. In principle, no one type of study is superior to
the others. The choice of study type depends on a number of factors related to
feasibility, efficiency, and validity (Hernberg, 1991). Practical considerations play an
important role. The same result can, in principle, be achieved in more than one way,
but often practical issues, such as availability of study material, funds, and manpower,
decide which design is optimal under the prevailing circumstances (Hernberg, 1991). In
the case of the emissions from ANSTO and health effects on local communities, there is
sufficient scientific evidence that no effect would be detectable no matter what study
was conducted.

In response to the call for health studies to be undertaken on a street basis, it is
important to realise that if there was any effect from ANSTO's emissions it would be on
an area basis rather than a single street cluster. This is because the emissions are
airborne and undergo considerable dispersion before reaching the nearest population,
and do not result in an individual street having significantly different doses from other
nearby streets.
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In summary, despite the scientific evidence that there would be no detectable increase
in cancers due to operations at the Lucas Heights Science and Technology Centre,
health studies have been performed. These health studies confirmed that there was no
increase in cancer rates due to ANSTO operations. More detailed studies, such as a
cohort, retrospective study conducted by street, would not provide any new information
relating to the impacts arising from the Lucas Heights Science and Technology Centre.

Response to issue 1.03.02 (Concerns About the Effects of the
Proposal on Health)

A general concern about the effect on health was the second most common
issue raised in the submissions. Al l four pro-formas raised th is issue as
did a large number of individual submissions. Most submissions had a
general view that emissions would be detrimental to the health of local or
Sydney populations. Examples include "that this is a disastrous decision
not only for the health of the people of Sydney but for our environment for
many thousands of years to come" (Bradford No. 18) and "The reactor would
be a threat to millions of people in and around Sydney" (Franks No. 321).

There were also a number of specific concerns about the effects of routine
releases from the Lucas Heights Science and Technology Centre including:

• the link between radiation and genetic effects, as discussed in a New
Scientist ar t ic le t i t l e d "Radiation Roulette" (October 11. 1997);

• the effects of genetic predisposition to radiation damage, such as
Ataxia-Telangiectasia "carrier" (Col el la No. 374);

• "There is anecdotal evidence of large numbers of people in our
community with thyroid diseases, and yet this does not get reported."
(Psal t is No. 326); and

• "The effects of low level radiation have been substantially
underestimated" (Schnelbogl No. 868).

Radiation and its risks, despite being extensively studied and understood by scientists, is
generally not well understood by the general community. Organisations, such as the
International Commission on Radiological Protection examine all the scientific
investigations into radiation and produce recommendations on the risks and protective
measures. These recommendations are incorporated into international standards and
into national legislation.

In the assessment of the effects from radiation it is important to realise that a
conservative approach is used with regards to the risks from low doses such as those
discussed in the Draft EIS. This conservative approach assumes that there is no
threshold below which there is no effect from radiation exposure. As there is no proven
impact of low doses of radiation on the health of people this conservative approach has
given rise to statements such as "there is no safe level of radiation". This is despite
growing evidence (United Nations Scientific Committee on the Effects of Atomic
Radiation 1994; Luckey 1991) that there may be a threshold below which radiation
either has no effect or potentially a beneficial effect (the principle of hormesis). The
scientific community and regulating organisations would continue to support the
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conservative approach that all radiation may have an effect, no matter how small the
dose. However, the estimates of risk at these low doses are small and may represent
overestimates of actual risks.

In the assessment of risk, all the potential effects of radiation are examined including the
potential for inducing cancer after a latency period, the effects of different radionuclides
on the various organs in the body, the variability due to any predisposition to radiation
and the potential genetic effects. All these effects are considered when setting the dose
limits which form one of the underlying principles of radiation protection. The public
limit, which is one millisievert per year from routine operation of practices involving
radiation, represents a legally binding upper limit for acceptable exposure. However, it
is also required that doses be kept "As Low As Reasonably Achievable", social and
economic factors being taken into account (the ALARA principle). ANSTO has made a
commitment in the Draft EIS to restrict the dose to the public to less than one hundredth
of the public dose limit as set in the current National Health and Medical Research
Council Guidelines (National Health and Medical Research Council, 1995). This
measure is regarded as a "sound objective" by the Nuclear Safety Bureau (No. 934) and
represents a strong commitment by ANSTO to ensure that public doses from its activities
would remain low.

All the evidence, both in terms of monitoring and health studies, confirm that there has
been no impact on public health. The commitment of ANSTO to keep public doses
from the operation below one-hundredth (0.01 millisieverts per year) of the current
public limit (one millisievert) would ensure there would continue to be no impact on
public health. Table 1.4 compares the off-site exposures with relevant standards.

Table 1.4: Comparison of the Dose Standards

Annual Dose
Limit/Level (millisieverts)

National Health and Medical Research Council (1995) 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

ANSTO commitment for public dose beyond the 1.6 kilometre buffer zone 0.01

Calculated worst-case off-site dose (Draft EIS) 0.003

International Atomic Energy Agency level at which practice would be exempt
from regulatory control 0.01

United States Environment Protection Agency level requiring no reporting 0.01

Response to issue 1.03.03 (inadequate investigation of impacts on
Health)

Thirteen submissions raised specific concerns with regards to the effects
of the proposal on health, particularly with regards to the lack of
investigation into potential consequences. The general concern was that it
was not known what effect the emissions would have on the population, both
currently and "for many thousands of years to come" (No. 18). Ireland (No.
372) raised specific concerns over the effect of iodine on health.
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part icularly with respect to children. Concern for the effects on children
and also genetic mutation was also the concern of Lentern (No. 866).

The Sutherland Shire Environment Centre (No. 330) expressed concern about
previous health studies including questioning the use of Doll to comment on
public health effects. The Total Environment Centre (No. 371) raised the
additional issue that the health effects on patients undergoing medical
procedures involving radiopharmaceuticals was not investigated.

The concern on impacts of emissions on genetics and childrens health is closely related
to issues 1.03.01 and 1.03.02 and it is suggested that the responses to these issues are
also examined. These responses go into detail on previous health studies and their
results. Because the emissions arising from the proposal are well below the level where
scientific studies indicate no health effect would be detectable (Doll, 1993),
examination of the dose received is the best method of examining potential health
effects.

To allow comparison with dose limits and to assess any potential risks, the dose
equivalent in sieverts is used. The sievert takes into account all the biological, chemical
and physical factors influencing consequences on the human body. Therefore it allows
direct comparison of the effects from different radionuclides which may influence
different parts of the body in different ways. In layman's terms it allows an "apples with
apples" comparison without having to understand all the details of how the exposure
occurred. The sievert is effectively a measure of the "risk" associated with exposure to
radiation, regardless of the type. The dose in sieverts can be converted to a probability
of getting cancer using a risk factor determined by international authorities.

In deriving the risk factor to be associated with exposure to radiation, any possible future
genetic effects are included. The probability of these genetic effects is far lower than
that associated with potential carcinogenic effects from exposure to radiation. As the
doses are so low, both in terms of the dose limits and in terms of the natural background
radiation, there would be negligible effect on future generations as a result of radiation
exposures due to the current or future facilities at the Lucas Heights Science and
Technology Centre.

The International Commission on Radiological Protection (1991), in 1990,
recommended the adoption of a public dose limit of one millisievert per year from all
practices (excluding medical) with the potential for causing radiation exposure. This
public limit was incorporated into international Basic Safety Standards produced under
the auspices of a number of the international organisations including the International
Atomic Energy Agency, the World Health Organisation and the International Labour
Organisation. These limits are in place in Australian legislation and form the dose limit
for operations such as the proposal.

ANSTO has given the commitment, within the Draft EIS, that public doses resulting from
future activities at ANSTO, would be less than one hundredth (0.01 millisieverts per
year) of the current National Health and Medical Research Council limit (National
Health and Medical Research Council 1995). This is less than the natural variation in
background radiation and would be less exposure than a person would receive in one
hour's flying in a modern jetliner. This comparison is valid as discussed above because
the effects have been expressed in sieverts. At these low levels of additional exposure,
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scientific studies indicate there are no detertable imparts on the health of any member
of the public.

The specific concern of Ireland (No. 372) with regards to iodine exposure has been
discussed in detail in the response to Issue 10.04.05. In summary, the effects of iodine
are considered in the overall dose and are only a small component of the public
exposure. In fart, the total iodine dose is under one thousandth of the current (1995)
National Health and Medical Research Council limit and well under the United States
Environment Protection Agency level mentioned in submission No. 372 (0.03
millisieverts per year).

Sutherland Shire Environment Centre (No. 330) queried the previous health studies and
the use of Sir Richard Doll, who was chosen by the Research Reactor Review
(McKinnon et al, 1993) to advise on possible imparts of ANSTO's operations on the
health of the local population. Sir Richard Doll is an internationally respected
epidemiologist. His findings with relation to ANSTO were based on his assessment of
the emissions, monitoring results and resulting doses to the population. Also, his was
not the only work which made these findings, as similar results were apparent from
studies by the NSW Cancer Council and the Australian Institute of Health and Welfare
(McKinnon et al, 1993), both of which undertook comprehensive analysis.

The potential increase in health effects to patients in hospitals due to more procedures
using radiopharmaceuticals was not considered in the Draft EIS as it is considered not to
be within the scope of the environmental assessment for the replacement reactor. The
procedures being performed are for the benefit of the patient, and it is the judgement of
the referring medical practitioners whether the procedure is justified. The risk
associated with most nuclear medicine procedures is small and generally far less than
the risk which would be associated with other medical procedures, such as investigative
surgery, which may otherwise be required.

Response to issue 1.03.04 (Concern over the occupational Health of
On-Site Workers)

A number of submissions raise concerns over the occupational health of on-
site ANSTO workers. This issue is related closely to Issue 1.03.05. under
which the issue was raised that retired ANSTO workers had suffered ill-
health as a result of occupational exposure at the Lucas Heights site.
Specific concerns included:

• Ireland (No. 372) recommends, "mandatory screening of ANSTO employees
for ataxia-telangiectasia";

Ireland (No. 372) also cited. "Australian Radioisotopes workers are the
most exposed ANSTO worker group";

Lentern (No. 866) asking, "what studies have been conducted into the
long-term effects on staff and into genetic effects on their children";
and

Campbelltown City Council (No. 929) suggests, "the results of the
international study on health of workers at nuclear reactor sites be
included in the EIS".

Pa£e 1-28 Vu*lr.ilian \uclear Science and Technology



Chapter 1 - Introduction

ANSTO complies with international guidelines such as the International Commission on
Radiological Protection and the International Basic Safety Standards, for occupational
exposure. All exposures are less than ANSTO's self imposed annual dose constraint of
15 millisieverts and the National Health and Medical Research Council annual dose
limit of 20 millisieverts. Australian Radioisotope dispatch workers are currently the
most exposed group of workers. The product packing area, packing methods and
staffing levels have been redesigned to reduce doses to these workers to as low as
reasonably achievable. Due to continuous improvements, these doses are declining.

ANSTO is currently participating in an international study on cancer risk among
radiation workers in the nuclear industry in collaboration with the University of NSW
and the International Agency for Research on Cancer. This study, referred to by
Campbelltown City Council (No. 929), is examining a large number of nuclear workers
from many countries exposed to low doses over their working careers and would be
published when complete. (It is anticipated that this study would be released in 2000).

In relation to the disease ataxia-telangiectasia (a rare genetic disease effecting the normal
development of the thymus in children, cancer susceptibility, immunodeficiency,
neurological deterioration and premature aging in adults), there is no demonstrated
relationship between radiation workers' exposures and ataxia-telangiectasia and the
relevant international health committees which regularly review emerging evidence
have made no recommendation on specific screening for this disorder.

Response to issue 1.03.05 (That the Health of Retired ANSTO
workers Has Been Kept Secret)

Bradford (No. 18) made the claim that the Draft EIS did not provide
information on ANSTO workers ret i r ing due to i l l - hea l t h . This question was
covered in the Draft EIS (Section 11.4) under the topic of Hazards and Risks due to the
Proposal. More information on occupational exposure and health is detailed below.

Occupational Exposure to Radiation

Since 1991, when new radiation regulations were introduced, no worker has received
an annual dose which is greater than the National Health and Medical Research Council
current limit of 20 millisieverts per year, and, since 1993, none has received an annual
dose greater than 15 millisieverts (Safety Review Committee, 1994 to 1997). All
workers who are or were on the ANSTO dose register are being followed up as part of
the International Agency for Research on Cancer Study.

Studies of We Health workers at the Lucas Heights Science and
Technology Centre

A study of possible health effects of workers at the Lucas Heights Science and
Technology Centre was 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 compiled by ANSTO/Australian Atomic Energy
Commission. Operational data was 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.
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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 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 no
apparent anomalies were observed.

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, nevertheless, the study concluded that the magnitude
of the doses and the number of workers involved was too small for any radiation dose
related risk to be detected.

It was noted that ANSTO staff members were currently part of an international study of
the health of workers exposed to radiation. This study is due to report in 2000. Further
details of this study are provided in the response to Issue 1.03.04.

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 elsewhere as a potential
trigger of this lung disease but detailed studies failed to identify any particular cause at
the Centre. Instead, the few cases detected prior to 1972 were attributed to a more than
usually thorough chest X-ray program which had resulted in an increased early 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 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).

Overall Health Effects Due to Occupational Exposure

The overall conclusions of the studies undertaken for the Research Reactor Review
(McKinnon et al 1993) were that: a high priority to 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.

Response to issue 1.03.06 (Occupational and Public Exposure is
Acceptable)

The Supervising Scientist Group of Environment Australia (No. 235) and the
Nuclear Safety Bureau (No. 934) both commented on the acceptability of the
proposed occupational and public doses and the methodology in place to keep
doses well within the limits.
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The Supervising Scientist Group stated that even with the uncertainty
arising from using an atmospheric dispersion model "a l l indications are
that the dose to members of the public from al l act iv i t ies on the ANSTO
site would continue to be a very small percentage of the dose l im i t " . The
Nuclear Safety Bureau stated that ANSTO's commitment to keep public doses
at less than one percent of the National Health and Medical Research
Council public dose l imi t from gaseous discharges is a sound objective.

These statements are in line with ANSTO's policy not only to comply with dose limits,
but to be pro-active in ensuring that doses are kept as low as reasonably achievable,
social and economic factors being taken into account the "As Low As Reasonably
Achievable" concept. This is in accordance with national and international guidelines
and legislation and represents a responsible duty of care from ANSTO. ANSTO would
continue to aim to lower both occupational and public doses as part of an ongoing
commitment to "As Low As Reasonably Achievable".

1.6. Summary of Responses

During the public consultation phase a total of 935 submissions were received. The
majority of submissions (greater than 80 percent) were pro-forma submissions. About 10
percent of the submissions represent key submissions as defined in Section 7.3.7. The
origin of the submission was such that the largest number of submissions came from
northern New South Wales, with submissions from South Australia representing the
second largest group. The local Sutherland region provided the third largest number of
submissions representing approximately 10 percent of the total submissions. All
submissions have been examined in detail and major issues arising categorised and
summarised.

General issues have been extracted and addressed in this chapter including the desire
for no replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre, concern over lack of available information, liability issues,
Chernobyl type accidents, the ozone layer and health issues.

Specific issues where new information has been provided within this Supplement
include liability issues, the ozone depletion and health studies.

With regard to liability, on 27 August 1998, a deed of indemnity was signed between
the Commonwealth and ANSTO. Claims that radioactive xenon and krypton might
contribute to the depletion of the ozone layer were shown to be incredible. A recent
study of the health of local residents using the most up to date information has been
included in Appendix C of this document and indicated no impact on public health as a
result of ANSTO's activities.
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2. The Decision Making Process

This chapter is concerned with issues related to how a decision on the proposal will be
made, and the requirements and procedures for carrying out an environmental
assessment Issues relating to the role and structure of the Draft EIS and related
legislation, agreements and conventions are also addressed in this chapter.

2.1 Summary of the Draft Environmental Impact Statement

Environmental Assessment Process

The Draft EIS examined the key issues of:

• the existing and potential future environment in the vicinity of the Lucas Heights
Science and Technology Centre including the site of the proposed replacement
nuclear research reactor;

• the potential impacts of constructing and operating a replacement nuclear research
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

The main consultation activities conducted during the preparation of the Draft EIS were:

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

• releasing three newsletters (a total distribution of 100,000) outlining the proposal,
the EIS process and issues raised during the consultation process households in the
Sutherland Shire local government area. These newsletters also advised how
interested persons could involve themselves in the 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 Campbelltown, Wollongong, Menai
Marketplace, Engadine and Sutherland Shopping Centres;

• conducting information days at Menai and Como;
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• holding ANSTO Open Days for industry, academia and the public at the Lucas
Heights Science and Technology Centre; and

• 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 approval and licensing process for all stages of the design and
construaion of the replacement nuclear research reactor required by the Nuclear Safety
Bureau and its successor the Australian Radiation Protection and Nuclear Safety Agency.
The major stages of this approval and licensing process are:

• agreement to the proposed site is required following approval of the EIS based on a
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 detailed reactor design is known. This is a detailed safety
assessment. A construction agreement is not issued until this preliminary safety
analysis report is approved;

• during construaion, approvals are necessary before proceeding with the
construaion of each major component and system. The safety assessments
prepared for these approvals is 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 approvals are given and reviewed
periodically to ensure the reaaor is operated according to current standards with an
up-to-date safety assessment and proper safety management.

2.2 Summary of Issues Related to the Decision Making Process

A number of submissions received by Environment Australia raised issues
relating to the decision making process. The decision making process
related to the background decision process prior to the EIS. the EIS
process itself, the Draft EIS document and the ElS/community consultation
process as a whole. The issues in the public submissions can be summarised
in the following key areas:

2.2.1 The Decision Making Process (General)

Various submissions raise issues under the general decision making process.
In general, these submissions were either individuals or community groups.
Of these. 15 submissions requested a public inquiry into the proposal.
Pro-forma's 1 and 2 contained this request. Various submissions stated
that there had been inadequate consideration of issues and that a decision
has already been made.
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A number of submissions, which included individual as well as pro-forma
submissions, stated their concerns that ANSTO has government support and
thus the proposal would go ahead regardless of the EIS process.

Various submissions expressed concern that the reactor decision making
process did not include all relevant bodies or individuals.

2.2.2 The scope of the Draft EIS

A number of submissions contained some concerns about the scope of the
Draft EIS document.

Concerns raised included:

• the Draft EIS process failed to comply with the EIS guidelines;

• the Draft EIS was inadequate or flawed; and

• the Draft EIS did not comply with relevant legislation.

2.2.3 The Draft Eis Document itself

A number of submissions questioned the objectivity of the Draft EIS.
Various submissions raised issues associated with the EIS document itself.
Concerns included the claim that insufficient detail had been provided in
the Draft EIS. that the Draft EIS was too long and complex for a general
reader and that the structure of the Draft EIS was inadequate.

2.2.4 The scope and Effectiveness of the community
Consultation Process

The consultation process that was run in parallel with the EIS process was
raised as an issue by a number of submissions.

A number of submissions raised the issue that the consultation process did
not build community confidence in the EIS process. Some submissions
considered the consultation process inadequate in some way. A number of
submissions expressed concern that local residents had not been considered
in the consultation process.

Other issues raised included the complaint that the period of exhibition of
the Draft EIS was too short and that the lack of a public debate during the
exhibition period was a concern.

Various submissions suggested that ANSTO and PPK staff attending the mobile
displays were unable to answer detailed questions concerning the proposal.
It was suggested that the consultation team understated impacts through the
use of outdated or incorrect information. Comment was also made that
residents were denied the right to be heard at public forums and that ANSTO
and PPK representatives declined invitations to attend public meetings.
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2.3 Response to Issues Related to the Decision Making Process

2.3.1 The Decision Making Process (General)

Response to issues 2.01.01 (Requesting a Public inquiry), 2.01.02
(inadequate Consideration of issues/Decision has Already Been
Made), and 2.01.03 (Concern that ANSTO has Government Support
and Thus the Proposal Will Co Ahead Regardless)

A number of submissions, including those on behalf of community groups,
requested a public inquiry into the reactor proposal. This issue was often
raised in conjunction with Issue 1.01.03. concerning the lack of
information surrounding the decision making process.

A number of submissions called for additional investigations and public
exhibit ion, to ensure the production of a document on which an informed
decision can be made. Submissions also suggested that the proponent should
have allowed a suitable time period for public submissions to be made on
the responses presented in this Supplement. In some submissions i t is
requested that the EIS process be abandoned and that Lucas Heights no
longer be considered as a potential site for a replacement nuclear research
reactor.

Also linked to this issue were claims that the f inal decision has already
been made (Issue 2.01.02) and concern that ANSTO has Commonwealth
Government support and thus the proposal would go ahead regardless (Issue
2.01.03).

The decision making process has been extensively outlined in Chapter 2 of the Draft EIS.
Consultation, with the community and other interested stakeholders, is an important part
of the process.

The environmental assessment of the proposal for a replacement research reactor has
rigorously followed the procedures set down under the Environment Protection (Impact
of Proposals) Act 1974. These procedures provide for the Minister for the Environment
and Heritage to determine the level of environmental assessment, ranging from a Public
Environmental Report to an EIS, to a public inquiry. In this event, the Minister for the
Environment and Heritage has deemed that an EIS was the appropriate level of
environmental assessment.

Based on the outcomes of the EIS, Environment Australia prepares a report to the
Minister for the Environment and Heritage who in turn makes recommendations to the
responsible Commonwealth Government Minister, the Minister for Industry, Science
and Resources.

The EIS is the key step in the environmental assessment process, which seeks to ensure
that all relevant environmental matters are examined and that all interested organisations
and individuals have the opportunity to submit their views. The EIS provides
information about the proposal and its potential impacts to decision makers, other
relevant authorities, interest groups and the community. Data in the EIS may also
provide a baseline for monitoring the environmental performance of the replacement
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nuclear research reactor in the future if it proceeds. The EIS also addresses concerns
voiced by the public during the public consultation phase.

In his announcement on 3 September 1997 of the Government decision to fund ANSTO
for a replacement research reactor, the then-Minister for Science and Technology stated
that the replacement reactor "will meet the strictest international safety standards and its
construction will be subject to a stringent environmental assessment process under the
Environmental Protection Act 1974, which will be open to public comment"

Response to issue 2.01.04 (Concern that the Reactor Decision
Making Process Does Not include All Relevant Bodies or individuals)

A number of submissions raised the concern that the reactor decision
process did not include al l relevant bodies or individuals.

A complete response to concerns over the consultation process is presented under Issues
2.04.01 to 2.04.08. The response to Issue 3.07.01 also details specific concerns relating
to consultation with the Australian Science, Technology and Engineering Council and
the CSIRO. The reader should also refer to Appendix C of the Draft EIS, which details
consultation activities.

Response to issue 2.01.05 (Final EIS Should Be Peer Reviewed)

Three submissions questioned specif ical ly why the Draft EIS was not subject
to a peer review process in l ight of the fact that Snowy Mountains
Engineering Corporation consultants are reviewing the ongoing EIS for the
Second Sydney Airport Proposal.

Essentially this question is directed to Government policy and is focussed on both the
EIS and the Decision-Making Process in principle and is therefore considered outside the
scope of the Final EIS. Nevertheless it should be pointed out that major parts of the
Draft EIS have been peer reviewed. The following organisations have reviewed the
document and associated technical work:

• Environment Australia commissioned three reputable and international consultants:
CH2M Hill, Parkman Safety and International Atomic Energy Agency, to review the
most important parts of the EIS document. This involved review of all waste
management activities and safety analyses including the reference accident itself;
and

• NNC UK were commissioned by PPK during this, the Final EIS process, to review
technical responses to submissions received with a view to ensuring that the
process was transparent and technically sound.

Response to issue 2.01.06 (Ongoing Review of Proposal Should
include waste Strategy)

This issue is linked with Chapter 10 of the Draft EIS - Waste Management -
though was more specific in that it requested that any ongoing review of
the proposal should include extensive work on the waste strategy. The
submissions raised concerns (repeated in Chapter 10) that the proposal
should not be allowed to proceed unless:
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• the National Radioactive Waste Repository was completed and ready to
accept wastes from the new reactor; and

• the ANSTO Waste Strategy 1995-2000 was updated regularly to ensure that
a waste management plan was in place to cope with new wastes created.

The reader should refer to the responses given in Chapter 10 particularly the response to
Issues 10.04.12 and 1O.O1.O1 of this document to gain a complete understanding of how
ANSTO would deal with this issue.

2.3.2 scope of the Draft Eis

Response to issues 2.02.01 (Eis Process Fails to Comply with
Guidelines) and 2.02.03 (The Draft Eis Does Not Comply with
Relevant Legislation and Guidelines)

People Against a Nuclear Reactor (No. 339) raised the objection that the
EIS process fa i l s to comply with the EIS Guidelines. Other submissions
suggest that the Draft EIS is deficient in a legal sense because the
Administrative Procedures under the Environment Protection (Impact of
Proposals) Act 1974, have not been followed. I t is suggested that certain
issues outlined in the EIS Guidelines are either not discussed or not
discussed in adequate deta i l . Some submissions believe that the EIS
process is flawed to such an extent that unresolved issues cannot be
salvaged through the preparation of a Supplement.

Preparation of this EIS has been undertaken fully in accordance with the provisions of
the Environment Protection (Impact of Proposals) Act 1974 and the Administrative
Procedures under the Environment Protection (Impact of Proposals) Act 1974. It is
important to recognise that the Commonwealth process for preparing an EIS involves
two steps. Firstly, the preparation of a Draft EIS and secondly, the preparation of a
Supplement document. Making the Draft EIS available for public review and inviting
written comment is part of the process of inviting the community to fully examine the
implications of the proposal. The Overview of the Draft EIS (PPK Environment &
Infrastructure, 1998) explicitly invites comment on any aspect of the proposal and
invites respondents to provide:

• information;

• options or suggestions on the material contained in the Draft EIS;

• the identification of errors or omissions; and

• suggestions on related facts or topics that should also be considered.

Prior to its release, the Draft EIS was reviewed by Environment Australia and determined
suitable for public review.

Specific issues raised in submissions regarding the adequacy of areas of environmental
assessment or consideration, are addressed in the relevant Chapters of this Supplement.
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Response to issue 2.02.02 (The Draft EIS is inadequate or Flawed)

The environmental assessment process of this proposal is administered by
Environment Australia under the Environment Protection (Impact of
Proposals) Act 1974. A number of submissions suggest that either the Draft
EIS or the EIS process is flawed but give no explanation as to how this
conclusion was reached. Other suggestions are that the Guidelines for the
EIS are inadequate and that the Environment Protection (Impact of
Proposals) Act 1974, should be updated. This issue has been mainly covered in
the preceding response.

Perhaps the most commonly occurring concern, however, was that the EIS was
flawed because the detailed reactor design has not as yet been finalised.
A response to this issue is included in the response to Issue 5.02.02 in Chapter 5 of this
Supplement.

Response to issue 2.02.03 (The Draft Eis Does Not Comply with
Relevant Legislation and Guidelines)

This issue has been responded to under Issue 2.02.01.

Response to issue 2.02.04 (Questioning the Objectivity of the Draft
EIS)

A number of submissions raised the question of perceived bias of the EIS
document and questioned the objectivi ty of the draft EIS process as a
whole. In the main, however, the submissions raised the concern that ANSTO
was too closely involved in the EIS and thus the EIS cannot be considered
an objective document.

This issue is considered to be linked to the EIS process itself rather than to this particular
EIS. That is, the question is directed at the process and thus is considered outside the
scope of this document to answer.

However, in response to this question, it is noted that:

• under the Act, it is the proponent that is required to produce the EIS, in accordance
with guidelines specified by Environment Australia, and that it is normally the
practice for the proponent to engage a specialist consultant to actually prepare the
document to ensure objectivity in material presented;

• the proponent must be closely involved in order for the EIS consultant to obtain
detailed information and to fully understand the proposal and its associated
developments;

• PPK was responsible for the Draft EIS document and as such all aspects of the
document were reviewed by PPK and, where applicable, NNC (an independent
sub-consultant) before being included in the Draft EIS;

• the Research Reactor Review (McKinnon et al 1993) and subsequent publishing of
guidelines by Environment Australia was the first part of a public review process
which allowed input from any interested party or persons;
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• the public submission process that the Draft EIS has been subjected to over the
period August 1998 to November 1998 has allowed review of the Draft EIS by
international and Australian scientists, peer consultants appointed by Environment
Australia and any member of the public or any organisation; and

• the Supplement is required to respond to all issues raised.

Response to issue 2.02.05 (Eis TOO Costly)

Bradford (No. 18) specifically mentioned the fact that the EIS was too
costly.

The EIS process is, by its complex nature, a costly process. The EIS process draws
consultant experts from fields ranging from flora and fauna to nuclear science and is
necessary to investigate fully the environmental impacts of the proposal.

The $25 price for each volume of the Draft EIS represents only the printing and
distribution costs. The price does not include the costs associated with the technical
production of the document. The $25 price is consistent with other EISs and it is
important to realise that copies of the EIS were available at local, regional and state
libraries for review. In addition, over 200 free copies were distributed to persons and
organisations who had expressed interest through contribution to such processes as the
formulation of the EIS Guidelines. The separate Overview document was also free.

2.3.3 The Draft EIS Document

Response to issues 2.03.01 (insufficient Detail Provided in Draft EIS)
and 2.03.02 (The Draft Eis is too Long and too Complex for a
General Reader)

The concern that insufficient detail was provided in the Draft EIS runs in
contrast to Issue 2.03.02. which raised the opposite concern, being that
the Draft EIS is too long and complex for the general reader.

Unfortunately, due to the complexity of the technical issues relating to the proposal, and
the comprehensive requirements of the EIS Guidelines, the Draft EIS was by definition
always destined to be a lengthy document. To overcome this problem, the Draft EIS
was published in conjunction with an overview report that summarised all salient
information for the non-technical reader.

A Final EIS overview document will also be released to complement this Supplement.

The fact that the Draft EIS is criticised for being both too broad and too narrow illustrates
the unlikelihood that any such study would meet with universal acceptance. One of the
key objectives of the Draft EIS was to produce a clear and concise EIS document that
provides sufficient information to allow the community and interested stakeholders to
easily understand all the major environmental issues arising from the proposal. Further
details to the Draft EIS are contained in extensive Technical Papers. However, there is a
limit to how much information can appropriately be put in the EIS rather than in
technical papers or in references. The provision of substantial additional information
would not necessarily assist the environmental assessment process or help the
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community in understanding potential impacts. Identified limitations of the studies
carried out for the Draft EIS are stated in the document and in its supporting Technical
Papers.

This Supplement provides substantial additional information in response to many of the
issues raised. Together, the Draft EIS and Supplement provide a comprehensive
assessment of the proposal being considered.

2.3.4 scope and Effectiveness of consultation

Response to issue 2.03.03 (inadequate Structure of the Draft EIS)

Several submissions questioned the structure of the Draft EIS.

The Draft EIS is typical of any such document; it is structured in accordance with the EIS
Guidelines, and was approved by Environment Australia during its preparation.

It should also be noted that an overview report was issued with the Draft EIS to provide
a more user-friendly summary for the lay reader.

Response to issue 2.04.01 (Consultation Process Does Not Build
Community Confidence in the EIS Process)

The Draft EIS process was designed to provide the broader community with information
during the environmental assessment of the proposal for the replacement nuclear
research reactor at Lucas Heights. The EIS consultation process issues have been
addressed within Chapter 2, Chapter 7 and Appendix C of the Draft EIS. It is
acknowledged that some sections of the community have some concerns and a degree
of cynicism about the EIS process. This arises both from specific experiences with
previous processes and a general dissatisfaction with the conduct of government
decision making processes. While the consultation strategy adopted for the replacement
nuclear research reactor proposal aimed to build community awareness and
understanding of the EIS process, it is considered unrealistic for such a strategy to be
able to satisfy the objectives of all sectors of the community and to address specific
concerns regarding the overall legislative and government decision making processes.

Response to issue 2.04.02 (Consultation Process inadequate)

The consultation strategy that was implemented during the preparation of the Draft EIS
and during the public review period was designed to keep the community involved
throughout the whole EIS process. This consultation process included the following
elements:

• Community Letter - A letter from the Chief Executive Officer of ANSTO about the
replacement nuclear research reactor and spent fuel management was letterboxed
to 21,000 local households in October 1997;

• EIS Guidelines - National and local newspaper advertisements detailed information
about the EIS and invited interested persons to respond to the EIS guidelines
established bv Environment Australia;
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Project Newsletters - Three project newsletters were disseminated to the
surrounding community within the Sutherland Shire. The first newsletter was
delivered to approximately 21,000 households in February 1998, describing the
proposal and the EIS process. The second newsletter was distributed to
approximately 41,000 households in June 1998, also describing the proposal and
the EIS process as well as summarising the main community concerns and outlining
forthcoming consultation events. The third letter was distributed to 41,000
households in August 1998 and outlined arrangements for public consultation on
the Draft EIS;

Advertisements - The proposal, the Draft EIS consultation process, newsletter
availability and consultation participation including details of mobile and library
displays were advertised within local St George, Sutherland, Menai and Engadine
newspapers as well as the Sydney Morning Herald, The Australian and the Daily
Telegraph during February 1998. This was aimed at informing the greater
community of the proposal and the EIS process. Subsequent advertising occurred
in relevant local newspapers to alert the community to specific events;

Telephone Information Line - A toll-free, dedicated telephone information line was
set up to promote participation of the greater community. The telephone
information number was advertised within the newsletter and newspaper
advertisements;

Internet Home Page - A web site with an e-mail address was set up during February
1998. This information medium was designed to include details of the proposal
and the EIS process as well as being able to send submissions on the proposal via e-
mail;

ANSTO Open Day - Following specific advertising in the local media and cinema
screens, ANSTO held Open Days in May 1998 for industry, academia and the
general public;

Stakeholder Meetings and Briefings - Stakeholder groups included the Sutherland
Shire Council, ANSTO-Community Forum, People Against a Nuclear Reactor, and
the Health and Environment Committee of Sutherland Shire Council. These
meetings were designed to outline the proposal and the EIS process in order to help
the participants formulate questions and comments;

Mobile Displays and Information Days - Six mobile displays and information days
aimed at providing detailed information on the proposal and the process to the
community by providing direct contact with the EIS team;

Workshops - A series of workshops was intended to review the results of the first
three months of consultation. Due to the lack of interest from state and local
government, stakeholders and the community the workshops turned into a forum
for informal discussions;

Library Displays - Nine library displays were conducted during the public
consultation period. The displays were held at local Sutherland Shire Libraries and
the Central Libraries of Hurstville, Campbelltown and Wollongong. Each display
was approximately three hours long and personnel were available to provide
information on general or technical issues;
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The public consultation process during the preparation phase of the Draft EIS was
independently reviewed by Twyford Consulting and a report was publicly released.
The recommendations made for further strengthening of the consultation process
during the public exhibition of the Draft EIS were implemented. The key
recommendations and responses were:

> Keeping Local Business Informed - An information letter about the
replacement nuclear research reactor proposal, together with a copy of the
Draft EIS Overview, were mailed to several hundred local Sutherland Shire
businesses inviting them to participate in the EIS process;

> Encouraging Genuine and Open Dialogue between Community Groups and
Proponents - Through Keys Young Pty Ltd, an experienced social research firm
familiar with Sutherland Shire Community, local community groups and
representatives were kept informed about the EIS consultation program and
personally invited to participate in its main activities;

> Radio Debate - A public debate occurred on the evening of Wednesday, 14
October 1998, at the studios of Sutherland Shire's community radio station
(2SSR FM). The live uninterrupted debate, which exceeded an hour, was
facilitated by one of the station's senior presenters with representatives from
ANSTO and People Against a Nuclear Reactor who discussed questions the
station had received from listeners and the local community. Free audio-
cassette copies of the program were distributed to interested parties;

* Public Discussion Groups - A series of four public discussion groups on
specific topics associated with the proposal were advertised in the Sutherland
Shire media and canvassed with a wide range of stakeholder groups during the
exhibition period. One of these discussion groups was cancelled due to
insufficient registrations of (three) people. The other three groups attracted 15,
15, and seven participants accordingly, of whom the vast majority were
People Against a Nuclear Reactor members. The discussion groups were
organised and facilitated by Keys Young. The venue was centrally located
with times and dates designed to maximise convenient participation. The
issues to be raised at the discussion groups were developed at prior focus
group discussions facilitated by Keys Young.

Public Speaking - ANSTO staff presented information on the EIS and the
replacement nuclear research reactor and interacted with members of more than
100 community service clubs;

ANSTO Staff Briefings - In recognition of the large number of ANSTO staff and
their families living within close proximity of the Lucas Heights site, a number of
briefing sessions were organised to keep this stakeholder group informed on the
EIS;

Precinct Committees - Eight representatives of precinct committees from within the
Sutherland Shire were interviewed to provide additional information on the
proposal as well as the EIS process;

Supplementary EIS and Submissions Report - This report addresses 350 detailed
issues from 935 submissions from the larger community, local and state
government and stakeholders; and
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The public consultation phase, during the EIS not only adhered to the requirement of the
Environment Protection (Impact of Proposals) Act 1974, but included consultation
initiatives to enhance broad community understanding of and input to the EIS. The
focus groups, public discussion groups and radio debate are examples of this.

Response to issue 2.04.03 (Period of Exhibition of Draft EIS too
Short)

The Draft EIS was prepared in accordance with the relevant Commonwealth legislation
governing Commonwealth Environmental Impact Assessment, the Environment
Protection (Impact of Proposals) Act 1974. The Environment Protection (Impact of
Proposals) Act 1974 seeks to ensure that matters affecting the environment to a
significant extent are fully examined and taken into account in Commonwealth
Government processes.

The period of the Draft EIS public review was first advertised by Environment Australia
in the Commonwealth Government Notices Gazette on Wednesday 12 August 1998.
Under Paragraph 6.3 7(0*) of the Administrative Procedures under the Environment
Protection (Impact of Proposals) Act 1974, the minimum period of public review is 28
days.

The review period for a Draft EIS can be extended by agreement between Environment
Australia and the proponent, or at the discretion of the Minister for the Environment and
Heritage.

On 20 July 1998 the Minister for the Environment and Heritage announced that the
public review period for the Draft EIS would be extended from 28 days to 12 weeks,
that is from Monday 17 August 1998 to close of business Monday 9 November 1998, a
total of 85 days.

Subsequently, Environment Australia accepted submissions and responses to the Draft
EIS for an additional two weeks beyond 9 November. This effectively extended the
Draft EIS public review period to 14 weeks.

Response to issue 2.04.04 (Lack of Public Debate During the
Exhibition Period)

Once the Government announced that Australia's HIFAR research reactor would be
replaced, there were repeated requests from a section of the community for ANSTO to
hold a public meeting. However, only one written request from a community group
and requests from one individual were formally received. These requests were repeated
in responses received to the Draft EIS guidelines, during the community consultation
phase leading up to and throughout the Draft EIS preparation stage, and continued in the
12 week Draft EIS exhibition period.

Accordingly, and from the outset of the EIS process, PPK established, publicised, and
implemented a series of opportunities for people to discuss the proposal in public. By
the conclusion of the second stage of the EIS, that is the exhibition period, PPK had
conducted 15 staffed displays of the EIS. Displays averaged three hours' duration. They
were held from Wollongong to Campbelltown and at various locations throughout the
Sutherland Shire.
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Another occasion of public debate occurred on the evening of Wednesday, 14 October,
at the studios of Sutherland Shire's community radio station 2SSR FM. The
uninterrupted debate, which exceeded an hour, was facilitated by one of the station's
senior presenters with representatives from ANSTO and the Sutherland Environment
Centre (People Against a Nuclear Reactor), who discussed questions the station had
received from listeners and the local community.

Further opportunities for public debate eventuated when a series of four public
discussion groups on specific topics associated with the proposal were advertised in the
Sutherland Shire media and canvassed with a wide range of Stakeholder groups during
the exhibition period. One of these discussion groups was cancelled due to insufficient
registrations of interested people (three). The other three groups attracted 15, 15, and
seven participants respectively, of whom the vast majority were People Against a
Nuclear Reactor members. The discussion groups were organised and facilitated by
Keys Young Pty Ltd, an experienced social research firm familiar with the Sutherland
Shire community. The venue was centrally located, with times and dates designed to
maximise convenient participation.

Response to issues 2.04.05 (Concern that Local Residents concerns
Have Not Been considered) and 2.04.06 (Unspecified Concern
About the Consultation Process)

A fundamental requirement of the environmental assessment process is to inform likely
affected communities about any proposed project and to seek their feedback. The Draft
EIS Appendix C Consultation Activities and Results describes in detail the community
consultation for informing and seeking feedback during stage one of the EIS.

As a result of the public submission process and community consultation, Environment
Australia received 935 submissions by way of response to the Draft EIS, of which
approximately 10 percent originated from people and organisations within Sutherland
Shire.

Environment Australia acknowledged receipt of each submission in writing. Every
submission Environment Australia received during the extended exhibition period was
subsequently considered, its concerns and issues coded, and responded to in this
Supplement.

Response to issue 2.04.07 (Consultation Process Should Be On-
Going)

As noted above under Issue 2.04.03, under both Commonwealth and NSW legislation
the EIS is only required to be exhibited for a period of 28 days. Notwithstanding this,
the Draft EIS exhibition period was extended to a period of 85 days.

Ongoing community consultation would be a feature of ANSTO's approach as the
proposal is developed through the detailed design, construction and commissioning
stages of the replacement nuclear research reactor project. This consultation process
would include:

• the liaison committee would continue to provide community interaction and
information exchange;
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the internet home page would provide updated information on the project;

• further open days and site visits would be available to the public; and

• project updates would be distributed through the community in the form of a
newsletter.

Response to issue 2.04.08 (Campbelltown Local Government Area
Not included in Consultation Process)

Campbelltown Local Government Area was not included in the preliminary newsletter
distribution as it was not considered to be within the boundaries of the "Local
Community of Interest". In addition, it should be noted that Campbelltown Council
declined to attend a Local Government Area workshop on 24 March 1998, convened as
part of the consultation process. Residents of the Campbelltown Local Government
Area had an opportunity to respond to advertisements within the Sydney Morning
Herald, The Australian and the Da/7y Telegraph. The above mentioned advertisements
invited concerned citizens to request a newsletter, telephone the information line,
access the internet home page, send e-mail and to attend any one of the 15 mobile
displays and information days.

In August 1998, Campbelltown Council along with other adjacent Councils were
approached to ascertain if it wanted a display about the replacement nuclear research
reactor exhibited in its Council Library. A staffed display was subsequently held there
on Saturday, 10 October 1998, from 9.00 am to 12 noon. On this occasion, free copies
of the Draft EIS Overview were distributed to members of the public and the queries
answered by qualified personnel. ANSTO also provided Campbelltown Council and its
library with two copies of the two volumes making up the Draft EIS.

2.4 Summary of Responses

ANSTO considers that the assessment process has been in compliance with the
Environment Protection (Impact of Proposals) Act 7 974 and associated Administrative
Procedures. The process that ANSTO was required to follow was outlined in the Draft
EIS (Chapter 2) and included input from submissions to the Draft EIS Guidelines.

A specialist community consultation consultant (Twyfords) was commissioned to review
the consultation process during the preparation period for the Draft EIS. As a result of
recommendations from the consultant, additional community consultation activities
were conducted during the exhibition period.

During the public exhibition period issues were raised relating to the decision making
process, the Draft EIS document and the scope and effectiveness of the consultation
process. These issues are addressed in this Supplement but do not alter ANSTO's
conclusion that the EIS has complied with the requirements of relevant legislation.
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3. Background to the Proposal

This chapter outlines issues raised in submissions and responses to the description of the
background to the proposal provided in Chapter 3 of the Draft EIS. The roles and
functions of nuclear research reactors, ANSTO activities, associated activities at Lucas
Heights and the regulatory framework for nuclear activities are also addressed in this
Chapter.

3.1 Summary of the Draft Environmental Impact Statement

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.

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 of the Draft EIS provides a chronological overview of the history of nuclear
research activities in Australia primarily related to scientific medical and industrial
research.

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

• 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.
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Over the years there have been a number of reviews of Australia's nuclear science and
technology needs and capabilities. This 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 (1985, 1992) 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 (McKinnon et al 1993) in 1993, which made 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 (Bain 1994) in 1994.

All of these earlier reviews contributed to the information base on which the
Government's decision on the a replacement research reactor was made. On September
3 1997, the then-Minister for Science and Technology announced the decision to fund
ANSTO for the construction of a replacement research reactor at Lucas Heights. In
reporting this decision, he also announced that the proposed reactor will be subject to
stringent environmental assessment. 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.

Nuclear research reactors are used for a large variety of purposes which can be
undertaken concurrently and 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.

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 of the
Draft EIS.

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 Art 7 970. Pursuant
to Sert/on 7A of the ANSTO Act 1987, ANSTO is exempt from the 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.

ANSTO is also committed to following NSW regulatory requirements where there is no
Commonwealth legislation such as the Clean Air Act 1961, and Clean Waters Act 1970
(and the requirements of the various Regulations under these). These laws govern the
use of, discharge of airborne emissions and discharges of pollutants to waterways.
ANSTO would continue to comply, as appropriate, with these and other relevant Acts
(as detailed further in Appendix D of the Draft EIS) during the construction and
operation of the reactor.
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ANSTO is also party to a Trade Waste Agreement with Sydney Water for discharges of
wastewater to the 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.

The Australian Radiation Protection and Nuclear Safety Bill was introduced into
Parliament in April 1998 and was passed by both Houses of Federal Parliament on 10
December 1998. The Australian Radiation Protection and Nuclear Safety Agency
replaces the Nuclear Safety Bureau and the Australian Radiation Laboratory and would
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.

3.2 Summary of issues Related to the Background to the
Proposal

The issues relating to the background of the proposal, raised in the public
submissions can be summarised in the following key areas.

3.2.1 Roles and Functions of Nuclear Research Reactors

Green (No. 906) raised issues concerning roles and functions of nuclear
research reactors. This submission was concerned with ANSTO activities and
the regulatory framework surrounding Australian nuclear activities.

3.2.2 Activities of ANSTO

Various submissions including pro-forma submissions contained some concerns
about ANSTO's activities. The issues raised were:

• ANSTO's emphasis is restricted to nuclear science and technology and
should be broadened;

• the possible military use of the reactor; and

• that ANSTO's future should not be linked with the proposal.

3.2.3 Associated Activities at Lucas Heights

Sutherland Environment Centre (No. 330) raised the issue that equipment at
the site could be used to extract plutonium.

3.2.4 Regulatory Framework for Nuclear Activities

Submissions including pro-formas 1 and 4, Sutherland Shire Council (No.
341) and Green (No. 906) raised issues associated with the regulatory
framework for nuclear activities. Specific issues included the current
status of Australian nuclear legislation, claims that the status of

islrurlure PK Lid Page 3-3



Replacement Nuclear Research Reactor
Supplement

Australian nuclear legislation is not available to the public, and the
possibility that that the Safety Review Committee would be disbanded.

3.2.5 Other issues Related to the Background to the
proposal

Other issues related to the background of the proposal included an apparent
lack of consultation with the Chief Scientist which was raised by a number
of submissions.

Various submissions raised the issue that the proposal concerns a
production facility not a research reactor. These submissions included
those of the Sutherland Shire Environment Centre (No. 330) and Sutherland
Shire Council (No. 341).

The Sutherland Environment Centre submission (No. 330) expressed concern
that the proposal contained a misrepresentation since the replacement
nuclear research reactor is far larger than any pure research reactors
overseas and that the replacement nuclear research reactor should be
described as a medium sized industrial production unit.

The submission was mainly concerned that while "research reactors are often
located near residential development, production units are not", and that
the public had thus been misinformed of the nature of the proposal.

The submission also requested that ANSTO "give details of reactors
designated as research which produce radioisotopes on a commercial basis,
their proximity to residential housing and the size of that population".

3.3 Response to issues Related to the Background to the
Proposal

3.3.1 Roles and Functions of Nuclear Research Reactors

Response to issue 3.01.01 (Roles and Functions of Nuclear Research
Reactors)

The general need for research reactors has been questioned in the
submission from Green (No. 906). The submission claims that by using a
combination of alternative technology, "suitcase science", importation, and
alternative imaging modalities. Australia does not require a replacement
nuclear research reactor.

The need for the replacement research reactor has been discussed in the Draft EIS
(Chapter 4) and further information has been provided in the detailed responses within
this document (issues responded to in Chapters 4 and 6). In summary, the replacement
research reactor would be addressing a number of requirements for Australia covering
medical needs, research, industrial applications and the national interest. Although it is
possible to meet some of these needs, in the short term, using alternatives, a
replacement research reactor would meet all the above needs for the next 40 years.
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3.3.2 Activities of ANSTO

Response to issue 3.02.01 (Concerned that ANSTO Emphasis is
Nuclear only)

Various submissions raised the issue that the act iv i t ies of ANSTO were
s t r i c t l y nuclear related and that a new reactor would only perpetuate this
situation and consequently ANSTO has a vested interest in seeking a
replacement nuclear research reactor.

I t was suggested (No. 19) that "the nuclear be taken out of ANSTO ~ and
they could continue with research with safe and clean methods for medical
requirements, solar energy and the l i ke . "

In regard to these issues it should be recognised that ANSTO was established by the
Parliament in 1987 to be Australia's national body for nuclear science and technology.
ANSTO has been given the mandate and objectives that are set out in the ANSTO Act
1987 and described in Section 3.3 of the Draft EIS. In meeting its objectives ANSTO
has to be aware of developments in nuclear science and technology of benefit to
Australia. ANSTO considers the construction of a replacement research reactor is
essential if it is to meet the objectives of the ANSTO Act 1987. A more complete
explanation of the justification for maintaining a nuclear role is presented in Chapter 4
of this document.

Response to issue 3.02.02 (General concerns Over Military use of
the Reactor)

Several submissions raised concerns that the replacement nuclear research
reactor could be used for the development of f i s s i l e material for the
production of nuclear weapons.

Whilst plutonium of one form or another is produced in all uranium-fuelled reactors, the
quantity and quality of the plutonium varies considerably and under normal operations
it is unsuitable for weapons' production. As has been the case with HIFAR, the uranium
fuel of the replacement nuclear research reactor would be held and used under the
stringent national and international nuclear safeguards regime operated by the Australian
Safeguards and Non-Proliferation Office and the International Atomic Energy Agency
(see Section 3.6.2 and 3.6.3). Under this regime, the amount of uranium in the fuel and
the quantity of plutonium produced is strictly accounted for, with regular checks carried
out. It would require a deliberate covert act by the Australian Government contrary to
its undertaking under the Nuclear Non-Proliferation Treaty and the complicity of
numbers of International Atomic Energy Agency safeguard inspectors to bypass this
regime.

The replacement nuclear research reactor would use low enriched uranium (LEU) fuel
which has no proliferation significance. It is emphasised that a research reactor of the
type proposed and using low enriched uranium fuel presents a much lower proliferation
risk than the current HIFAR reactor and is not a pathway to weapons' production.
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Response to issue 3.02.03 (ANSTO's Future Should Not Be Linked to
the Proposal)

Various submissions claim that ANSTO's future should not be linked with the
proposal, essentially claiming that ANSTO has a vested interest in the
proposal and thus cannot provide unbiased information on the reactor and
other nuclear act iv i t ies . For example, the Australian Conservation
Foundation (No. 903) states that ANSTO is in favour of nuclear industry and
therefore can not be perceived as an independent and objective agency to
provide advice to government.

As was stated in the response to Issue 3.02.01, Parliament established ANSTO to be
Australia's national body for nuclear science and technology. It should be noted that the
replacement nuclear research reactor represents a whole of government initiative and
that a wide range of organisations other than ANSTO would benefit from the activities
associated with an ongoing research reactor capacity. The reason for ANSTO's
existence and its objectives are clearly spelled out in the ANSTO Act 1987 and
described in Section 3.3 of the Draft EIS. The operation of a research reactor underpins
the broad span of these objectives.

Response to issue 3.02.04 (ANSTO Should Provide More Non-Nuclear
Research)

Various submissions suggest that ANSTO should undertake more non-nuclear
research.

Green (No. 906) claimed that the "Lucas Heights Science and Technology
Centre can be maintained as a viable and useful institution without a
reactor", but only i f appropriate investments in additional non-reactor
infrastructure are made.

It is again noted that ANSTO's role and objectives are defined by the ANSTO Act 1987
and the main emphasis of its activities is nuclear related (see Draft EIS Section 3.3).
ANSTO considers that investment in a replacement nuclear research reactor is essential
for meeting its objectives. This was reinforced by the Board Mission Review (Bain
1994) and summarised in the Chairman's Report of 1995/96 (ANSTO 1996). Green's
request to "to develop and cost a non-reactor future scenario for the ANSTO Lucas
Heights site" is noted, but represents a wider issue for Government and is outside the
scope of this EIS.

3.3.3 Associated Activities at Lucas Heights

Response to Issue 3.03.01 (Equipment On-Site for Plutonium
Extraction)

The Sutherland Shire Environment Centre submission (No. 330) states "AAEC
[Australian Atomic Energy Commission] had both the equipment and programs
in place for the enrichment of uranium for the extraction of plutomum from
reprocessed spent reactor fuel and for criticality testing" and "that these
technologies could be used for "the production of fissile materials for use
m nuclear weapons".
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The Australian Atomic Energy Commission no longer exists as an organisation having
been superseded by ANSTO. The AN5TO Act specifically prohibits ANSTO from
undertaking research or development into the design or production of nuclear weapons
or other nuclear explosive devices. The ANSTO Act also requires ANSTO to fulfil its
over-riding obligation for reactor safety through management, assessment and review.
Additionally, all ANSTO activities associated with the use of nuclear material are subject
to stringent national and international safeguards arrangements by the Australian
Safeguards and Non-Proliferation Office and the International Atomic Energy Agency
respectively. The national and international inspection regimes provide visibility that all
ANSTO activities are only for peaceful purposes.

3.3.4 Regulatory Framework for Nuclear Activities

Response to issues 3.05.01 (Concern Over status of Australian
Nuclear Legislation) and 3.05.02 (Concern that Draft Australian
Nuclear Legislation is not Available to the Public)

The Australian Radiation Protection and Nuclear Safety Act establishing the new
material nuclear regulatory body, the Australian Radiation Protection and Nuclear Safety
Agency, was passed by both Houses of Federal Parliament on 10 December 1998. This
followed public submissions to a hearing by the Senate Community Affairs Legislation
Committee on 30 November 1998.

The object of the Act is to protect the health and safety of the public, and to protect the
environment from the harmful effects of radiation. For this purpose, the Act:

• establishes a statutory officer, to be known as the Chief Executive Officer of the
Australian Radiation Protection and Nuclear Safety Agency. The functions of the
Chief Executive Officer would include regulating Commonwealth radiation and
nuclear activities; working with the States and Territories to develop uniform
regulatory control; informing and advising the Government and the public on
radiation protection and nuclear safety; and undertaking research and providing
services to ensure radiation protection and nuclear safety;

establishes a licensing scheme for the regulation of nuclear installations operated
by the Commonwealth or Commonwealth entities, from the time at which plans
are drawn up to construct an installation through all its stages of operation until it is
decommissioned;

• establishes a licensing scheme for the regulation of ionising sources and certain
non-ionising sources where these are dealt with by Commonwealth entities; and

• establishes a Radiation Health and Safety Advisory Council (and two supporting
Committees - the Radiation Health Committee and the Nuclear Safety Committee),
with members to include State/Territory radiation control officers, relevant scientific
and technical experts and representatives from the community. The Council has
functions including advising the Chief Executive Officer on matters relating to
radiation protection and nuclear safety, the development of uniform standards and
codes of practice and examining matters of major concern to the community in
relation to radiation protection and nuclear safety.

I & Infrastructure Pt\ Ltd Page 3-7



Replacement Nuclear Research Reactor
Supplement

The Australian Radiation Protection and Nuclear Safety legislation imposes licence fees
and penalties for non-compliance with discharge authorisations.

Duty of care provisions apply. Given the high safety standards and detailed approval
processes required through the Australian Radiation Protection and Nuclear Safety
legislation, the design of the replacement research reactor would be such that the
likelihood of a reactor accident is extremely low and in the unlikely event of a reactor
accident the consequences would also be low (Chapter 11 and Appendix C of the Draft
EIS).

The Australian Radiation Protection and Nuclear Safety legislation is based on the:

• International Basic Safety Standards for Protection against Ionising Radiation and for
the Safety of Radiation Sources (International Atomic Energy Agency 1996);

• International Atomic Energy Agency Siting Criteria (1987);

• recommendations of the International Commission on Radiological Protection
(1991); and

• National Health and Medical Research Council (1995) Recommendations for
limiting exposure to ionising radiation; which is also issued as the National
Standard for Limiting Occupation Exposure to Ionising Radiation.

These standards are those referenced in the Australian Radiation Protection and Nuclear
Safety legislation and reflect international best practice.

Response to issue 3.05.03 (The safety Review Committee will be
Disbanded)

Pro-forma 4 and various individual submissions raised the issue that the
Safety Review Committee would be disbanded and with i t would disappear one
of the means for public representation on ANSTO related issues.

This concern is not related to the EIS but is linked to the Australian Radiation Protection
and Nuclear Safety Act and the subsequent creation of the Australian Radiation
Protection and Nuclear Safety Agency. The Australian Radiation Protection and Nuclear
Safety Agency would have regulatory oversight of all ANSTO activities involving
radioactive materials and radiation, including the functions formerly filled by the Safety
Review Committee.

The Australian Radiation Protection and Nuclear Safety Agency would have a Radiation
Health and Safety Advisory Council, a Radiation Health Committee, and a Nuclear
Safety Committee, all of which would include a person representing the interests of the
general public in their membership.

Response to issue 3.05.04 (Regulatory Framework for Nuclear
Activities Adequately Addressed in Draft EIS)

The Nuclear Safety Bureau (No. 934). the current regulator for HIFAR
operations, stated in their submission that:
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"broadly, the EIS correctly describes the processes of the
Nuclear Safety Bureau for the independent regulation of the
safety of the replacement nuclear research reactor project.
These require ANSTO to obtain regulatory authorisation before
preparing the site, constructing, comnissioning, operating,
modifying or decommissioning the proposed replacement nuclear
research reactor. Rigorous demonstration by ANSTO of radiation
and nuclear safety is required at each stage of the project,
before regulatory authorisation will be granted for the next
stage to commence. A review of the regulatory process is
addressed more fully in a separate Submission by the Australian
Radiation Protection and Nuclear Safety Agency Task Force."

Since the Draft EIS was published, the Australian Radiation Protection and Nuclear
Safety Act was passed by both Houses of Federal Parliament on Thursday 10 December,
1998.

3.3.5 Other issues Related to the Background to the
Proposal

Response to issue 3.07.01 (ANSTO Did Not consult the Chief
Scientist of the Australian Science, Technology and Engineering
Council)

Green (No. 906) claims that ANSTO is "justifying the reactor with reference
to the 1992 Australian Science. Technology and Engineering Council Study"
and also says that succeeding reviews, for various reasons, should not be
used to support the reactor proposal. It is important to recognise the process
associated with these reviews and why Government and others place credence in their
findings. In any major policy decision it is essential to consider all pertinent information
and this was the case in relation to decisions about the replacement nuclear research
reactor.

The Australian Science, Technology and Engineering Council has played an important
role in events leading up to the Government announcement on a replacement nuclear
research reactor. Following an extensive review process, the Australian Science,
Technology and Engineering Council recommended in 1992 to Government that seven
major national scientific research facilities be developed and that one of these be a
research reactor. Subsequently, the Government instituted the Research Reactor Review
to investigate the need for a replacement for HIFAR. A summary of these reviews is
provided in Section 3.5 of the Draft EIS.

At the Senate Economics Reference Committee meeting of 15 April 1998, Dr Paul
Wellings, Head, Science and Technology Division, Department of Industry, Science and
Resources provided the following reply with respect to this issue.

"Professor Stocker, the current Chief Scientist, was not consulted. John
Stocker is currently Chief Scientist and also chairman of the Australian
Science, Technology and Engineering Council. He occupies both of these
positions in a part-time capacity. As a result, the current Chief Scientist
deals with a small number of issues at the request of government in
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addition to coordinating his activities through the Australian Science,
Technology and Engineering Council, and also for the Prime Minister's
Science, Engineering and Innovation Council."

Major science bodies support the decision by the Government in September 1997 to

replace HIFAR, including the Australian Academy of Science (No. 924), the Institute of

Engineers Australia, the Australian Academy of Technological Sciences and Engineering,

the Federation of Australian Scientific and Technological Societies, the Australian and

New Zealand Society of Nuclear Medicine, and the Australian and New Zealand

Association of Physicians in Nuclear Medicine. This support has been provided through

submissions to the Replacement Reactor Review (McKinnon et al 1993), the Senate

Economic References Committee, and by media releases.

The Government does not consult the Chief Scientist and the Australian Science,

Technology and Engineering Council on every relevant decision and as the Australian

Science, Technology and Engineering Council had already made its recommendation

that the replacement nuclear research reactor be developed as one of seven major

national scientific research facilities, there was no specific requirement for the Australian

Science, Technology and Engineering Council to be further consulted.

Response to issue 3.07.02 (The Proposal is a Production Facility Not
a Reactor)

Various submissions raised the issue that the proposal is not just for a
research reactor but represents a production f a c i l i t y which operates at
higher power levels than research reactors. In the People Against the
Nuclear Reactor submission (No. 339) i t states that:

"the proponents continually present the reactor to the community
as so small it is like a toy and make reference to the fact that
nuclear research reactors in other countries are situated close
to populations. Such reactors are usually run on 0.00001
megawatts of power. We are only aware of one other research
reactor in the developed world which is as large as this one
situated in the middle of a suburban community. "

The Sutherland Shire Environment Centre submission (No. 330) went further
describing the replacement reactor:

"as a medium sized industrial production unit, used for the
manufacture of radwisotopes, some silicon irradiation and some
minor research. There is dishonesty in the constant repetition
that the majority of research reactors overseas are w urban or
semi-urban environments. The majority of those said to be
housed on university campuses are far smaller than HIFAR or a
replacement and none, to our knowledge, are industrial
production units. "

Details are provided in Volume 2 of the Draft EIS (Appendix E: Examples of Multi-

Purpose Research Reactors) of other research reactors in use around the world. Included

is information on the power and age of the reactor and the location of the facility. All
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the information is for research reactors with a power level of over 5 megawatts not
0.00001 megawatts as quoted in submission No.'s 339 and 340.

Some research reactors have considerably higher powers than the proposed replacement
nuclear research reactor and a number are located in either urban or, as for Lucas
Heights, in semi-urban regions. Examples of reactors in close proximity to populations,
of equivalent or larger size than the proposal, include:

- MURR in the United States of America (a reactor with radioisotope production
facilities, currently 10 megawatts to be upgraded to 30 megawatts, urban at
University of Missouri, Missouri);

• OSIRIS in France (a reactor with radioisotope production facility, 70 megawatts,
semi-urban at Saclay, on the outskirts of Paris);

« HFR in France (57 megawatts, urban in the centre of the city of Grenoble);

• BR-2 in Belgium (a reactor with radioisotope production facilities, 100 megawatts,
semi-urban near Mol);

• CIRUS and DHRUVA in India (40 megawatts and 100 megawatts respectively,
urban in the suburb of Mumbai in Bombay); and

• NBSR in the United States of America (20 megawatts, urban, in a suburban area of
Washington DQ.

The proposal is for a multipurpose reactor of which one activity includes the existing
(and a potential increase in) irradiation of targets for radionuclides. The subsequent
separation of medical radionuclides does result in emissions which have been discussed
in Chapter W and Appendix F of the Draft EIS. The processing and distribution of
medical radioisotopes is a vital component of the work performed by ANSTO and is
consistent with nuclear research reactor usage internationally.

Response to issue 3.07.03 (HIFAR Should be Decommissioned Now)

Wilson (No. 329) stated HIFAR should not operate any longer and should have
been decommissioned in 1985.

HIFAR has operated safely and with no public health impact for 40 years (McKinnon et
al 1993). It is subject to ongoing regulatory approval by the Nuclear Safety Bureau and
the Australian Radiation Protection and Nuclear Safety Agency. Therefore, there is no
case to curtail the key benefits for Australian industry, science and medicine as outlined
in Chapter 4. To shut down HIFAR would cause major problems with regards to the
supply of medical radioisotopes. It also would adversely effect a large number of long
term scientific research projects and would result in the disruption of a number of
commercial and organisational contracts and responsibilities.

3.4 Summary of Responses

Information was provided In the Draft EIS on the background to the proposal including
the responsibility of the proponent. Issues raised in submissions included:

• roles and functions of nuclear research reactors;
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• activities of ANSTO;

• possible production of sensitive nuclear materials;

• regulatory framework for nuclear activities; and

• other issues related to the background of the proposal.

In the responses within this Supplement EIS, a number of important items require
highlighting. With regards to nuclear non-proliferation it is important to note that the
proposed replacement nuclear research reactor would use low enriched uranium fuel
which has no proliferation significance.

There have also been major advances with regard to the national regulatory framework
for all Commonwealth activities involving the use of radioactive materials or radiation.
On 10 December 1998 the Australian Radiation Protection and Nuclear Safety Agency
legislation was passed by both Houses of the Federal Parliament. The Australian
Radiation Protection and Nuclear Safety Agency is expected to be established in early
February 1999 as an operational organisation. Although, in practical terms, this does
not alter the findings of the EIS (as the Nuclear Safety Bureau has been involved both
before and during the EIS process), it does address a number of issues raised in the
public submissions.
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4. The Need for the Proposal

This chapter outlines issues raised in submissions and responses to the description of the
need for the proposal provided in Chapter 4 of the Draft EIS. Issues related to the
purpose and objectives of this proposal, nuclear medicine and health, national interest,
scientific research and education, industrial applications and costs and benefits are also
addressed in this Chapter.

4.1 Summary of the Draft Environmental Impact Statement

ANSTO has a statutory obligation to undertake or fulfil particular roles on behalf of the
community with respect to nuclear activities. HIFAR is now technologically obsolete,
being designed and built 40 to 50 years ago; it is not able to provide Australia with the
nuclear facilities it would need in the next century. The replacement nuclear research
reactor would be a modern multi-purpose reactor with the performance and facilities
necessary for ANSTO to continue to fulfil its roles and meet Australia's needs.

The need for the replacement nuclear research reactor rests on four main factors. These
are:

• 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;

• the social, economic, environmental and national interest benefits arising from the
past and current operation of HIFAR would continue and be enhanced by the
proposal;

• an assessment of the future national and international opportunities arising out of
nuclear-based knowledge and capabilities; and

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

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

HIFAR would not be able to satisfy the growing demand for medical
radiopharmaceuticals beyond 2004-05. Its neutron beams are relatively low in flux and
are degraded by excessive levels of gamma radiation, which is seriously restricting the
range and output of scientific 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 nuclear research reactor is needed to fulfil these requirements.
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4.2 Summary of issues Related to the Need for the Proposal

The issues relating to the need for the proposal, as raised in the public
submissions, can be summarised in the following key areas.

4.2.1 Purpose and Objectives of the Proposal

Various submissions, including pro-formas 1. 4 and 5. questioned the need
for a replacement nuclear research reactor in general and a number of
submissions referred to the Research Reactor Review of 1993 to support
their view. A number of submissions, including Sutherland Shire Council
(No. 341) stated that the need for reactor had been exaggerated in the
Draft EIS.

A number of submissions expressed the opinion that job creation should not
be used as a reason for continued ANSTO operation.

A number of submissions, including the Sustainable Development Futures
Planning Design (No. 174) and the Woronora River Residents Environmental
Action Committee (No. 230). argued that the medical-based need as stated by
the proponent was flawed. Other submissions suggested that the replacement
nuclear research reactor cannot be justified in terms of national interest
or the argument used in the Draft EIS was not adequate.

A number of submissions including the Woronora River Residents
Environmental Action Committee (No. 230) suggested that the replacement
nuclear research reactor could not be justified in terms of scientific
research and education.

4.2.2 Costs and Benefits

Costs and benefits associated with the proposal were raised by over half of
submissions. A number of submissions raised an issue under the subject of
cost and benefits with key concerns being that the replacement nuclear
research reactor funding could be better utilised.

Various submissions raised the issue that a cost benefit analysis had not
been included in the Draft EIS. A number of submissions made the point
that there may be a concern or a need to change the proposal in light of
the possibility of a Goods and Services Tax and the further devaluing of
the Australian dollar.

A number of submissions identified that no costs for decommissioning were
provided in the Draft EIS for HIFAR or the replacement nuclear research
reactor.
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4.3 Response to issues Related to the Need for the Proposal

4.3.1 Purpose and Objectives of the Proposal

Response to issue 4.01.01 (Questions the Need for a Replacement
Nuclear Research Reactor Generally)

The need for a replacement nuclear research reactor has been questioned in
a number of submissions, call ing for rejection of the proposal. Most of
these submissions do not offer any reasons other than general concerns.

For example pro-forma 1 states:

"It fails to address the most basic question, 'does Australia
need a new reactor?' It merely examines the suitability of the
Lucas Heights site. ANSTO's case for a new reactor is a re-hash
of its 1992 case which was rejected by the Research Reactor
Review. "

Pro-forma 4 recites similar concerns as does the Medical Association for
Prevention of War (Australia) submission (No. 323). A common theme is the
supposed rejection by the 1993 Research Reactor Review of the reactor
proposal by some submissions.

The Research Reactor Review (McKinnon et al 1993) did not reject ANSTO's case for a
replacement nuclear research reactor, but rather concluded that if certain criteria were
met then it would be appropriate for a positive decision to be made on the reactor
within about five years. The Government has made such a decision, taking into account
the Research Reactor Review and other studies. The Government has, however,
indicated that it does not regard the recommendations and conditions of the Research
Reactor Review as pre-requisites for its decision (see Section 3.5 of the Draft EIS).

Several submissions claim that medical isotopes could be produced more
cheaply, and safely using cyclotrons and with spallation technology. Issues
relating to alternative technologies are addressed in detail in Chapter 6 of this
document.

In summary, the need for the research reactor is based on an amalgam of multiple
purposes which are detailed in Chapter 4 of the Draft EIS, namely:

• nuclear medicine and health;

• the national interest;

• scientific and industrial research, and education; and

• industrial applications for the diffusion of nuclear technology to the general
scientific and business community.
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Response to issue 4.01.02 (Need for Reactor Exaggerated in EIS)

A number of submissions claim that the need for the replacement nuclear
research reactor is exaggerated.

Scott (No. 23) claims that "the need for a replacement nuclear research
reactor is exaggerated", rejecting ANSTO's data on usage by ANSTO and
external users and proposing his own. This argument is also used by Green
(No. 906) and others.

In arguing that the need is exaggerated. Sutherland Shire Council (No. 341)
states that:

"EIS does not seriously address lower cost options that
could provide a less than full range of these services. These
options would include extending the life of HIFAR, with various
degrees of refurbishment, and a smaller scale reactor."

Such options have been considered in studies which include the 1993 Research Reactor
Review. In making the decision on the replacement reactor, the Commonwealth
Government took account of the findings of these studies. It is again noted that the need
and justification for the replacement nuclear research reactor proposal are detailed in
Chapter 4 of the Draft EIS. However the arguments set out in Chapter 6 of both the
Draft EIS and this document must also be considered. Many of the alternatives such as
refurbishment of HIFAR are discussed in detail. In addition, options providing less
functionality are also discussed.

Response to issue 4.01.03 (Job creation Should Not Be used as a
Reason for continued ANSTO Operation)

Submissions raise concerns on the job creation aspects of the proposal.
Most of these quote figures that were developed several years ago. based
upon early estimates of the work required.

Job creation has not been used directly as a reason for continued ANSTO operation.
The EIS has simply set out the consequences on employment of certain actions.

A number of submissions refer to a question raised by Senator Lundy in the
Senate Economics References Committee in November 1997 concerning a figure
of 175 jobs created by the proposal.

The following answer was provided by ANSTO to the Senate Committee:

The figure of 175 jobs was contained in a financial and economic
evaluation prepared for ANSTO in 1991 by a consultant. Since that time,
the cost estimates have been examined in more detail and more exact
estimates of the local and overseas content of the project determined. The
800 jobs to which the former Minister referred is an estimate of the
average workforce engaged at any given time, in the construction of the
replacement nuclear research reactor.
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The figure of 800 jobs is based on expenditure of $150 million, which is
the estimated Australian content of the reactor project over a four and a
half years construction phase. This figure is derived from the building
industry's rule of thumb of 24 person years of employment created from
every $ 1m of expenditure. We have been informed that the Department of
Employment, Education and Training, and Youth Affairs (DEETYA)
considers this an acceptable formula for direct job creation, but more
sophisticated modelling would be required to obtain a more accurate
forecast"

It should be noted that the employment figure of 3600 person-years, quoted in many
submissions and used in media releases associated with the announcement of the
proposal, is in agreement with the above.

Additional figures related to the impact of the proposal on direct and indirect
employment are included in Section 16.3.2 of the Draft EIS.

Response to issue 4.01.04 (Proposed Reactor is Not "World-Class")

Green (No. 906) and Friends of the Earth (No. 908) claim that the
replacement nuclear research reactor would not be a world-class f ac i l i t y
and thus i t would not be possible to undertake world-class neutron beam
research in competition with overseas f a c i l i t i e s . This claim is based on a
number of general issues and concerns but ultimately the focus is on the
ranking of sc ient i f ic performance primarily using the maximum unperturbed
thermal neutron f lux of the reactor.

In order to make a concise comparison and to draw meaningful conclusions from that
comparison, three research reactors with proven track records in world-class neutron
beam research and with specification similar to the replacement nuclear research reactor
have been chosen. Note that the ranking of these medium-flux facilities would
necessarily follow those of the three premier high-flux facilities (HFR, HFIR and FRM-2)
but would remain within the top ten in the world.

Ranking research reactor performance on the unperturbed thermal neutron flux alone
can be misleading. A world-class research facility also requires world-class neutron
beam instruments with a well-balanced mix of instrument types developed for the user
community. To the distinct advantage of facilities presently being planned, modern
advanced neutron optical components (cold sources, thermal and cold neutron guides,
etc.) can now deliver more neutrons to the neutron beam instrument, and advanced
instrument design can deliver more information to the user. ANSTO is in a prime
position to capitalise on recent developments in instrumentation and consequently a
number of instruments on the replacement nuclear research reactor would outperform
equivalent instruments on existing research reactors.

Figure 5.4 in the Draft EIS indicates that the replacement nuclear research reactor would
have one cold source and provision for one hot source, and the initial suite of neutron
beam instruments would have five located on the thermal source, five on the cold
source and one on a hot source. This is the suite of neutron beam instruments prepared
in close consultation with the Australian research community as being essential to carry
out world class research.
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Table 4.1 is a summary of comparable research reactors and the associated neutron

beam instruments in terms of the location on a particular neutron source, as well as the

type of instrument. In this comparison, both the technical details of the instrument type

(see notes in Tab/e 4.7) and the range of instrument types are equally important. Of

course the balance within this range is influenced by the particular interests of the local

and regional user communities (refer to Table 5.3 in the Draft EIS) but it is clear from the

table that the replacement nuclear research reactor would be equipped with a well

balanced suite of neutron beam instruments comparable to the best in the world.

Table 4.1: Comparison of the Capability for Neutron Beam Research at World-Class

Medium-Flux Research Reactors

Research Reactor

Institute

Location

Unperturbed Thermal

Neutron Flux (n/cm2/s)'

Source Type

Thermal Source

Cold Source

Hot Source

Total

Instrument Type3

SANS

Reflectometer

Powder4

Single Crystal5

Amorphous Material

Time of Flight

3 Axis

Backscattering

Spin Echo

Polarisation Analysis

Engineering6

Others7

Proposed RRR

ANSTO

Lucas Heights

Australia

At

3>

Initially

5

5

1

1T*

1

1

2

2

1

-

1

-

-

1

2

2

least

: 10'"

Expanded

6

8

2

16J

2

2

2

3

1

-

1

1

1

1

2

2

NBSR

NIST

Gaithersburg

United

States

4 x 10'4

Orphee

LLB

Saclay

France

3 x 10'4

Number of Instruments

5

11

-

16

8

13

4

2$

Number of Instruments

3

2

1

-

-

2

4

1

1

1

1

6

3

3

3

2

2

1

5

-

2

2

2

3

JRR-3M

jAERI

Tokai

japan

3 x 10'4

12

11

-

23

3

1

2

3

-

2

6

1

1

2

2

5

Notes: 1. Measures in neutrons per square centimetre per second.
2. It is anticipated that eight instruments would be provided initially with a further three instruments

commissioned in the first five years of operation. Plans are in place for the expansion to a total of
16 instruments. In addition, doubling of neutron beam capacity would be possible during the life of
the facility if required, through construction of a second neutron guide hall.

3. The instrument type can be identified on figure 5.4 in the Draft EIS (pp. 5-1 3).
4. This type includes High Intensity and High Resolution Diffractometers.
5. This type includes 4 Circle and Quasi-Laue Diffractometers.
6. This type includes Radiography and Residual Stress Diffractometer.
7. Experimental beam facilities for testing, evaluation and development purposes (not included in the

total).

The replacement nuclear research reactor would be a world-class medium-flux research

reartor (as assessed by the unperturbed thermal neutron flux) equipped with world-class
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neutron beam instruments and as such could be conservatively ranked with the best in
the world for neutron beam research.

4.3.2 Nuclear Medicine and Health

Response to issues 4.02.01 (Medical-Based Need Flawed) and 4.02.02
(Medical- Based Need is Justified)

A number of submissions consider that there are alternatives to the reactor
for the productions of radioisotopes and thus the medical-based need for
the proposal is flawed. The submissions do not question the demand for
medical isotopes, but rather about the method of production. The
alternatives are discussed in Chapter 6 of the Draft EIS and further
commented on in Chapter 6 of this Supplement.

Gordon (No. 338) claims that the Draft EIS is biased and that Section 3.1.2
does not discuss current research on the medical applications of
radioisotopes and trends towards safer cleaner technologies. It is assumed that
the author means both alternative production techniques (Chapter 6) and alternative
medical procedures. This latter item is not discussed fully in the Draft EIS (see Section
6.3 of the Draft EIS) as it is a matter for the medical community. However, it is stated
and supported by the medical community that nuclear techniques are complementary to
other modalities and that while new modalities develop, nuclear medicine would
continue to grow in application and use. ANSTO produces radioisotopes to meet the
demand from the broad medical community and as detailed in Chapter 4 of the Draft
EIS, this demand is projected to grow.

An issue also raised in a number of submissions was the assertion that the
medical need was not jus t i f ied as the radioisotopes were used for
diagnostic purposes rather than therapeutic purposes. Diagnosis is recognised
in the medical community as an essential component of good medicine. Early diagnosis
of ailments not only improves the chances of recovery but also reduces the costs
associated with treatment (both human and monetary). However, recent trends in
radiopharmaceuticals also include applications for therapeutic uses.

Sutherland Shire Council (No. 341) notes that the Draft EIS: "Does not
quantify claims" that imported radiopharmaceuticals would increase health
costs and reduce quality and re l i ab i l i t y of health services. The
submission also compares the objectives of ANSTO (Section 3.1.1 of the
Draft EIS) with the objectives of the proposal (Section 4.1.2 of the Draft
EIS). noting the relative position in the two l i s t s of the objective which
refer to health benefits, are not identical, and then claiming that "the
increased emphasis on health benefits is a public relations ploy ... to
sell the reactor."

ANSTO has a broader role than the operation of a research reactor. Accordingly, it
should be expected that ANSTO's objectives would be different from the objectives
adopted for the proposal. The objectives of the proposal are equally important and have
to be taken in their entirety. Mo ranking was implied from their position in the list.
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The proposal for the replacement nuclear research reactor is based on a number of
requirements as specified in Chapter 4 of the Draft EIS. Medical needs are an important
part of this overall justification for the replacement nuclear research reactor but not the
sole reason for the decision. However, there is a growing demand for medical
radioisotopes and ANSTO products do provide a competitive and reliable local supply
and wider range.

The issue of the importation of reactor-produced radioisotopes of
suff ic ient ly long h a l f - l i f e was raised in a number of submissions either in
the context of a short-term interim, or a long-term substitute measure. In
summary, the suggestions were that: "the case against importation is
anecdotal and unproven" (Total Environment Centre Inc. No. 371) and that
"the importation of these isotopes is a cheaper and proven technology"
(Egan No. 376). As pointed out in the Draft EIS, the importation of radioisotopes and
radiopharmaceuticals is neither a practical nor a responsible option. High quality
nuclear medicine for this and future generations cannot rely on the vagaries of
international supply. On a global scale, Australia is a small market at the end of long (in
terms of half-life) supply lines, therefore short or long-term contracts (Total
Environment Centre Inc. No. 371) would not necessarily make a significant impact on
the reliability of supply for present and future radioisotopes. The problem is inherent in
the shipment of goods that are 'restricted' and have a strict use-by time. Shipping costs,
cost of lost packages and isotope decay during transport are all included in the final
radiopharmaceutical price.

Murray (No. 1) supports the medical need jus t i f i ca t ion for the reactor by
stating he was "fully convinced of the need and justification for the
reactor".

There were a number of concerns on the long-term importation of
radioisotopes. Green's (No. 906) "objection to this (importation) is the
ethical argument that we should not rely indefinitely on overseas countries
to operate reactors and to deal with the attendant problems such as
radioactive waste". The relatively short half-life of present and future reactor-
produced radioisotopes particularly for medical use, requires that many times the
quantity of radioisotope would need to be manufactured in order to deliver the required
quantity. Short-term importation of radioisotopes is a useful supplement to, but does not
substitute for, comprehensive reliable domestic production.

4.3.3 National interest

Response to issues 4.03.01 (National interest Justification is Flawed)
and 4.03.02 (National interest Justification is valid)

Various submissions raised the issue that the Commonwealth Government could
make all its nuclear-related decisions without expert technical advice, or
that such advice could be obtained elsewhere.

Additional comments from various submissions included:
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• "It is against the national interest since the money would be better
spent providing medical cyclotrons to all major cities of the country"
(Fredsall No. 246);

• "A new multipurpose reactor is NOT necessary to support a National
Strategic Policy and is completely inconsistent with the Non-Nudear
Proliferation Policy" (Wilson No. 329);

• "National interest issues have never been well defined" (Sutherland
Shire Council No. 341);

"Australia's international standing does not depend on having a nuclear
reactor" (Skullerud No. 381); and

• "Australian Conservation Foundation absolutely rejects the argument that
a new reactor is necessary in the national interest. A broad range of
initiatives and mechanisms exist to advance a non-proliferation and
nuclear safeguards agenda" (Australian Conservation Foundation No. 903).

Green (No. 906) and McSorley (No 867) make a considerable number of
comments on national interest issues, questioning the impact of the
replacement nuclear research reactor on Australia's standing and leadership
in nuclear non-proliferation and disarmament forums, the need for Australia
to provide technological leadership in the region and Australia's role in
the International Atomic Energy Agency.

It is considered that issues raised have already been addressed within Section 4.2 of the
Draft EIS which provided an accurate outline of the full national interest benefits of the
proposal. It may indeed be argued that all the benefits of the proposal are in the
national interest.

For over 25 years Australia, through the Department of Foreign Affairs and Trade (and its
predecessors), has undertaken a major role in the international non-proliferation regime.
The following are quotes from the submission of the Department of Foreign Affairs (No.
926), which underline the role that technical nuclear expertise plays in its considerations
of the world situation.

"The operation of a research reactor helps to underpin Australia's technical
nuclear expertise, which is an essential input to policy advice to
Government on a range of nuclear issues critical to the national interest."

"Well into the next century a priority security imperative for Australia will
be to maintain the multilateral, regional and bilateral arrangements which
keep our region free of nuclear proliferation. Expertise on nuclear fuel
cycle matters, supported by the continued operation of a modern research
reactor, is required if Australia is to do this effectively and with a degree of
independence. Withdrawal from neutron science research altogether
would curtail Australia's ability to assess the security, economic and safety
implications of nuclear programs in the region."

"Continued research reactor operations provides expertise in the nuclear
fuel cycle. This expertise provides the technical basis for advice to the
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Government on nuclear policy issues which are directly related to
Australia's fundamental security interests in ensuring that its strategic
environment remains free of nuclear weapons proliferation."

"The government has a responsibility to understand and assess the
implications for Australia for such nuclear developments (the expansion of
nuclear power in the region). ANSTO is the principal provider of this
technical expertise and authoritative advice and its competence arises
directly from the operation of a research reactor. The Nuclear Safety
Bureau's expertise also derives from Australian operation of a research
reactor."

In an attachment to the Sutherland Shire Council submission (No. 341) by
Martin and Associates, i t is noted that:

"...although ANSTO is the proponent in terms of the EIS. the
proposal is from the Commonwealth Government and is based to a
significant degree on the political considerations of the
strategic interests of Australia."

The Draft EIS {Section 4.2) was based on the needs identified as crucial for the national
interest. The above views of the Department of Foreign Affairs and Trade strongly
dictate both the needs and the means of addressing the needs.

4.3.4 Scientific Research and Education

Response to issues 4.04.01 (Scientific Rationale for Replacement
Nuclear Research Reactor is Flawed) and 4.04.02 (Scientific
Rationale for Replacement Nuclear Research Reactor is Justified)

Submissions argued that the scient i f ic rationale for the proposal is
flawed. For example:

• "The scientific rationale for the reactor is equally dubious" and there
was no consultation with the Chief Scientist or Australian Science,
Technology and Engineering Council (Pro-forma 2); and

• "More productive research could be funded for the cost of the reactor"
(Pro-forma 4).

The role of the Chief Scientist and the Australian Science, Technology and Engineering
Council are discussed in the response to Issue 3.07.01 in this Supplement.

The funding of the reactor is based on a whole of government approach and this is
discussed in the response to Issue 4.06.01.

The scientific rationale for the replacement nuclear research reactor is explained in
detail in Section 4.2.3 of the Draft EIS. This rationale is supported by the
Australian Academy of Science submission (No. 924).

Green (No. 906) made the argument that "suitcase" science is a viable
alternative for research purposes. However, the limitations of this alternative as
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described in the Draft EIS (Section 6.5 pp. 6-19) include guarantee of access, funding
and on-going training.

One of the examples used by Green (No. 906) to establish the value of
"suitcase" science was the Australian Synchrotron Research Program. This
program extends to overseas laboratories, research undertaken in Australia on a number
of laboratory-based X-ray sources and thereby provides Australian scientists skilled in
X-ray techniques with access to the most advanced facilities in the world. The overall
success is a matter of record. However, the range of applications is restricted partly by
the agreements with host organisations. It is not possible to carry out all research
required by Australian researchers because of restrictions on time available and priorities
set outside of the Australian community's control. It is conceivable that this program
would, at some future date, assist with the justification for the establishment of a
synchrotron facility in Australia. This would be a very valuable facility that would
complement the replacement nuclear research reactor.

The Access to Major Research Faci l i t ies Program also mentioned in Green's
submission (No. 906) provides research scientists and their students with
limited funds to travel to large fac i l i t i es overseas including research
reactors. In the 1997-1998 Financial Year, nineteen groups of scientists (two or three
per group) were funded for access to neutron beam facilities in the United States and
Europe. The program provides a useful supplement to, but could not substitute, an
indigenous science program.

4.3.5 industrial Applications

Response to issue 4.05.01 (industrial Rationale for Replacement
Nuclear Research Reactor is Flawed)

One submission. Green (No. 906). expressed general concerns regarding the
present and projected industrial use of a research reactor and the measure
of the economic benefit of this use. As outlined in the Draft EIS the list of
opportunities for industrial research and development includes neutron activation
analysis, nuclear transmutation, radiography plus a wide range of neutron beam studies.
The examples presented in Draft EIS Section 4.2.4 highlighted the industrial services in
the mining and environment monitoring industries. Strategic and applied neutron beam
research for industry is also detailed in the Draft EIS (Section 5.2.2).

The limitations of HIFAR for a number of activities have been noted and industry-related
activities are no exception. The proposed replacement nuclear research reactor would
overcome these limitations. In terms of neutron beam studies, the replacement reactor
would offer improved facilities in key areas such as physical space to investigate objects
of engineering proportions; a greater range of 'extreme' environments (primarily
temperature and pressure); and most importantly the availability of cold neutrons. Cold
neutrons have properties ideally suited to the investigation of the structure of materials
important to industry.

The cost/benefit analysis undertaken in 1997 by Access Economics (Access 1997)
highlighted the financial benefit to the Australian industrial community of some of
ANSTO's activities. The profile of ANSTO's industrial activities is changing with more
and more links being added for neutron beams studies of industrially important
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materials. This is aided by the progressive integration of Australian science and
technology with industry, driven by competitive local industry and encouraged by
government policy. Many of the required studies cannot be undertaken on HIFAR.

4.3.6 Costs and Benefits

Response to issue 4.06.01 (Reactor Funding Could be Better
utilised)

Various submissions maintained that the funds earmarked for the replacement
nuclear research reactor could be better ut i l ised in other areas of
scient i f ic research and development, providing for more productive
research. I t was also claimed that many other areas of essential
sc ient i f ic research would be deprived of funds by the proposal and that the
replacement nuclear research reactor be funded by cuts to science and
education. Several submissions raised the question of "why spend the money
on a reactor when there are clearly cheaper and safer means immediately
available of servicing the stated need for medical isotopes".

The background to the proposal is detailed in Section 3.5 of the Draft EIS, with
summaries of the numerous reviews held prior to the Government's decision to proceed
with the proposal. The Government had full details of these reviews and made its
decision in light of them and within the overall context of Australia's research and
development policies and requirements.

Because of the widespread multi-sector and multi-stakeholder nature of the national
benefits that would be derived from the proposed replacement nuclear research reactor,
funding is to be provided on a "whole-of-government" basis. Proceeding with the
reactor is not at the expense of, or to the detriment of, any other science based need
(Department of Industry, Science and Tourism and ANSTO 1998).

Clearly there are other uses that could be made of the funds, and the Commonwealth
Government has taken these into account in its decision. The alternatives to this
proposal are considered in Chapter 6 of the Draft EIS. The conclusion reached in that
Chapter suggested that there are no technically or economically viable alternatives to
the replacement nuclear research reactor, either for neutron beam research or the
production of medical radioisotopes.

Response to issue 4.06.02 (A cost Benefit Analysis has Not Been
included in the Draft EIS)

Various submissions commented on the financial analysis of the replacement
nuclear research reactor, noting that a fu l l cost benefit analysis has not
been included in the Draft EIS and that one should be included in the Final
EIS. Sutherland Shire Council (No. 341) suggested that the "EIS does not
provide an economic evaluation of the proposal."

ANSTO undertook a cost benefit analysis during the course of the Research Reactor
Review (McKinnon et al 1993). The Review found that the economic case must depend
on values allocated to science and national interest roles of the reactor and that these are
difficult or impossible to quantify. In conclusion the Review noted that a "complete
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cost-benefit analysis of the case for a new reactor cannot be done because of the
inescapable arbitrariness of the financial values put on the national interest and benefits
from science aspects."

The benefits of the proposal are described in Section 4.2 of the Draft EIS. The analyses
undertaken for the Review have been augmented by the recent Access Economics study
of the industrial benefits (Access Economics 1997) and the material presented in Section
4.2, 5 and 6 of the Draft EIS. Notwithstanding this, the EIS Guidelines do not require a
cost benefit analysis to be completed as part of the EIS process.

Response to issue 4.06.03 (Scepticism Over Actual Project Costs)

Scepticism over the actual project cost estimates provided for the
replacement nuclear research reactor has been expressed in several
submissions. For example, the Australian Conservation Foundation (No 903)
notes that "Australian Conservation Foundation does not believe that the
current costings are realistic".

The Sutherland Shire Council (No. 341) suggested "the costing information
in the Draft EIS for a proposed replacement nuclear research reactor is
seriously deficient, thereby potentially jeopardising public safety (costs
of design) and nuclear waste management (costs of waste infrastructure,
operations and spent fuel management." The submission considers the
capital cost of $286 mil l ion to be a "serious" underestimate, as i t is
based on 1993 estimates, which were in turn considered, by some, to be
underestimated.

The costs of the proposal are provided in Section 5.9 of the Draft EIS. The capital cost of
a replacement reactor was derived from a market survey of potential reactor vendors in
1992. This base figure was then developed through discussion with a number of experts
and adjusted to meet the specific requirements of the project and to accord with
Department of Finance and Administration criteria. This resulted in a capital cost of
$286 million in 1997 dollars. This cost is completely compatible with the cost of
construction of recent reactors (for example, in Egypt), with published information from
vendors (for example, in Canada) and was confirmed as appropriate in discussions with
potential vendors during 1998. This cost estimate is, therefore, believed to be the most
realistic estimate obtainable prior to issue of a request for tender, which can only occur
after completion of the EIS process. The Sutherland Shire Council submission (No.
341) compared the cost of a research reactor with the cost of a commercial
nuclear power station in the United States. This comparison is considered by
most experts to be unjustified.

The annual operating and maintenance cost of the replacement reactor is estimated to
be $12 million (1997 dollars), which includes the costs associated with safety and
environmental monitoring, spent fuel management and waste management. The figure
of $65 million quoted in some submissions is not relevant other than it may refer to the
annual Government appropriation for ANSTO.

The Sutherland Shire Council's consultant's report also suggests that the
Draft EIS gives no estimates of capital expenditures for the replacement
nuclear research reactor or of decommissioning costs. With ongoing capital

PPk Environment i Infrastructure Pit l id Page 4-13



Replacement Nuclear Research Reactor
Supplement

expenditures the report is again repeating claims of above-mentioned 1993
consultant's report dealing with commercial nuclear power plants. For
research reactors ongoing capital expenditure is generally small and would be met from
ANSTO's annual operating budget. The estimate is included in the $12 million
operating and maintenance budget. The Sutherland Shire Council's submission
(No. 341) also claimed that no details of the annual operating costs of
$12 mi l l ion or jus t i f ica t ion are given. A breakdown of the annual operating
costs is provided in Section 5.9 of the Draft EIS. These costs are based on the long-term
experience with the operation of HIFAR and knowledge and understanding of the
requirements for reactors similar to the proposal. Waste management costs are also
based on experience with the disposal of HIFAR spent fuel elements and represent the
best estimates that can be currently made.

Response to issue 4.06.04 (No Costings Provided for HIFAR or
Research Reactor Decommissioning)

Various submissions claimed that the EIS did not consider the
decommissioning of HIFAR or of the replacement nuclear research reactor and
the costs involved.

Decommissioning of HIFAR is covered in Section 19.2 of the Draft EIS. This section
provided detail on the available options, estimated costs and timing. The preferred
strategy and timetable is then outlined.

Decommissioning of the replacement nuclear research reaaor is also discussed (Section
19.3 of the Draft EIS). However, it would be some 45 to 50 years before
decommissioning would occur and it is not practical to define a preferred strategy at this
stage. This is because the technologies for decommissioning continue to be improved.
A preliminary decommissioning plan, however, would be prepared during the detailed
design and construction phase and updated throughout the operational life of the
facility. The government of the day would then make a decision on the method of
decommissioning the replacement nuclear research reactor. (Dr Paul Wellings in Senate
Economics References Committee 15 April 1998.) Because decommissioning would be
specifically considered in the design of the replacement nuclear research reactor, there
is reason to believe that the costs would be even less than the equivalent costs for the
decommissioning of HIFAR.

Response to issue 4.06.05 (Economic Benefits of the Proposal are
valid)

A submission from the Department of Foreign Affairs (No. 926) was received
which supported the potential international commercial benefits for
Australia that would arise if the proposal proceeds. The submission
stated: "the expansion of civil nuclear power in our region would also
bring with it other commercial opportunities, as indicated, for example by
ANSTO's success in winning a tender for the supply of Isotope Production
Facility to General Atomics (United States) for a TRIGA Research Reactor in
Thai land".
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4.4 Summary of Responses

As stated in the Draft EIS, the need for the replacement nuclear research reactor is based
on four inter-dependent requirements. Public submissions received questioned these
needs, in particular the medical and national interest justifications. There were also a
number of submissions which raised the need for a cost benefit analysis.

Particular issues raised in submissions were that the replacement reactor would not be
"world-class" and that the need was exaggerated, in particular the medical and national
interest based needs. The responses given in this Supplement identified that the
replacement research reactor could be conservatively ranked with the best in the world
for neutron-beam research and reflected the arguments presented in the Draft EIS, which
stated that it would address four major needs for Australia in medicine, national interest,
research and industry. The assertion that the reactor will fulfil the objectives of the
proposal is maintained.
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5. Description of the Proposal

This chapter outlines issues raised in submissions and responses to the description of the
proposal provided in Chapter 5 of the Draft EIS. Issues relating to the specifications of
the reactor, reactor design and costs of the proposal are also addressed in this Chapter.

5.1 Summary of the Draft Environmental Impact Statement

The overall safety philosophy adopted for the proposal requires a design is chosen that:

• maximises inherent safety features;

• meets internationally agreed safety objectives for research reactors;

• is subsequent to independent regulatory oversight of the safety of the reactor; and

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

The replacement nuclear research reactor would be built on a site adjacent to HIFAR.
The design of the replacement nuclear research 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.

It is possible that a number of variants of the reactor design, meeting the required safety
features, could meet the performance specifications described in the Draft EIS. At this
stage details of the design can only be provided where exact features can be predicted
with a reasonable degree of certainty. In other cases, the description of the proposal
focuses on generic characteristics and generic safety features of pool type reactors that
enable all possible worst case environmental impacts to be identified and assessed. Key
elements of the proposal are described below.

The replacement nuclear research reactor would:

• include a 'pool' reactor type, in which the core of the reactor is at the bottom of a
pool of water at least eight metres deep;

• use low enriched uranium fuel;

• produce a higher neutron flux than HIFAR;

• have a flexible irradiation facility arrangement;

• include neutron beams for research experiments which would have a wide range of
energies, be cleaner and of higher intensity than those from HIFAR; and

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

Associated buildings and supporting facilities for the reactor would include:
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• the building enclosing the reactor;

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

• a discharge stack for gaseous emissions;

• 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 under
which:

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

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

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

The replacement research reactor would be designed to provide the capacity for target
irradiation for the key medical radioisotope molybdenum-99 to increase by up to a
factor of four from current levels, and for the yield of other radioisotopes to be increased
by lesser amounts, but sufficient to meet Australia's needs well into the next century.
Existing infrastructure at the Centre would be extended and upgraded to support the
operation of the replacement research reactor, and services would be extended to the
site of the replacement nuclear research 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 nuclear research 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
nuclear research 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 replacement nuclear research
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 the
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Category S Waste Store which is being considered for co-location with the National
Radioactive Waste Repository.

A budget of $286.4 million (in 1997 dollars) has been identified to cover the cost of the
proposed replacement nuclear research reactor facility. The total value of domestic
content of this cost is estimated to be approximately 50 percent. Annual operating and
maintenance 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.

5.2 Summary of issues Related to the Description of the
Proposal

The issues relating to the description of the proposal, as raised in the
public submissions, can be summarised in the following key areas.

5.2.1 specifications of the Reactor

Three main issues were raised in relation to the specifications of the
replacement nuclear research reactor. Jervis (No. 6) expressed support for
not only the reactor but also for allowing reprocessing of spent fuel on
site. However this support was far outweighed by the number of submissions
expressing concern that reprocessing might occur on site.

Barbi (No. 19) and Colella (No. 374) sought clarification of the meaning of
"conditioning" in Draft EIS.

Calverley (No. 9) was the only submission to raise the concern that the
proposed replacement nuclear research reactor specification does not
include the level of emissions produced, whilst the Sutherland Shire
Council (No. 341) raised the concern that best available technology
emissions control has not been addressed in the Draft EIS.

5.2.2 Reactor Design

A number of submissions raised concerns that the description of the reactor
in the Draft EIS was inadequate whilst various other submissions stated
that this fact necessarily meant that the EIS was flawed. A key concern is
that without an exact description of the detailed design of the replacement
nuclear research reactor, the level of emissions, fuel storage and other
critical items are not known and therefore the environmental impacts cannot
be assessed in any detail or with any confidence.

Various submissions raised the issue that handling of irradiated materials
associated with the proposed replacement nuclear research reactor had not
been detailed in the Draft EIS, whilst Wood (No. 27) suggested that the
proposed replacement nuclear research reactor is significantly better than
HIFAR.

The main recommendation stemming from the NSW Government submission (No.
935) was that a more detailed assessment should be made available once a
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specific plant design is selected- The NSW Government submission suggested
that:

"as limited design detail is available, it is not possible for a
full or detailed assessment of its possible impacts to be
undertaken at this stage. The selected nuclear reactor should
be the subject of a detailed supplementary Environmental Impact
Assessment which contains technical and quantitative data on
expected gaseous and aqueous emissions for that particular
reactor design and which is made available for further comment
by A/SV agencies."

5.2.3 Costs of the Proposal

This issue was interlinked with the topic of a cost-benefit analysis (see
Chapters 4 and 16). Issues related to the cost-benefit analysis have been
addressed in Chapters 4 and 16 of this Supplement and it was addressed in
Chapter 16 of the Draft EIS.

A number of submissions, including pro-forma 1 submissions showed concern
over the budget for the replacement nuclear research reactor in light of
the devalued Australian dollar. A number of submissions raise the concern
that funding for the replacement nuclear research reactor is being diverted
from more vital areas.

Various submissions, including that of pro-forma 5. suggested that the
proposal costing is flawed, whilst the Australian Conservation Foundation
(No. 360) raised the concern that cost over-runs may divert funds from
waste management.

5.3 Response to issues Related to the Description of the
Proposal

5.3.1 Specifications of the Reactor

Response to issues 5.01.01 (Support for Reprocessing of Spent Fuel
on-Site) and 5.01.02 (Concern That Reprocessing of Spent Fuel
Might Occur On-Site)

Submissions including pro-forma 2. pro-forma 4. People Against Nuclear
Reactor (No. 339). the Sutherland Shire Council (No. 341) and Green
(No. 906) expressed major concerns that spent fuel rods may be reprocessed
at the Lucas Heights Science and Technology Centre. The concerns included
general concerns, statements made in the past that Lucas Heights would be a
suitable site for reprocessing and the belief that the fuel for the
replacement nuclear research reactor may be unsuitable for overseas
processing. One submission by Jervis (No. 9) supported reprocessing at the
Lucas Heights Science and Technology Centre. Some submissions, such as
McSorley (No. 867) raised the concern that by going overseas we may be
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contributing to overseas pollution and the option of reprocessing at ANSTO
should be considered in the EIS.

The Commonwealth has given an undertaking that there would be no reprocessing of
spent fuel at Lucas Heights. The Commonwealth Government, in a letter from the then-
Minister for Industry, Science and Tourism to the Sutherland Shire Council (25 June
1998) has stated that there would be no reprocessing of fuel rods at "Lucas Heights or
anywhere else in Australia".

It was advised in the Draft EIS that a formal Agreement is already in place with the
United States Government under which the United States Department of Energy has
committed to taking back all of the United States origin spent fuel. It was also advised
in the Draft EIS that arrangements were being pursued with a number of other overseas
reprocessors in respect of the non-United States origin spent fuel (Section 10.4.2). Those
negotiations have now resulted in agreement on the terms under which the French
reprocessing company COGEMA would accept for reprocessing all the non-United
States origin spent fuel. Subject to the normal governmental processes, the contract
with COGEMA is to be signed shortly and would cover all the non-United States origin
spent fuel arising over the life of HIFAR and also all the spent fuel arising over the life of
the replacement nuclear research reactor. The terms of the contract are fully consistent
with the commitments made in the Draft EIS regarding eventual return of the waste as a
stable, long-lived intermediate level waste form suitable for long term storage at the
proposed national Category S Store.

Response to issue 5.01.03 (Seek Clarification of the Meaning of
"Conditioning" in the Draft EIS)

The submission from Colella (No. 374) raised the issue that "the words
'reprocessing' and 'conditioning' are interchangeable as it appears in the
'glossary of terms' page G-8". This raised the question whether the Draft
EIS le f t an opening for future reprocessing of spent fuel at the Lucas
Heights Science and Technology Centre.

Reprocessing involves the recovery of fissile and fertile material from spent fuel by
chemical separation. Selected fission products may also be recovered. This is the
process that would be applied to spent fuel sent from Australia to an overseas
reprocessor. The Commonwealth Government has stated that reprocessing of spent fuel
would not occur in Australia.

Conditioning is a general term for operations that produce a waste package suitable for
handling, storage, transfer or disposal. In the Draft EIS this was applied to non-fuel
wastes such as the liquid wastes from molybdenum-99 separation and the drumming of
low-level solid waste.

Response to issue 5.01.04 (Specification Does Not include Amount
of Emissions Produced from Replacement Nuclear Research
Reactor)

Calverley (No. 9) raised the issue that "specifications for an EIS should
be accurate".
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Emissions from the proposed replacement research reactor are discussed in Chapter W
of the Draft EIS and further information is provided in Chapter 10 of this Supplement.

The basis for assessing emissions was firstly to describe and calculate the impacts of the
current gaseous and liquid emissions from HIFAR, radiopharmaceutical production and
the other activities on site. This provides a baseline for the activities, quantities and
exposures associated with current operations. These values were then compared with
the situation for the replacement reactor. It was shown that liquid emissions would be
similar to current levels, while gaseous emissions would be significantly reduced
because of the much lower levels of argon-41 and very much lower levels of tritiated
water emitted. Hence the quantities and off-site emissions would be less for the
replacement reactor than those from HIFAR. The issue of possible increased emissions
from radiopharmaceuticals is discussed in Issue 10.04.04.

To ensure that off-site doses would not increase, ANSTO has committed to ensuring that
doses would continue to be less than one-hundredth of the current National Health and
Medical Research Council (1995) recommended public dose limit of one millisievert per
year and ensuring that all practices emitting radioactivity have been assessed to ensure
that they comply with the "As Low As Reasonably Achievable" principle.

These commitments would be written into the tender specifications and prospective
vendors will have to ensure that they are implemented through choice of the most
appropriate technology. This is considered a better approach than specifying a
particular technology at this time since it allows improvements in technologies over the
next few years to be considered.

The regulatory authority, through the licensing process, would ensure that the detailed
design meets the required dose and emissions standards.

Response to issue 5.01.05 (Best Available Technology Emission
Control Not Addressed in the Draft EIS)

The Sutherland Shire Council (No. 341) stated that an issue requiring
further information and independent confirmation was that "Regulatory
constraint of radioactive emissions to as low as technically achievable
using best available technology, and use of load-based-licensing financial
penalties."

As stated above, ANSTO has committed to a dose constraint for all off-site emissions and
to implementation of "As Low As Reasonably Achievable" for all practices, including the
control of emissions. This is consistent with international best practice and is supported
by the submission from the Nuclear Safety Bureau (No. 934). The "As Low as
Technically Achievable" approach is not supported by ANSTO since it does not take
into account the actual consequences of the emissions but pursues a minimisation policy
irrespective of whether it is justified.

Implementation of the "As Low As Reasonably Achievable" approach is a systematic and
ongoing process for identifying and evaluating the effeaiveness of options for emission
control throughout the life of the reactor and other facilities.
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Within the reactor, the use of water cooling of rigs or cooling using argon-free air would
be implemented to reduce emissions significantly. Some of the options being
considered for reducing emissions from radioisotope separation are cryogenic trapping
and silver plated alumina for iodine adsorption. These would ensure the necessary
reduction factors on emissions, described in Table 10.7 of Chapter 10 of the Draft EIS,
would be achieved if the processing of radiopharmaceuticals was to increase.

5.3.2 Reactor Design

Response to issue 5.02.01 (Description of the Reactor inadequate)

Reactor design was raised in pro-forma 4 and 5 as well as other non-pro-
forma submissions. The general concern expressed by submissions was that,
as exact details of the reactor design were not presented in the Draft EIS.
"all references to emissions, safety features, accidents, types of fuels,
waste qualities, etcetera, are hypothetical and difficult to assess"
(Zihrui . No. 919). This general concern was expanded in some submissions
to cover concern regarding the Australian Radiation Protection and Nuclear
Safety Agency legislation (No. 246). overseas practices (No. 341). local
government procedures, the use of HIFAR emissions to predict future
emissions (pro-forma 5) and inabi l i ty to analyse consequences.

The main recommendation stemming from the NSW Government submission
(No. 935) was a more detailed assessment should be made available once a
specific plant design is selected. The NSW Government submission suggested
that:

"as limited design detail is available, it is not possible for a
full or detailed assessment of its possible impacts to be
undertaken at this stage. The selected nuclear reactor should
be the subject of a detailed supplementary Environmental Impact
Assessment which contains technical and quantitative data on
expected gaseous and aqueous emissions for that particular
reactor design and which is made available for further comment
by /VSW agencies."

Other issues related to confusion over the thermal power of the reactor and
the possibi l i ty that a smaller reactor could provide suff icient neutron
sources. This issue is closely related to Issue 5.02.02 discussed below and should be
considered collectively. The response to Issue 11.01.01 also addresses some of the
issues specifically with regards to the reactor design and the Reference Accident.

The Draft EIS uses what is known as a set of "bounding conditions" rather than a
detailed design in analysing the environmental impacts of the replacement reactor.
These bounding conditions represent parameters within which all acceptable designs
must lie. This approach allows the designer, when selected through a competitive
tender process that can only proceed following a favourable outcome from the EIS
process, to utilise the best possible design and technology whilst still ensuring that all
environmental constraints are met.
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The reactor design in the Draft EIS is by necessity based on generic design features of
pool type reactors. This is because the EIS process is at the initial stage in the proposal.
It does not however compromise the EIS assessment as maximum limits for releases are
provided. This enables the maximum potential impact of the proposal to be determined
and the environmental assessment to be undertaken. Design, tendering, approval,
construction and commissioning of the replacement nuclear research reactor would be
conducted as separate stages in the regulatory process.

Unlike some other countries, including the United States of America, the environmental
impact of the proposal is determined in a separate legislative process to the regulation of
the facility. This parallel independence of review helps ensure that there is no conflict
between the regulatory role and the environmental assessment. It also provides multiple
levels of protection as, even if the EIS is approved by the Minister for the Environment
and Heritage, the proponent must still obtain regulatory approval to construct, to
commission and to commence routine operation. This multilevel system of regulation
and assessment would ensure that all criteria are met through the design, construction,
commissioning and operation of the replacement nuclear research reactor.

Information was provided in the Draft EIS on design parameters critical to environmental
protection. These include the maximum allowable emissions and the projected waste
production under routine operation (Draft EIS Section 10.6 and Appendix F). In
addition, releases in the event of an accident were also provided (Draft EIS Section 11.4
and Appendix Q. The Draft EIS also details environmental commitments used to ensure
safety and management of hazards and risks (Draft EIS Section 11.8).

To further aid in the understanding of the measures taken in regard to the overall safety
of the facility the Siting Safety Assessment - Site Characteristics and Site Related Design
Bases has been included in this Supplement as Appendix C. The document details
information used in deriving design bases for external natural events such as
earthquakes, weather and bushfires, human induced external events (such as road
accidents, aircraft crashes and military activities) and on-site activities (other buildings
and temporary dual operation of HIFAR with the replacement nuclear research reactor).

The approach to the Reference Accident used in the Draft EIS also involves using
bounding conditions. In the selection of the Reference Accident, a wide range of
initiating events was considered to create a bounding scenario. This bounding scenario
involves focusing on the outcomes of an accident, and incorporates numerous initiating
events, degradation of control and safety systems, operator faults and conservative
assumptions of the behaviour and transport of radioactive releases. The bounding
scenario has been approved by the regulatory body, the Nuclear Safety Bureau, and was
judged appropriate by the independent peer reviewers (No. 24).

The Nuclear Safety Bureau has been the regulatory authority for all assessments relating
to the current and proposed replacement nuclear research reactor. From February 1999,
the Australian Radiation Protection and Nuclear Safety Agency will be responsible for
the regulatory role including the assessment of the acceptability of the reactor design.
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Response to issue 5.02.02 (The EIS Process is Flawed Because There
is NO Detailed Reactor specification)

This issue is closely related to the previous discussion on the reactor
description (response to Issue 5.02.01). The general concern in
submissions relating to th is issue was that because there was insuff ic ient
information provided on the reactor specification, i t was impossible to
judge the environment health and safety impacts of the proposal accurately.

Some submissions went further, such as the Sutherland Shire Council
submission (No. 341) which stated:

"More detailed reactor size and design information is required
for consistency with best practice EIS processes overseas and in
order to substantiate claims regarding public health and
property damage questions in a serious reactor accident".

The Sutherland Shire Council submission (No. 341) raised this issue within
the context of United States environmental review and safety assessment
practice, concerns with regards to spent fuel storage and reprocessing,
l i a b i l i t y issues, arbitrary assumptions of emissions in the event of an
accident and information on instrument design.

The independent peer reviews (No. 24) also discussed the reactor design and
stated:

"This data is insufficient for the analysis for the PSAR
[Preliminary Safety Analysis Report] and is also inadequate for
a conclusive determination of the Reference Accident.
Nevertheless, a reasonable estimate of an upper bound scenario
can be made by performing a comparative analysis postulating a
series of such "enveloping" events and comparing their
consequences, taking into account mitigating factors that the
facility way be assumed to possess".

In the preparation of the EIS, as with other stages of the proposal, there has been full
compliance with the relevant Australia legislation and guidelines.

As stated previously, a bounding approach was used to ensure that all components of
the proposal are environmentally acceptable. This approach effectively limits all designs
to ensure a requisite degree of protection on all areas relating to environment, health
and safety. Wherever assumptions are used in the determination of releases, a
conservative approach was taken to ensure that the final estimates err on the side of
safety.

The EIS will be assessed by Environment Australia independently of the regulatory body
and Environment Australia will make its assessment and recommendations based on
information provided by the EIS and independent peer reviewers. The regulator would
then consider the outcomes of the environmental assessment and ensure that the
detailed reactor design complies with any stipulated environmental conditions.
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The information in the Final EIS would be included in the tender documents and would
be required to be adhered to by the successful tenderer. However, by not specifying the
exact design to be used, tenderers would have the flexibility to utilise the best
technology and hence may propose significant improvements over the minimum
acceptable limits.

At all stages of the process there would be regulatory overview of the proposal by the
Australian Radiation Protection and Nuclear Safety Agency. This overview commenced
prior to the EIS process and would continue through all stages of the project. This
process differs from the United States system where the regulatory body is also
responsible for the environmental assessment. The Australian system has multiple levels
of assessment and this would ensure the compliance of the project throughout its
history.

Liability issues relate to the consequences of the releases in the event of the Reference
Accident. The Reference Accident, as was stated in the independent peer reviews,
represents a bounding accident which takes into account many different initiating events
and other equipment and human errors. As a result the analysis of the Reference
Accident is sufficient to examine off-site consequences which would form the basis of
any consideration of liability issues. Further information on liability issues may be found
in the response to Issue 1.01.08.

The emissions resulting from an accident and their subsequent consequences were
discussed in detail in the Draft EIS {Chapter 17 and Appendix G), and the public
submissions on these issues are responded to in Chapter 17 of this Supplement. As
stated previously, although the detailed reactor design is not able to be documented at
this stage, information on the releases in the event of a Reference Accident are able to
be provided due to the bounding approach used. Full detail of the releases in the event
of an accident are described in the response to Issue 11.01.01.

The absence of fuel design and cladding was described as a major deficiency
by the Sutherland Shire Council submission (No. 341). The submission states
that the choice of fuel would l imi t the reprocessing options available. ALG
Nuclear Free Zones and Toxic Industries (No. 340) states that "a major
defect in the project description is that the intended fuel cladding has
not been disclosed and the safety features can not adequately be
addressed".

The choice of fuel would depend on the choice of vendor and reactor design. The
proven performance of the fuel would be an important factor in assessing proposals.
Fuel behaviour including cladding performance would also be an important
consideration in the detailed safety assessment by the regulatory body.

For the purpose of the Reference Accident in the Draft EIS identification of a specific
fuel cladding material is not relevant as no credit is taken for the existence of the
cladding or its performance to mitigate fission product release.

A key factor in the choice of fuel would be the requirement that the vendor be able to
demonstrate that a viable route exists for disposition of the spent fuel, noting that
Australia will have a facility for managing Category S wastes. The direct disposal of
research reactor spent fuel in Australia is not contemplated. Suitability of the fuel for
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reprocessing by COGEMA would be one means of meeting the above requirement.
With regards to spent fuel reprocessing, as stated in the response to Issue 5.01.02, the
Commonwealth Government has stated that reprocessing will not occur in Australia.
More detail on spent fuel processing is provided in the response to Issue 10.02.01.

Response to issue 5.02.03 (Handling of irradiated Material Not
Adequately Detailed in the Draft EIS)

CH2M H i l l , one of the independent peer reviewers (No. 24) expressed a
concern over the lack of information on material handling aspects of the
proposal. This concern was echoed in the Sutherland Shire Council
Submission (No. 341). CH2M Hi l l stated:

"Section 5.2. Discussions do not seem to address the irradiated
materials handling aspects of the facility. This topic is not
mentioned in the chapter outline/EIS guideline index at the
beginning of the chapter. Pneumatic Conveyors are briefly
mentioned for one type of activity, but are not applicable for
most of the major activities proposed for the facility. There
is no indication that the safe handling of major inventories of
irradiated materials will be ensured by engineered features. If
they are, those features should be acknowledged in the final
EIS."

Although some of the irradiated material may be transported to the radiopharmaceutical
production building by pneumatic conveyor, this is not always the optimum method.
Conventional vehicles would be used for transporting some targets in specially designed
shielded containers. This combination of transfer technology is currently in use at
ANSTO and has been successfully used at ANSTO for approximately 40 years. The
loading of irradiated targets into transport containers or the pneumatic conveyor would
be done within the reactor building which would be an engineered safety feature of the
total design. Additional information on the transport of irradiated material is included in
the response to Issue 11.03.02.

Response to issue 5.02.04 (Replacement Nuclear Research Reactor
Research is Significantly Better than HlFAR)

Wood (No. 27) stated that: "the new reactor would pose a lower threat than
HIFAR does despite the fact that i ts fission product inventory would be
twice that of HIFAR".

As stated in the Draft EIS, the current reactor at ANSTO, HIFAR, represents obsolete
technology which, although safe, cannot provide all the facilities required for the future.
The replacement nuclear research reactor would utilise modern technology and design
and would achieve improvements in all areas including safety, neutron flux,
radioisotope production facilities and neutron sources for scientific research.
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5.3.3 Costs of the Proposal

Response to issue 5.07.01 (Concern Over Budget in Light of
Devalued Australian Dollar)

A number of submissions, including pro-forma 1 have requested that in l ight
of the devalued Australian dol lar, an updated costing of the proposal
should be included in the Final EIS.

The cost of the project was estimated as $286 million in 1997 dollars. While exchange
rates fluctuate, current exchange rates (mid-January 1999) do not significantly alter this
estimate. Further information is given in the response to Issue 4.06.03.

Response to issue 5.07.02 (Funding for Replacement Nuclear
Research Reactor is Being Diverted From More vital Areas)

A number of submissions maintain that the funds for the replacement nuclear
research reactor could be better ut i l ised in other areas of science
research and development, providing more productive research. I t is also
claimed that many other areas of essential sc ient i f ic research would be
deprived of funds by the proposal and that the reactor is funded by cuts to
science and education. Several submissions raised the question of "why
spend the money on a reactor when there are clearly cheaper and safer means
immediately available of servicing the stated need for medical isotopes".

The background to the proposal is detailed in Section 3.5 of the Draft EIS, with
summaries of the numerous reviews held prior to the Government's decision to proceed
with the proposal.

The Government had full details of these reviews and made its decision in light of them
and within the overall context of Australia's research and development policies and
requirements.

Because of the widespread multi-sector and multi-stakeholder nature of the national
benefits that would be derived from the replacement nuclear research reactor, funding is
to be provided on a 'whole-of-government' basis. Proceeding with the reactor is not at
the expense of, or to the detriment of, any other science based need (Department of
Industry, Science and Tourism and ANSTO 1998).

The alternatives to the proposal are considered in Chapter 6 of the Draft EIS. The
conclusion reached in that Chapter suggested that there are no technically or
economically viable alternatives to the replacement nuclear research reactor, either for
neutron beam research or the produaion of medical radioisotopes currently produced in
HIFAR.

Response to issue 5.07.03 (Proposal Costing Flawed)

Scepticism over the actual project cost estimates provided for the
replacement nuclear research reactor has been expressed by several
submissions. For example, the Australian Conservation Foundation (No. 903)
notes that "ACF does not believe that the current costings are realistic"
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A number of submissions estimated the total project cost to be around $1
b i l l i on with an annual operation cost of $65 mi l l ion. The costs of the
proposal are provided in Section 5.9 of the Draft EIS. The capital cost of $286 million is
the best estimate currently available until tender prices for the project have been
received. The annual operating and maintenance cost of the replacement nuclear
research reaaor is estimated to be $12 million. The figure of $65 million refers to the
annual appropriation from Government to ANSTO.

The Sutherland Shire Council (No. 341) suggested "the costing information
in the Draft EIS for a proposed replacement nuclear research reactor is
seriously deficient, thereby potentially jeopardising public safety (costs
of design) and nuclear waste management (costs of waste infrastructure,
operations and spent fuel management."

Sutherland Shire Council's comments are based upon a consultant's report
attached to i t s submission. The report considers the capital cost of $286
mil l ion to be a "serious" underestimate, as i t is based upon 1993
estimates, which were in turn considered, by some, to be underestimated.

This issue was covered in the response to Issue 4.06.03, where the derivation of the cost
estimate and its validity were given.

The Sutherland Shire Council's consultants report continues to suggest that
the Draft EIS gives no estimates of on-going capital expenditures for the
new reactor or of decommissioning costs With on-going capital expenditures
the report is again repeating claims of above-mentioned 1993 consultant's
report dealing with commercial nuclear power plants. For research reactors on-
going capital expenditure for the reaaor is generally small and would be met from the
$12 million operating and maintenance costs. Decommissioning of the new reaaor is
considered in Chapter 19 of the Draft EIS. It is reiterated here that it is not possible to
estimate the costs of decommissioning at this time. However decommissioning
considerations are part of the design process (see 4.06.04 below)

The Sutherland Shire Council's consultant also claimed that no details of
the annual operating costs of $12 mil l ion or jus t i f i ca t ion are given. A
breakdown of the annual operating costs is provided in Section 5.9 of the Draft EIS.
These costs are based on the long experience with the operation of HIFAR and a
knowledge and understanding of the requirements for reaaors similar to the proposal.
Waste management costs are also based on the experience of the disposal of HIFAR
spent fuel elements and represent the best estimates that can be currently made.

Response to issue 5.07.04 (Concern That Cost Overruns May Divert
Funds from waste Management)

The Australian Conservation Foundation (No. 360) stated that "that ANSTO
intend to compromise standards in radioactive waste management in favour of
their new reactor proposal ..."

ANSTO rejeas this assertion. ANSTO is a responsible organisation subjea to a number
of regulatory standards and requirements, administered by a number of Commonwealth
organisations (Nuclear Safety Bureau, Australian Radiation Laboratory, the future
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Australian Radiation Protection and Nuclear Safety Agency) responsible for the
management of radioactive waste in Australia. ANSTO currently meets all the
requirements and standards of these organisations and ANSTO would continue to do so
throughout the life of the replacement nuclear research reactor, without compromise.

5.4 Summary of Responses

The Draft EIS presented a generic design for the proposed replacement research reactor
based on generic safety features and a set of binding performance criteria that would
need to be met. Submissions to the Draft EIS raise concerns that this generic reactor
type did not allow an adequate environmental assessment process. In addition,
submissions were concerned that the costs of the proposal could not be accurately
presented with a generic reactor design. Responses within this chapter have expanded
and clarified several points associated with reactor design and costings, the
environmental assessment process and the subsequent detailed regulatory process.
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6. Alternatives to the Proposal

This chapter presents a discussion of issues raised under the subject of alternatives to
building a replacement nuclear research reactor at the proposed site within the Lucas
Heights Science and Technology Centre. It includes issues raised and responses
provided on alternative technologies, alternative techniques for neutron science,
alternative reactor types and sources of nuclear products and services. Issues on
alternative waste and spent fuel management strategies are also discussed.

6.1 Summary of the Draft Environmental impact Statement

Chapter 6 of the Draft EIS addresses and considers alternatives to the Proposal.
Alternatives included the use of 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.
Also considered were alternative reactor types and designs, alternative sites within the
Lucas Heights Science and Technology Centre and alternative fuel and waste
management strategies.

None of the strategic alternatives nor a combination of them would meet all of the
multi-purpose objectives of the proposal. A cyclotron or a spallation source would be
capable of meeting some of these objectives, but not all of them. 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 isotopes required.
Spallation sources on the other hand are very expensive and have not been proven as
reliable sources for the routine production of medical or industrial radioisotopes.
Spallation sources normally operate in a pulsed mode and have extensive periods of
shutdown for maintenance.

Importing radiopharmaceuticals could in theory meet the demand for the most
commonly used diagnostic radioisotopes. However, a number of short-lived and
emerging therapeutic radioisotopes could not be imported. Practically, there are issues
regarding reliability of supply, and expiry of "use by" or half-life times due to in-transit
delays with importing which could 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 large scale production of some
major medical radioisotopes, following years of relying on importing these items. A
range of other isotopes, including short-lived isotopes, are already produced on
domestic United States reactors.

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 would be 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 level and availability of
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funding. Such restrictions would also have an impact on the availability of facilities for
training of young researchers in neutron beam science.

The refurbishment if 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 in-built
components which, whilst not compromising safety, would cause a long term or
permanent shutdown of the reactor and loss of capital 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 provide 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.

6.2 Summary of issues Related to Alternatives

Issues relating to alternatives, raised in the public submissions, are
summarised in the following key areas:

6.2.1 Other Technologies and Means Available for sourcing
isotopes

Various submissions raised the issue that alternative technologies for the
production of isotopes were not adequately addressed within the Draft EIS.
This included submissions suggesting the option of sourcing all
radioisotopes from overseas was not adequately addressed. A number of
individual submissions and pro-formas suggested that cyclotron production
and technology was not sufficiently considered. Submissions also raised
the issue that the technologies presented in the alternatives section were
not dealt with on a common comparative basis.

6.2.2 The HIFAR Refurbishment Alternative

A number of submissions raised the issue that HIFAR alternatives including
complete refurbishment were not fully considered.

6.2.3 Alternative Sites

A number of submissions suggested that the decision to site the reactor at
Lucas Heights is a flawed one and various submissions suggested that the
siting study should be released to the public as the government should not
be keeping such information from the public. The concern that other sites
were not adequately considereo was raised by a number of other submissions
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Various submissions suggested that the reasoning behind the proposal are
the same as those put forward 1993. which was subsequently rejected. A
number of submissions raised the concern that a comparison between
alternative sites did not include external hazards, whilst various
submissions suggested that the site selection process was not rigorous
enough and not in-line with international practices.

6.2.4 The "Do-Nothing" Alternative

Three submissions were concerned that the "do-nothing" option was not fully
explored in the EIS.

6.3 Response to issues Related to Alternatives

Response to issue 6.01.01 (Alternative Technologies and Means of
Sourcing for isotopes are Not Fully Explored in the Draft EIS)

There are a number of general concerns and suggestions raised by
submissions including those from the Sutherland Shire Environment Centre
(No. 34). People Against the Nuclear Reactor (No. 339). Total Environment
Centre (No. 371) and Skullerud (No. 381). The major issue was the
requirement for production of radioisotopes for routine medical use.

Various submissions claim that high-quality healthcare in Australia should
be dependent on an unspecified suite of alternative technologies. The
expectations of most submissions may be expressed as in pro-forma 3:
"Australia does not need a nuclear reactor to provide its medical isotopes
as claimed by the proponents. These isotopes could be produced more
cheaply and infinitely more safely in cyclotrons and with spallation
technology. Also, the importation of these isotopes is a cheaper and
proven alternative. More and more of these imported isotopes actually come
from cyclotrons".

Alternative technologies for radioisotope production were examined in detail for the
Draft EIS using the following framework:

the scientific feasibility of the process to produce the specified radioisotope - cross
sections, particle energies, target materials;

• the physics and chemistry of the target material and target processing to produce
and separate the specified radioisotope with specified purity;

• the possibility of technical feasibility and commercial viability if the scientific
process met the minimum standard;

• the engineering requirements of the technology - the accelerator, the source, the
target;

• whether commercial viability had been demonstrated; and

• if not, were there plans to demonstrate commercial viability on an appropriate
timescale.
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Within this framework, the range of known and foreseeable alternative technologies for

the commercial production of radioisotopes was assessed. The assessment was

undertaken for both medical and industrial applications. It should be emphasised that

the choice of radioisotope is "proton-rich" from a cyclotron or "neutron rich" from a

reactor and depends on the type of radiation required from the radioisotope and/or the

need for a particular chemical species. Furzer (No. 333) called on ANSTO to "use

its considerable knowledge skills in nuclear physics under the Act to find

a new nuclear reaction to produce Mo-99. with zero generation wastes".

However, any process to produce radioisotopes is constrained by physical and chemical

laws and whilst ANSTO would continue to seek improvements in its processes, it can

only use real reactions and some waste would always be generated.

Scott (No. 23) raised the issue of the production of molybdenum-99 by neutron

irradiation of natural molybdenum as an alternative to fission-product molybdenum-99

suggesting that it offers the potential of reduced waste production. However, despite

the increased thermal neutron flux available in the replacement nuclear research reactor,

the low specific activity of the alternative produced molybdenum-99 would still require

the development and licensing of alternative generator technology and require

significant alteration to the accepted practice of nuclear medicine. This alternative

production scheme for molybdenum-99 is not commercially viable. ANSTO is

undertaking research into new procedures for molybdenum-99 production as described

in the response to Issue 10.04.03 and 10.04.04.

Table 6.3 of the Draft EIS summarises the comparison between the ability of a research

reactor, a cyclotron and two different types of spallation sources to fulfil the multi-

purpose uses required of the replacement nuclear research reactor proposal. The various

concerns expressed in the public submissions are addressed under the following

subheadings:

• production of radioisotopes by cyclotrons;

• production of radioisotopes by spallation sources;

• production of radioisotopes by a liquid fuel reactor; and

• importation of radioisotopes.

Production of Radioisotopes by Cyclotrons

The production of radioisotopes by cyclotrons is addressed in detail in the response to

Issue 6.01.02 within this Supplement.

Production of Radioisotopes by Spallation Sources

introduction to Spallation sources

The submission by Green (No. 906) provided detailed comments on spallation
sources and processes. The general issues raised have been separated into
three key areas: the production of radioisotopes by spallation neutron
sources, the production of radioisotopes by the spallation process, and the
production of radioisotopes by an accelerated-based hybrid system. It is
important to maintain this clear distinction since there are fundamental differences
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between the three technologies in terms of the technical feasibility and commercial
viability of radioisotope production.

Depending on the target material and the energy of the incident protons the spallation
process can produce neutrons (Spallation Neutron Source) which, in theory, can be used
to interact with other target materials to produce radioisotopes in a similar manner to a
nuclear reactor.

Alternatively, and again dependent on the target material and the energy of incident
protons, a range of radioisotopes can be directly produced in the target material. They
need to be chemically separated from the target material and consequently significant
quantities of radioactive material, not required for the production of
radiopharmaceuticals, would remain to be disposed of as radioactive waste.

While any spallation source is being optimally used to produce radioisotopes it is
unavailable for scientific research (and as noted in the Draft EIS Chapter 6, commercial
industrial irradiations are not undertaken on spallation sources). Conversely a reactor
can be simultaneously used for the production of numerous isotopes, neutron beam
research and industrial irradiations.

Production of Radioisotopes by a Spallation Neutron source

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 as described in the Draft EIS
(Section 6.2.1). Commercial production of neutron-rich radioisotopes by an operational
spallation neutron source has neither been demonstrated nor proposed.

The following recently published data (Table 6.7) summarises the important technical
characteristics of spallation neutron sources and highlights the diversity in design and
the purpose built one-of-a-kind nature of these devices. The data was prepared by the
Paul Scherrer Institute (Switzerland), the institute responsible for the design, construction
and operation of the world's only 'continuous' spallation neutron source (SINQ) located
on one of the world's most powerful cyclotrons, and provides clarification to issues
raised by Green (No. 906).

For neutron capture events such as radioisotope production, the time averaged thermal
neutron flux is the parameter of prime importance. The values for time averaged
thermal neutron flux in Table 6. / are consistent with those used by ANSTO in the
preparation of the Draft EIS and in all but the most powerful spallation neutron sources,
do not compare favourably with ANSTO's HIFAR reactor.

The submission by Friends of the Earth (No. 908) commented that "a number
of spallation sources do in fact offer fluxes in excess of that planned for
the replacement nuclear research reactor. IPNS has a f lux of 4xlO4. with
hot. thermal, and cold sources".

Data for the IPNS Facility is not included in Table 6.1 therefore a direct comparison is
not possible. However the power of the IPNS Facility is approximately one-twentieth
that of the ISIS Facility. Using data in Table 6.1 for the ISIS Facility suggests that the
peak thermal neutron flux for IPNS would be approximately 4x104 neutrons per square
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centimetre per second, and the time averaged thermal neutron flux considerably less
than for the replacement nuclear research reactor. The low time averaged thermal
neutron flux of spallation neutron sources also limits the use of spallation neutron
sources for other neutron absorption processes such as production of industrial isotopes
and irradiation services.

The issue of high maintenance requirements from existing and planned
spallation neutron sources raised by Green (No. 906) and Friends of the
Earth (No. 908) is important in terms of facility availability for scientific and industrial
research, as well as to the delivery of potential products and services. Inspection of the
operation schedule for existing spallation neutron sources indicates that an operating
period of two-thirds of one year is standard. Further information on existing sources is
available on the Internet (ISIS http//:www.isis.rl.ac.uk, IPNS http://www.anl.gov).
Similar information for planned facilities is also available
(ESS http://www.isis.rl.ac.uk/ess, SNS http://www.ornl.gov/sns). Comparison with the
lower operating periods of other spallation neutron sources (SINQ, MLNSC for example)
is not valid at present because of upgrading/commissioning tasks and/or sharing the
accelerators with other research programs.

Production of Radioisotopes by the Spallation Process

It should be noted that the produaion of radioisotopes by the spallation process may or
may not be co-located with a spallation neutron source. The main requirement is for an
intense beam of particles (usually protons). Green (No. 906) and Friends of the
Earth (No. 908) suggested "the production of many exotic nuclides which can
be used for the development of new cancer therapies and diagnostic
techniques" is possible on a target system at CERN. There is no spallation neutron
source at CERN. In contrast, the proton beam at the Los Alamos National Laboratory
drives either the spallation neutron source or a specific target system for the production
of a particular radioisotope by the spallation process. However only one process can be
carried out at any one time in comparison to a reactor where many targets can be
irradiated at any one time.

The Green submission (No. 906) states "the US Department of Energy
initiated a program in 1974 and has produced about 75 radioisotopes using
spallation targets. The radioisotopes recovered are distributed for
worldwide use in nuclear medicine, environmental research, physics research
and industry". Inspection of the commercially available radioisotopes from the Los
Alamos National Laboratory (available on the Internet at http://www.lanl.gov) clearly
indicate that only two radioisotopes (gallium-67 and selenium-75) are included in the
list of the most commonly required radioisotopes for medical purposes (Table 6.2 of the
Draft EIS). Similar to the production of radioisotopes by cyclotrons, the production of
radioisotopes by the spallation process adds to and does not substitute for the range
produced by a research reactor.

The difference between radioisotopes produced for research from those produced for
routine medical use must be re-emphasised. Green (No. 906) stated that "once a
high-intensity spallation facility connected to a new separator is brought
on-line in 1999. . . . TRIUMF would be able to produce large quantities of
neutron-rich therapeutic radwnuclides with very high specific activities".
The quantities proposed (0.1 to 1.0 Curie [3.7 to 37 gigabecquerel]) are primarily for
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research purposes and not sufficient for routine medical use (Ketchum et al 1997).
Processes that produce radioisotopes for research purposes may not necessarily be
scalable to produce radioisotopes for routine medical use. Canada is currently
constructing two reactors to solely produce radioisotopes. It should be noted that this
would not be necessary if the TRIUMF spallation source located in Vancouver could
achieve this commercial objective.

Production of Radioisotopes by an Accelerator-Based Hybrid System

Green (No. 906) suggested that accelerator-based hybrid systems have been
under investigation for a number of years. Despite such investigations, the
ADONIS/Myrrha system is the only concept for an accelerator-based hybrid system that
could address the question of the potential production of "the most important medical
radioisotopes. specifically Tc99m or its Mo99 parent" (Friends of the
Earth. No. 908). The limited potential of the ADONIS/Myrrha system to meet the
criteria of the replacement nuclear research reactor proposal on an appropriate timescale
has been presented in the Draft EIS (Section 6.2.1). The ability of the ADONIS/Myrrha
system for radioisotope production or any other purpose has never been demonstrated.
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Table 6.1: Time Averaged Thermal Neutron Flux Compared with Alternative Sources

Source

ESS(EU)

SINQ (CH)

ISIS (UK)

MLNSC (USA)

SNS (USA)

AUSTRON (CU)

IHF-N (Jjpjri)

JNSC (japan)

MMF, (Russia)

ANSTO
Proposal

Type of Accelerator

Linac plus 2 compressors

Cyclotron

Synchrotron

Linac plus PSR

Linac plus compressor

Synchrotron

Synchrotron

Li'nac plus cofnpressof

Linac (plus compressor)

Proton
Energy
(GeV)

1.33

0.57

0.8

0.8

1

1.6

3

1.5

0.6

Pulse
Frequency

(Hz)

50

Continuous

50

20

50

10

25

50

Time averaged
beam power

(MW)

5

0.5

0.16

0.08

1

0.4

0.6

5

0.6

Type of Target for
Neutron Production

Liquid metal (Mercury)

Solid Zirconium

Liquid Lead/Bismuth

Solid, volume cooled,
Tantalium

Solid, volume cooled,
Tungsten

Liquid metal (Mercury)

Solid, edge cooled,
Tungsten

Solid, volume copied,
Tungsten

Liquid metat (Mercury)

Solid, volume cooled,
Tungsten

Peak
Thermal Flux

(cm2sec')

2x10 "

3.5x lO u

8.5x10u

2.3x1O15

2.3x1O15

4x10'6

3xlO16

1x10'*

2x1Q17

Time Averaged
Thermal Flux *

(cm'sec1)

2.5x1014

3.5x10 u

8.5x10 u

2 x 1 0 u

1x1012

6x1O'3

5x1O12

8x101*

2>5*1O*

not less than
3x1014

Status

Under study

Operating

Under study

Operating

Operating

Under design

Proposed

Proposed

Proposed

Commissioning

Notes:
The two )apanese proposals have recently been combined in a joint proposal based on the JNSC proposal, with an estimated cost of Aus$2 billion.
•Typical maximum values since precise figures vary depending on the target/moderator design.

Table extracted from Bauer, 1998.
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Production of Radioisotopes by a Liquid Fuel Reactor

Technology Commercialisation International Incorporated (No. 22) stated
that the ARGUS l iquid fuel reactor project team "have produced and
extracted molybdenum-99 from a uranyl sulfate solution irradiated in the

ARGUS. The results of assays by Los Alamos and the Institute of

RadioElements each showed that the material could meet required purity

standards". Submission No. 22 f u r t he r states t ha t "an effective and

prudent addition to your (ANSTO's) specifications would be the inclusion of
a small liquid (aqueous homogeneous) reactor of the ARGUS type in your
plans" that would "provide product during ANSTO outage".

The concept of an aqueous homogeneous reactor is not new. However, it is not suitable
for multipurpose applications, and its fuel and the fission products resulting from its
operation are dispersed within the primary coolant. Consequently there are serious
concerns about its safety under postulated accident conditions. The operating solution is
also extremely corrosive and this proved to be a limiting factor in the further
development of this concept. ANSTO is unaware of there being any reactors of this type
operating or under construction.

Given the reliability and high availability (approximately 90 percent) of a modern
research reactor, the added complexity and cost of a liquid fuel reactor would be
difficult to justify.

importation of Radioisotopes

The issue of the importation of reactor-produced radioisotopes of
suf f ic ient ly long ha l f - l i f e was raised in a number of submissions either in
the context of a short-term interim, or a long-term substitute measure. In
summary, the suggestions were that: "the importation of these isotopes is a
cheaper and proven technology" (No. 376). and that: "the case against
importation is anecdotal and unproven" (No. 371).

As pointed out in the Draft EIS (Section 6.3), the importation of radioisotopes and
radiopharmaceuticals is neither a practical nor a responsible option. High quality
nuclear medicine for this and future generations must not be subjected to the vagaries of
international supply. On a global scale, Australia is a small market at the end of long (in
terms of half-life) supply lines, therefore short or long-term contracts would not
necessarily provide a reliable supply for present and future radioisotopes.

Further information is given in response to issues 4.01.01 and 4.01.02.

It is relevant to note that there are some seventy-five research reactors evenly distributed
around the globe which are currently producing isotopes. Contrary to some claims there
are five research reactors classified as main producers of isotopes in the United States
and three in Japan. These reactors provide domestic supplies of short-lived isotopes and
backup supplies of other isotopes even where some importation of some isotopes is
current commercial practice (OECD-NEA, 1998).

There were a number of concerns on the long-term importation of
radioisotopes. Green (No. 906) states that the "objection to this
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(importation) is the ethical argument that we should not rely indefinitely
on overseas countries to operate reactors and to deal with the attendant
problems such as radioactive waste". The relatively short half life of present and
future reactor-produced radioisotopes particularly for medical use, requires many times
the quantity of radioisotope to be manufactured in order to deliver the required quantity.
Short-term importation of radioisotopes is a useful supplement to, but does not substitute
for, comprehensive reliable domestic production in Australia.

Summary

McSorley's (No. 867) suggestion that "the costs of producing isotopes
through non-reactor technology is used to dismiss these alternative
approaches" is inaccurate as is the statement made by Skullerud (No. 381) that
"with improvements in accelerator technology there is the prospect of
producing all these isotopes in domestic accelerators in the not too
distant future". There are scientific and technical limitations, in some cases
insurmountable, to the production by non-reactor technologies of important
radioisotopes for routine medical use. For the spallation neutron source the limitation is
the time averaged thermal neutron flux and for the spallation process it is the limited
range of radioisotopes that is possible. Further, the use of a spallation source for isotope
production limits its concurrent use for other scientific purposes. For the accelerator-
based hybrid system the limitation is the lack of commercial demonstration of a
scientific concept.

Response to issue 6.01.02 (Cyclotron Production not sufficiently
Considered in the Draft EIS)

As stated in a number of submissions it is true that "medical isotopes can be
produced by cyclotrons" (Kennedy No. 2) but it is incorrect that "cyclotrons
increasingly produce isotopes and so render a reactor unnecessary" (Dixon
No. 228). Both neutron rich (reactor) and proton rich (cyclotrons) production sources
are needed to make the full range of radioisotopes required for medicine. Even with the
most advanced techniques in radiochemical synthesis it is simply impossible to attach
every radioisotope to every pharmaceutical. Cyclotrons produce neutron-deficient
radionuclides from some targets, but these do not substitute for the neutron-rich range
produced in a research reactor. The Draft EIS (Table 6.2) indicates the production
capabilities for medically useful radioisotopes in HIFAR, the proposed replacement
nuclear research reactor, and a cyclotron of modest energy and current. The OECD-
NEA (1998) identifies that the demand for classic cyclotrons is reaching a plateau.

The possibi l i ty of a process for routine production of instant technetium-
99m by proton bombardment of highly enriched molybdenum-100 (Green No. 906)
had been investigated in detail in the Draft EIS (Sea/on 6.2.2). Information published in
the scientific literature, together with information on present and future developments in
such important areas as target design and stable isotope production (specifically of the
target molybdenum-100), were extensively reviewed during the preparation of the Draft
EIS to assess this process, its technical feasibility and commercial viability. However,
the commercial production on a national scale of technetium-99m by proton
bombardment of a molybdenum-100 target could not be established. Even if instant
technetium-99m could be produced a number of important scientific and technical
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issues need to be resolved before instant technetium-99m could be utilised clinically.
But as noted in the Draft EIS, even if production of instant technetium-99m by a
cyclotron was proven technically viable, to satisfy even current demand, in excess often
cyclotrons would be required due to the low yields and short half-life. Further, reliable
rapid distribution to smaller towns in rural areas and other regional centres would be
essential.

Response to issue 6.01.03 (Alternatives not Compared on a
Common Basis)

The issue raised by the Australian Conservation Foundation (No. 903). Green
(No. 906) and Friends of the Earth (No. 908). is that the evaluation i s . in
general, "restrictive" and "dismissive".

In the Draft EIS the important features of each technology were highlighted. The
common basis used for the comparison of reactor with alternative technologies is the
ability to satisfy the specific objectives and criteria of the replacement nuclear research
reactor project (Draft EIS Table 6.7). The objectives and criteria were established after
considerable evaluation and consultation. Each alternative was examined in relation to
these criteria and the findings were summarised in the Draft EIS (Table 6.3). Using the
detail description of the alternative technologies and strategies contained in the Draft EIS
Chapter 6 and the responses to submissions in this Supplement, plus the summary in
Table 6.3 and Table 6.9 in the Draft EIS, the following conclusions were drawn:

• none of the alternative technologies meet all of the multi-purpose criteria of the
proposal;

" no assembly of alternative technologies would meet all of the criteria of the
proposal; and

• no assembly of alternative technologies in combination with alternative strategies
(importation, suitcase science etc) would provide an assured, reliable, cost-effective
solution that would enable all the criteria to be met.

The Australian Academy of Science (No. 924). in February 1998. re-examined
the question of whether alternative technologies for isotope production had
evolved since the Research Reactor Review (McKinnon et al 1993). The
Academy concluded that nothing had emerged to support a view that
accelerator-based alternatives could meet Australia's requirements, either
for neutron-based science or for the production of radiopharmaceuticals.
The Academy (No. 924) also stated that "There is no evidence that
spallation technology can offer as much as a new reactor."

Response to issue 6.04.01 (HIFAR Alternative Not Fully Considered)

Various submissions considered that the alternative of refurbishing HIFAR
has not been fu l ly considered.

Fredsall (No. 246) suggested that the power of HIFAR could be raised to 20
megawatts using the existing equipment. ANSTO considers this to be an incorrect
assumption, as HIFAR would require considerable refurbishment over and above the
minimal $150 million estimate for this to be contemplated. It may be possible to
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increase radioisotope production capacity but this would be to the detriment of neutron
beam research, thus failing the objectives of the proposal. Fredsall (No. 246) also
suggested that HIFAR could be operated after about 2005 with high enriched uranium
fuel.

The continued operation of HIFAR with low-enriched uranium is not consistent with
international non-proliferation practice supporting the use of low-enriched uranium fuels
other than in cases where there are compelling scientific reasons to the contrary.
Further, the agreed arrangements between Australia and the United States for the return
of further United States-origin HIFAR spent fuel to the United States are dependent on
ongoing action toward a replacement nuclear research reactor operating with low-
enriched uranium fuel and closing the operation of HIFAR which uses high-enriched
uranium fuel.

Sutherland Shire Council (No. 341) suggested there is no jus t i f i ca t ion for
the $150 mil l ion cost for HIFAR refurbishment in terms of an outline of the
scope of the work required. This is included in the Draft EIS (Section 6.7) and was
also included in the publicly available Research Reactor Review (McKinnon et al 1993).

ANSTO considers HIFAR technologically obsolete, as the technology, basic design and
features are 50 years old. HIFAR's neutron science capability, flexibility, production
capability, and operating efficiency are at the lower end of the performance range of
research reactors. Although the recently completed Probabilistic Safety Assessment did
not identify any major safety-related problems with HIFAR, many of its non-safety
related components and systems are reaching the end of their operational lives. The
refurbishment of HIFAR is outlined in Section 6.7 of the Draft EIS, but reference should
also be made to the Research Reactor Review (1993). A $150 million upgrade would
not improve neutron beam research, would result in limited isotope production, and
would be based on obsolete technology. Further, 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 twenty 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.

Response to issue 6.05.01 (The Decision to Site the Reactor at Lucas
Heights is a Flawed One)

A number of submissions expressed their concern that the choice of Lucas
Heights for the site of the replacement nuclear research reactor was flawed
and that it should be placed elsewhere. Some questioned the siting
criteria used, suggesting that the Nuclear Safety Bureau criteria were not
sufficiently rigorous. Others suggested that other sites should have been
studied.

The Independent peer review (International Atomic Energy Agency No.24). was
quoted on several occasions by different submissions to support this issue.
However, the International Atomic Energy Agency's final conclusions
supported the findings of the Draft EIS with relation to the acceptability
of Lucas Heights as a site. The International Atomic Energy Agency stated:
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"4.1 General Conclusions and Recommendations

' on the basis of the available written information, discussions with key
parties as well as the brief site visit, it can be concluded that the
site for the proposed reactor has no negative characteristics, which
would make it unacceptable from a nuclear or radiological safety point
of view. Any deficiencies of the site can be compensated by
engineering design. These design features are implicitly defined in
the selection and evaluation of the Reference Accident;

• many sites for research reactors and nuclear power plants exist in the
world with similar characteristics to Lucas Heights. The 1.6
kilometres exclusion zone around the reactor is a feature, which does
not exist in a majority of research reactor and nuclear power plant
sites in the world;

' the emphasis in the EIS is given to site characteristics relating to
dispersion of effluents and dose assessments. The Reference Accident.
which is the basis for dose calculations (under accident conditions) is
also described and the assumptions used are conservative. However,
full justification for the selected Reference Accident is not included
in the EIS. It is. therefore, recommended that the Final EIS include
substantiation for the selected scenario citing all other considered
accident scenarios (including those having external initiators) and
justifying briefly why they were screened out. This will assist in the
subsequent assessment of the proposal; and

m the assumptions involved in the evolution of the Reference Accident as
well as the screening out of scenarios, involve implications and
demands for the design of the replacement nuclear research reactor. It
is important that the actual design of the reactor complies with these
demands. Otherwise it will be necessary to check and verify the
validity of the selected reference accident".

The Sutherland Shire Council submission (No. 341) (Attachment by Martin and
Associates page 3) notes:

"With regard to siting of the replacement nuclear research
reactor, it is clear that on non-radiological grounds Lucas
Heights Science and Technology Centre is the ideal site, since
it already has the infrastructure and expertise for the
operation of the reactor and the control of products and
research, and is in an accessible location. From the

radiological perspective, the site seems adequate, subject to
suitable restriction of levels of radioactivity in liquid and
gaseous effluents. "

This statement is in agreement with the Draft EIS which states that "The Government
determined that achievement of the proposal objeaives would be satisfied by locating
the replacement nuclear research reactor at Lucas Heights Science and Technology
Centre ... this position is subject to the outcome of this Draft US." Further, the relevant
ANSTO licence application and Safety Analysis Reports which are submitted to the
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regulatory authority (Australian Radiation Protection and Nuclear Safety Agency) for

approval, would ensure that the final design, construction, commissioning and operation

of the replacement nuclear research reactor meet appropriate standards.

The Nuclear Safety Bureau's nuclear regulatory requirements and criteria applying to

safety in the siting of a replacement nuclear research reactor are in the following

Nuclear Safety Bureau documents:

Safety Assessment Principles for Nuclear Facilities (revised draft, September 1998);

and

• Safety Guideline: Criteria for the Siting of Nuclear Facilities, (revised draft,
September 1998).

The criteria which the Nuclear Safety Bureau requires the reference accident to comply

with are the following:

(a) emergency intervention would be feasible at any location around the site, at the
intervention levels recommended by national and international bodies and adopted
by the Nuclear Safety Bureau;

(b) the maximum collective effective dose would be less than 200 person-sievert; and

(c) the long-term use of any land surrounding the site would not be disrupted due to

radioactive contamination.

These criteria are compatible with international (International Atomic Energy Agency)

and other national (for example, United States) approaches to siting nuclear facilities

such as research reactors, although the use of a collective dose criterion is generally not

adopted by regulatory agencies. In this regard, these criteria are more rigorous than

criteria applying to 20 megawatt (thermal) research reactors in other countries. Criteria

(a) and (c) require that the relevant doses or radioactivity concentrations arising from the

reference accident be compared with the lower level of internationally developed and

recommended values for emergency or remedial actions in the event of a nuclear

accident. Hence, these criteria are sufficient rigorous; no submission on the Draft EIS

has suggested alternative safety criteria applying to siting.

Response to issue 6.05.02 (The siting study Should Be Released to
the Public and the Government is Keeping information From the
Public)

A number of submissions were concerned that the si t ing study used by the
Government in i t s consideration of the suitable sites for the replacement
nuclear research reactor has not been released to the public and ask that
i t be so. Relevant information was provided in Department of Industry, Science and

Tourism and ANSTO (1998) and noted in the Draft EIS Section 6.8. Sites per se were

not examined, only generic sites. The EIS Guidelines only required reference to generic

sites.

The issue of hazards and r isks wi th regards to the s i t e select ion was

raised in a number of submissions such as the Sutherland Shire Environment

Centre (No. 330) which states that " ... and there are no hazards and r i sks .
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ANSTO says so page after page after page". This is not the message of the Draft
EIS, rather the risks are there but they are small (they have a low probability of occurring
in comparison to the risks presented to persons in normal day to day life). Full details
on hazards and risks were included in the Draft EIS (Chapter n and Appendix G) and
are also responded to in Chapter 11 of this Supplement.

As stated in the Draft EIS there were a number of reasons for selecting the Lucas Heights
site, including the one of cost. The Lucas Heights site was selected as it is deemed to be
suitable and is considered to present no increased risk to the surrounding population (a
risk which to all intents and purposes is negligible).

Response to issue 6.05.03 (Other Sites Not Adequately Considered)

Various submissions requested that alternative sites be considered in the
EIS. Whilst this was not explicitly required by the Guidelines and some studies were
undertaken and are presented in the Draft EIS {Section 6.8.1).

Wood (No. 27) raised the issue of placing the replacement nuclear research
reactor within 50 kilometres of the Lucas Heights Science and Technology
Centre so that existing f ac i l i t i es could be used.

It is difficult to choose sites within 50 kilometres of Lucas Heights that would be any
different demographically from the current site or that are not national parks or
geographically unsuitable. The concept of regular transport of unprocessed radioactive
materials would not be best practice and would raise considerable concern among
persons living along the route. There would be additional operating costs for such a site
made up from duplication of staff, waste management services, security, health and
safety, engineering services among others.

Response to issue 6.05.04 (Case for a New Reactor is the Same as
That Rejected in 1993)

A number of submissions raised the issue that the present proposal for a
replacement nuclear research reactor is the same as that rejected in 1993
by the Research Reactor Review.

The background to the decision on the present proposal is outlined in the Draft EIS
Section 3.5, and contains recommendations and conclusions of the Research Reactor
Review (McKinnon et al 1993). It is ANSTO's opinion that the 1993 case was not
rejected, but the decision deferred. The current decision by Government to construct
the replacement nuclear research reactor is consistent with this view.

It is true that this proposal is basically the same as the 1993 case; that is, a similar
reactor type and site are being proposed. There has been a considerable amount of
work undertaken to refine the proposal.

Response to issue 6.05.05 (Alternative Site Comparison Does Not
include External Hazards)

The Sutherland Shire Environmental Centre (No. 330) and the Sutherland
Shire Council submissions (No. 341). stated that the International Atomic
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Energy Agency report (No. 24) compares the Lucas Heights Site with a
generic site and no account is taken of any issues related to the potential
for external hazards.

It is not possible to investigate the external hazards of a generic site as they would be
specific to the site. However, external hazards were considered for the proposed
replacement research reactor. Details of these external hazards are included in the
response to Issue 11.01.01 of this Supplement. The analysis of the consequences of the
reference accident determined that there would be no requirement for any
countermeasures beyond the 1.6 kilometre buffer zone. With respect to the
International Atomic Energy Agency report, it is considered that potential external
hazards apply equally to all locations within the Lucas Heights site.

Response to issue 6.05.06 (Site selection Process not Rigorous and
Not in Line wi th international Practice)

A number of submissions claimed that the site selection process was not rigorous and
not in line with international practice. For example, Fidler (No. 361) suggested that "the
Lucas Heights site and the exact location of the facility within the site have not been
selected using a rigorous site survey".

The adequacy of the site selection process has been discussed in detail in the response
to Issue 6.05.01 in this Supplement. The conclusions of the International Atomic Energy
Agency report (No. 24) support the selection process, particularly with regards to
international practice. In addition, it is noted that the Draft EIS is only part of the
approval process for the proposal and that approval must be sought from the regulatory
authority (Australian Radiation Protection and Nuclear Safety Agency) on issues relating
to siting and safety.

Response to issues 6.07.01 (The Do-Nothing Alternative Not
Adequately Considered)

A number of submissions including Sutherland Shire Council (No. 341). the
independent peer reviews (No. 24) and Green (No. 906) raised concerns that
the "do-nothing alternative" was not adequately dealt with in the Draft EIS
alternatives chapters.

The EIS Guidelines issued in January 1998 do not require the "do-nothing" option to be
assessed within this EIS. The consequences of not proceeding with the proposal are
however described. Chapter 4 of the Draft EIS provides a complete description of the
implications of not proceeding with a replacement research reactor including impacts on
the following fields:

• nuclear medicine and health;

• national interest;

• scientific, research and education; and

• industrial applications.

In addition, an outline of the environmental, social and economic impacts of the
proposal not proceeding was provided in the Draft EIS. Additional issues relating to the
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need for the proposal have been responded to in detail within Chapter 4 of this
Supplement.

6.4 Summary of Responses

Alternatives to the proposal were discussed in detail within the Draft EIS. The
alternatives considered were defined by the Guidelines for the EIS. Submissions arising
from the public consultation phase mainly dealt with other methods for producing
radioisotopes, that siting the reactor at Lucas Heights Science and Technology Centre
was inappropriate, or that alternative sites were not fully considered. Additional
information is provided in this Supplement, particularly on spallation processes.
Alternative methods for producing some neutron-rich radioisotopes, such as those
produced in a reactor, while in some cases theoretically possible, are not commercially
viable. The potential use of a spallation source to produce isotopes interferes with any
concurrent use for other cutting edge scientific purposes. The acceptability of the Lucas
Heights Science and Technology Centre for the replacement nuclear research reactor
was examined and the conclusions of the independent peer reviews confirmed the site
acceptability.
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7. Physical, Biological and social context to
the Proposal

This chapter outlines issues raised in submissions and responses to the description of the
physical, biological and social context to the proposal provided in Chapter 7 of the
Draft EIS. Issues relating to background radiation levels and baseline data are also
addressed in this Chapter.

7.1 Summary of the Draft Environmental impact Statement

Potential social, physical and biological characteristics of the areas and communities of
interest potentially impacted by the replacement 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 who made submissions during the preparation of the Draft
EIS. These identified communities of interest are:

• the local "community of interest", comprising the suburbs closest to the Lucas
Heights Science and Technology Centre, from which approximately 70 percent of
all submissions to the EIS Guidelines were received;

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

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

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

• 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;

• proposed need. Doubts about the need for the replacement nuclear research
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 nuclear research 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
nuclear research reactor and the need for independent monitoring of ANSTO's
environmental management activities;

• hazards and risks. The hazards and risks associated with the reactor facility,
particularly in an accident situation and the resultant health implications for the
community, particularly local residents; and
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• decommissioning issues. A desire for HIFAR to be decommissioned and no

replacement nuclear research reactor to be built at Lucas Heights.

7.2 Summary of issues Related to Physical, Biological and
Social Context

Wilson (No. 329) and Ireland (No. 372) suggested the background radiation
levels were questionable, whilst Ireland and ALG Nuclear Free Zones and
Toxic Industries (No. 340) suggested that baseline data was inadequate by
suggesting:

"There has been no attempt in the draft Environmental Impact
Statement to provide the baseline data that are required under
Federal legislation. No studies of the health of the local
community or vegetation around the site have been conducted. "

Ireland (No. 372) also states concerns over the health impacts of the
proposal and the lack of background health studies.

7.3 Response to issues Related to Physical, Biological and
Social Context

Background radiation levels around ANSTO are the same as those elsewhere in the

region. The environmental monitoring process used to determine whether there are any

effects of ANSTO's operations are discussed in Chapter 18. All discharges and their

impacts are audited and reviewed by the Nuclear Safety Bureau and Australian

Radiation Laboratory and wil l be by the Australian Radiation Protection and Nuclear

Safety Agency.

Chapter 7 of Draft EIS discussed the local, regional and national setting for the

replacement reactor in terms of the physical, biological and social contexts. The issues

raised under Chapter 7 of the Draft EIS pertain to submissions questioning both the

scope and validity of the background data presented in the Draft EIS. No other issues

were raised in terms of the community or social setting of the proposal.

Independent health concerns were one of the most commonly raised issues

wi th in the publ ic submissions. A l l the pro-formas raised health issues as

a concern and most indiv idual submissions also f e l t that health issues were

c r i t i c a l to the Draft EIS.

Concerns relating to health studies and health issues in general have been addressed in

Chapter 1 of this document under responses to Issues 1.03.01 to 1.03.06.

Health studies have been undertaken in the Sutherland Shire. For the publicly available

Independent Research Reactor Review (McKinnon et al 1993), several independent

studies were commissioned and reported. These studies were performed by Dr P

Lancaster (Australian Institute of Health and Welfare, University of Sydney), Associate

Professor R Taylor (Head, NSW Central Cancer Registry and Cancer Epidemiology

Research Unit, NSW Cancer Council) and Sir Richard Doll (Cancer Studies Unit, Oxford
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University). The general conclusions of the independent studies and the Research
Reactor Review (McKinnon et al 1993) were:

"On the basis of internationally respected consultant's reports, the review
concludes that the health of residents in Sutherland Shire is not affected by
emissions resulting from the presence of the reactor at Lucas Heights (Doll,
Lancaster Reports)."

"The incidence of cancer and other related diseases in Sutherland Shire is
not in any way abnormal (NSW Cancer Council statistics}."

"The health of the people of the Sutherland Shire is normal and compares
with another equivalent shire (Warringah) and NSW as a whole."

The specific concern of Ireland (No. 372) with regards to iodine exposure has been
discussed in detail in the response to Issue 10.04.05. In summary, the effects of iodine
are considered in the overall dose and are only a small component of the public
exposure. In fact, the total iodine dose is under one thousandth of the current National
Health and Medical Research Council (1995) limit and well under the United States
Environment Protection Agency level mentioned in Ireland's submission (0.03
millisieverts per year).

ANSTO has given the commitment, within the Draft EIS, that public doses resulting from
future activities at ANSTO, would be less than one hundredth (0.01 millisieverts per
year) of the current National Health and Medical Research Council (1995) limit. This is
less than the natural variation in background radiation and would be less exposure than
a person would receive in one hour's flying in a modern jetliner. This comparison is
valid as discussed above because the effects have been expressed in sieverts. At these
low levels of additional exposure, scientific studies indicate there are no detectable
impacts on the health of any member of the public.

Concerns relating to vegetation studies around the site have been addressed in this
document under responses within Chapter 12.

The probability of occurrence of threatened species listed under both Commonwealth
and State legislation recorded within and surrounding the buffer zone are outlined in
Appendix H (Table H5) of the Draft EIS. Impacts on species considered to be potentially
affected by construction and operation of the replacement reactor are discussed in
further detail in Section 12.4.2. No threatened species or their habitats are likely to be
affected by the replacement reactor and hence an assessment was not warranted.

Concerns relating to specific aspects of the Environmental Management
programs that would be put in place by ANSTO have been addressed principally in
Chapter 8 under Soils, Water and Geology and in Chapter 18, which looks at
Environmental Management.

Environmental management of ANSTO's activities at the Lucas Heights Science and
Technology Centre is governed by existing policies, including ANSTO's Health, Safety
and Environment Policy, Occupational Health and Safety Policy and Radioactive Waste
Management Policy. These policies form the basis of ANSTO's existing environmental
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management system and would continue to apply to the replacement reactor, but would
be refined and updated to ensure compliance with relevant legislation and intemational
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, the
Australian Radiation Protection and Nuclear Safety Agency .

Environmental commitments made by ANSTO in relation to the proposal are detailed in
Appendix I of the Draft EIS and reiterated in Chapter 18 of this Supplement.

7.4 Summary of Responses

The Draft EIS addressed potential impacts of the replacement reactor on the social,
physical and biological characteristics of the surrounding areas and communities. The
key issues derived from this assessment were similar to that of the Research Reactor
Review undertaken in 1993.

Various submissions raised issues regarding any possible physical, biological and social
impacts. The issues raised were concerned with the background radiation levels and the
baseline data. These issues have been addressed within Section 7.3 of this Supplement.
In addition to this, ANSTO's environmental commitments in relation to the replacement
reactor are detailed in Chapter 18 of this Supplement. No additional conclusions are
reached under the subject of the physical, biological and social context of the proposal.
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8. Geology, Soils and water

This chapter addresses the potential impacts of the proposal on the geology, soils,
topography and hydrology of the site of the proposed replacement nuclear research
reactor, the buffer zone and the surrounding region. Potential impacts on groundwater
and surface water quality are also investigated and issues relating to the assessment
methodology, impacts on soils, hydrology and water quality, environmental
management and the geological substrata are also addressed in this Chapter.

8.1 Summary of the Draft Environmental impact Statement

The site for the proposed replacement nuclear research 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 for the proposed replacement nuclear research
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. Therefore, no impacts on groundwater are expected during the construction.
A groundwater sampling program would be incorporated into the ANSTO ongoing
environmental monitoring program.

Concrete retention bunds would be designed and installed to contain accidental spills or
releases that might otherwise enter the stormwater system of the site of the proposed
replacement nuclear research reactor. In the event of an accidental spill, these bunds
would 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.

8.2 Summary of issues Related to Geology, Soils and water

8.2.1 Soils

Several submissions raised the subject of the Little Forest Burial Ground
with respect to soil contamination. The main concern was that the Draft
EIS should have expanded on the present soil contamination issue associated
with the burial ground.
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8.2.2 water

Submissions addressing water related issues, including those by CH2M Hill
(No. 24). raised concerns over the release of radioactive wastewater to the
Cronulla Sewage Treatment Plant and consequently the cumulative impacts
associated with such releases.

An issue raised by several submissions was that the current wastewater
treatment systems may not be able to cope with the increased wastewater
stream generated by the proposed replacement nuclear research reactor.

A number of submissions raised general concerns over groundwater
contamination and cumulative impacts of the release of wastewater to the
Cronulla Sewage Treatment Plant. Various submissions had unspecified
concerns about surface water, whilst Goodfellow (No. 865) was concerned by
the inadequate discussion of wastewater treatment and disposal within the
Draft EIS.

The Sutherland Shire Environment Centre (No. 330) raised the issue that the
geological substrata within the Lucas Heights area is not suitable for the
proposed development of the replacement nuclear research reactor.

The NSW Government submission (No. 935) stated that "the proposed
replacement reactor would not pose any major impacts into the groundwater
resources of the area".

8.3 Response to issues Related to Geology, Soils and Water

Response to issue 8.01.01 (inadequate consideration of impacts on
Soils and Groundwater in tne Draft EIS)

A comprehensive hydrogeological report was prepared by Coffey Partners International
Pty Ltd (Coffey 1998b) as part of the Draft EIS to address the groundwater issues related
to the proposal. Most of the groundwater issues raised by submissions are discussed in
the Coffey Partners report but were omitted from the Draft EIS due to the need to
condense the report.

The NSW Government submission (No. 935) stated that "the proposed
replacement nuclear research reactor would not pose any major impacts into
the groundwater resources of the area".

ANSTO would carry out groundwater monitoring prior to construction of the
replacement nuclear research reactor as described in the Draft EIS. 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 and consultations
would be held with the Department of Land and Water Conservation. The report
including the outcome from relevant consultations, would form the basis for any further
monitoring, sampling and analysis requirements to be incorporated into ANSTO's
environmental management system during construction and operation of the
replacement nuclear research reactor. Groundwater monitoring elsewhere on the Lucas

Page 8O \u^trj\ijn Nuclei Soence <*nd Technoiogv



Chapter 8 - Geology Soils and Water

Heights Science and Technology Centre site will be reviewed as part of the
development of the revised environmental management strategy.

A complete timetable for implementation of monitoring programs is presented in
Chapter 18 of this Supplement.

Mudd (No. 316) raised the question of why geological cross sections were
not included in the Draft EIS.

Geological cross sections are presented in Coffey (1998a) and Coffey (1998b) but were
omitted in the Draft EIS due to the need to condense the report. The geological cross
sections indicate sandstone is the dominant lithology, dipping between 0.5 to two
degrees toward the north and is interbedded with minor shale and siltstone horizons.

Mudd (No. 316) questioned why regional hydrogeological studies were only
undertaken north and west of the reactor site and not to the south of the
s i te .

Studies carried out by Coffey Partners International and Douglas Partners (1994) assess
the hydrogeology at Waste Service disposal sites north and west of the proposed site.
Additional regional hydrogeological studies were not considered necessary since the
hydrogeological and hydrogeochemical studies undertaken by Coffey (1998b) address
groundwater impacts on site and regionally. This study indicated the groundwater flow
direction of the regional aquifer was in a north-westerly direction where previous studies
have been undertaken.

Mudd queried groundwater recharge mechanisms of the Hawkesbury Sandstone
and flow paths in the Lucas Heights area by raising the question of "how
does water enter the aquifer system and what influences groundwater flow
through the aquifer".

Recharge of the Hawkesbury Sandstone is by direct infiltration of rainfall into the
sandstone. Enhanced recharge may occur along joints and fractures of exposed
sandstone. Recharge is difficult to quantify, however, a figure of between five percent
and 10 percent of rainfall is generally accepted for the Hawkesbury Sandstone (NSW
Department of Land and Water Conservation, pers comm 1998). The Lucas Heights site
straddles a poorly defined water shed within the Georges River Catchment on the
Woronora Plateau. In topographically high areas underlain by the Hawkesbury
Sandstone, such as the Lucas Heights facility, flowing creeks locally recharge the
aquifer, whilst in the lower part of the catchment, perennial creeks maintain dry weather
flow due to groundwater baseflow from seeps and springs. The watertable is typically a
subdued reflection of the surface topography and the groundwater flow path generally
mirrors surface drainage. Groundwater flow within the Hawkesbury Sandstone is via
primary (intergranular) and secondary (fracture) pathways.

A number of submissions queried the basis on which the northern hydraulic
gradient is based and details of the d r i l l i n g program.

The drilling program was based on the installation of 20 piezometers at the Lucas
Heights Waste Depot (Coffey and Douglas, 1994) and 17 piezometers installed at the
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proposed reactor site in June 1998 (Coffey, 1998b). The 1998 drilling program at the
Lucas Heights ANSTO facility identified shallow perched groundwater as well as a
regional water table within the sandstone. Five piezometers were installed to monitor
the deeper aquifer and the remaining 12 piezometers were designed to monitor shallow
groundwater. This study indicated the deeper regional groundwater gradient and flow
direction was in a north westerly direction whereas the flow direction in the shallow
aquifer was in a south westerly direction.

Packer tests and falling head tests were also carried out at the site of the replacement
nuclear research reactor to quantify the hydraulic conductivity of the sandstone and
hence the flow velocity of groundwater. Using Darcian flow theory the hydraulic
conductivity varied from 0.05 to 0.2 metres per day in the shallow perched aquifers and
1.2x1O'3 to 1.2x1O"2 metres per day in the deeper regional aquifer. Test results are
presented in Coffey, 1998b.

During the construction phase, should groundwater be intersected, only minor volumes
of groundwater would seep into the workings because of the low water transmitting
characteristics of the aquifer. During the operational phase groundwater movement
within each aquifer would be extremely slow due to low values of hydraulic
conductivity and low hydraulic gradients. Should any groundwater contamination
occur, the contamination would move very slowly within the aquifers due to slow
groundwater travel times, ensuring sufficient time for detection in the groundwater
monitoring network and the implementation of appropriate management strategies.

The distr ibut ion of groundwater monitoring bores has been raised by Mudd
with reference to monitoring groundwater levels and groundwater chemistry.

It is intended to utilise some of the installed piezometers to monitor groundwater levels
and groundwater quality. It would not be possible to include all the 17 piezometers in
the monitoring network since many would be destroyed during the building of the
reactor.

Groundwater may flow preferentially along joints and fractures. A groundwater
monitoring network with strategically placed piezometers located down the hydraulic
gradient for the two identified shallow and deep aquifers would be constructed around
the facility. In the unlikely event of groundwater contamination such a network would
ensure early detection of any contamination. The source of contamination would be
located, contained and groundwater remediation would be instigated immediately.

Mudd (No. 316) queried the water quality guidelines quoted in the draft EIS
in particular the use of the 1972 Clean Waters Regulations which are 26
years old.

The 1972 Clean Waters Regulations with amendments are still current. As noted in
Section 8.2.5 of the Draft EIS, these Regulations relate to run-off (and groundwater
seepage) into Class C: Controlled Waters, the classification given by the NSW
Environment Protection Authority to waters in the vicinity of the Lucas Heights Science
and Technology Centre.

Page 8-4 Australian NLICILW Science and lechnoloR*



Chapter 8 - Geology Soils and Water

However, where solute analytes were not listed in the relevant Schedules of these
Regulations, reference was made to the Australian and New Zealand Conservation
Council Guidelines for the Protection of Aquatic Ecosystems (Fresh Waters) 1992.

The question of reduced groundwater quality has been raised in several
submissions, that i s . "what is the current chemical composition of the
groundwater pH and redox potential and would the use of groundwater be
affected by the proposed development".

The chemical composition of the groundwater at the ANSTO site is presented in the
Coffey 1998c report. The groundwater was analysed for major ions, phosphorous,
nitrate ammonium (as nitrogen), metals, hydrocarbons, radionuclides and tritium.
Generally the water quality is good and within Australian Drinking Water Standards
with the exception of phosphorous, ammonia, iron and manganese which are slightly
above the drinking water standards at some locations.

The groundwater sampling results from the June 1998 program ranged from
92 milligrams per litre to 980 milligrams per litre for total dissolved solids. The water
chemistry is variable but generally sodium chloride dominated. pH and redox potential
were measured in the June 1998 geochemical sampling program by Coffey 1998b, but
were not included in the draft EIS. pH in the shallow aquifer tends to be slightly acidic
and ranges from 5.28 to 7.84 with a mean of 6.0. pH in the deeper regional aquifer is
more variable ranging from 5.71 to 8.31 with a mean of 6.9. Similarly, the redox
potential is variable in both aquifers with mean redox potential of 144 millivolts and
8.2 millivolts for the shallow and deep aquifers respectively.

It is unlikely the use of groundwater would be affected by the proposed development
since groundwater bores in the area are of low groundwater yield and are unable to
sustain significant pumping. In parts of the Sutherland Shire, groundwater is of low
economic importance and partially contaminated due to the influences of urban
development and the Lucas Heights Waste Facility.

Mudd (No. 316) questions whether contaminants were present in the
groundwater during the groundwater sampling program.

During the drilling process, grouting of the boreholes and packer testing contaminants
may have been introduced into the aquifer system. Following construction each
piezometer was purged twice by removing groundwater by airlifting with a compressor,
purging with an electrosubmersible pump and bailing prior to groundwater sampling.
Given the large volume of groundwater removed prior to sampling it is unlikely any
significant contamination introduced by the drilling program is present within the
aquifer systems.

The issue of elevated t r i t ium levels in groundwater and the possibi l i ty of
a local source was raised by Mudd (No. 316).

Tritium values measured in the piezometers range from below 6 to 170 becquerels per
litre of tritium activity. The maximum recorded value of 170 becquerels per litre of
tritium activity constitutes only 2.2 percent of the World Health Organisation guideline
of 7,600 becquerels per litre of tritium in drinking water.
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Mudd (No. 316) raised the issue of residual organic matter within the
sandstone aquifers potentially enhancing the migration of radionuclides
through chelation and complex formation.

It is unlikely residual organic matter within the sandstone would potentially enhance
radionuclide migration since the Hawkesbury Sandstone is a quartz rich sandstone with
few impurities including low amounts of residual organic material.

Mudd (No. 316) questioned the reasoning behind analysing the groundwater
for total petroleum hydrocarbons. Analyses for total petroleum hydrocarbons were
undertaken because it is often an impurity in drilling fluids and hence a useful indicator
that the aquifer has been sufficiently developed, prior to groundwater sampling.

Response to issue 8.03.01 (General concerns Over croundwater
Contamination impacts)

Various submissions have raised issues regarding groundwater interaction at
the si te. Mudd (No. 316) questions what groundwater sampling and
monitoring is to be undertaken and what analytes are to be included in the
monitoring program. Mudd suggests pressure transducers be instal led in at
least f ive piezometers to monitor groundwater f luctuations.

As addressed in Issue 8.01.01, groundwater monitoring would be undertaken in both the
shallow and deep aquifers. Parts of the existing piezometer network would be used in
the groundwater monitoring program however during the construction of the facility
some of the existing piezometers would be destroyed. Additional piezometers are to be
installed around the reactor facility to create the groundwater monitoring network.
Additional groundwater sampling would be undertaken to establish a time series data
set. The report prepared after the first year baseline monitoring will enable a thorough
review of the adequacy of the sampling methodology and analysis. The analyses
identified in Table 8.3 of the Draft EIS lists the analyses to be included in the baseline
study.

Response to issue 8.03.02 (Concerns Over Cumulative Releases to
Cronulla Sewage Treatment Plant)

This issue has been discussed in part within the context of a number of other issues,

including:

Issue 10-03-04: Ocean Outfall Route for the Disposal of ANSTO Effluent;

• Issue 11.01.06 External Exposure to the Community as a Consequence of the

Release of Effluent derived from ANSTO through the Potter Point Outfall; and

• Issue 11.01.07 - Sewage/grey water/sludge reuse route not considered in the Draft

EIS.

Response to issue 8.03.03 (Concerns About Surface water)

Surface water alterations, as a result of construction of the replacement nuclear research

reactor, would be further assessed to determine impacts of the environmental quality
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and amenity of creeks within the buffer zone as a consequence of construaion.
Baseline monitoring would be undertaken prior to construction to determine the existing
non-radiological water quality of local receiving systems following rainfall events.

The Draft EIS notes that temporary stormwater retention ponds would be required during
construction to complement the existing permanent facilities ensuring that there would
no adverse effects on stormwater flow. The temporary stormwater retention ponds
would be designed in accordance with NSW Environment Protection Authority and
Department of Land and Water Conservation requirements.

The Draft EIS also noted that in recognition of the potential for accidental spillage,
ANSTO would construct small capacity concrete bunds on each of the existing three
stormwater outlet points. Section 8.3.4 of the Draft EIS states that small capacity
concrete bunds have been designed for the on-site containment and treatment of small
accidental spills or releases of contaminated liquid.

Response to issue 8.04.01 (inadequate Discussion of wastewater
Treatment and Disposal)

A submission from Goodfellow (No. 835) stated, inter a l ia , that "the Draft
EIS fa i l s to offer adequate means of protection of waterways, part icular ly
the Georges River Catchment. The potential for o f f -s i te releases of
contaminated liquids is acknowledged. This is an unacceptable problem"

These comments seems to be related to statements made in the Draft EIS (pp. 8-13 to 8-
14) regarding potential impacts on water quality of local waterways during construaion
of the replacement nuclear research reactor in the way of increased sediment loads
through erosion of topsoil from the construaion site and potential impaas from polluted
site run-off during the operation of the replacement nuclear research reaaor.

ANSTO ensures that stormwater run-off from the Lucas Heights Science and Technology
Centre site complies with the NSW Clean Waters Regulations (1972) limits for Class C:
Controlled Waters which is the classification for the Woronora and Georges Rivers'
catchments. The three current major stormwater discharge points from Lucas Heights
Science and Technology Centre have bunding systems in place which are regularly
monitored and are capable of containing any small accidental spills or releases of
contaminated liquids which enter the stormwater system as well as aaing as
sedimentation traps.

As indicated in the Draft EIS (Section 8.3.4) the site for the replacement nuclear research
reaaor would require the construaion of two new similar stormwater bunds, one for
each catchment. These would facilitate monitoring and provide on-site containment and
treatment of any accidental spills, as are provided by the current stormwater bunds.

In Section 8.4.1 of the Draft EIS it is stated that an erosion and sedimentation control
plan would be prepared as part of the Construaion Environmental Management Plan
prior to the commencement of construaion. A detailed list of erosion control measures
to be implemented during the construaion phase is also given in the Draft EIS (Section
8.4.1).
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Several submissions raised concerns over the build up of radioactive
sediments at Potters Point Outfal l .

This has been discussed in Issue 10.03.04, where it was shown that monitoring of the
activity in seawater, in barnacles and in algae has shown no indication of an
accumulation process. The latter are known to be sensitive indicators of changes in
pollutant concentrations. In addition, as previously mentioned the levels of activity in
seawater from ANSTO's operations are so low that they can be of no radiological
concern.

8.4 Summary of Responses

The Draft EIS (Chapter 8), addressed multiple issues on the environmental impacts of the
geology, soils and water within the area of the proposed replacement research nuclear
reactor. A number of submissions were received from individuals, local and state
government as well as an independent peer review. The issues raised by submissions
addressed the assessment methodology of the Draft EIS, the potential impacts on soils,
hydrology and water quality, environmental management and the suitability of the
geological substrata. These issues have been thoroughly addressed in Section 8.3 of this
document and in Chapter 8 of the Draft EIS.

Mitigation measures to reduce the impact to the soils, hydrology and water quality have
been identified and would be implemented within both the Construction Environmental
Management Plan and the monitoring programs developed as part of the environmental
management system. A timetable for these programs has been presented in Chapter 78
of this Supplement.
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9. Air Quality (Non-Radioactive)

This chapter discusses issues raised by submissions relating to the existing meteorology

of the Sydney region and the existing meteorological monitoring program undertaken by

ANSTO. It also provides responses to issues raised on the impacts on air quality during

construction and operation of the proposed replacement nuclear research reactor. The

reader should refer to Chapter W of this Supplement to find discussion of radioactive air

quality issues.

9.1 Summary of the Draft Environmental Impact Statement

The principal impacts on air quality as a result of construction activity, identified in the

Draft EIS, were dust generated by construction activities and wind erosion from exposed

surfaces. The other potential source of adverse impact on air quality during construction

was exhaust emissions from plant, equipment and vehicles operating on site and

vehicles transporting materials.

Water vapour from the cooling towers for the proposed reactor was identified as the

only non-radioactive air emission of any consequence during operation. It was further

determined that no greenhouse gases such as carbon dioxide would be released to the

atmosphere from operation of the reactor.

Mitigation measures to reduce the amount of dust generated during construction were

identified and would be implemented through a Construction Environmental

Management Plan. With the implementation of these measures, overall construction

impacts on air quality would be minor. In addition, non-radioactive air quality impacts

would be negligible.

9.2 Summary of issues Related to Air Quality

A number of submissions including pro-forma's 4 and 5 as well as the
Sutherland Shire Council submission (No. 341) raised issues relating to a i r
emissions by suggesting that i t could have been covered more substantially
within the Draft EIS. These submissions however referred mainly to
radioactive air emissions rather than to non-radioactive dust. etc.
emissions. Full responses to issues relating to radioactive air emissions are provided in

Chapter 70 of this document.

The a i r qua l i t y issues raised by the NSW Government submission (No. 935)

were mainly concerned wi th construct ion impacts and m i t i ga t i on measures.
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9.3 Response to Issues Related to Air Quality

Response to issue 9.01.01 (Air Emissions Not Adequately covered in
Draft ElS)

The Draft ElS assessed air quality on three distinct levels. Firstly, a description of the
regional meteorology. Secondly, an assessment of air quality impacts during
construction of the replacement reactor and finally an assessment of the effects of non-
radioactive air emissions and impacts in relation to greenhouse gasses.

The Draft ElS emphasised the identification of likely impacts from dust generated during
construction, and described mitigation measures for these impacts.

Potential impacts during construction of the reactor facility resemble those of any
building project of a similar size. The Draft ElS stated in Section 18.3 that a
Construction Environmental Management Plan would be prepared and implemented to
address dust suppression during construction (amongst others), in accordance with the
environmental commitments and management measures. An outline of the
Construction Environmental Management Plan can be seen in Appendix } of the Draft
ElS. Control measures would be adopted to ensure that PMio levels during construction
are below 50 micrograms per cubic metre.

The potential air quality impacts during operation could include effects attributable to
emissions from the proposed replacement nuclear research reactor. The atmospheric
release of radionuclides as a consequence of reactor operation and the production of
radioisotopes are addressed in Chapter 10 of the Draft ElS and Chapter 10 of this
document.

In summary, it is considered that non-radiological air quality impacts were considered in
detail in the Draft ElS. If, in the case that submissions were referring to a lack of detail
in the discussion of radioactive air emissions, the reader should refer to Chapter 10 of
this Supplement.

I t should be further noted that the Commonwealth Environment Portfolio
submission (No. 235) also agreed with the assessment established within the
Draft EIS that particulate matter would be the only significant non-
radiological atmospheric pollutant resulting from the proposal.

9.4 Summary of Responses

The principal impacts on air quality were identified in the Draft EIS 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.

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

This chapter deals with issues raised under the topic of reactor products, spent fuel,
waste and emissions from the replacement nuclear research reactor. In addition to
waste and emissions as a result of operating the replacement nuclear research reactor,
the waste and emissions that may result from the potential increase in radioisotope
production are also discussed. This chapter also deals with issues relating to regulations
and criteria which control radioactive emissions.

10.1 Summary of the Draft Environmental Impact Statement

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.

It is a requirement that each operational unit of the Lucas Heights Science and
Technology Centre has 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 implements a system for classifying and monitoring wastes that leave the
facility.

10.1.1 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 nuclear research reactor and
associated processes. These wastes would include:

• radioactive gaseous emissions from the operation of the reactor and the separation
of radioisotopes;

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

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

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

• non-radioactive sewage; and

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

10.1.2 Method used to Determine impacts

The impacts of radioisotope processing, spent fuel and waste have been assessed on the
basis of the known major features of the proposed replacement nuclear research reactor,
the impact of the current operation of HIFAR and the known differences between the
characteristics of the proposal and HIFAR. The proposal has the capacity to increase the
annual rate of production of some radioisotopes by a factor of up to four and the impact
of such an increase has been assessed in the Draft EIS.

10.1.3 Management of caseous Emissions

Radioactive gaseous emissions are currently produced by the operation of HIFAR and
separation of radioisotopes. The gases from the reactor building are filtered to remove
radioactive particles and monitored to ascertain their volumes and compositions before
they are discharged into the atmosphere. In addition, buildings in which iodine is
handled have special charcoal traps to retain the iodine vapours, while the main isotope
separation area has additional systems to minimise the amounts of gaseous emissions
before they reach the stack.

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, radiation doses from the Centre are assessed by postulating exposures,
chosen artificially to maximise the possible doses. These assessments are based on
measured stack emissions and conservative dispersion modelling, and 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 resulting from naturally-occurring background radiation in
Australia. Therefore, there is no measurable impact outside the Lucas Heights Science
and Technology Centre from radioactive gases emanating from HIFAR and the
subsequent separation of radioisotopes.

The radioactivity in the gas 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 annual processing 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 current public dose limit adopted by the National Health and Medical Research
Council of one millisievert per year.

10.1.4 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 to ensure that it
complies with discharge limits set by ANSTO's Trade Waste Agreement with Sydney
Water so that, when it reaches the Cronulla Sewage Treatment Plant, it meets the
Sydney Water and World Health Organisation criteria on radioactivity in drinking water.
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10.1.5 Management of Solid and intermediate-Level Liquid
wastes

There would be no long-term storage of any liquid 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 is suitable for its placement in the
National Radioactive 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 the central
north region of South Australia in February 1998. A site within this region is expected
to be identified in early 1999. The Commonwealth Government, supported by the
States and Territories, has also announced that consideration would be given to co-
locate an above-ground storage facility for storing and managing those wastes with
levels of radioactivity that exceed those suitable 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 scheduled to be in operation well before the replacement
nuclear research reactor commences operation.

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

10.1.6 Management of spent Fuel

The replacement nuclear research reactor would have an interim fuel storage pond
adjacent to the reactor pool to accommodate the interim storage of irradiated spent fuel.
This removes the need for any transport of fuel around the Lucas Heights Science and
Technology Centre and enables the existing dry spent fuel store to be decommissioned.
The spent fuel strategy of the replacement nuclear research 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 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 only for as long as necessary to meet operational requirements. For
this reason, the spent fuel pond would have a capacity to hold only 10 years worth of
spent fuel. The Commonwealth Government has stated that no waste arising from
reprocessed spent fuel would be returned to Lucas Heights.

10.2 Summary of issues Related to Management of Reactor
Products, Spent Fuels and Wastes

The issues relating to the management of reactor products, spent fuels and
wastes, as raised in the public submissions, can be summarised in the
following key areas.
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10.2.1 Management of spent Fuels

Various submissions raise the concern over a lack of contracts for spent
fuel reprocessing, in particular in light of the closure of the
reprocessing facility in Dounreay. Scotland. A number of submissions also
raise the concern that spent fuel is likely to remain on site for long
periods of time prior to reprocessing.

Greenpeace New Zealand (No. 317) and others suggest that Australia should
not export nuclear wastes to other countries for reprocessing or storage.
Several submissions were concerned that there was a lack of demonstrated
method for disposal of intermediate-level liquid waste, whilst various
submissions raised general concerns about the management of spent fuel and
other wastes.

10.2.2 Management of Existing Radioactive wastes

Various submissions raised the subject of the Little Forest Burial Ground
in respect of the management and the monitoring of existing radioactive
wastes. A number of submissions, including pro-forma 1 and pro-forma 4.
raised a concern over the accumulated waste extant on site after 40 years
of HIFAR operation. Other submissions were concerned about the molybdenum
waste stockpile.

Submissions opposing disposal of wastewater from the Cronulla Sewage
Treatment Plant via Potters Point, included those from the Sutherland Shire
Council (No. 341). Sustainable Futures Planning & Design (No. 174), and
pro-forma 3. The Sutherland Shire Environment Centre (No. 330) was one of
a number of submissions that raised the concern that there is currently no
alternative for the long-term dry storage of HIFAR fuel.

10.2.3 Management of Future Radioactive wastes

Various submissions suggested that there was an over-emphasis on gaseous
emissions from the reactor in the Draft EIS. The concern raised by a
number of submissions, including those of pro-forma 2. 3 and 4 as well as
Sutherland Shire Environment Centre (No. 330) and the Sutherland Shire
Council (No. 341). suggests that no solution for the disposal of
radioactive waste in Australia currently exists.

A number of submissions raise the concern that the potential for increases
in liquid and solid wastes exists and has not been adequately addressed
within the Draft EIS. A number of submissions raise issues and concerns
regarding the management of future radioactive wastes, including:

• the criticism that there had been inadequate information on processes
that would be in place to minimise the expected increase in gaseous
emissions;

• a general concern about radioactive gas dispersal;
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• the expression of desire for details of a contingency plan for waste
storage on site if contracts for spent fuel reprocessing have not been
commissioned before project proceeds;

• concern over long-term storage of radioactive waste on site;

• concern that radioactive waste at Lucas Heights is stored too close to
the community;

• concern over the capability of wastewater systems on site;

• lack of information on synroc in Draft EIS;

• concern over costs of reprocessing spent fuel; and

• concern over whether or not the National Waste Repository would be
ready in time to accept the replacement nuclear research reactor wastes.

10.2.4 Dual operation of Reactors

Pro-forma 4. the Campbell town Community Action Group (No. 383) and other
individual submissions raised the concern that the impact of dual reactor
operation in terms of waste had not been adequately addressed in the Draft
EIS.

10.2.5 Management of Non-Radioactive wastes

A number of submissions including those of Sutherland Shire Council
(No. 341) and the NSW Government (No. 935) suggested that the issue of
disposal and storage of non-radioactive hazardous waste was not addressed
within the Draft EIS.

The NSW Government submission raised the issue of non-radioactive waste
minimisation and management, suggesting that ANSTO adhere to the NSW
Government's waste management hierarchy and 60 percent waste reduction
target, as detailed in the Waste Minimisation and Management Act 1995.

10.2.6 Waste Management Environmental Monitoring
Programs

Various submissions showed concern over the ANSTO Waste Management Plan for
1995 to 2000.

10.2.7 other issues Related to waste Management

The Sutherland Shire Council (No. 341) raises further concerns regarding
the need for a waste cycle study. It also suggested that "As Low As
Reasonably Achievable". as well as waste minimisation principles, were not
applied during the environmental study of the proposal.
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10.3 Response to Issues Related to Management of Reactor
Products, Spent Fuels and wastes

Response to issue 10.02.01 (Concern Over Lack of Contracts for
Spent Fuel Reprocessing)

A number of submissions expressed concern that, although the strategy for
spent fuel management is based upon overseas shipment for reprocessing or
disposit ion, they understood that there were no signed contracts in place
to provide for th is . Various submissions also noted the United Kingdom
Government announcement stopping a l l new commercial contracts for
reprocessing at the Dounreay Establishment thus removing the main avenue
proposed for managing spent fue l .

It was advised in the Draft EIS that a formal Agreement is already in place with the
United States Government under which the United States Department of Energy has
committed to taking back all of the United States origin spent fuel. It was also advised
in the Draft EIS that arrangements were being pursued with a number of other overseas
reprocessors in respect of the non-United States origin spent fuel (refer Issue 10.4.2).
Those negotiations have now resulted in agreement under which the French
reprocessing company COGEMA would accept for reprocessing all the non-United
States origin spent fuel. Subject to the normal governmental processes, the contract
with COGEMA is to be signed and would cover all non-United States origin spent fuel
arising over the life of HIFAR and also all the spent fuel arising over the life of the
replacement nuclear research reactor. The terms of the contract are fully consistent with
the commitments made in the Draft EIS regarding eventual return of the waste as a
stable, long-lived intermediate level waste form suitable for long term storage at the
proposed national Category S Store.

COGEMA is a French Government-owned company that operates two commercial
power reactor spent fuel reprocessing plants at the La Hague facility. The combined
capacity of these plants amounts to 1,600 tonnes of uranium fuel per year and COGEMA
has firm contracts with French and foreign power utilities sufficient to keep the two
plants operating well into the future. Therefore there is every confidence in the ongoing
availability of this service. The COGEMA proposal for reprocessing research reactor
spent fuel involves blending the dissolved fuel as a minor component into the feed
streams of the commercial power reactor reprocessing plant so that the two streams are
co-processed. The ANSTO research reactor fuel would make up less than 0.02 percent
of the annual throughput of the reprocessing plant. As a consequence of co-processing
with power reactor fuel, only uranium of low enrichment can be recovered.

COGEMA also has contracts with the Belgian BR2 research reactor and with the joint
European ILL research reactor to accept and reprocess the spent fuel arisings for the life
of those reactors. COGEMA has several decades of experience already in processing
power and research reactor fuels.

With these arrangements in place, along with the contingency arrangements provided by
the requirement that the successful vendor must also demonstrate a viable solution for
spent fuel disposition, ANSTO is fully confident of the viability of the spent fuel
disposition strategy adopted in the Draft EIS.
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Response to issue 10.02.02 (Concern on spent Fuel Remaining on-
Site for Long Periods)

A number of submissions expressed concern at the perceived long periods of

time that spent fuel could be stored at the Lucas Heights s i te . On the

other hand, a number of submissions were of the view that indefini te on-

s i te storage was the most appropriate strategy for the management of spent

fue l , stating, for example, "this alternative is one which better meets

safety and safeguards criteria and does not involve reprocessing or

conditioning and thus lessens environmental impact - that is above-ground

dry-storage of the spent nuclear fuel at Lucas Heights" (Landers No. 807).

Those submissions concerned about the storage at Lucas Heights f a l l i n to

two groups:

a) those who were unconvinced of the v i a b i l i t y of overseas reprocessing as

a strategy; and

b) those who f e l t even the maximum nine years storage requirements

indicated in the Draft EIS are an unacceptable durat ion fo r storage.

The concerns of (a) are dealt with in the response to Issue 10.02.01.

In respect of (b) it appears that the provisions spelt out in the Draft EIS may have been

misunderstood. The nine years storage capacity is not intended as a basis for storing

indefinitely nine years arisings of spent fuel. Indeed, the commitment given in the Draft

EIS is to not store any spent fuel on site for longer than the minimum requirement

imposed by operational and safety considerations.

ANSTO does not agree that indefinitely expanding long-term storage of spent fuel at

Lucas Heights is an appropriate strategy and the Government has ruled this out as an

option. Storage for storage's sake is not part of the Draft EIS strategy for spent fuel.

However, there are major radiation protection and safety advantages in keeping spent

fuel for a period of time to allow the rapid early decay of its radioactivity before

undertaking the handling, packaging and transport operations required for shipment.

Indeed, such a period of decay is a regulatory requirement imposed on the licence

conditions for the specialised transport packages used for such shipments.

Furthermore, there are public safety and cost advantages in minimising the number of

spent fuel shipments. Therefore it is necessary to wait until a sufficient number of

sufficiently decayed spent fuel elements are available so as to constitute an appropriate

shipping quantity. The combination of these factors means that at the very minimum it

is necessary to allow for interim holdings of spent fuel on site, which would normally

increase to around eight years arisings immediately prior to each shipment and which

would reduce to the minimum of three years arisings immediately upon the departure of

each five-yearly shipment. The provision of nine years storage capacity then allows a

small (one year) buffer to take account of unexpected delays in arranging shipments. It

is not however anticipated that the stored inventory would ever reach that level.

The inventory of HIFAR spent fuel at June 1998 is provided in the Draft EIS, Section

W.4.2. In addition to the HIFAR spent fuel, ANSTO also has in storage the irradiated

fuel arising over the lifetime operation of the now shut down Moata research reactor.
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Used Moata fuel is normally referred to as "irradiated" rather than "spent" fuel since it
has only been "burnt up" to a very small degree; theoretically it could continue to be
used if the reactor were still in operation. Moata fuel consists of individual fuel plates of
similar uranium/aluminium composition to the HIFAR fuel. The total inventory of
irradiated Moata fuel amounts to the equivalent of only around 16 HIFAR fuel elements,
depending upon how the plates are assembled. However, as a result of the much lower
burn-up of the Moata fuel, the radioactive fission product content of the Moata irradiated
fuel is many orders of magnitude lower than the equivalent HIFAR spent fuel, so the
Moata fuel makes no significant addition to the overall radioactive inventory of spent
fuel.

All the irradiated Moata fuel is of United States origin, so it is all included in the
quantity of spent fuel to be returned to the United States under the agreement with the
United States Department of Energy.

Response to issue 10.02.03 (Australia Should Not import Nuclear
wastes)

This issue was raised in a number of submissions and actually covers
several dif ferent and contradictory perspectives. For one submission the
concern was with the environmental safety of the overseas reprocessing or
the overseas transport of the spent fuel (Greenpeace New Zealand No. 317).
For another the concern was the perception that the intention was to leave
the waste for the overseas country to deal with (Cumbrians Opposed to a
Radioactive Environment No. 322) while for yet another submission the
concern was that the waste would not be l e f t overseas but would return to
be stored in Australia (Sutherland Shire Environment Centre No. 330). A
fourth variation was not a concern but rather a preference that the spent
fuel be processed in Australia using a unique process proposed by the
author of the submission (Silver No. 380).

In respect of environmental safety of overseas shipments for reprocessing, this has
already been dealt with several times under the provisions of the Environment
Protection (Impact of Proposals) Act 1974. Most recently the overseas shipments were
subject to a Public Environment Report and review process in 1995, prior to the 1996
shipment to Dounreay, and again by extensive assessment in 1997 resulting in
environmental approval of the full program of overseas shipments of spent fuel arising
over the lifetime of the HIFAR reactor. As shipments of HIFAR spent fuel have already
been subject to a determination under the Environment Protection (Impact of Proposals)
Act 1974, and as the Government has given a commitment that "All overseas shipments
of spent nuclear fuel will be subject to a strict environmental assessment process under
the Environmental Protection Act 1974" (McGauran, 1997), the environmental safety of
these shipments is not directly within the scope of the current EIS. Nonetheless, these
assessments, the much more extensive United States Department of Energy EIS covering
the worldwide program of shipments returning 22,000 spent fuel elements to the United
States over a thirteen year period (including the ANSTO shipments), the extensive
monitoring results from the previous spent fuel shipments and the unblemished safety
record of such shipments internationally over 35 or more years since the introduction of
the International Atomic Energy Agency safe transport regulations, all lead to the
conclusion that these operations are environmentally benign.
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Cumbrians Opposed to a Radioactive Environment (No. 322) has stated that,
because Australia cannot accept high level waste back and BNFL Sell af ield
conventionally produces a high level waste form th is means that
reprocessing Australia's spent fuel at Sel1 af ie ld would require the waste
to remain indefini tely in the United Kingdom.

This is not the case. It is a requirement of the United Kingdom, France and other
reprocessor countries that the customer country commit to taking back the waste and the
Australian Government has already accepted this principle. The Draft EIS made clear
that

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. ... ANSTO has made this a condition of contracts it is currently
negotiating with overseas reprocessors.

Existing reprocessors [including BNFL Sellafield] have indicated that such
waste form requirements can be encompassed by their operations.

This statement in the Draft EIS has now been substantiated by the fact that the contract
being concluded with COGEMA for the reprocessing of spent fuel from HIFAR and the
replacement nuclear research reactor provides that the waste would be returned as
vitrified long-lived intermediate level radioactive waste, in complete accord with
Australia's requirements for storage at the national Category S store. This proposal
therefore leaves no possibility of high level waste being produced nor that any waste
would be required to be stored at Sellafield.

Sutherland Shire Environment Centre (No. 330) expressed concern about the
volumes of radioactive waste that would be returned from overseas
reprocessing of spent fuel. The Draft EIS gives estimates of these volumes (Section
10.4.4) which amount to possibly as low as four cubic metres in total from 40 years
lifetime operation of the replacement nuclear research reactor. This estimate is now
able to be refined and confirmed based on the provisions negotiated with COGEMA
which, for around 30 years of HIFAR spent fuel would result in a volume of around six
cubic metres of long-lived intermediate level waste to be returned to Australia.

In respect of the spent fuel from the replacement research reactor, the exact level and
constituents of the radioactive content of this waste is not able to be specified this far in
advance as it depends on the precise nature of the fuel, the reactor operating conditions,
the time of shipping and reprocessing and the associated reprocessing operations. The
Draft EIS gave a good working basis for such an estimate - that is the radioactivity
content of the spent fuel generated annually from the replacement nuclear research
reactor could be up to twice that in the annual arisings from HIFAR. The radioactive
content of HIFAR spent fuel has been well documented and published for various times
after irradiation, including in the Preliminary Environmental Review (ANSTO 1996b)
and the Public Environment Report for the 1996 shipment to Dounreay. The important
consideration is that the contract with COGEMA includes the provision of the
specialised dual purpose transport and storage casks which provide for the safe long
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term storage of the returned waste at the National Category S store. Even should this
well conditioned and packaged waste amount to several tens of cubic metres from both
HIFAR and the replacement research reactor, this would represent a minuscule
proportion of the total of 500 cubic metres of long-lived intermediate level (Category S)
waste that Australia already holds and for which the Category S store is already required
to be established. The return of this waste from overseas reprocessing therefore raises
no new environmental issues for Australia.

Silver (No. 380) raises three specific types of issues and goes on to
propose a unique and untried alternative approach to the conditioning in
Australia and direct disposal of the spent fuel . The responses to the three
specific issues are:

• the cost of overseas reprocessing is high yet no provision has been
made for i t nor for the return of the resulting wastes;

* this is incorrect as firstly, the $88 million allocated for the overseas shipments
and reprocessing of HIFAR spent fuel does cover funding which completely
includes the packaging, return transport to Australia and storage facility (cask)
for ongoing storage in Australia at the national Category S store. Secondly, in
respect of the replacement reactor spent fuel, ANSTO has committed to
provide the necessary funding to cover all these costs from its ongoing budget,
estimated to cost around $2 million per year and this is included in the $12
million operating and maintenance costs for the replacement nuclear research
reactor;

• the waste form is s t i l l to be developed and proven, i t would require
the development of special shielded containers that do not currently
exist;

¥ this is incorrect. The waste form agreed with COGEMA is an intermediate
level waste version of the standard vitrified waste form that has been
developed and proven for many years and that has already been accepted by
major overseas customers including Japan, Germany, Belgium and
Switzerland. The special shielded containers are a dual purpose version of the
well tried and internationally licensed TN28 transport cask used regularly to
transport such vitrified waste canisters. The reprocessing contract includes the
provision of two such casks which would more than accommodate all of the
waste resulting from reprocessing the HIFAR spent fuel over the anticipated
lifetime of HIFAR. Similar arrangements would apply in respect of the
replacement research reactor spent fuel; and

• ANSTO dismisses the '"direct disposal" option which is preferred by the
United States Department of Energy;

* the United States Department of Energy position is more complex than
represented by this submission. The United States Department of Energy
consider that spent fuel with higher levels of enrichment than typical
commercial power reaaor spent fuels must be co-disposed along with power
reactor spent fuels to provide the necessary further isotopic dilution and self-
protection provided by the consequent high levels of radioactivity of spent
commercial fuel. For countries without a major nuclear power program and
high-level waste disposal program such co-disposal is not a feasible option.
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The United States Department of Energy announced recently (RERTR Meeting,

Sao Paulo Brazil, 18-23 October 1998) their decision to pursue the "melt and

dilute" option for disposition of aluminium clad spent research reactor fuel.

This option requires the fuel to be diluted with depleted uranium to a residual

enrichment level of below five percent (to avoid subsequent potential for

criticality problems in a disposal repository) and to then co-dispose the

conditioned spent fuel with vitrified high level defence waste in a commercial

high-level waste repository to provide self protection against clandestine

recovery of the enriched uranium. As stated above, this is not an option

available to Australia. Furthermore, significant long-term research and

development of the "melt and dilute' option would be required before the

regulatory process for this disposal method can be initiated.

Finally, with regard to the proposal in Si lver 's submission (No.380) to
condition the fuel domestically by using a cold pressing technique to blend
the fuel down to below 20 percent enrichment for encapsulation and long
term storage, this proposal:

• is untried and has no reason to expect it to be less costly than established processes
nor any guarantee that selective chemical processing could not recover the high
enriched uranium from the mixed layers of cold pressed metallic uranium and
aluminium;

• does not achieve the necessary level of below five percent enrichment to reduce
proliferation concerns and facilitate "direct disposal";

• does not get around the problem that a commercial high level waste disposal
repository is a prerequisite for ultimate disposal of such material even if the level of
five percent enrichment were achieved; and

• still leaves aluminium cladding as the primary containment barrier, a material that
is unsuitable for geological disposal due to its relatively reactive nature with
groundwaters over long periods of time.

It should be noted that Silver's (No. 380) proposal was previously considered as a
submission to the 1995 Public Environment Report on the shipment of spent fuel to
Dounreay and was rejected at that time for the same reasons.

Response to issue 10.02.04 (Lack of Demonstrated Method for
Disposal of intermediate Level Liquid waste)

A number of submissions raised concerns about the storage of intermediate-
level l iquid waste at Lucas Heights and the time taken for ANSTO to f u l f i l
i t s commitment to sol id i fy the l iquid waste. Green (No. 906) sought
information on the precise steps involved in immobilising these wastes in
synroc and reasons as to why this information was not included in the EIS.

ANSTO is committed to solidifying the existing historic intermediate-level wastes at
Lucas Heights and the project is well advanced. This project is not part of the
replacement nuclear research reactor proposal, and hence only general information is
included in this Supplement.
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The solidification of the intermediate-level waste is an important program for ANSTO

and is included in the Waste Management Action Plan. At present, the intermediate-

level waste is stored in stainless steel tanks in a shielded building at Lucas Heights. This

liquid waste arises in the separation of molybdenum-99 used in technetium-99m

generators. In December 1998, the total volume of this intermediate-level liquid was

7.1 cubic metres.

As described in the Draft EIS (.Section 10.6.4), ANSTO is proceeding to convert this

liquid waste into a solid, using a process that involves concentrating the waste. This

involves evaporation, breaking down the ammonium ions, denitrification and

crystallisation of a uranium salt. The equipment has been installed in a hot cell and the

procedure intensively tested on a non-radioactive scale. Commissioning using trace

levels of radioactivity has now been completed and the process is in operation. This

solidification process results in an intermediate-level solid radioactive waste in stainless

steel canisters suitable for interim storage.

ANSTO also has a longer-term goal to convert these wastes to a more leach-resistant
form. Two waste forms were considered: synroc and cement. Synroc has been chosen
on the basis of non-radioactive tests which showed much higher durability and capacity
for higher waste loading than cement. A feasibility study for immobilisation is being
conducted under the Waste Management Action Plan.

These processes would convert the liquid, intermediate-level waste at Lucas Heights into
solid, intermediate-level waste suitable for storage in the national waste store (proposed
by the Commonwealth Government) and eventual disposal in a geological repository.

The Commonwealth Department of Primary Industries and Energy (No. 28)

advised that, "once a preferred site has been identi f ied for the National

Radioactive Waste Repository, the site would be considered for the co-

location of a purpose-built above-ground National Storage Faci l i ty for the

storage of Australia's small quantity of long-lived intermediate-level

radioactive waste". This would include the solid intermediate-level waste

generated in the production of molybdenum-99. The Department advised that

"Given the current time-line, it is anticipated that the

National Radioactive Waste Repository and the National Storage

Facility will be operational before HIFAR is decommissioned the

replacement nuclear research reactor is operational and the

long-lived intermediate-level radioactive waste arising from the

reprocessing of spent fuel is returned to Australia from

overseas. "

As stated above, the process for solidifying the intermediate-level liquid wastes has

reached the operational stage with the historic intermediate-level liquid waste currently

being stabilised.

Response to issue 10.02.05 (Concern for Management of Spent Fuel
and Other waste)

Various submissions raised concerns about radioactive waste management at
Lucas Heights. The issues raised in the submissions relate to both the
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management of the spent fuel and to other radioactive wastes located at the
Lucas Heights Science and Technology Centre. These related issues are
responded to separately below.

Management of Spent Fuel

The specific spent fuel issues raised in this category were:

• concern about the plutonium produced by the reactor (No. 236),

• concern that because of growing international opposition to
reprocessing overseas the Australian Government would decide to build a
reprocessing plant in Australia (Smith No. 318). while at the same time
concern that Australia would not deal with i t s own waste in Australia
but would instead send i t to Sellaf ield for reprocessing causing
unwarranted discharges to the Cumbrian environment (Cumbrians Opposed
to a Radioactive Environment No. 322); and

• claims that ANSTO "persists in semantic manipulation of definitions" so
as to deny that spent fuel is high level waste and hence "mask the
inherent risks" (Cumbrians Opposed to a Radioactive Environment No.
322).

In respect of the first issue, it is important to recognise that, unlike power reactor spent
fuel, research reactor spent fuel contains only small quantities of plutonium isotopes.
For the HIFAR spent fuel that was reprocessed at Dounreay the small quantity of
plutonium was not separated out by the reprocessing operation - it remains in the fission
product waste solutions and would eventually be incorporated into the cemented
intermediate level waste to be returned to Australia. Because of its low concentration
and the nature of the waste matrix, this plutonium is considered to be practicably
irrecoverable and is of no safeguards or non-proliferation significance. Similar
arrangements would apply to future reprocessing of HIFAR spent fuel and spent fuel
from the replacement research reactor. That is, the plutonium would all be retained in
irrecoverable form in the waste matrix to be eventually returned to Australia. In this
form it is of no use for "the construction of nuclear weapons". This aspect has been fully
covered in the separate environmental assessments of the approved program of overseas
shipments of HIFAR spent fuel and hence has not been required to be addressed in
detail in the current EIS.

In respect of the overseas reprocessing of the spent fuel, the potential reprocessors
already have firm contracts covering the next decade for large quantities of power
reactor spent fuel that would ensure they remain in business for the foreseeable future.
As advised above in the response to Issue 10.02.01, ANSTO has reached agreement
with the French company COGEMA for these reprocessing services for HIFAR spent fuel
and for spent fuel from the replacement research reactor. COGEMA also has contracts
with other research reactors for spent fuel reprocessing, including the spent fuel arisings
from the lifetime operations of the Belgian BR2 plant and the joint European ILL reactor
at Grenoble. In the COGEMA plant the research reactor spent fuel is co-processed with
very much larger quantities of power reactor spent fuel. In any given year the ANSTO
spent fuel would amount to less than 0.02 percent of the total fuel reprocessed at the
COGEMA La Hague site and hence the ANSTO fuel cannot contribute more than a
small fraction of the total authorised emissions from the plant. For example, the 1,300
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HIFAR spent fuel elements to be reprocessed at La Hague contain around 0.2 tonnes of
uranium compared with the annual throughput of the La Hague plants of 1,600 tonnes.

Furthermore, as there is now no proposal to have the fuel reprocessed at Sellafield, the
issues raised by Cumbrians Opposed to a Radioactive Environment (No. 322) are not
relevant.

In respect of the suggestion that unavailability of overseas reprocessing would
necessitate reprocessing in Australia, the contract with COGEMA demonstrates that such
concerns on unavailability are unwarranted. The Australian Government position
continues to be "not to establish a reprocessing facility at Lucas Heights or anywhere
else in Australia".

Regarding the definition of high level waste, Section 10.4.3 of the Draft EIS clearly
indicated that ANSTO uses the recognised international (International Atomic Energy
Agency) definition of high-level waste which distinguishes high-level waste from
intermediate-level waste on the basis that high-level waste has significant heat
generation which is required to be taken into account in the storage and disposal of that
category of waste, whereas intermediate-level waste does not. This is an important
practical distinction. The International Atomic Energy Agency criterion is that wastes
generating in excess of two kilowatts of heat per cubic metre are equivalent to high-
level wastes. The form of waste that would be produced from the HIFAR spent fuel that
has already been reprocessed at Dounreay would have a heat loading of only 0.006
kilowatts per cubic metre so is undoubtedly not high-level waste under this international
definition. It is clearly long-lived intermediate-level waste which, in the Australian
Codes of Practice, is known as Category S waste. In respect of future reprocessing
ANSTO has undertaken that it would be a condition of the contracts that the waste to be
returned to Australia would continue to be consistent with the internationally recognised
heat loadings typical for intermediate-level waste, not high-level waste (Draft EIS Sect/on
10.4.4). This undertaking ensures the waste to be returned to Australia would be able to
be managed at the national Category S store along with the very much greater volumes
of other Category S wastes that Australia already has a requirement to store.

Spent fuel is not normally considered as high level waste if it is to be reprocessed.

Management of Other Radioactive waste

CH2M Hi l l (No. 24) suggests that commitments in the Waste Management Action
Plan be fu l ly stated in the f inal EIS. The Waste Management Action Plan is an
operational plan within ANSTO to ensure that ANSTO meets its Waste Management
Policy as listed in the Draft EIS Section W.5.4, and the environmental commitments
listed in Section W.6.12. A summary was included in the Draft EIS and a summary is
available as a public document (ANSTO 1996b).

CH2M Hi l l (No. 24) asks for comparative information on the radioactive
wastes held at ANSTO. This information is provided in Table 10.1.
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Table 10.1: Volumes of Radioactive Waste Held at ANSTO (December 1998)

Type of Waste Volume Generation Rate

Low-Level Solid Waste

Intermediate Level Solid Waste

Thorium and Uranium Residues (ILW)

Intermediate Level Liquid Waste (to be solidified) '
Note: 1. The liquid would be subsequently solidified to yield a much smaller volume (greater than tenfold

volume reduction.)

CH2M Hi l l (No. 24) asks for information on the total quantity of al l
radionuclides present in the waste, and suggests that th is information be
provided even for radionuclides with hal f - l ives of less than a month. From a
waste management viewpoint, it is the longer-lived radionuclides with half-lives greater
than a year that are most important in assessing management options. Technical data on
the radionuclide content of the intermediate-level liquid wastes and the spent fuel is
provided in the report which details ANSTO 's Radioactive Waste Management Policy
"Preliminary Environmental Review" (ANSTO 1996b).

CH2M Hi l l also suggests that the EIS addresses what is expected of waste
acceptance cr i ter ia for the proposed repository. Although this is peripheral to
the environmental impact of the replacement nuclear research reactor, it is worthwhile
indicating what is known about the acceptance criteria. The requirements for site
selection, design criteria and operational requirements for the National Radioactive
Waste Repository are likely to be based on the Code of Practice for the Near-Surface
Disposal of Radioactive Waste in Australia, issued by the National Health and Medical
Research Council (1992) and the recommendations of the International Atomic Energy
Agency. The National Health and Medical Research Council Code also recommends
the physical and chemical characteristics that should apply to all wastes and provides
generic radioactivity limits on the wastes suitable for near-surface disposal. Although
the Code provides a good indication of the waste acceptance criteria for a repository in
Australia, it would not be until the National Radioactive Waste Repository is established
that the acceptance criteria would be properly defined. In the meantime, ANSTO uses
the recommendation of the National Health and Medical Research Council Code as a
guide to categorising wastes, whilst not conditioning any wastes irreversibly in case the
Repository's acceptance criteria are different from those recommended by the Code.

Response to issue 10.03.01 (Concerns Over Little Forest Burial
Ground)

A number of submissions raise concerns about the Little Forest Burial
Ground. Pro-forma 1 claims that Little Forest Burial Ground has not been
assessed. Psaltis (No. 326) states that the monitoring equipment at Little
Forest Burial Ground was vandalised and has not been working for 12 months.
The Sutherland Shire Environment Centre (No. 330) expresses the view that
ANSTO should "give a commitment as to if, when and how it will attempt to
clear it up. If such a commitment is not made, then ANSTO should state how
it sees the medium/long-term future of the area". Ash (No. 332) claims
that the Little Forest Burial Ground "hides a legacy of past
irresponsibility and lack of accountability". whilst Ireland (No. 372)
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states that the L i t t l e Forest Burial Ground should have been discussed in
the EIS "if it adversely affects on the community and waterways".

The Little Forest Burial Ground is located near the northern boundary of the 1.6
kilometre radius buffer zone. It was used by the Australian Atomic Energy Commission
for disposal of low-levels of radioactive waste and beryllium oxide between 1960 and
1968. The area is rectangular in shape and is 349 metres long and 116 metres wide.
The radioactive material was buried in trenches 25 metres long, 0.6 metres wide long
and three metres deep. Waste material was placed at the bottom of the trenches and
covered with at least one metre of clean fill. The disposal site was selected, and wastes
disposed of, using international guidelines prevalent at the time.

Monitoring data for the Little Forest Burial Ground from 1978-1992 was provided in
ANSTO's submission to the Research Reactor Review (see Attachment D, ANSTO
1993a and Appendix F ANSTO 1993b). An independent assessment of the site was
carried out by Coffey (1991). The conclusions of that study were that:

• "there has been very little movement of radioactive material from the site.
Radioactive migration, which has been detected, is restricted to low-levels of
tritium in the groundwater;

• other radionudides have been detected in soils and vegetation on the burial
ground itself, indicating movement away from the burial trenches, but the areas
affected are small and the activity relatively low. There is no evidence of
interaction between the Little Forest Burial Ground and the adjacent landfills;

• it has been assessed that the health risk for humans living off the site is very small;
and

• there is clearly a need for [an] ongoing, long-term monitoring program to ensure
this favourable situation, and provide public assurance that this is so."

ANSTO has continued to monitor the Little Forest Burial Ground and the results of the
monitoring are published each year in the Environmental and Effluent Monitoring
Reports. The levels of radioactivity in water samples, even within the Little Forest Burial
Ground, remain low and do not exceed drinking water standards. Samples of surface
waters and sediment collected from creeks below the Little Forest Burial Ground
indicate only background levels of radioactivity.

The air sampling station was vandalised in April 1996. Sampling was resumed in 1997
with a newly designed high-volume air sampler using latest United States Environment
Protection Agency guidelines. Measurements taken before and after the vandalisation
showed no detectable levels of plutonium or beryllium. There was no interruption to
other routine sampling operations (radiation surveys, soil and water sampling etc.).

ANSTO is committed to continuing its program of monitoring the Little Forest Burial
Ground which is fenced and subject to security patrols. The latest environmental data
from the site indicates that there is no discernible health risk to members of the public.

The Little Forest Burial Ground has not been used for disposal of wastes since 1968 and
the site would not be used for disposal of radioactive wastes or other materials from the
replacement nuclear research reactor.
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Response to issue 10.03.02 (Concern About the Accumulated waste
On-Site from 40 Years of HIFAR Operation)

Many submissions express concerns about the accumulated rad ioact ive waste

at the Lucas Heights s i t e . Pro-forma 4 argue that "if ANSTO cannot give

full details as to how it will permanently and safely dispose of its waste
from HIFAR, then it cannot be allowed to produce more from a new reactor".

Radioactive waste from 40 years' operation of HIFAR, the research laboratories, and
radioisotope processing, are stored at Lucas Heights. The total volume of this waste is
about 1,400 cubic metres (see Table 10.1 in response to Issue 10.02.05). Extensive
information on radioactive waste management is provided in Chapter 10 of the Draft EIS
and more detailed technical information was publicly released a few years earlier in the
report ANSTO's Radioactive Waste Management Policy "Preliminary Environmental
Review'(ANSTO 1996b).

The quantities of the different categories of waste are listed in the response to Issue
10.02.05. The low-level, solid waste, which comprises the largest volume of waste
currently stored at ANSTO, is destined for disposal at the National Radioactive Waste
Repository for which the general location has been announced.

Of the small quantity of intermediate-level radioactive waste at ANSTO, most would
exceed the radioactive limits for disposal in the national near-surface repository. The
Commonwealth Government, supported by the States and Territories, has announced its
intention to establish a national storage facility for intermediate-level waste from all
sources in Australia, including ANSTO. This national storage facility would store the
long-lived intermediate-level waste until there is enough waste to justify construction of
a geological repository for long-lived intermediate-level waste.

As described in Section 10.5.4 of the Draft EIS, the Commonwealth Government has
selected a region in the central north of South Australia for siting the repository. In June
1998, the Minister for Resources and Energy, Senator Parer announced that 18 sites had
been identified for detailed site investigation as a preliminary to the selection of three
preferred sites. In submission No. 28. the Commonwealth Department of Primary
Industries and Energy advised that:

"Given the current time-line, it is anticipated that the
National Radioactive Waste Repository and the National Storage
Facility will be operational before HIFAR is decommissioned, the
replacement reactor is operational and the long-lived
intermediate-level radioactive waste arising from the
reprocessing of spent fuel is returned to Australia from
overseas. "

There would be no permanent storage of radioactive waste at the Lucas Heights Science
and Technology Centre.
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Response to issue 10.03.03 (Concerns over Molybdenum waste
Stockpile)

Several submissions specifically referred to the accumulated wastes from
the processing of molybdenum-99. The stored liquid intermediate-level wastes from
the separation of molybdenum-99 and ANSTO's procedures to solidify this waste are
discussed in response to issues 10.03.02, and 10.02.04.

Response to issue 10.03.04 (Ocean Outfall Route for the Disposal of
ANSTO Effluent)

A number of submissions were received concerning potential exposure to the
community from ANSTO derived effluent released to the ocean via the Potter
Point sewage ou t fa l l . Independent peer reviewers (CH2M HILL No. 24)
suggested the need for further -information.

In Appendix F of the Draft EIS it was noted that the exposures arising from the ocean
outfalls would be several orders of magnitude lower than the natural background
radiation. This conclusion is supported in this supplementary submission by three lines
of argument:

• considerations of overall dilution factors;

• biological monitoring at Potter Point; and

• calculations based on uptake factors for critical radionuclides.

Considerations of Overall Dilution Factors

The Tradewaste Agreement with Sydney Water requires the maximum level of
radioactivity in the liquid effluent discharged from ANSTO to be below drinking water
standards by the time it reaches the Cronulla Sewage Treatment Plant. Significant
dilution through the plant and in the sea occurs so that, even close to the ocean outfall,
the activity in the sea that could be attributed to ANSTO's discharges is only one part in
10,000 of the normal radioactivity in sea water. Hence the dose exposure to the
community associated with the release of ANSTO effluent through Potter Point would
be a very small fraction of that due to naturally occurring activity in sea water.

Biological Monitoring at Potter Point

Specimens of fish, fixed algae and barnacles are collected from around the Potter Point
rock face adjacent to the sewage outfall and from a reference rock shelf in the Royal
National Park. The Potter Point locations have been selected to maximise the chances
of detecting radionuclides in the marine environment. A map showing the locations of
these sampling points is in the annual environment and effluent monitoring report
(Hoffman et al 1998). The species collected are listed below.

Common Name Scientific Name

Blackfish Girella sp.

Green Algae (Cabbage Weed) Enteromorpha sp. and Cladophora sp.

Surf Barnacles Tesseropera rosea
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The only radioisotope that might be attributed to ANSTO in these biological samples
was some low levels of the short-lived isotope iodine-131 in algal samples from Potter
Point in 1997 (28 to 360 becquerels per kilogram fresh weight, corrected for decay from
sampling date). Seaweeds are extremely good environmental indicators, responding
rapidly to small changes in pollutant concentrations. Samples of waste water at the
Lucas Heights Science and Technology Centre are routinely measured before release.
Samples, collected from ANSTO's waste water releases at about the time that iodine-131
was measured in seaweed at the Potter Point outfall, were analysed for iodine-131.
None was detected. Although ANSTO is a producer of iodine-131, this isotope is also
used medically for diagnosis and treatment.

Calculations Based on uptake Factors of Critical Radionuclides

Potential exposure pathways from radioactivity in sea water are by external exposure,
ingestion of water and ingestion of fish. As discussed above, the activity in the sea
water arising from ANSTO's operations is too low to lead to any significant dose by
external exposure or by ingestion of sea water during swimming.

For ingestion of fish, assuming that a person eats 10kg of fish caught near the ocean
outfall and that the fish concentrated the radioactivity, the maximum dose would be less
than 0.001 millisieverts, using dose conversion factors published by the International
Atomic Energy Agency.

Response to issue 10.03.05 (No Alternative For Long-Term Dry
Storage of HIFAR Fuel)

Refer to Issue 10.2.2.

Response to issue 10.04.01 (Over-Emphasis of Caseous Emissions
For Replacement Nuclear Research Reactor in the Draft EIS)

Independent peer review. CH2M Hi l l (No. 24) suggests that "either the
emphasis on gaseous emissions be diminished, or a similar level of detail
be provided for l iquid and solid wastes to provide a conformity in the
presentation". The NSW Government submission (No. 935) similarly stated
that the review of effects from solid and l iquid wastes was not covered in
the detail of the gaseous emissions. Alternatively, submissions from
individuals (Martinus No. 349. Fidier No. 361) state that non-reactor
gaseous emissions were not covered in the detail provided on reactor
emissions.

The reason that gaseous emissions are discussed in such detail is that they represent the
principal potential exposure pathway for the public. Solid waste has no significant
impact on exposure to the public living outside the 1.6 kilometre buffer zone. The only
potential exposure pathway from solid waste would be during off-site transport and the
levels are tightly control by transport regulations such that public exposure would be
negligible.

The only potential pathways by which liquid waste could impact on surrounding
populations are through discharges to stormwater, sewer or groundwater. The effects of
these discharges are given in the responses to 10.03.04, 11.01.02 and 11.01.06. Even
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using extremely conservative assumptions, the dose from these pathways is very low,
less than one-thousandth of the public dose limit. Hence even with a worst case
assumption that a person lived on the 1.6 kilometre buffer zone (thus being exposed to
gaseous emissions), consumed fish caught near the ocean outfall at Potter Point, swam
in the sea and, in the process, drank seawater from near the outfall, the potential dose
would still be less than 0.01 millisieverts per year.

Solid and intermediate-level liquid waste is contained within the boundaries of the
Lucas Heights Science and Technology Centre. Although it is important to consider the
waste with regard to mode of generation, storage and disposal, the environmental
impact on the surrounding area is minimal. The material does not contribute to
radiological exposures to the public, however, further information on these wastes is
provided in the response to Issue 10.02.05.

Response to issue 10.04.02 (No solution or Site Exists for Disposal of
Radioactive waste in Australia)

Thirty-seven individual submissions, as well as 741 pro-forma submissions
received by Environment Australia express concerns that "no solution exists
for the disposal of radioactive waste in Australia". This question appears
interlinked with concern over the long-term storage of radioactive wastes
at the Lucas Heights s i te .

The disposal of radioactive waste in near-surface and geological facilities is a standard
practice around the world. Facilities for the disposal of low-level and short-lived
intermediate-level wastes are already in operation in numerous countries, including
France, Sweden, Finland, Spain, United States, United Kingdom and South Africa.
Some of these facilities have been designed to accept millions of cubic meters of low-
and short-lived intermediate-level waste, and many regularly dispose of over 10,000
cubic metres per year.

Australia has one facility for the disposal of low-level radioactive waste at Mount Walton
East in Western Australia, but this facility only accepts waste from Western Australia.
The Commonwealth Government, through the Department of Industry Science and
Resources (a role recently transferred from the Department of Primary Industries and
Energy), is responsible for siting and establishing a National Radioactive Waste
Repository for the disposal of low-level and short-lived intermediate-level waste
generated in Australia, including ANSTO's radioactive waste.

Geologic repositories for the disposal of low level and short lived intermediate level
waste are operating in Germany (at 260 metres depth), Finland (at 70-100 metres depth)
and Sweden (at 50 metres depth). The WIPP facility (at 650 metres) in the United States
of America is in the final stages of being licensed for the geologic disposal of long lived
intermediate waste.

The previous Commonwealth Department of Primary Industries and Energy (No.
28) (prior to the transfer of the responsibil i ty for the National
Radioactive Waste Repository), has c lar i f ied the issues of the National
Radioactive Waste Repository, stating that:
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"The Department of Primary Industries and Energy supports the
decision to replace the now obsolete HIFAR research reactor with
a modern multi-purpose research reactor. The Department
appreciates the range of benefits with regard to industry,
research, medicine, and national interest that a research
reactor will provide for Australia into the next millennium."

The Department of Primary Industries and Energy (No. 28) then states i t s
opinion that i t is worthwhile to emphasise the national strategy which the
Commonwealth Government, through the Department of Primary Industries and
Energy, has in place for the long-term management of Australia's
radioactive waste. The latter includes the waste generated by the current HIFAR
research reactor and any future waste arising from a replacement research reactor at
Lucas Heights. The strategy specifically addresses the types of radioactive waste
generated in Australia, and provides for the near-surface disposal of low-level and short-
lived intermediate-level radioactive waste in a National Radioactive Waste Repository,
and above-ground storage for long-lived intermediate-level radioactive waste in a
National Storage Facility.

The Department of Primary Industries and Energy provides extensive details on the
management of Australia's radioactive waste in its submission to the Senate inquiry into
the replacement nuclear research reactor.

Phase 3 of the site selection study to establish a near-surface radioactive
waste repository for the disposal of Australia's low-level and short-lived
intermediate-level radioactive waste, was announced by the Minister for
Resources and Energy, Senator Warwick Parer, on 18 February 1998. The
Central-North (Billa Kalina), region of South Australia was identified for
site selection studies for the National Radioactive Waste Repository.

The Senate submission further outlined the current status of the repository project as
follows:

• 18 sites have been identified in central north region of South Australia, from
desktop studies, for further field investigation to find a suitable site for the
repository;

• Aboriginal heritage issues are currently being addressed. Work area clearances are
being negotiated with relevant Aboriginal groups;

• test drilling at the 18 sites is expected to start before the end of 1998 to identify a
preferred site by mid-1999;

• Ministerial approval will be sought for the preferred site. The proposal will then
undergo environmental assessment under the Environment Protection (Impact of
Proposals) Act 1974; and

• ongoing consultation with the public and relevant stakeholders in the region will
continue throughout the project. A Regional Consultative Committee has been
established for this purpose.

Once a preferred site has been identified for the National Radioactive
Waste Repository it will also be considered for the co-location of a
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purpose-built, above-ground, National Storage Facility for the storage of
Australia's small quantity of long-lived intermediate-level radioactive
waste. The National Radioactive Waste Repository and the National
Storage Facility will be operational before HIFAR is decommissioned, the
replacement nuclear research reactor is operational, and the long-lived
intermediate-level radioactive waste arising from the reprocessing of spent
fuel is returned to Australia from overseas.

It is in parallel to the development of the National Radioactive Waste Repository that
ANSTO is proceeding with the proposed replacement research reactor.

Response to issue 10.04.03 (The Potential for increases in Liquid
and Solid wastes Has Not Been Adequately Addressed)

As was described in the Draft EIS (Table 70.5) the production of molybdenum-99 in the
replacement nuclear research reactor could be up to four times greater than current
production (1998). The separation of molybdenum-99 from targets is the most
significant generator of radioactive waste associated with the radioisotope production.
Waste from the separation of other radionuclides is much less than that from separation
of molybdenum.

The possible increase in the generation of intermediate-level liquid and low-level
gaseous emissions is discussed in detail in the Draft EIS (Sections 10.6.2 and 10.6.4). In
summary, the increased separation of some radionuclides by a factor of up to four could
increase the volume of intermediate-level liquid waste also by a factor of up to four for
these processes if there was no change in the technology; that is, up to a maximum of
1.2 cubic metres intermediate-level liquid waste per year. The increase in volume
would be less if uranium pellets with a higher enrichment are used as a target to yield
molybdenum. Regardless of the enrichment, the amount of radioactivity in the liquid
waste arising from molybdenum-99 separation from the target could be greater by a
factor of up to four than the amount of radioactivity in the liquid waste currently
produced. As was discussed in response to Issue 10.02.04, ANSTO is currently
installing equipment to solidify the intermediate-level waste from the molybdenum-99
separation process, which will reduce the volume by a factor of greater than 10. As
discussed in 10.04.04 revised procedures for the molybdenum-99 process may further
reduce the volume of liquid and solid wastes.

Operation of the replacement research reactor would produce a similar quantity of solid
waste to that produced by the current operations of the HIFAR reactor (low- and
intermediate-level). Waste minimisation would be put in place to limit any potential
increases in radioactive solid waste. Waste minimisation initiatives within the Waste
Management Action Plan have been presented in detail in a technical paper by Levins
and Camilleri (1998) (See Appendix C of this Supplement).

Response to issue 10.04.04 (inadequate information on Processes
That Will Be Put in Place to Minimise the Expected increase in
Caseous Emissions)

Various submissions including People Against a Nuclear Reactor (No. 339)
and Walsh (No. 601) express concern about the release of gaseous emissions
from the molybdenum-99 production process indicating that levels of
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discharge were unacceptable or that there was no safe dose of radiation.
Other submissions (Green No. 906, Calveriey No. 9) note that the
replacement reactor would enable an increase in molybdenum-99 production
but that there was no information, or not enough information, on how the
gaseous emissions from increased molybdenum-99 production were to be
controlled.

As indicated in the Draft EIS (pp. 10-34), and as regularly reported in ANSTO's annual
environmental survey, the maximum public dose resulting from ANSTO's activities is no
greater than 0.01 millisieverts. That is, it is less than one percent of the Australian and
internationally accepted public dose standard of 1.0 millisieverts per year or three
percent of the ANSTO dose constraint of 0.3 millisieverts.

The replacement research reactor itself would have lower gaseous emissions than the
HIFAR reactor it replaces. The off-site dose from gaseous emission from Lucas Heights
is dominated by argon-41 generated in rigs in the reactor. The use of water-cooled rigs
in the replacement reactor or the use of argon-free coolant air would mean that the
amount of argon-41 generated by the replacement nuclear research reactor would be
less than half the amount of argon-41 generated by HIFAR. In addition, the emission of
tritium from the operations of the replacement nuclear research reactor would be at least
a factor of 10 less than the emissions of tritium from HIFAR. ANSTO has also stated its
commitment to examine all practices to ensure that doses from emissions are 'as low as
reasonably achievable'.

Currently, activated charcoal and activated charcoal impregnated with tetra-ethyl-
diamine (TEDA) are used to control the release of noble gases (krypton and xenon) and
iodines respectively, during the separation of molybdenum-99. The use of these
charcoal filter systems at ambient temperatures has readily enabled the management of
gaseous emissions to well below allowed discharge levels and resulted in estimated
doses to the public of less than one percent of the public dose limit.

ANSTO is investigating other methods for reducing emissions including the use of
cryogenic trapping of radioactive noble gases. Information available on research work
conducted internationally and practices at some overseas facilities indicates that high
decontamination factors can be achieved by the use of cryogenic adsorption traps for
noble gases using various substrates including activated charcoal. The use of cryogenic
large storage tanks as a simple delay system has also been used overseas.

The evaluation of these and other technologies is scheduled for completion in 2000,
with installation of the most effective processes by 2003.

ANSTO is also undertaking research into the use of modified targets and decanning
methods. Changes to those procedures may reduce the volume of air introduced into
the hot cells thereby enhancing emission control. Research is also being progressed on
revised separation procedures of molybdenum-99 from the targets with the aim of
reducing the liquid, solid and gaseous effluents.

These research activities are scheduled for completion in 2002 with implementation of
effective changes as routine procedures by the end of 2003.
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Furzer (No. 333). advocates the use of a time delay of 100 days in the
gaseous release program. The residual act iv i ty of noble gases would then
be mainly due to krypton-85 and xenon-133. This proposal is very close to that
made above. Furzer also advocates batch cryogenic d i s t i l l a t i on of krypton-
85 and production of high purity krypton-85 compressed into lined metal
cylinders. It should be noted that the amount of the longer lived krypton-85
(10.72 years half-life) produced in the molybdenum-99 separation process is very small
(less than O.I percent), compared to the other krypton radionuclides formed, which all
have half lives of less than five hours. The amount of krypton-85 released from
molybdenum separation is low in comparison with other noble gases.

The issue of f i r e risks associated with the use of charcoal in iodine
f i l t e r s was raised in the submission by Green (No. 906). To further increase the
efficiency oi absorption oi iodines releases, the Draft EIS indicates (Section 70.6.2) that a
new iodine absorption technology based on the use of Hitachi silver plated alumina
would be evaluated. The use of this technology would also eliminate the potential fire
risk associated with charcoal usage and storage.

As indicated in the Draft EIS (Section 10.6.9), in order to comply with ANSTO's
commitment that off-site doses will remain less than one percent of the current National
Health and Medical Research Council (1995) public dose limit of one millisievert per
year, it would be necessary to increase the retention of noble gases and iodines by a
factor of 2.24 and 1.3 respectively, if there was an increase in molybdenum-99
separation by a factor of four. This increase in retention should be readily achievable by
the use of cryogenics and other new technologies and procedures being evaluated. As
stated above further reductions in gaseous emissions can also be expected through new
target designs and separation procedures currently being evaluated.

I t should be noted that the peer review of hazards and risk analysis for
the replacement nuclear research reactor EIS by Parkman Safety Management
(No. 24) confirms on page 11 that, owing to the small volumes of gases
involved, improving the retention of noble gases and iodines by a factor of
2.24 should be rendered feasible by the use of cryogenic trapping.

Response to issue 10.04.05 (Concern About Radioactive Gas
Dispersal)

Pro-forma 4. the Sutherland Shire Council (No. 341) and a number of
submissions raised concerns about radioactive gas dispersal from the Lucas
Heights Science and Technology Centre. General concerns were related to
the potential effects on health from the releases. More specific concerns
were raised in relation to the emission of iodine and the resulting
possibi l i ty of persons contracting thyroid cancer (Ireland No. 372). The
Sutherland Shire Council, in a quote from MHB Associates (No. 341
Attachment 4) stated that: "we are concerned that the ANST0 constraint is a
factor of three higher than the United States Environment Protection
Agency".

General concerns about the effect of emissions on health have been addressed in the

responses to Issues 1.03.01, 1.03.02, and 1.03.03. In summary, there have been

independent health studies performed, in the local area, to determine if there has been
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any detectable effect on health from the operations at ANSTO. These studies have not
detected any health consequences associated with the reactor or associated facilities.
This is consistent with international studies on the effects of low doses of radiation.
ANSTO has committed to keep doses from future activities less than one hundredth
(0.01 millisieverts per year) of the current internationally accepted public limit. This
level is so low it is smaller than the variability from naturally occurring background
radiation and below the level at which regulation would be required in the United
States of America. This dose objective of ANSTO has been acknowledged by the
Nuclear Safety Bureau (No. 934) as being compliant with the principle of
"As Low as Reasonably Achievable".

With regard to iodine, it is included in the overall dose. Iodine, as can be seen in Figure
10.9 of the Draft EIS, only supplies a small proportion (less than 10 percent) of the dose
from the operations at the Lucas Heights Science and Technology Centre. The emission
of noble gas is by far the dominant influences on public exposure, and the replacement
reactor would decrease the emission of the principle contributor, argon-41.

Some submissions (for example. Ireland No. 372) have put special emphasis
on iodine, as th is element is perceived to have a special means of
affecting the human body (that i s . through the thyroid organ). Ireland
states that the United States Environment Protection Agency's l im i t is
0.03 mi l l is ieverts per year for iodine dose. Firstly, it is important to realise that
the maximum iodine dose from all ANSTO activities is currently less than
O.OO1 millisieverts per year which is much less than the limit for iodine, set by the
United States Environment Protection Agency. Secondly, in determining the effects of
exposure to any type of radiation, the international scientific organisations use the
exposure measure of the sievert. The sievert is a unit which incorporates all the
biological, physical and chemical factors affecting dose. The comparison of doses
between different radionuclides accounts for the different organ exposed to iodine. In
layman's terms, the expression of all exposures in sieverts ensures that, when comparing
doses between radionuclides, you are comparing "apples with apples".

With regards to the dose constraint adopted by ANSTO of 0.3 millisieverts per year, it is
important to realise why dose constraints are incorporated into the recommendations of
the International Commission on Radiological Protection. The major reason for dose
constraints is to ensure people exposed to multiple sources of radiation still remain
below the overall dose limit of one millisievert per year. This is particularly important
for communities in areas in which there are a number of nuclear facilities and who
might, for example, be exposed to emissions from three different nuclear power plants.
By putting a dose constraint smaller than the public limit on each power plant, this
ensures that the total dose was below this overall limit. Around ANSTO there are no
other potential sources of additional radiation exposure so dose constraints are not as
important. However, ANSTO has applied the dose constraint of 0.3 millisieverts per
year as consistent with best practice and to provide a large margin between the impacts
of its operations and the public dose limit. In the Draft EIS, ANSTO also gave the
commitment to keep future doses below this dose constraint and in fact to a level which
is one hundredth of the current public dose limit and an order of magnitude lower than
the current United States Environment Protection Agency dose constraint.
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The issue of the United States Environment Protection Agency dose standard is discussed
in the Draft EIS (Section W.5.4) where it is pointed out that the MHB Incorporated^
interpretation of the United States Environment Protection Agency standards is incorrect.

Response to issue 10.04.06 (Wants Details of a Contingency Plan for
waste Storage On-Site if Contracts for waste Fuel Reprocessing
Have Not Been Signed Before Project Proceeds)

The Sutherland Shire Council submission (No. 341) raised this issue.
stating "why contingency arrangements for removal of spent fuel are not
indicated for the event that an overseas reprocessing route is not
available at acceptable cost or under acceptable conditions".

The reprocessing contract (with COCEMA, France) has now been negotiated. The
details of the arrangement with COGEMA have been covered in the response to Issue
10.02.01. In addition, ANSTO has placed a requirement on reactor vendors to
demonstrate that a viable method exists for the disposition of the spent fuel arising from
their reactor designs.

Response to issue 10.04.07 (Concern About Long-Term Storage of
Radioactive waste On-Site)

A number of submissions were concerned about the long-term storage of
radioactive waste at Lucas Heights and whether this means that waste from
the Replacement Reactor and the associated radioisotope processing
fac i l i t i e s would continue to be stored at Lucas Heights. This issue is addressed
in Response to Issue 10.03.02 (concern about the accumulated waste on site from 40
years of HIFAR operation) and Issue 10.03.05 (no alternative for long-term dry storage of
HIFARfuel).

Response to issue 10.04.08 (Radioactive waste at Lucas Heights Too
Close to Community)

Several submissions were concerned that the storage site for radioactive
waste was too close to residential areas. Bradford (No. 18) suggested that
"nowhere else in the world is there allowed to be stored the accumulated
radioactive waste as is now stored so close to the large population of
Sydney."

Internationally, radioactive waste stores have been built in a wide range of locations,
many of them close to the main waste generators, such as nuclear facilities, and close to
urban areas. As was described in Appendix E to the Draft EIS, there are many
multipurpose research reactors in other countries located in built-up areas, all of which
have stores of radioactive waste.

In common with other types of hazardous materials, radioactive waste needs to be
stored in properly designed facilities that are managed by competent staff with
appropriate expertise and monitored by a competent regulator or review body. The
storage facilities for radioactive waste at ANSTO are engineered facilities which meet
international recommendations and practices. Storage of radioactive waste occurs in a
passive environment with no major processes or activities taking place in the buildings
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where the waste is stored. This means that there are few processes that could lead to
dispersal of the radioactive waste at Lucas Heights. Some of the tasks in the Waste
Management Action Plan address the upgrade of radioactive waste storage facilities.
Regular monitoring provides confirmation of the integrity of waste packages, and
enables unforeseen processes or events to be identified and rectified. Inspection,
auditing and licensing by the regulator provide additional assurance. Notwithstanding
this, all of the waste facilities at ANSTO have multiple barriers to the release of
radioactivity from the site.

The storage of radioactive waste at ANSTO complies with the internationally adopted
principles of radioactive waste management recommended by the International Atomic
Energy Agency (1995) and listed in the Draft EIS (Section 10.5.4)

The radioactive waste storage facilities at Lucas Heights Science and Technology Centre
are designed to ensure the occupational health and safety of ANSTO staff on site. The
existence of the buffer zone means that the distance from any of the storage facilities to
the nearest residence is about one kilometre. The risk to the local community from the
storage of radioactive waste at Lucas Heights is therefore extremely low.

Response to issue 10.04.09 (Concerns About capability of
wastewater systems on Site)

The three independent peer review consultants (CH2M H i l l , Parkman and
International Atomic Energy Agency. No. 24), Sutherland Shire Council (No.
341) and other submissions raise issues regarding the treatment of
wastewater from ANSTO operations at Lucas Heights. CH2M Hi l l states that
the ab i l i t y of the waste treatment system to handle upset process
conditions from inclement weather is not specif ical ly addressed.
Sutherland Shire Council's submission states that the l iquid waste
treatment process depends mostly on di lut ion of eff luents. This submission
also claims that the factor of 25 which applies to the di lut ion achieved
between the discharge point and the Cronulla Sewage Treatment Plant might
not apply i f there was a s p i l l , overflow or leakage between the two plants.

The volume of wastewater released by ANSTO is approximately 90,000 cubic metres
per year. The low-level radioactive liquid wastes, which are less than five percent of the
total annual wastewater volume (approximately 3800 cubic metres per year), are treated
separately first to remove the majority of the radioactivity. The treated wastewater is
combined with the other sources of wastewater and measured for compliance with
legislative requirements, prior to being released to the sewer.

The radioactive materials removed from the liquid waste eventually become solid low
level waste. ANSTO does not depend principally on dilution of effluents for the liquid
waste treatment process.

Weather conditions would have no direct effect on the performance of ANSTO's
wastewater treatment system. ANSTO has operated the wastewater plant in inclement
weather for many years without any adverse impacts. As a precautionary measure,
during inclement weather the solar drying ponds are covered, preventing rainwater
entering the wastewater treatment plant. Containment systems, such as bunds, are in

nl & Infrastructure Pn Lid Page 10-27



Replacement Nuclear Research Reactor
Supplement

place to prevent releases into the stormwater system from unplanned events on the
Lucas Heights Science and Technology Centre site.

The pipeline carrying ANSTO's wastewater from the ANSTO site to the Sydney Water
sewer main is regularly inspected (to ensure there are no leakages to the general
environment). However, excess infiltration into the Sydney Water sewer is possible
during periods of heavy rain but, in these cases, the dilution factor is very large.
Monitoring of radioactivity along the pipeline beyond the ANSTO site has consistently
demonstrated no elevation in natural levels of radioactivity. Monitoring of Woronora
River and Forbes Creek (particularly after rain) has consistently shown tritium below
detection levels. If there were impacts as a result of ANSTO operations on the local
waterways, they would have been detected in the routine tritium sampling.

ANSTO utilises the World Health Organisation drinking water standards as the quality
standard for wastewater entering the Cronulla Sewage Treatment Plant. Accordingly,
the wastewater discharged into the Cronulla Treatment Plant from the ANSTO site is of a
higher quality than the other sources of wastewater (domestic, industrial wastewater)
entering the Cronulla Treatment Plant. The radiation exposures from ANSTO
wastewater, for all likely foreseeable scenarios, including workers at the treatment plant,
are thus considered trivial. As part of the final EIS process, ANSTO examined the
impacts of its operations to the public through exposure to the Cronulla Treatment Plant
outfall. Results of this assessment are discussed in the response to Issues 10.03.04 and
11.01.06 in this Supplement. The assessment concluded that the background levels of
natural radioactivity in sea-water were well in excess of those attributable to ANSTO
releases.

It was suggested in the Draft EIS that the quantity of wastewater would increase but
remain within the existing wastewater pre-treatment plant's capacity and the quantities
specified in Schedule 1 of the Trade Water Service Agreement with Sydney Water. The
NSW Government submission (No. 935) agreed with this statement by stating
t h a t "the quality of the trade wastewater will meet the specified limits".

Nevertheless, as described in the Draft EIS, ANSTO is planning to construct a new, state-
of-the-art facility for treatment of ANSTO's site wastewater; this would significantly
improve its treatment of wastewater. The estimated cost of this facility is about $4
million and it is currently scheduled to be operational within three to four years, well
ahead of the proposed Replacement Reactor. Recycled and treated wastewater
produced by this facility would be considered within the site Waste Management Action
Plan.

In summary, the various measures being taken, such as the construction of the
Wastewater Treatment Plant, would ensure that wastewater treatment and disposal are
adequate for the replacement nuclear research reactor and that discharges from the site
would not result in any significant or adverse impact to the public.

Response to issue 10.04.10 (Lack of information on Synroc in Draft
EIS)

Several submissions raise queries and concerns in regard to synroc,
especially its use for immobilisation of intermediate-level wastes from
molybdenum-99 production. Bradford (No. 18) asks the question: "Why is
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the process of using synroc to treat liquid intermediate-level radioactive
waste not addressed in the EIS?". Smith (No. 318) states that the
"government's optimism in the capacity of synroc to provide a long-term
solution for waste disposal is naive and premature". The Sutherland Shire
Environment Centre (No. 330) queries whether the intermediate
sol id i f icat ion process (described in Section 10.6.4 of the Draft EIS) would
be eliminated and the l iquid contained in synroc in a direct operation.
Information was sought on the cost of the synroc plant and the concrete
vessels for synroc storage.

Synroc is a ceramic waste form for the immobilisation of high-level, intermediate-level
and actinide-bearing radioactive wastes. Synroc is made from oxides of titanium,
zirconium, calcium, barium and aluminium by pressing at high temperatures (typically
about 1,175 degrees Celsius) to form a dense, rock-like structure. Extensive data have
been published on the performance of synroc under repository conditions and it is
recognised internationally as a highly durable waste form that provides the highest level
for containment for long-lived radioactive wastes (Ringwood et al 1988). Recently, the
United States Department of Energy selected a synroc-based titanate ceramic for their
program of immobilisation of excess plutonium wastes. This indicates a high degree of
confidence in synroc.

Synroc and cement were two methods considered for the immobilisation of
intermediate-level material arising from the solidification of the liquid intermediate-level
waste generated from the separation of molybdenum-99.

Initial work demonstrated synroc as a potential material for immobilising molybdenum-
99 waste using simulated wastes with similar chemical composition as ANSTO's
molybdenum-99 waste, but without radioactivity from the fission products. This work
demonstrated that a pyrochlore-rich synroc containing up to 44 weight percentage waste
oxides could be manufactured with a similar durability to standard synroc (Levins 1997).
Limited studies carried out using cement showed that synroc was a far superior product
for the immobilisation of ANSTO's intermediate-level waste when compared with
cement for this application.

Wastes from molybdenum-99 separation are considered to be much less active than
high-level wastes (by a factor of more than 1,000). It should be noted, in this context,
that cement is generally regarded overseas as an acceptable waste form for intermediate-
level wastes of this type. The choice of synroc for ANSTO's molybdenum-99 wastes,
therefore, provides a level of containment that is superior to that accepted
internationally for this type of waste.

The estimated operational cost to immobilise the solidified waste, arising from
separation of molybdenum-99 from irradiated targets, in synroc is $1.4 million. An
existing "hot cell" at ANSTO would be used. The first stage of the procedure to solidify
ANSTO's wastes arising from molybdenum-99 separation involves evaporation, removal
of ammonium nitrate and subsequent crystallisation. This has commenced in a hot cell
adjacent to the cell that would be used for the proposed synroc procedure. Once the
synroc procedure is operating routinely, it would not be necessary to take the first stage
process through to final solidification, although the evaporation would be carried out to
prepare the waste feed to the synroc process.
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Response to issue 10.04.11 (Concern over costs of Reprocessing
Spent Fuel)

A number of submissions raised the issue of the costs associated with
reprocessing spent fuel. ANSTO has committed sufficient funding for spent fuel
reprocessing: firstly, the $88 million allocated for the overseas shipments and
reprocessing of HIFAR spent fuel does cover funding which completely includes the
packaging, return transport to Australia and storage facility (cask) for ongoing storage in
Australia at the national Category S store. Secondly, in respect of the replacement
reactor spent fuel, ANSTO has committed to provide the necessary funding to cover all
these costs, estimated to cost around $2 million per year from its ongoing budget. The
agreement with COCEMA ensures that there is a suitable facility for reprocessing the
spent fuel.

Response to issue 10.04.12 (National Radioactive waste Repository
will Be Ready in Time to Accept Radioactive waste)

A number of submissions expressed concerns that the repository for disposal
of Australia's low-level and short-lived intermediate-level radioactive
waste would not be ready by the time the reactor is commissioned.

The establishment of the repository was the responsibility of the group within the
Commonwealth Department of Primary Industries and Energy, now transferred to the
Department of Industry, Science and Resources. This issue has been addressed in detail
in the response to Issue 10.04.02 (no solution or site exists for disposal of radioactive
waste in Australia).

In summary, the then-Commonwealth Department of Primary Industries and
Energy (No. 28) stated that "the National Radioactive Waste Repository and
the National Storage Facility would be operational before HIFAR is
decommissioned, the replacement nuclear research reactor is operational,
and the long-lived intermediate-level radioactive waste arising from the
reprocessing of spent fuel is returned to Australia from overseas."

It is in parallel to the development of the National Radioactive Waste Repository that
ANSTO is proceeding with the replacement nuclear research reactor proposed.

Response to issue 10.05.01 (The impact of Dual Reactor operation
Has Not Been Adequately Addressed)

There would only be a limited time in which both HIFAR and the replacement nuclear
research reactor are operating during the commissioning process for the replacement
reactor. The Draft EIS (Section W.7.1) provided information on emissions and waste
during the change over from HIFAR to the Replacement Reactor.

During the period of dual operation, both reactors would be using fuel and generating
gaseous emission. For the commissioning period, the additional amount of spent fuel
would correspond to about ten HIFAR spent fuel elements. There would be an increase
in gaseous emissions, but as explained in the response to Issue 10.04.04, the gaseous
emissions from the replacement nuclear research reactor would be much less than for
HIFAR. During the time of dual operation, ANSTO would still have to comply with all
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regulatory requirements and licensing conditions. The extra waste generated and the
increase in gaseous emission are expected to be small. Emissions would be controlled
so that the dose to any member of the public would be less than 0.01 millisieverts per
year, one-hundredth of the current dose limit recommended by the National Health and
Medical Research Council (1995).

Since the separation of radioisotopes would not significantly increase over this time,
there would be little change in waste generation and gaseous emission from
radioisotopes separation during the period of dual reactor operation. When radioisotope
production from the replacement reactor has been assured, it would be switched over to
the new replacement nuclear research reactor.

Response to issue 10.06.01 (Non-Radioactive Hazardous waste Not
Addressed)

Non-radioactive wastes from the reactor are addressed in the Draft EIS (Section W.8.1).
In summary, the types and amounts of non-radioactive waste from the replacement
nuclear research reactor are expected to be similar to the types and amounts of non-
radioactive wastes from HIFAR, where minimisation and recycling programs have
already been introduced. Non-radioactive wastes include: general rubbish (paper, food,
containers etc.); cooling tower sludges; sewage; waste oils and solvents; and waste
water from the cooling towers. All non-radioactive wastes would be treated according
to the NSW Environmental Protection Authority guidelines and standards.

An update of ANSTO's waste minimisation and management strategy would be
incorporated to form part of the environmental management system for the replacement
nuclear research reactor. The strategy would:

• be consistent with the objectives of the waste minimisation and management
hierarchy adopted by the Waste Minimisation and Management Act 1995;

* contribute to the New South Wales target of 60 percent waste reduction target
being achieved;

• integrate with the Regional Waste Plan prepared by the Southern Sydney Regional
Waste Planning and Management Board;

• achieve the objectives of the New South Wales Green Waste Action Plan; and

• achieve the objectives of the Draft New South Wales Construction and Demolition
Waste Action Plan 1997.

Response to issue 10.07.01 (Concern over waste Management Plan
1995-2000)

Various submissions expressed concern over the ANSTO Waste Management
Action Plan, which came into effect in 1996.

The plan addresses issues that have arisen from the accumulation of radioactive wastes
at Lucas Heights Science and Technology Centre and the need to refurbish or replace
existing facilities. The Plan comprises 1 7 projects covering a wide range of waste issues.
Achievements to date include upgrading of storage facilities for low-level solid wastes,
stabilising the thorium and uranium scrap, and commissioning a radiation scanning
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system to characterise drums of waste. The tasks in the Waste Management Action Plan
together with the commitment to environmental management systems consistent with
ISO 14000 would ensure that the radioactive waste management at ANSTO is consistent
with international standards when the replacement nuclear research reactor is
commissioned.

Response to issue 10.08.01 (Waste Cycle study Required)

A waste minimisation working group has been established at ANSTO under the Waste
Management Action Plan. This Working Group is reviewing the processes that generate
waste at ANSTO with a view to reducing, as far as practicable, the amount of waste
generated. Initiatives in waste minimisation are detailed in a recent paper (Levins and
Camilleri, 1998) which is provided in Appendix C. A summary of the initiatives is
provided in the response to Issue 10.08.03 (Waste minimisation principles not applied).

Response to issue 10.08.02 ("As LOW AS Reasonably Achievable"
Principles Not Applied)

In the Sutherland Shire Council submission (No. 341) Martin Associates cal l
for a reduction in dose constraints. The submission recommends "the site
dose constraint of 0.3 millisieverts per year applied by ANSTO should be
reduced to 0.1, or even 0.03, millisieverts per year in order to closely
reflect occupational needs and demonstrate a comitment to the 'As Low As
Reasonably Achievable principle". In the independent peer review by
Parkman Safety Management (No. 24), i t is stated that :

The claim on page 11.44 that the figures in Table 11.6 show the doses to be
'As Low As Reasonably Achievable' cannot be supported, as 'As Low As
Reasonably Achievable' related to the optimal solutions for a particular
ac t iv i ty . Doses less than one-hundredth of the International Commission on
Radiological Protection recommended dose l im i t are sometimes assumed to be
effectively 'As Low As Reasonably Achievable', provided they are comparable
with contemporary practices, because the cost in time and resources to
undertake a f u l l 'As Low As Reasonably Achievable' investigation are not
warranted by the potential dose savings.

ANSTO has given a commitment in the Draft EIS to keep future doses, from the
proposed reactor, below one hundredth of the current (National Health and Medical
Research Council, 1995) public dose limit (1 millisieverts per year). This goes beyond
the recommendations of Sutherland Shire Council (No. 341) and fully demonstrates
ANSTO's commitment to the "As Low As Reasonably Achievable" principle. The
Nuclear Safety Bureau submission (No. 934) reinforces this statement:

ANSTO's commitment to an "As Low As Reasonably Achievable"
objective of 10 microsieverts per year to the public (one
percent of the National Health and Medical Research Council's
recommended limit) from routine radioactive discharges from the
site is commendable. This is far more stringent than complying
with dose limits and constraints.
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There is confusion between dose constraints and the use of "As Low As Reasonably
Achievable". The dose constraint is set to ensure that public dose limits are not
exceeded. ANSTO has additionally developed an "As Low As Reasonably Achievable"
implementation policy (Safety Directive 3.8) which describes how "As Low As
Reasonably Achievable" would be applied to its activities. In keeping with international
practice, it is shown that doses below 0.01 millisieverts are even lower than "As Low As
Reasonably Achievable" requirements. See also response to Issue 10.08.04.

Response to issue 10.08.03 (Claims that waste Minimisation
Principles Have Not Been Applied)

CH2M Hi l l (No. 24) and the Sutherland Shire Council (No. 341) suggest that
waste minimisation was not treated in suff icient detail in the Draft EIS.
when compared with United States of America best practice. These
submissions indicate that the possibi l i t ies of recycling or other waste
minimisation/segregation ends should be addressed within the EIS process.
The NSW Government submission (No. 935) also raised this issue.

Waste minimisation is an important component of the ANSTO Waste Management
Policy, and is specifically mentioned in the objectives and tasks related to that policy. A
number of strategies (reduction at source, segregation, volume reduction, recycle and
reuse) are proposed within the Waste Management Policy.

ANSTO has established a Waste Minimisation Working party to pursue these objectives
and a number of important waste management measures have been implemented to
date. These are described in a recent paper (Levins and Camilleri, 1998) which is
provided in Appendix C. Some of the initiatives currently being pursued at the Lucas
Heights Science and Technology Centre include:

• a system introduced to segregate radioactive from non-radioactive solid waste in
ANSTO's radioisotope processing areas. Previously, non-radioactive material
entering an active area was not recovered and was ultimately discarded as
radioactive waste. The new system has separate disposal bins for non-radioactive
and radioactive wastes. The non-radioactive bins are checked for radioactivity
before being cleared for disposal. This initiative has reduced the volume of low-
level waste from radioisotope production areas by a faaor of up to three;

• a system has been introduced following the success of this measure, for segregation
of short-lived radioactive waste for "delay and decay" followed by clearance as
non-radioactive waste after confirmation through measurement of radioactivity;

Other initiatives include that:

• for many years, ANSTO has used uranium and thorium metal blocks to machine
shield containers for transportation of radioisotopes. The machining of these blocks
produces waste and, over the years, four tonnes of metal turnings and dust have
been generated. Uranium and thorium in a finely divided state arepyrophoric and
must be kept under kerosene to prevent spontaneous combustion. Recently the
metal waste was stabilised by calcination. In order to prevent accumulation of
large quantities of such materials in the future, two measures have been taken. In
the first instance, uranium metal sleeves are being purchased which require
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minimal machining. In the longer term, it is proposed to use heavy metal alloys as
a non-radioactive substitute for uranium and thorium;

• contaminated equipment stored for many years in transport containers is being
progressively decontaminated. After health physics monitoring, most of the
decontaminated items are suitable for disposal as non-radioactive waste. A plasma
torch is being used to cut decontaminated equipment into a suitable size for
disposal. This measure, which would continue over the next year, results in an 80
percent reduction in the volume of radioactive waste;

• wastewater from all drains in active laboratories is currently combined before
treatment by physical and chemical methods (flocculation, centrifugation, drying).
Recently, a survey was undertaken of radioactivity levels in wastewater produced
from different areas on the site. The results of the survey confirm that most of the
radioactivity comes from a few areas (mainly where radioisotopes are separated)
and the volume of water requiring treatment can be significantly reduced by
segregation and separate treatment of water from these areas. Because the volume
of waste requiring treatment is greatly reduced, more intensive methods of
treatment (such as reverse osmosis and/or evaporation) can be economically
utilised. Furthermore, the recovered water from these processes is suitable for
reuse. This strategy would be adopted in designing new treatment facilities for
ANSTO liquid effluents;

• ANSTO produces moIybdenum-99 by the fission product route, which involves
irradiation of enriched uranium dioxide pellets and separation of the molybdnum-
99 from the targets resulting in the generation of intermediate-level liquid and solid
wastes (irradiation cans and contaminated alumina columns). Previously, ammonia
condensate from the separation procedure was mixed with the liquid acidic waste.
This resulted in formation of ammonium nitrate, which is a potential explosion
hazard. Following a review of the process, the ammonia condensate is now
collected separately. After decay, this waste can be treated and discharged. This
measure has reduced both the volume and hazard of the remaining liquid
intermediate-level waste;

• a more extensive review of molybdenum-99 production and separation is now
underway. Waste minimisation and cleaner production principles are being
applied in this review with the aim of minimising the volume and hazard of wastes
produced per unit of technetium-99m/molybdenum-99 delivered to hospitals; and

• ANSTO has instigated a number of programs to minimise non-radioactive waste.
Examples include recycling programs (ranging from paper through to reusable
packaging for radioisotope transport) and the minimisation of water usage through
reuse of instrument cooling water.

Response to issue 10.08.04 {'As LOW AS Reasonably Achievab\e"
Dose Objectives conform to National Health and Medical Research
Council Recommendations)

In the submission from the Nuclear Safety Bureau (No. 934) it is stated
that:
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ANSTO's radiation management scheme to protect people and the
environment against radiation (involving the use of dose limits,
dose constraints and "As Low As Reasonably Achievable" dose
objectives) conforms to the recommendations of the National
Health and Medical Research Council, and follow international
best practice.

The consideration of "As Low As Reasonably Achievable" by ANSTO goes beyond just
consideration of dose to the public. It also includes reduction in occupational doses by
review and assessment of current and future practices. ANSTO follows the general
principles for radiological protection developed by the International Commission on
Radiological Protection (1991). This includes the justification of the practice, use of
limitation of all doses, and optimisation to reduce doses below these limits. The "As
Low As Reasonably Achievable" principle is an essential component of the optimisation
of doses, both occupational and public. More details on "As Low As Reasonably
Achievable" is included in the response to Issue 10.08.02.

10.4 Summary of Responses

This chapter of the Supplement describes the treatment of reactor products, spent fuel,
wastes and emissions associated with the replacement nuclear research reactor and the
isotope processing facilities. Both the existing and future arrangements are described
and the radiation exposures to the public as a result of present and future operations are
presented.

A range of issues were raised in submissions related to management of these reactor
products, spent fuel and wastes. These submissions covered such issues as the feasibility
of shipping spent fuel overseas, the treatment of historical wastes, the need for more
information on how emissions would be minimised if radiophanmaceutical production is
increased, treatment of liquid wastes and the Little Forest Burial Ground.

Responses are provided for each of the issues raised. In doing so, additional
information, to that given in the Draft EIS, is provided on:

• spent fuel shipments;

• synroc and its use in waste conditioning;

• the feasibility of the methods for reducing gaseous emissions should isotope
processing be increased;

• the process for treating intermediate liquid wastes; and

• ANSTO's use of "As Low As Reasonably Achievable".

The responses indicate that gaseous emissions would be controlled so that the off-site
exposure would be less than one percent of the current National Health and Medical
Research Council (1995) public dose limit of one millisievert per year. The techniques
for doing this are feasible, as confirmed by the peer reviews and international practice.

Since the production of the Draft EIS, the process for solidification of the intermediate
level liquid waste has reached the operational stage.
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In addition, ANSTO has reached agreement with COGEMA in France for the
reprocessing of the non-United States origin spent fuel. These arrangements take
account of the fact that Dounreay in Scotland is no longer accepting spent fuel for
reprocessing.

The overall conclusion is that the management of the wastes for the replacement
research reactor would ensure that all applicable standards and regulatory requirements
would be met and that off-site exposures from all emissions from the Lucas Heights site
would continue to result in a dose of less than 0.01 millisieverts per year which is one
percent of the current National Health and Medical Research Council (1995) public
dose limit of one millisievert per year.
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11. Hazards and Risks

This chapter discusses issues raised under the subject of hazards and risks that could
arise from operation of the replacement nuclear research reactor. Hazards and risks
were assessed in the Draft EIS 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 detailed design and operation of a safe reactor system. The issue of
a major accident at the replacement nuclear research reactor is revisited, and the
radiological impact of the "Reference Accident" is further discussed in terms of risk to
the potentially most exposed members of the population, and the exposed population as
a whole. Responses to a number of technical and non-technical issues raised in
submissions are presented in this chapter.

11.1 Summary of Draft Environmental Impact Statement

11.1.1 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 nuclear research
reactor is in use are: the operation of the reactor; the separation of radioisotopes; and
other, conventional activities of a scientific laboratory. These have all been assessed in
the Draft EIS. It was 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.

11.1.2 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 nuclear research reactor itself is expected to be even lower than the current
risk from HIFAR. The dose due to reactor operations would continue to be small and
well within regulatory limits. For the replacement nuclear research 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. The
reactor would have the capacity to increase the yield of some radioisotopes by a factor
of up to four, but the individual doses to workers 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 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. Over the past few years, doses to all workers involved in
radiopharmaceutical production have also decreased as part of continuous improvement
and implementation of the principle of "As Low As Reasonably Achievable".
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11.1.3 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 current normal operation of
HIFAR and other site activities such as radiophatmaceutical production has been
assessed independently for the 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 a
commercial jet aeroplane for one hour. This corresponds to a very low risk of
developing a latent cancer of 1.5 chances in ten million per year.

It is consistent with earlier assessments of HIFAR. 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 replacement reactor itself would be less than those from
HIFAR and therefore the maximum off-site exposure would be less than 0.003
millisieverts per year for the same level of radiopharmaceutical production. If the
anticipated increase in the separation of molybdenum-99 and iodine-131 occurs,
emissions may increase unless new processes are put in place. The overall impact
would be limited by ANSTO's commitment that the maximum off-site doses would
remain less than one percent of the current public dose limit (1995) of one millisievert
per year 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. Thus
no impact from the replacement nuclear research reactor would be expected to be
detected in studies on the health of people around the Lucas Heights Science and
Technology Centre.

11.1.4 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 various types of radioactive
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.

Radioisotopes transported from the Lucas Heights Science and Technology Centre are
stored in solid sealed containers that are constructed to standards specified by the
Australian Therapeutic Goods Administration of the Commonwealth Department of
Health and Aged Care 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 Material.

11.1.5 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 nuclear research reactor from bushland and
the fact that it would be housed in a substantial reactor building.
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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 consequence assessment made of this accident 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. When a detailed design is
chosen, a detailed risk assessment will be undertaken as part of the licensing process, to
reaffirm the low dose off-site from any 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
and how long they remained there, whether or not they were downwind of the reactor
and other factors such as rain. The dose would also be influenced by their age.

For assessment purposes, the maximum exposed individual would be a child who spent
the first 12 hours after the hypothesised 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 case 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 maximum exposed 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 locally grown
contaminated foodstuffs. This dose is the same as that due to natural radiation for a
person who lives in the area for less than two years, and less than that requiring any
emergency countermeasures such as sheltering.

With similar pessimistic assumptions, the maximum individual dose to anyone who was
outside the buffer zone at the time of the accident would be 1.8 millisieverts.

The estimated dose 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. With a frequency of occurrence of the Reference Accident
at one in a million per year, the maximum risk from this accident 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 and the maximum risk of any harmful health effect is less than
one in four thousand million (1 in 4,000,000,000) per year.

Even if the total frequency of all such accidents leading to a release was as high as one
chance in 10,000 per year and all led to similar exposures, the combined risk would be
less than one chance in 100 million per year. The risk is much less than Nuclear Safety
Bureau or State guidelines. The Safety Analysis Reports prepared during detailed design
and construction of the replacement reactor and submitted to the Australian Radiation
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Protection and Nuclear Safety Agency, will determine the total frequency of any
potential accident release but the frequency will be less than one chance in 10,000 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 hypothetical Reference Accident for population numbers projected to
be 1.64 million in the year 2016 within 25 kilometres of the site. The assessment
showed that the population exposure would be greatest if the plume travelled north-
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 nuclear
research 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 nuclear research reactor
of the type envisaged would be lower than that due to the operation of HIFAR. During
the period between the replacement reactor going to power and HIFAR shutting down,
there would be a small increase in risk resulting from both reactors operating, but this
would only exist for a few months.

11.1.6 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 minimised.

11.1.7 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 of
Radiological Protection adopted by the Australian National Health and Medical
Research Council and the maximum dose to any member of the public from normal
operation is a very small fraction of that emanating from the natural background. This
impact is comparable to the best experience at research reactors that are currently
operating. The characteristics of the Reference Accident that has been analysed in this
Draft EIS are very similar to those analysed for other research reactors of similar generic
design.
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11.2 Summary of issues Related to Hazards and Risks

Environment Australia received a number of submissions raising issues
related to hazards and risks. The issues raised can be summarised in the
following key areas:

11.2.1 Risk Assessment Methodology

A number of submissions including Sutherland Shire Council (No. 341) and
People Against a Nuclear Reactor (No. 339) raised the issue that the risk
assessment analysis and assumptions undertaken within the Draft EIS are
flawed or inadequate. A number of submissions raise concerns including:

• the groundwater contamination migration route was not included in the
modelling;

• criteria and standards used in risk assessment were inappropriate:

• external seismic events were not adequately considered in the Draft
EIS:

EIS risk assessment methodology concentrated on the reactor, not
isotope production;

• external exposure to swimmers in the ocean was not considered in the
Draft EIS;

• sewage, greywater and sludge re-use exposure route was not considered
in the Draft EIS; and

• the Draft EIS does not consider material transport in assessing risk to
the public.

11.2.2 Results of Risk Assessment

Ireland (No. 372), suggests that the collective dose assessment used to
assess the risk is wrong, whilst the Sutherland Shire Environmental Centre
(No. 330) suggests that the 1.6 kilometre "safe zone" is incorrect with
regard to gaseous emissions.

The Supervising Scientist Group of the Commonwealth Environment portfolio
(No. 235) stated that the results of the risk assessment undertaken in the
Draft EIS are acceptable, whilst Sutherland Shire Council (No. 341) and
People Against a Nuclear Reactor (No. 339) suggested that the results of
the risk assessment were flawed.

11.2.3 Transport of Radioactive Materials

Sutherland Shire Council (No. 341), one of the independent peer reviewers
(No. 24) as well as other submissions raised issues to do with the
transport of radioactive materials and suggested that the statement
regarding the fact that there had never been a release of radioactive
material during transport is incorrect.
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11.2.4 Dual Reactor operation

Sutherland Shire Council (No. 341) also expressed the view that any impact
of dual reactor operation has not been adequately addressed and that
resource commitments for dual reactor operation have not been included
within the Draft EIS.

11.2.5 Emergency Plans

One issue that was raised by Australian Nuclear Association (No. 334),
Sutherland Shire Environment Centre (No. 337). the Sutherland Shire Council
(No. 341), Ireland (No. 372) and pro-forma 1 concerns the perceived
omission that emergency plans contain no specific reference to radiation
events.

Other issues were also raised over the fact that local schools have not
been considered in the emergency plans, and over the perceived poor quality
of emergency planning. One submission by Barbi (No. 19) was concerned that
the emergency plans did not consider an eight minute meltdown.

11.2.6 Other issues Related to Hazards and Risks

There was a general concern shown in submissions over the five previous
fatal accidents from "research" reactors in the world during the past 50
years. A number of submissions raised previous accidents at ANSTO. whilst
one submission was concerned that ANSTO's duties under Occupational Health
and Safety Act were not detailed in the Draft EIS. Other submissions
suggested previous "incidents" have been covered up. The Campbelltown
Community Action Group (No. 383) as well as several other submissions
raised a general concern over security at the site, whilst other
submissions suggested that operator training was not addressed in the Draft
EIS.

11.3 Response to Issues Related to Hazards and Risks

In responding to the issues raised relating to hazards and risks, additional information
and assessment is provided on :

• how the Reference Accident was selected;

• the purpose of the Reference Accident and its relationship to the detailed design
process for the replacement reactor;

• collective doses associated with the Reference Accident;

• why a Chernobyl type accident cannot happen with the replacement reactor and
why comparisons with Chernobyl are not valid;

• the accidents that have occurred worldwide with research reactors;

• risks associated with liquid effluent discharges to the sewer;

• risks during dual operation; and
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• transport risks.

Response to issue 11.01.01 (Risk Assessment and Assumptions are
Flawed or inadequate), issue 11.01.03 (Criteria and Standards used
in Risk Assessment are inappropriate) and issue 11.02.04 (Results of
Risk Assessment in Draft Eis are Flawed).

In light of the issues raised in the public submission, the response on the
assessment and assumptions, provides additional information on the:

• purpose and features of the Reference Accident;

• suitability of the Reference Accident:

• lack of detailed reactor design information;

• derivation of the Reference Accident; and

• Reference Accident assumptions, including fission product release
fractions.

The Purpose and Features of the Reference Accident

The reactor safety criteria and standards, including defence in depth provisions, are
described in the Draft EIS sections 5.1.2 and 11.3.2. The Reference Accident is
intended to assess the effectiveness of the last line of defence-in-depth. It is the features
of the site, rather than any special aspects of the reactor design and associated plant,
which enable mitigation of any accident consequences to acceptable levels prescribed
by the regulatory authority. Such features typically include seismic stability,
meteorology, hydrology and low likelihood of flooding, separation from hazardous
industry and other physical characteristics of the site. They also include demography,
exclusion zones, zones of low population density, and appropriate infrastructure such as
transport, communications, and emergency planning, which allow countermeasures to
be implemented should they be required.

While detailed design information is not available at this stage of the replacement
nuclear research reactor project and given the purpose of the EIS is to assess the site
characteristics, a Reference Accident for a generic pool type reactor facility operating at
20 megawatts power is postulated to evaluate the suitability of the Lucas Heights site. As
far as practicable, the features of the Reference Accident are independent of any specific
detailed design for the replacement reactor. For those generic design features required
for developing the Reference Accident scenario, conservative "bounding" assumptions
are made on the basis of similar examples and precedents in Australia and overseas. The
extent to which the reactor control and protection systems, and other engineered safety
features, are assumed to function during the Reference Accident are described in the
scenario. Any such assumptions will be specified in the tender documents and reactor
vendors would be required to show, to the satisfaction of ANSTO and the regulatory
agency, that the design meets these assumptions.

Further specific defence-in-depth features, such as engineered barriers, control and
safety systems and processes, will be developed as part of the detailed design of the
reactor and will form the design basis for the plant. As a result, in most, if not all,
credible cases, the design and inherent features of the plant, together with its safety
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systems, would act to prevent any accidental release of fission products or keep releases
to very low levels, without the need to depend on the site characteristics. Assessment of
these features and safety systems will occur when a detailed design is being developed
and would be presented in the Safety Analysis Report for review and approval by the
regulatory agency.

The Reference Accident scenario is based on the occurrence of coincident faults and
performance degradation of the nuclear plant control and safety systems. These faults
and degradation cause radioactive fission products to escape their normal place of
confinement in the fuel matrix within the reactor core, with their subsequent movement
to places where workers or the public could be exposed. The Reference Accident
assessment makes assumptions and selects conservative values for certain parameters
such that the accident scenario represents a conservative series of events producing a
release of radioactive fission products to the environment (sometimes called the source
term) which bounds the release from all credible severe accidents. Events, or
assumptions, which can readily be shown to have a likelihood of occurrence of less than
once in a million years (106 per year) are generally considered incredible.

The Reference Accident can be considered as a beyond design basis accident, generally
comparable to the concept of a bounding severe accident or maximum hypothetical
accident used in some countries, such as in the United States. However, it should be
noted that for the purposes of the Reference Accident assessment presented in the Draft
EIS and the Siting Safety Assessment submission to the Nuclear Safety Bureau, there are
no specific data available, nor any requirement, to evaluate the actual likelihood of
individual fault sequences. This will be done in the Preliminary Safety Analysis Report.

The Reference Accident requires:

• an initiating event of sufficient magnitude to cause the release of radioactive
material from its normal place of confinement within the fuel matrix. Note that this
must involve some melting of, or physical damage to, the fuel;

• 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;

• subsequently, and not necessarily related to or caused by the initiating event, some
additional operator or plant faults or degradations which exceed operational limits
or design bases; and

• determination of the subsequent behaviour and transport of fission products, and
resultant doses using more conservative assumptions than are used for other
beyond design basis accidents, but not necessarily as conservative as those used for
design basis accidents.

The aim of these Reference Accident requirements is to provide a high degree of
confidence that the consequences of the accident are unlikely to be exceeded by any
actual accident that could credibly occur in a 20 megawatt pool-type multipurpose
research reactor. It should be noted, however, that the separate conservatism assumed
or inherent at each of the stages indicated above, means that the overall conservatism in
the analysis of the Reference Accident scenario is such that the estimated consequences
of the Reference Accident would generally be considered extreme. That is, it generally
provides more than a "high degree of confidence".
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It is possible to hypothesise more severe accidents but their probability of occurrence
would be significantly less than that of the Reference Accident and at a frequency of less
than one in a million per year would be deemed to be incredible. It is not prudent nor
consistent with accepted practice in risk analysis to base emergency preparedness, or
siting and environmental assessment, on such "incredible" events.

The safety reports to be produced as part of the licensing process will investigate in
detail the possibility of accidents occurring at the replacement nuclear research reactor.
This investigation will identify the sequence of events after the occurrence of a particular
initiating event and calculate the likelihood of occurrence of that sequence of events.
The very high standards to which the replacement nuclear research reartor will be built
will ensure that the likelihood of accidents is kept below levels agreed with the
regulator and used internationally. If a potential accident sequence is identified with a
likelihood that is above acceptance levels, the plant design and/or operating procedures
will be modified to reduce the likelihood to an acceptable level.

Lack of Reactor Design Information

Various submissions. Sutherland Shire Council in particular (No. 341)
indicated that the analysis of the potential environmental impact from
accidental or routine releases is "impossible" without design information.
However, relevant design information is given in the Draft EIS covering:

• general requirements, such as the replacement nuclear research reartor is to be a
multi-purpose pool-type reartor;

• reartor performance requirements, such as power of 20 megawatts and maximum
fuel enrichment of 20 percent of 235U; and

• safety and regulatory requirements (see Draft EIS section 11.3.2), such as
international (International Atomic Energy Agency) requirements and Australian
(Nuclear Safety Bureau) criteria.

Each of these requirements determine design features, although the satisfactory
achievement of any of these requirements is a matter for the detailed, specific design of
the replacement nuclear research reartor and subsequent assessment through Safety
Analysis Reports. However, on the basis of these performance and safety requirements,
as well as knowledge of the safety analyses and operation of similar reartor facilities
overseas, a set of generic design features was determined for use in the Reference
Accident scenario (and also for estimating routine radioactive releases). 7ab/e n.7
presents the reartor features, design assumptions, and their effect on the Reference
Accident scenario as derived for the Draft EIS. Much of this material also appears in the
Siting Safety Assessment submission to the Nuclear Safety Bureau (ANSTO 1998a)
referenced in the Draft EIS and available to reviewers and commenters of the Draft EIS.
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Table 11.1: Generic Design Assumptions Used for the Reference Accident for the
Replacement Research Reactor

Feature Assumptions Effect

Reactor

Reactor power

Reactivity

Reactor pool

Storage and service
pool

Transfer canal

Fuel

Fuel handling

Beam tubes

Reactor control
system

Pool type

20 megawatt thermal

The coolant has a negative
reactivity coefficient

Seismically qualified;
Leak detection system
present

Seismically qualified;
Leak detection system
present

Seismically qualified;
Leak detection system
present

Transfer canal connects
reactor pool to storage and
service pool via slits and
gates

Non-oxide

Performed underwater;
Design physically prevents
operators from raising fuel
out of water

Incorporate multiple
seismically qualified
barriers and isolation;
Protected from hazards (for
example, dropped loads);
Leak detection system with
automatic isolation
detection of leaks.

Functions during all design
basis faults

Large volume of water provides
shielding and passive core cooling

Reactor is assumed to be at 100
percent power for all faults

Boiling in the core results in the
reactor shutting down

Design and construction will ensure
a high confidence, low probability
of failure of reactor pool structure
for all fault conditions.

Design and construction will ensure
a high confidence, low probability
of failure of the storage and service
pool structure for all fault
conditions.

Design and construction will ensure
a high confidence, low probability
of failure of the transfer canal
structure for all fault conditions.

Pools and canal are considered
separately or in combination
depending on which is more
conservative (for example, heat-up
rates are assessed independently
whereas leak can reduce shielding in
all three simultaneously).

Fuel degradation occurs within
minutes of fuel experiencing high
temperatures (that is, > 65O°Q.
Molten metallic fuel is quenched on
contact with water with no
associated steam explosion.

Design and operating procedures
will ensure a high confidence, low
probability of exposure of irradiated
fuel to air during fuel handling
operations.

Design and construction will ensure
a high confidence, low probability
of failure of the beam tubes for all
design basis fault conditions.
Small leaks would be detected and
mitigation possible.

No credit claimed for control system
during reactivity faults although it
would normally be an independent
system.
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Feature Assumptions Effect

Reactor Protection
System (RPS)

Forced primary
circulation

Natural convection
cooling

Emergency cooling
system

Emergency make-up
system

Emergency power
supplies

Pool clean-up

Radiation
monitoring

Operator actions

Functions during all design
basis faults

No credit taken for core
cooling

Inlet and outlet pipes
positioned above the core
or provided with anti-
siphon devices

Adequate to ensure
continued cooling of re-
solidified material

Either evaporation from and
make-up to the reactor pool
or emergency cooling
pumps and heat
exchangers.

Emergency cooling system
is sized for post-trip decay
heat removal only

A safety-grade means of
providing make-up to the
reactor pool and storage
and service pool

Emergency cooling and
make-up systems are
provided with suitable
back-up power supplies

No credit taken post-fault

No credit taken for core or
in-pool monitoring

Reactor building airborne
monitoring

No credit taken in the short
term (that is, < 1 hour)

Credit taken in the longer
term (that is, > 1 hour)

No credit claimed for protection
system during reactivity faults
although it would normally be an
independent system.

Core cooling following reactor trip is
by natural convection.

Prevents pipe failure outside core
from yielding unacceptable drainage
or siphoning of pool water.

Molten metallic fuel quenched on
contact with water is adequately
cooled to prevent further fuel
degradation.

Emergency cooling system is vendor
design specific but is generally
assumed required in the longer term
only. Note that the evaporation and
make-up option will also require
some form of heat removal from the
reactor building.

Conservative assumption in that it
requires reactor trip to ensure
adequate heat removal in the long
term

Emergency make-up is vendor
design specific but is required in the
long term.

Ensures emergency cooling and/or
make-up systems remain available
following loss of electrical power
supplies

Activity released into the pool
during the fault is not removed by
active means.

Actual indication of fuel degradation
not utilised.

Reactor building airborne
monitoring part of ESF actuation and
safety-grade post-fault monitoring.

The automatic provisions must be
adequate for at least the first hour of
the fault. Longer term damage
would be prevented by operator
actions.

Operator actions may be claimed to
prevent or mitigate faults that
develop over a period of hours or
days (for example, termination of
slow leaks).
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Feature Assumptions Effect

Fission product
inventory

Release of fission
products from fuel

Release of fission
products from pool

Reactor building
isolation

Reactor building
normal ventilation

Reactor building
atmosphere clean-
up/filtration by
emergency
ventilation system

Reactor building
leak rate

As at 1 minute after
shutdown with all elements
at peak burn-up

Instantaneous

Instantaneous

Delayed for 2 minutes after
release of fission products
to reactor building

Fans tripped 2 minutes after
release of fission products
to reactor building

No credit taken

Degraded from the design
basis to 3 percent volume
per day

Most conservative value for the
overall fission product inventory.

Maximises the release to the pool
and/or reactor building
environment.

Maximises the release to the reactor
building environment. In reality it
would take some minutes for fission
products to move through the pool.

Reflects a conservative delay in
isolating reactor building (including
stopping the normal ventilation
system, see below) so as to increase
the calculated release to the
environment

Conservatively reflects a delay in
shutting down the ventilation system
so as to increase the release to the
environment.

Activity released into the reactor
building during the fault is not
removed by active means.

Conservatively increases the release
from the reactor building to the
environment

ANSTO considers that none of these features and assumptions described in the Table are

unique to any one specific detailed design of the replacement nuclear research reactor.

Further, the Nuclear Safety Bureau requires that "the selection of the Reference Accident

and associated assumptions must be verified in a Safety Analysis Report for the

particular design of reactor selected prior to obtaining the Bureau's agreement to the

commencement of construction" (Nuclear Safety Bureau 1998). This requirement will

be met by ANSTO as part of the nuclear regulatory licensing process for the replacement

nuclear research reactor.

Derivation of the Reference Accident

A number of submissions commented that more details of the hypothetical
Reference Accident and its justification as a bounding case needed to be
provided. For example, the International Atomic Energy Agency submission
(No. 24) stated that:

"... full justification for the selected Reference Accident is not
included in the EIS. It is, therefore, recommended that the
Final EIS include substantiation for the selected scenario
citing all other considered accident scenarios (including those
having external initiators) and justifying briefly why they were
screened out. This will assist in the subsequent assessment of
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the proposal" (International Atomic Energy Agency Section 4.1
Item 3).

The specific Reference Accident scenario selected for the Nuclear Safety Bureau Siting
Safety Assessment submission and for the Draft EIS was derived by considering the range
of postulated initiating events, the required reactor safety functions, and the general
design assumptions needed to perform these safety functions including features inherent
to a pool reactor. When a detailed design is being prepared, there will be a
comprehensive assessment of all accident scenarios identified for the actual reactor
design. The details of the derivation of accident scenarios will be addressed within the
scope of the Safety Analysis Reports prepared for submission to the Australian Radiation
Protection and Nuclear Safety Agency at the detailed design stage. The Draft EIS
(Section 11.3.1) discusses the regulatory and approvals process including the role of
Safety Analysis Reports. Further details on the Reference Accident are available in the
April 1998 Siting Safety Assessment submission to the Nuclear Safety Bureau, amended
July 1998, (ANSTO, 1998a) and in this response. The Siting Safety Assessment
submission to the Nuclear Safety Bureau provided details of:

• characteristics of multi-purpose pool type research reactors, particularly features
important for reactor safety and for defining a Reference Accident;

• description and analysis of the Reference Accident scenario, including fission
product phenomena;

• derivation of the Reference Accident source term;

• assessment of the Reference Accident consequences; and

• comparison with the Nuclear Safety Bureau requirements and criteria.

The range of postulated initiating events given in Table 11.2, grouped into eight classes
taken from International Atomic Energy Agency (1992) guidance was used in selecting
the Reference Accident. Consideration of safety analyses for similar reactor facilities
operating overseas, and ANSTO's experience of safety assessments of HIFAR, enabled a
qualitative screening of these potential initiating events and the development of
hypothetical scenarios as candidates for the Reference Accident. Only two groups of
postulated initiating events, insertion of excess reactivity and loss of flow, with each
subsequently associated with a sequence of safety system failures, exhibited the
requirements and features of the Reference Accident nominated by the Nuclear Safety
Bureau. Potential accident scenarios arising from other initiating events were judged to
have lesser radiological consequences and were subsequently excluded from further
consideration as the Reference Accident.

It should be noted that the Nuclear Safety Bureau concluded that this Reference
Accident satisfied their requirements (Nuclear Safety Bureau letter of 8 May 1998).
Further, in their submission (#934). the Nuclear Safety Bureau has stated
"the choice of Reference Accident is appropriate for the purpose of
assessing the radiological suitability of the proposed site for
construction and operation of a generic pool-type nuclear research reactor
of modern design". Submission 24 (Parkman p.14) stated "...the Risks and
Hazards assessment for the EIS has been carried out using currently
accepted methodologies and internationally verified computer codes. The
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Reference Accident has been selected and analysed in detail, and is judged
to be appropriate for bounding any fault that can occur on a well designed
reactor system". Also the International Atomic Energy Agency submission
(No. 24) accepted that "„ the reactivity insertion accident is a good
candidate for the Reference Accident as it is a very severe event, but its
derivation needs additional clarification."

No specific postulated initiating event and no specific cause of any subsequent failure or
degradation of reactor protection or engineered safety features has been specified ior the
Reference Accident scenario. Given the extent of equipment failures and the
pessimistically conservative assumptions (described in Section 11.1 and Table 71.1) that
are required to derive the Reference Accident scenario, it is likely that only a severe
earthquake would cause the type and coincidence of failures analysed in the Reference
Accident. Information on the seismic hazard is provided in the response to Issue
11.01.04.

The design and analysis of the replacement nuclear research reactor will be such as to
ensure that the likelihood of occurrence of an accident leading to fuel damage is less
than one chance in 10,000 per year. In the case of earthquakes, the replacement
nuclear research reactor will be designed such that the probability of failure to safely
contain the event and prevent a release following a design basis earthquake will be less
than one in 100. Since the design basis earthquake has a likelihood of occurrence of
one in 10,000 per year, the likelihood of a release to the environment in this event will
be less than one in a million chance per year.
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Table 11.2: Postulated Initiating Events for the Reference Accident

Croup 1: Loss of electrical power supplies
Loss of normal electrical power (although
it is not an initiating event, it is
recommended that consideration be given
to the loss of normal power followed by
the loss of emergency power in order to
be sure that the consequences are
acceptable under emergency conditions)

Croup 3: Loss of flow
Primary pump failure
Primary coolant flow reduction (eg. Valve
failure, blockage in piping or heat
exchanger)
Influence of experiment failure or
mishandling
Emergency cooling system failure
Primary coolant boundary rupture leading
to loss of flow
Fuel channel blockage
Improper power distribution due, for
example, to unbalanced rod positions,
in-core experiments, or fuel loading
Coolant reduction due to core bypass
Malfunction of reactor power control
System pressure deviation from specified
limits
Loss of heat sink (eg. valve or pump
failure, system rupture)

Group 5: Erroneous handling or failure of
equipment or components

Fuel element cladding failure
Mechanical damage to core or fuel (for
example, handling of fuel, dropping of
transfer flask on fuel)
Fuel criticality in storage
Reactor or building ventilation system
failure
Loss of coolant to fuel in transfer or
storage
Loss or reduction of proper shielding
Failure of experimental apparatus or
materials (eg. loop rupture)
Exceeding fuel ratings

Group 8: Human errors
Operator error

Group 2: Insertion of excess reactivity
Criticality during fuel handling (fuel
insertion error)
Start-up accident
Control rod or control rod follower failure
Control drive or system failure
Failure of other reactivity control devices
(moderator, reflector, etc.)
Unbalanced rod positions
Failure or collapse of structural
components
Cold water insertion
Moderator changes (eg. voids, D2O
leakage into H2O systems, etc.)
Influence by experiments and experimental
facilities (eg. flooding or voiding,
temperature effects, insertion or removal of
fissile or absorber materials)
Insufficient shutdown reactivity
Inadvertent control rod ejections
Maintenance errors with reactivity devices

Group 4: Loss of coolant
Primary coolant boundary rupture
Damaged pool
Pump-down of pool
Failure of beam tubes or other penetrations

Group 6: Special internal events
Internal fires or explosions
Internal flooding
Loss of support systems
Reactor experiment malfunctions
Improper access to restricted areas

Group 7: External events
Earthquake (including seismically induced
faulting and slides)
Flooding (including upstream dam failure,
river blockage)
Tornadoes and tornado missiles
Hurricanes, storms and lightning
Explosions
Aircraft crash
Fire
Toxic spills
Transport route accidents
Influence from adjacent facilities.
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Reference Accident Assumptions, including Fission Product Release
Fractions.

Various submissions, including the Sutherland Shire Council (No. 341)
suggested that some of the assumptions in the Draft EIS were flawed, in
particular the f ission product release fractions used for deriving the
Reference Accident. Sutherland Shire Council states that the Draft EIS
assumes "only approximately one millionth of the radioactivity in the core,
or even less, is released to the environment" and that the Reference
Accident release fractions should be "corrected" by using the greater
fission product release fractions similar to those for the Chernobyl or
Windscale accidents.

The comments in these submissions fail to consider the features which are essential for
determining the fraction of the fission products in the core that could be released to the
environment under accident conditions for a pool-type research reactor. These features
have been researched, analysed and reviewed in the Draft EIS and supporting
documents such as the Siting Safety Assessment submission to the Nuclear Safety
Bureau. The Reference Accident scenario includes consideration of:

• the physical and chemical behaviour of the fission products, including radioactive
half-life, and whether the release from the fuel is into a water, steam or oxidising
atmosphere;

• the power of the reactor, and its low operating temperature and normal
atmospheric pressure;

• the type and general design of the reactor, including passive safety features such as
the large pool of water (with the reactor core some 8 to 10 metres below the
surface);

• degraded engineered safety features such as filtration of the fission products in the
reactor building's ventilation system; and

• isotopes which are radiologically important in terms of dose to the public and
which are present in the core in significant amounts and which can be transported
to the environment in significant amounts.

From the detailed assessment for the Reference Accident, it can be observed that:

• the fraction of the core inventory released, summarised in Table 11.3, results from
assessing the fuel behaviour and fission product retention processes in the release
paths from the pool into the reactor building atmosphere and from the building to
the environment. The large pool containing the core is an inherent safety feature of
a pool reactor. These retention processes are all documented in the Draft EIS and
supporting documents and are based on a conservative interpretation of
experimental data and theoretical analyses. Some 32 references to peer reviewed
studies (other than ANSTO work) have been provided in the Siting Safety
Assessment to support the assumptions made in deriving the Reference Accident.
By contrast, Sutherland Shire Council (No. 341) does not cite any specific technical
study to support its claims for fission product release fractions pertinent to a pool-
type research reactor;
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the attenuation mechanisms claimed for the Reference Accident are "scrubbing" of
the fission product materials in the pool water, and the plate-out and settling of
fission products within the reactor building. Assumptions regarding the retention of
fission product materials in the pool water are supported by experimental data and
actual reactivity incidents, including the following:

• the most severe incident for an experimental reactor, albeit a very different
type from the replacement nuclear research reactor, was the SL-1 accident in
which a control rod was manually withdrawn. Post-accident analysis of the
distribution of radioactivity on and off-site showed that 'the water pool was
very effective in absorbing fission products', even in the presence of the
energetic steam-water release. Fission products were detected off-site,
equivalent to very approximately 0.01 percent of the core inventory, but this
was for a facility which did not have an engineered containment;

• the destructive BORAX-1 test was designed to result in fuel melt and ejection
of water and core debris. There is evidence that the fuel was not sufficiently
molten or vaporised to result in dispersion;

• both the SPERT-1 and SNAPTRAN reactivity insertion tests were designed to
result in a violent expulsion of steam/water and melting of the fuel.
However, there is no evidence that fission products were released beyond
the pool water, that is, either the fission products were not released from the
molten fuel or they were absorbed by the overlying water;

* the CABRI reactivity experiment, although less energetic than the above tests
and accident, resulted in very small release fractions of iodine from the pool
(1(r4to 10'5);and

• the PIREE-II experiments demonstrate large pool scrubbing factors for iodine
of about 1,000. These experiments were purely thermal-hydraulic and were
scaled to be representative of vapour generation rates in a fuel melt accident;
and

the experiments reviewed in the Siting Safety Assessment (eg by Taleyarkhan,
1992) showed a significant dependence of fission product release from overheated
fuel on burn-up, heating time, fuel composition and the ambient medium (air,
steam, helium).
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Table 11.3: Reference Accident: Fraction of Core Inventory Released

Radionuclide

Krypton 85

Krypton 88

Xenon 133

Iodine 131

Caesium 137

Strontium 90

Core
Inventory

Assumed for
Reference
Accident

5.0 E3+13

2.2E +16

4.5 E +16

2.0 E +16

3.8 E +14

3.6E +14

Fraction
of Core
Mdting

0.25

0.25

0.25

0.25

0.25

0.25

Percentage
Release from
Fuel to Pool

100

100

100

30

30

1.00 E-9

Percentage
Release from

Pool to
Reactor
Building

100

100

100

0.514'

0.01

0.01

Percentage
Release from

Reactor Building
to Environment

95.3

7.2

24.5

12.72

14.1

14.1

Overall
Fractional

Release

0.238

0.018

0.061

4.90 E-52

1.06 E-6

1.41 E-16

Notes: 1. Figure includes the delayed release from the pool.
2. The values include contributions made by organic and inorganic forms of iodine.
3. Scientific notation is used where, for example, E +13 is 10 to the power 13 or 10'3.

For actinides, release from the fuel is expected to be very low, of a similar order of

magnitude to that expected for strontium. This, coupled with the high retention that

would be expected in the pool and reactor building, will result in a negligible

contribution to the dose.

Sutherland Shire Council (No. 341) raised the issue that the release of

noble gases is less than the expected 100 percent release of noble gases.

As can be seen in Table 11.3 it was assumed in the Draft EIS that 100 percent of the

noble gases would be released from the molten fuel to the reactor building. Release to

the environment is then obtained as a result of direct release in the first two minutes

with the ventilation system operating as normal and then, after isolation of the building,

by leakage through the building structure. Radioactive decay is accounted for, however

because of the hold-up time in the building there is a significant reduction in the

environmental release for the shorter lived species. For noble gases such as krypton-85

almost 100% of the inventory in the molten fuel is released to the environment.

Strontium in the inventory

A number of submissions comment that the Draft EIS did not include

strontium in the f ission product inventory for the 20 megawatt pool reactor

inventory shown in Table 1 of Appendix G (pp. G-25) of the EIS.

The strontium-90 inventory for a 20 megawatt pool type reactor utilising 19.9 percent

low-enriched uranium at full burn-up is 3.3E + 14 becquerels. For the Reference

Accident inventory this is increased by 10 percent to 3.6E + 14 becquerels {Table 11.3).

The inventory for strontium-89 and strontium-91 is also now included in an amended

Table Cl.

Strontium in the Source Term

Sutherland Shire Counci l 's (No. 341) submission s tates. "Zero release of

strontium-89 or -90, or any of the strontiums, is assumed, despite the fact

that strontium-90 in particular is one of the worst radionuclides from
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reactor accidents and always assessed in accident analyses'. The
Australasian Radiation Protection Society (No. 370/382) also raised the
omission of strontium-90.

The above statement and other submissions incorrectly translate information from
nuclear power reactor accident analysis circumstances to the very different
circumstances of research reactors.

Strontium-90 is an important isotope in the source term for nuclear power reactor
accident assessments involving uranium oxide fuel operating at temperatures near 1,800
degrees Celsius and extending above that in accident circumstances. Strontium isotopes
contained in the fuel are not significant contributors to the source term for metallic fuels
in research reactors. The reasons for this difference include the following:

• strontium in the power reactor uranium oxide fuel will be significantly released in
volatile oxide form at the prevailing fuel operating/accident temperature of 1,800
degrees Celsius and above. Actual release fractions depend on the accident
scenarios but could range from a fraction of a percent to 30 percent of the core
inventory. Release fractions for caesium are much higher approaching 100 percent;

• strontium in the research reactor aluminium clad metallic uranium fuel has a high
solubility in the molten fuel material and will be almost completely retained at 600
degrees Celsius and up to at least 1,400 degrees Celsius. May (May, 1987)
predicted release fractions of 10'9 percent at 650 degrees Celsius. Therefore
strontium does not contribute to the radiological dose for research reactor accidents
as the temperatures of the fuel do not exceed these levels. There is extensive
evidence for this strong retention of strontium in molten uranium metal fuels and
for its negligible contribution to the source term and radiological consequences of
hypothetical severe accidents (Chellew et al (1959), May (1987), Muck and Nedelik
(1989), Rasmussen and Ide (1989), Ellison (1990), Ellison (1993);

• as well as being produced in the fuel, strontium-90 is also produced as a result of
the radioactive decay of krypton-90 (krypton-90 to rubidium-90 to strontium-90).
The activities of krypton-90 and rubidium-90 in the core are presented in this
Supplement. The half-lives of the two steps in the decay chain are about 30
seconds (krypton-90) and four minutes (rubidium-90). These times are likely to be
very much shorter than the times required for any gas to escape the molten fuel,
enter the pool water, diffuse to the pool surface and reach the reactor building
atmosphere. Hence the majority of the gaseous krypton-90 will be decayed to the
paniculate strontium-90 before entering the pool water or within the pool water.
The quantity released into the containment atmosphere will therefore be very much
reduced. It is assessed that the quantity of strontium-90 released to the environment
as a result of the decay chain of krypton-90 will have a negligible contribution to
the dose as a result of the Reference Accident.

Comparison with reactor accidents

Sutherland Shire Council (No. 341) claims that accidents have occurred at
nuclear reactors, many of which are far worse in terms of proportion of
fission products released than the Reference Accident which the Draft EIS
claimed to be bounding. The submission cites the following accidents:
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the 1963 SL-1 accident with f ive to 15 percent of f ission product
inventory released from the reactor vessel. 0.5 percent iodine
inventory found o f f - s i t e , large amounts of act iv i ty tracked by teams;

• the 1957 Windscale accident with 25 to 43 percent iodine. 17 percent
caesium released from core. Only small retention in release path
(factor of two to three). Al l noble gases released; and

• the 1986 Chernobyl accident with 60 percent iodines. 65 percent
caesiums, several percent plutonium. 100 percent noble gases.

Comparison with the Chernobyl and Windscale accidents, and their release fractions, is
not relevant as the they do not constitute similar overseas facilities and standards
pertinent to the replacement nuclear research reactor. In particular:

• there are fundamentally significant differences in the design, operation and safety
features between a 1970s Soviet designed and operated 3000 megawatt power
reactor and a modern, pool-type 20 megawatt research reactor; similarly for the
Windscale reactor, a 1950s United Kingdom defence materials production reactor;

• more specifically, the Chernobyl and Windscale reactors used graphite (carbon) as
a moderator, and the burning graphite enhanced the release of fission products
from the core and subsequent environmental dispersion. The core of the proposed
replacement nuclear research reactor will be surrounded by about 100,000 litres of
water and hence fire in, or adjacent, to the core is not possible; and

• the Chernobyl fission product release fractions for accident conditions described in
the Sutherland Shire Council submission (No. 341) (Attachment 2A, Report Annex
section 3, page 9-10), do not constitute any recognised international or national
standard for research reactor safety assessments. Sutherland Shire Council does not
present any justification or applicability for use of the Chernobyl release fractions in
the assessment of the proposed replacement research reactor.

Comparison with the SL-1 reactor accident is also not relevant. SL-1 was a 3 megawatt
experimental Boiling Water Reactor plant intended to provide heating and electricity for
remote military installations. The reactor had no containment building other than a steel
shell which was not airtight. However, analysis of the releases from the accident
compared to environmental measurements (Mendoza, 1981) indicated that only a small
fraction of the artivity associated with the molten fuel escaped to the environment, in
spite of the lack of an engineered containment. An explanation is that not all of this
artivity was actually released from the fuel during the excursion and, of that which was
released, the water in the vessel was very effective in retaining it. This is consistent with
the Reference Accident assumptions.

Use of American Standard

To support its claims that the Draft EIS release fractions are
underestimated. Sutherland Shire Council (No. 341) states that a 25 percent
value for iodine release should be used for the Reference Accident because
it is recommended in the American National Standard on Research Reactor
Site Evaluation (American National Standard Institute/American Nuclear
Society 1977).
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The pertinent section of the American National Standard Institute/American Nuclear
Society Standard (1997) states:

"5. Criteria for Radionuclide Release from the Reactor Building

"The assumptions related to release of radionuclides from the reactor core,

a radioactive experiment, or a fuel element will depend on the

environment in which they fail. A failure in a water environment for

example would not lead to the same assumptions in air. The design basis

accident must address the failure environment either implicitly or explicitly.

If the failure is subject to the air, and actual data do not exist, the following

assumptions shall be used:

• Radioactive Iodines. Twenty-five percent... is immediately available for leakage to

the reactor building in direct proportion to percent of failure";

• Radioactive Noble Gases. One hundred percent ... is immediately available for

leakage to the reactor building in direct proportion to percent of failure";

- Radioactive decay. The effect of radioactive decay ... may be taken into account";

and

• Engineered Safety Features. The reduction in the amount of radioactive material

available for leakage to the environment by engineered safety features may be

taken into account, but the amount of reduction in concentration of radioactive

materials is evaluated on an individual case basis. The reactor building leaks at the

rate incorporated, or to be incorporated, in the technical specifications for the

duration of the accident".

Sutherland Shire Council (No. 341) is incorrect in suggesting that a 25 percent release

fraction for iodine should apply to the accident assessment for a pool-type reactor. The

Draft EIS Reference Accident has explicitly addressed failure in the water environment

of the reaaor pool and has considered actual experimental data in assessing the fission

product release, as required by the American Nuclear Society standard. The approach

and assumptions used for the Reference Accident are consistent with the American

Nuclear Society standard.

I t should be noted further that Sutherland Shire Council (No. 341) was the

only submission to propose al ternat ive Reference Accident release

fract ions, with other submissions actual ly contradict ing the claims made in

the submission. For example, the peer reviewers (No. 24) state the

fol lowing:

• "the mechanisms for fission product release from fuel to water and

water to air have been well researched-, and conservative values for the

release fractions derived" (Parkman, pp. 5) ;

• "Certainly, the assumption that a quarter of the fuel in the core melts

almost instantaneously is a very conservative assumption ... in fact all

the assumptions made in modelling the release terms are on the

conservative side"(International Atomic Energy Agency, pp. 2 3 ) : and
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• "Overall CH2M Hill concurs with the approach used in the Reference
Accident scenario, in that it addresses the worst case accident" (CH2M
Hill, pp. 26).

woronora Dam

The Sutherland Shire Council (submission 341)indicated that contamination
of Woronora Dam by an accident plume, including during rain-out conditions,
is an issue.

The Woronora Dam is situated in a 75 square kilometre catchment area located between
7 and 22 kilometres south of the Lucas Heights Science and Technology Centre. The
dam has a capacity of 72,000 million litres and a wall height of 63 metres. It supplies
water to the southern suburbs of Sydney.

A simple yet extremely conservative assessment of the issue can be made by considering
two radioisotopes of particular importance in ingestion pathways for exposure, caesium-
137 and iodine-131. It is assumed that the radioactive material travels over the 100 day
release duration in the direction of the Woronora dam, and is deposited on the
Woronora Dam catchment area where all of it immediately migrates into the dam. The
quantity of caesium-137 deposited on the catchment area is about 4x108 becquerel
which would result in a concentration of 0.0056 becquerel per litre (56 becquerels per
10,000 litres) of caesium-137 distributed uniformly in the dam water, assuming all of the
caesium was transferred from the ground and plant surfaces into the dam. The
concentration of caesium-137, which has a half-life of 30 years, is significantly below
that considered for a source of permanent drinking water of 0.5 becquerels per litre.

For iodine-131, about 2x10" becquerels could hypothetically be deposited in the
catchment area resulting in about 3 becquerels per litre distributed uniformly in the dam
water, assuming all of it is transferred to the water. The intervention level for restricting
drinking water consumption (as recommended by the National Health and Medical
Research Council in Radiation Health Series No. 32) is for peak iodine-131
concentration of 1,500 becquerels per litre, some 500 times the concentration
estimated to be in the dam from the reference accident using this simple conservative
model.

Neither of these estimates consider the retention of the caesium or iodine on vegetation
or in the soil of the catchment area, nor the time to transfer the material into the dam.
Caesium is quickly bound to most soils, reducing the amount available for transfer to the
dam by a factor of at least one thousand. For iodine, retention on vegetation and soils is
also significant, but with an eight day half-life most of the iodine-131 will have decayed
before it can be transferred to the dam water and possibly enter the drinking supply.

Therefore there would be no need for restrictions on drinking water from the Woronora
catchment in the unlikely event of the reference accident occurring and radioactive
material being blown into the catchment area.

It is also noted that the necessary weather scenario confines the plume travel direction
over regions with small populations, 1,400 in the southern sector and 800 in the south-
south-west sector (all outside the catchment). With these weather conditions, there
would be no exposures of individuals or population in other sectors.
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Response to issue 11.01.02 (The Groundwater contamination
Migration Route has Not Been included in the Modelling)

A number of submissions including those from Sutherland Shire Council (No.
341), Green (No. 906) and the NSW Government (No. 935) raised the issue
that the groundwater contamination migration route had not been adequately
addressed in the Draft EIS.

Croundwater contamination could occur via deposition from routine emissions or from
a spill of radioactive liquid at the Lucas Heights Science and Technology Centre.
Deposition from emissions is assessed in both accident and routine emission modelling.
However, there are no important pathways for human exposure from groundwater in the
vicinity of the Lucas Heights site. Only minor use is currently made of groundwater,
with only two licensed boreholes in the area, close to the Georges River. In general,
there is little use of groundwater below the Woronora plateau because the land remains
predominantly undeveloped bushland with much of the area occurring within the
Heathcote National Park and Holsworthy Military Area. For spilt material, procedures
are in place to control the spill with retention bunds and to decontaminate affected
areas. For any small amounts that did eventually enter the groundwater, the lateral
movement and subsequent expression in surface waters, the measured low horizontal
flow velocities of groundwater, combined with the routine monitoring program for
groundwater at the Lucas Heights Science and Technology Centre, will ensure that this
environmental exposure pathway would be effectively scrutinised and managed. Any
contamination would be detected early by regular monitoring in boreholes and creeks
within the buffer zone, allowing appropriate management strategies to be implemented.
This monitoring will be detailed in the Construction Environmental Monitoring Plan for
the Replacement Reactor.

Response to issue 11.01.03 (Criteria and standards used in Risk
Assessment are inappropriate)

Responded to under Issue 11.01.01.

Response to issue 11.01.04 (External Events, including seismic, Are
Not Adequately Considered in the Draft EIS)

The International Atomic Energy Agency (No. 24) stated "It is recamended
that a reasonably detailed summary of the existing information on external
events be included in the final version of the EIS. This should include a
systematic (but brief) treatment of external events as potential initiators
of accidents".

External events were considered as potential initiating events for the Reference Accident
including, in particular, a seismic event greater than the design basis earthquake, as this
could result in concurrent failures of reactor protection and safety systems and damage
to the building. The response to Issue 11.01.01 in this Supplement provides further
details.

A detailed description of all external events which need to be considered in the safety
assessment of the replacement nuclear research reactor is presented in the submission to
the Nuclear Safety Bureau on "Site Characteristics and Site Related Design Bases",
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(ANSTO, 1998b) and has been included in this Supplement as Appendix C. This
submission is part of the regulatory requirements for assessment of the site. The purpose
of the site characteristics submission to the Nuclear Safety Bureau is to identify and
provide information and any relevant assessment to satisfy the Nuclear Safety Bureau
and International Atomic Energy Agency requirements regarding the suitability of the
site. It includes a screening of site related features to identify those which are bounding
of other features in terms of their effect on the safety of the replacement reactor facility,
and which need to be further specified at the detailed design stage of the replacement
nuclear research reactor. Table 11.4 shows the complete list of natural and human
induced external events, indicating those events which need further assessment during
the detailed design stage and the preparation of the Safety Analysis Report.

On the basis of the site characteristics information and the specific site related design
basis considerations presented in the Nuclear Safety Bureau submission, it is concluded
that the site for the replacement reactor, within the Lucas Heights Science and
Technology Centre, does not have any negative features which cannot be overcome by
the high standard and quality of engineering design and construction which are required
by ANSTO.

During the regulatory licensing process, the safety assessments for the replacement
reactor will require the effects of the site related characteristics to be considered in
analysing hypothetical accidents. These events, called Design Basis External Events are
identified in the Site Characteristics submission to the Nuclear Safety Bureau (Appendix
Q as including earthquake, extreme winds, and light aircraft crash. These Design Basis
External Events bound the effects of all other natural or human induced external events.
The effect of these events will be analysed at the stage of the detailed design of the
replacement reactor and reported in the Preliminary Safety Analysis Report to the
nuclear regulatory authority prior to Construction Authorisation.

Normally, the Richter scale is used to describe the amount of energy released by an
earthquake, but this is unsuitable to characterise the degree of ground shaking at a
particular point away from the epicentre of an earthquake. For building or reactor design
purposes, the ground shaking is quantified by the peak horizontal ground acceleration
and the frequency spectra at the site of the reactor. For a physical description of the
effects an earthquake, the Modified Mercalli Intensity scale provides a better description.
The research reactor will be designed to withstand an intensity of ground shaking of
Modified Mercalli intensity IX, classified as 'Devastating'. Without design and
construction to this level of intensity, the effects on general structures would include
distortion of well-designed frame structures, great damage in substantial buildings, with
partial collapse and buildings shifted off foundations. By comparison, in the Newcastle
earthquake, the worst shaking was between intensity VII and VIII, "Very Strong* to
"Destructive", (Munich Reinsurance Company of Australia Ltd, June 1990). The
likelihood of an earthquake producing ground motion of intensity IX at the Lucas
Heights site is less than one in 10,000 per year.

The recent Probabilistic Safety Assessment of HIFAR (PLG, 1998) included an
assessment of the frequency of damage to the HIFAR reactor core resulting from seismic
events. The methodology for the probabilistic seismic hazard analysis was based upon
that currently used to evaluate seismic hazards at United States nuclear facilities. It took
as input the hazard curve generated by Corran (Corran, 1995) and used previously to
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evaluate the seismic safety of HIFAR. It also considered (as a sensitivity case) a hazard
curve estimate based upon current thinking in the United States. It concluded that the
main concern for HIFAR in a seismic event is a loss of coolant accident.

Following the Probabilistic Safety Assessment, further work to reassess the applicable
seismic hazard curve for the Lucas Heights Science and Technology Centre site was
recommended. The Department of Industry, Science and Resources commissioned in
January 1999 a reassessment of the hazard curve applicable to the Lucas Heights
Science and Technology Centre site. The work will review the information applicable
to the site, update the hazard curve in the light of the best available data, and employ
current international best practice regarding uncertainty.

The scope of the work includes:

• a review of international and US practice in generating hazard curves;

• the review of earthquake source zonation models for the Lucas Heights site;

• the development of earthquake recurrence relationships and maximum magnitudes
for each earthquake source zone;

• the development and/or selection of appropriate strong-motion attenuation
relationships;

• the explicit incorporation of input data uncertainties and modelling uncertainties
into the PSHA calculations;

• the incorporation of local site conditions, and

• the generation of an applicable set of frequency spectra for use in structural analysis
of the nuclear reactor structures at the Lucas Heights site.

The reassessment will better characterise the earthquake hazard for the Lucas Heights
site using state-of-the art methods which will enable the detailed design of the
replacement reactor to be refined as needed and the implications analysed in the Safety
Analysis Report for the replacement reactor. The results of the reassessment will be
available around mid-1999, and its recommendations on the appropriate seismic hazard
curve will be incorporated into the specifications issued to prospective vendors.
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Table 11.4: Screening of Natural and Human Induced Events and Site Characteristics

Event

NATURAL EVENTS

Avalanche

Bushfire

Coastal or other erosion

Drought

Flooding - regional

Flooding - local or site

Extreme winds

Landslide

Lightning

Low water supply (from low
lake, dam, or river level)

Low Winter temperature

High Summer temperature

Intense precipitation

River diversion

Sandstorm

Seiche

Sinkhole

Seismic activity

Snow Storm

Soil shrink-swell
consolidation

Storm surge

Tsunami

Volcanic activity

Waves

HUMAN INDUCED EVENTS'

Aircraft crash

Nearby industry - pipeline

Nearby industry - other

On-site activities

Water supply quality

Ventilation air quality

Military Activities

Missiles from high energy
equipment

Road and rail accidents

Screening
Criteria* Remarks

3 Site location precludes event.

1 Effects bounded by aircraft crash.

3 Site location precludes event.

4 Bounded by loss of cooling.

3 Site location precludes any direct effects.

1 Considered in reactor building design.

5 Requires analysis to determine design basis.

3 Site location precludes event.

1 Included in detailed design.

4 Considered in analysis of loss of heat sink

1 Included in detailed design.

1 Included in detailed design; bounded by
bushfire.

4 Included in site flooding analysis.

3 Site location precludes event.

3 Site location precludes event.

4 Site location precludes event.

3 Site characteristics preclude event.

5 Requires analysis to determine design basis.

3 Site location precludes event.

1 Considered in detailed building design.

3 Site location precludes event.

3 Site location precludes event.

3 Site location precludes event.

3 Site location precludes event.

5 Requires analysis to determine design basis.

1 Effects bounded by aircraft crash.

1 Effects considered in detailed design

1 Effects considered in detailed design

1 Effects considered in detailed design

1 Effects considered in detailed design

2 Small likelihood of any effect at LHSTC site

4 Included in the analysis of on-site activities.

1 Effects bounded by aircraft crash
# Screening criteria:
1. The event is of equal or lesser damage potential than the events for which the plant has been designed.
2. The event has a significantly lower frequency of occurrence than other events with similar consequences.
3. The event cannot occur close enough to the plant to affect i t
4. The event is included in the definition of another event
5. The event requires analysis in the Preliminary Safety Analysis Report to the nuclear regulatory authority to

determine the design basis.
* Sabotage is not included in this screening of human induced events; see response to 11.07.05.
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Response to issue 11.01.05 (Eis Risk Assessment Methodology
Concentrates on Reactor, Not isotope Production)

Various submissions including those from Nuclear Free Zones (No. 340) and
Green (No. 906) raised th is concern.

The Draft EIS did address the hazards and risks associated with any increase in
radioisotope production as a result of increased capability of the replacement nuclear
research reactor and increased demand during its 40 year expected lifetime. In
particular, the Draft EIS Chapter 11 states:

• "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 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;

* Building-54: the production of molybdenum-99;

* Building-23: the production of iodine-131;

• 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."

• "The replacement reactor would have the capacity to increase production of some
radioisotopes 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."

The hazards and risks associated with the separation of radioisotopes are well
characterised, with the Safety Review Committee having regularly examined ANSTO's
performance in this regard and reported in its Annual Report. A major factor is that the
radioactive inventories in other areas are very much smaller than in the reactor. The
statement above from the Draft EIS indicates that the impacts from any increased
radiopharmaceutical output will not be substantially different from the present impacts.
This is because the separation processes will have similar inventories at any particular
time to the current situation although the frequency of the separations process will
increase. The airborne and gaseous wastes arising from radiopharmaceutical production
are described in the Draft EIS Chapter 10, particularly Section 10.6 and further described
in Section W of this Supplement. Further, with the passage of the Australian Radiation
Protection and Nuclear Safety Act in 1998 and its implementation in 1999, all
Commonwealth activities involving radioactive material, including ANSTO's
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radioisotope separation facilities, will be licensed by the Australian Radiation Protection
and Nuclear Safety Agency regulators. To obtain this licence the detailed safety analysis
for the radioisotope facilities will require approval by the regulator.

Response to issue 11.01.06 (External Exposure to the community as
a consequence of the Release of Effluent Derived from ANSTO
Through the Potter point Outfall)

Various submissions expressed concern that the external exposure route to
the public as a result of exposure to the effluent from the Potter's Point
outfal l had not been adequately addressed in the Draft EIS.

The levels of alpha-emitting and beta-emitting isotopes from ANSTO effluent close to
the Potter Point outfall are both about one part in 10,000 of those occurring naturally in
the sea water. Readers are referred to the response to Issue 10.03.04. As a
consequence, the proportion of the external exposure to surfers close to Potter Point due
to ANSTO's operations would be about one part in 10,000 of that due to the naturally
occurring isotopes.

If a person swam for one hour per day close to the Potter Point outfall and drank
10 litres of seawater whilst swimming, the very low levels of radioactivity would give a
dose less than one part in 10 million of the recommended National Health and Medical
Research Council (1995) annual dose limit for the public.

Response to issue 11.01.07 (Sewage/Greywater/siudge Re-use
Exposure Route Not Considered in Draft EIS)

Reference was made in the independent peer review prepared by the
International Atomic Energy Agency (No. 24) of possible additional pathways
for radionuclide transport through the proposal to reuse greywater and
sewage sludge from the Cronulla Sewage Treatment Plant.

As part of their plans to upgrade the sewage treatment plant, Sydney Water is proposing
the release of tertiary treated water for reuse in urban areas; the transportation of
separated grit and screenings to an approved landfill; and the tertiary treatment of
sediment fines and the production of biosolids for agriculture and forestry.

As a consequence there are three possible pathways whereby aqueous releases of low-
level radioactive effluent from ANSTO can enter the environment through recycled
products. These are:

• alpha- and beta-emitting isotopes on the grit, screenings and biosolids;

• tritium in the recycled water; and

• alpha- and beta-isotopes in the recycled water.

Using the data on volumes of water and sludge used in the process provided in the
Cronulla Sewage Treatment Plant EIS, and assuming the maximum permitted discharge
levels from ANSTO, the levels of tritium will be about 0.25 percent of the World Health
Organisation reference level for tritium in drinking water and the levels of alpha and
beta activities will be less than 13 percent and less than 2.7 percent of the World Health
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Organisation drinking water limits respectively. It is emphasised that the recycled water
will not be used for drinking purposes.

If it is assumed that all the radionuclides released from ANSTO were adsorbed in the
screenings, grit and biosolids, the levels would be much less than those of normal soil
samples. The levels are also less than the variability of radioactivity levels found in the
soil samples and are therefore not of environmental concern.

Response to issue 11.01.08 (The Draft Eis Does Not Consider
Material Transport in assessing Risk to the Public)

A number of submissions commented on matters related to the issue of
material transport. Al l such submissions focussed on the perceived risks
associated with the transport operations either on roads through local
communities or on the high seas. In addition. Submissions by People
Against a Nuclear Reactor (No. 339) and the Australian Conservation
Foundation (No. 360) were concerned that there was no detailed risk
assessment of these transport operations in the Draft EIS.

The reason that there was no detailed risk assessment of spent fuel transport in the Draft
EIS is that extensive assessment of these shipments has already been conducted under
the Environment Protection (Impact of Proposals) Act, 1974 on a number of occasions.
In particular, the overseas shipment of all the spent fuel arising over the life of HIFAR
has already been subjected to both a Public Environment Report process (in 1995) and
more recently to a further assessment by Environment Australia in 1997. These
assessments found that the shipments were environmentally acceptable, subject to
recommended conditions. This finding has subsequently been supported by the
extensive monitoring undertaken of the two recent shipments under this program, to the
United Kingdom in 1996 and to the United States in 1998. The lack of any
environmentally significant impacts has also been reinforced by the United States
Department of Energy EIS assessment of the total program of overseas shipments of
22,000 spent research reactor fuel elements under their Foreign Research Reactor Spent
Fuel Return program, an assessment which included the HIFAR spent fuel elements of
United States-origin.

Given this extensive and consistent assessment of the safety of these shipments, and the
requirement that future shipments be subject to assessment under the Environment
Protection (Impact of Proposals) Act, 1974 if required, further detailed assessments of
spent fuel shipments are deemed unwarranted and outside the scope of this EIS.

Background to Radioactive Material Transport Safety

The transport of radioactive materials on an international basis is governed by the
provisions of the 'Regulations for the Safe Transport of Radioactive Material' issued by
the International Atomic Energy Agency. The International Atomic Energy Agency
Transport Regulations were first issued, at the request of the United Nations, in 1961
and have been updated regularly since. They have been adopted as, or used as the basis
for, national regulations in essentially all the member countries of the International
Atomic Energy Agency including Australia. They have also been incorporated into all
the major international conventions and requirements controlling the transport of

PPK Environment & Infrastructure Ptv Lid Page 1 1-29



Replacement Nuclear Research Reactor
Supplement

dangerous materials, including the International Maritime Organisation Dangerous
Goods Code.

The objective oi 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. The approach also
ensures there is no risk to other cargoes carried in the same vessel. This is achieved by
limiting the nature and activity of the radioactive material which may be transported in a
package of a given design, by specifying design criteria lor each type of package, and by
recommending procedures for the safe handling and stowage during transport. Package
design is essential to ensuring overall safety. Controls on the design and use of the
package and its required strength increase as the hazardous nature or inventory of its
radioactive contents increases.

The vast majority of packages of radioactive material transported within Australia are
Type A packages. These packages are typically used to transport radiopharmaceuticals
around Australia. Type A packages are permitted to contain only limited quantities of
radioactivity (which does pose limitations on distribution practices). These packages are
expected to retain their integrity under conditions of normal transport abuse, for
example, falling from a vehicle, being exposed to rain, being struck by a sharp object or
having cargo stacked on top. It is assumed however that a Type A package may be
damaged in a severe accident and that a fraction of its contents may be released. Limits
are therefore set in the Regulations for the maximum amount of each radionuclide
which is permitted to be transported in a Type A package. These limits ensure that in
the event of the package being involved in a severe accident, the risks from external
radiation or contamination from the radioactive contents of the package are low.

Larger amounts of radioactive material must be transported in more complex Type B
packages. These packages are used for transporting such items as radiography sources or
cobalt-60 sources used for cancer therapy in hospitals. A Type B package must be
capable of withstanding the effects of a severe accident without releasing its radioactive
contents or there being any significant increase in external radiation levels. The design
of each Type B package must be approved by the national competent authority of the
country in which the packaging is being designed.

Type B packages must meet stringent leak tightness provisions and satisfy mechanical
and thermal (crash and fire) tests and a water immersion test. There are drop tests, one
from a height of nine metres onto an essentially unyielding surface and the other, a
puncture test onto a steel bar. The thermal test subjects the package to a hydrocarbon
fuel/air fire with an average flame temperature of 800 degrees Celsius for thirty minutes.
The water immersion test requires the package to be immersed under a head of water of
at least 15 metres for a period of not less than eight hours, and at 200 metres for not less
than one hour, and in the orientation for which maximum leakage would be expected.

It is important to note that the International Atomic Energy Agency specified tests are not
intended to replicate directly any specific transport accident. They are intended to
simulate the damage to a package which would result under normal transport conditions
or in a severe transport accident as appropriate. As a United States Department of
Energy study has noted, 'While one can postulate accidents that fall beyond those
covered by the International Atomic Energy Agency standards, the likelihood of these
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accidents is so low that they do not pose a credible threat to public health and safety'
(United States Department of Energy 1993).

Type B packages have impressively survived some extraordinary tests, most
spectacularly a British demonstration in which a diesel locomotive pulling three
carriages was smashed into a nuclear fuel cask at 165 kilometres per hour. The cask
suffered only minor damage and no significant leakage. The locomotive was destroyed.
Further information of the safety record associated with the transport of radioactive
materials is presented in the response to Issue 11.03.01.

In late 1992 the public controversy over a shipment of plutonium from France to Japan
led the relevant international organisations to re-examine the issue of maritime transport
of highly radioactive materials. A Joint International Atomic Energy
Agency/International Maritime Organisation/United Nations Environment Program
Working Group considered a number of issues and prepared a 'Code of Practice for the
Safe Carriage of Irradiated Nuclear Fuel, Plutonium and High Level Radioactive Wastes
in Flasks on Board Ships', which was adopted by the International Maritime
Organisation in November 1993. The Code sets standards for the design and
construction of ships carrying these materials. During its deliberations, the Working
Group examined a number of allegations that had been made by certain groups to the
effect that International Atomic Energy Agency regulatory test standards were
inadequate, but found no evidence to support these allegations. The Code reflects the
consensus of the international bodies and their member states that the packaging
requirements in the International Atomic Energy Agency Transport Regulations are
adequate. The overall conclusion of the Working Group was that all the available
evidence demonstrates very low levels of radiological risks and environmental
consequences from the transport of radioactive material. See also the response to Issues
11.03.01 and 11.03.02.

The transport casks to be used for the shipments of Australia's research reactor spent fuel
are all Type B(U) casks as defined in the regulations for the safe transport of radioactive
material, and are designed and built specially for the carriage of research reactor spent
fuel. The casks will hold valid Competent Authority Certification Approval from the
Australian Maritime Safety Authority and the Nuclear Safety Bureau which certify inter
alia that the design and manufacture of the casks meets all relevant provisions of the
International Atomic Energy Agency Regulations for the Safe Transport of Radioactive
Material. These Regulations are adopted into the Australian Code of Practice for the
Safe Transport of Radioactive Substances 1990, produced under the Environment
Protection (Nuclear Codes) Act 1978, which has been adopted by States and Territories
under their radiation control legislation, and for sea and air transport by the respective
Commonwealth Authorities. In addition the sea transport arrangements will be in
accordance with the International Maritime Organisation Dangerous Goods Code and
the International Maritime Organisation/United Nations Environment Program/
International Atomic Energy Agency Code of Practice for the Safe Carriage of Irradiated
Nuclear Fuel, Plutonium and High Level Radioactive Wastes in Flasks on Board Ships
1993.

As previously indicated, the regulations to be applied are those embodied in the
Australian Code of Practice for the Safe Transport of Radioactive Substances 1990.
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In the Public Environment Report for the 1996 shipment (ANSTO 1995), a potential gap
in regulatory coverage was identified to the extent that there was no Competent
Authority formally designated in the above Code of Practice for surface transport under
Commonwealth jurisdiction. This gap was filled for the purposes of that shipment by a
once-off special Ministerial designation of the Australian Radiation Laboratory to act as
regulator for that shipment. However, from July 1 1997 both the Australian Radiation
Laboratory and the Nuclear Safety Bureau have received formal designation under the
Code as Competent Authorities for purposes of surface transport within Australia under
Commonwealth jurisdiction. The Australian Radiation Laboratory and the Nuclear
Safety Bureau accordingly are already fulfilling this function in reviewing cask
certifications and related arrangements and they, or the new Australian Radiation
Protection and Nuclear Safety Agency, will continue to have this formal regulatory
responsibility for all future shipments under this proposed program of overseas shipment
of spent fuel. The provisions of the Code, which apply at the NSW state level as well as
for the Commonwealth, provide that NSW authorities (the NSW Environment Protection
Authority) will recognise approvals granted by the Commonwealth authorities for such
shipments under Commonwealth jurisdiction. NSW Environment Protection Authority
will therefore be kept informed of arrangements for the shipments but will have no
active regulatory role in them.

The Nuclear Safety Bureau also has a role in reviewing the internal ANSTO safety
submissions, to its Safety Assessment Committee, regarding preparatory actions for the
shipments. These include on-site fuel movements and handling operations prior to
loading the fuel in casks for shipment as well as testing and inspection operations on the
casks. The Nuclear Safety Bureau has particular regard to reviewing the criticality safety
approvals for these operations.

The Commonwealth regulatory oversight of these shipments will shortly be further
strengthened by the establishment of the new Australian Radiation Protection and
Nuclear Safety Agency, the enabling legislation for which passed both Houses of Federal
Parliament on 10 December 1998.

Other Commonwealth regulatory regimes also apply to these shipments including:

• Nuclear Non-proliferation (Safeguards) Act - which ensures the transfer of the
nuclear materials associated with the spent fuel takes place only in accordance with
Australia's international non-proliferation obligations to ensure they can be used
only for peaceful purposes. The Safeguards Act also sets the standards that must be
met for Physical Protection of the materials for preventing theft or terrorist threats to
the shipments. The Australian Safeguards and Non-Proliferation Office is
responsible for oversighting these matters and Australian Safeguards and Non-
Proliferation Office approval of the shipments and arrangements will be obtained;

• the Customs Act also controls the export of nuclear and radioactive materials and
ANSTO will obtain the necessary export approvals under this legislation. The
Attorney General's Department is responsible for administering these aspects;

• the transport of radioactive substances by sea is subject to the Navigation Act and
approvals of ships and shipping arrangements in accordance with this Act and the
applicable Codes is the responsibility of the Australian Maritime Safety Authority;
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Hence it is evident that there will be close Commonwealth regulatory oversight of the
proposed program of overseas shipments of spent research reactor fuel.

Radioactive waste covers a wide range of materials in terms of its levels of radioactivity
and toxicity, from waste which needs low levels of protection during transport such as
laboratory waste to that which requires stringent protection from the environment such
as high level liquid waste arising from reprocessing power reactor fuel. Internationally,
the particular transport package design used for transporting radioactive waste is
determined in exactly the same way as for other radioactive materials in terms of the
particular radionuclides present and their quantities. Once this is assessed, an
applicable package design is identified which will be a Type B package if significant
quantities of radionuclides are present, a Type A package if limited levels of
radioactivity are involved, or an Industrial Package (such as sealed drums) if the
radioactive waste has inherently low levels of risk.

Response to issue 11.01.09 (Smoke Not Mentioned as External
Event)

A number of submissions and pro-forma 4 raised the issue of smoke and
related environmental external events. Pro-forma 4 states "there is no
mention in the EIS of the effect that smoke and embers would have in
clogging the filters during bush fire".

International Atomic Energy Agency (No. 24) states "Once the design of the
replacement reactor is known, the potential hazard should be treated more
rigorously in order to consider all its effects (such as radiation from
flames, flying enters, and smoke)".

The location of the Lucas Heights Science and Technology Centre is such that large
bushfires can be expected every eight to 12 years. These fires have the potential to burn
to the site boundary. The fire intensity and duration is dependent on a number of
meteorological factors including prevailing wind strength and direction, temperature,
and humidity. The developed areas of the Lucas Heights Science and Technology Centre
site lie on relatively flat ground with sparse vegetation, which will reduce the intensity
of the fire coming over the ridge.

Previous work for HIFAR examined the effect on the containment building of the radiant
heat from bushfires under steady state conditions. It has been shown (Beattie, 1998) that
this previous work is highly conservative, and it is now assessed that the incidence of
bushfires near the Lucas Heights Science and Technology Centre site does not present
any unique effects for consideration in the design and operation of the replacement
nuclear research reactor. Further, because of the short duration of a bushfire event, any
effects imposed by a bushfire on the reactor and associated buildings is bounded for the
purposes of design by the effects of other external events such as nearby transport
accidents.

The main design considerations for avoiding or minimising hazards from bushfire
include compliance with relevant Australian building standards; the use of appropriate
construction materials; appropriate design to avoid the collection of combustible
material on or near buildings (for example, leaves settling in guttering, roof or eaves);
and maintaining recommended fire hazard reduction distances from bushland as
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described in the Draft EIS Section 17.2. In addition ventilation can be shut-down during
the time the fire is in the vicinity. The replacement reactor would also be required to
withstand the smoke and hot debris that may fall on the building during a bushfire. The
potential effects of smoke will be included in the detailed design analysis associated
with atmospheric aerosols that the plant will be designed to handle.

Response to issue 11.01.10 (Transportation Accidents Dismissed in
EIS)

The peer review by CH2M Hi l l (No. 24) stated that "the EIS does not refer
to the possibility of transportation accidents" but such accidents "have
been considered but were dismissed due to their insignificant
consequences". Other submissions including Sutherland Shire Council (No.
341) and Green (No. 906) also iterated the claim regarding the effect of a
road transportation accident on the replacement nuclear research reactor.

The only hazardous substances regularly travelling the roads near to the Lucas Heights
Science and Technology Centre site are petrol and diesel. Sodium cyanide carried by
rail is too far away at three kilometres to have any effect in the event of an accident.
Explosives carried by road take a route which keeps it away from the Lucas Heights
Science and Technology Centre site. No large amounts of pressurised gas or toxic
materials currently pass close to the Lucas Heights Science and Technology Centre site.

Nevertheless, for the Siting Safety Assessment submission to the Nuclear Safety Bureau
on "Site Characteristics and Site Related Design Basis" (ANSTO, 1998b), ANSTO
contracted the company Det Norske Veritas to examine the possible effects of several
bounding scenarios of road transportation accidents involving the following:

• Boiling Liquid Expanding Vapour Expansion of a full road tanker of LPG;

• LPG flash fire and vapour cloud explosion;

• fire with possible explosion of a full road tanker of petrol;

• explosion of a full semi-trailer load of ammonium nitrate; and

• rupture of a full road tanker of chlorine.

The Det Norske Veritas analysis concluded that the bounding scenarios for LPG Boiling
Liquid Expanding Vapour Expansion, petrol fire and ammonium nitrate explosion would
have negligible consequences to people located in the open at the Lucas Heights
Science and Technology Centre during any incidents and would have no significant
impact on buildings, apart from the possibility of breaking glass windows from the
explosion.

The rupture of a LPG road tanker and subsequent formation of a gas cloud could cause a
flash fire killing people within the gas cloud up to 285 metres from the site of the
rupture. There is a possibility of this gas cloud exploding in the bush surrounding the
Lucas Heights Science and Technology Centre. This would result in significant
overpressure that could cause injury to people in the open and damage to structures not
designed to resist such overpressure. However, the Replacement Reactor building
would be designed to safely resist such overpressure and, in the unlikely event of a
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rupture of an LPG tanker within 285 metres, there would be no effect on reactor
operations or safety.

The worst consequences from a major leak of chlorine from a bulk chlorine tanker could
lead to fatalities to people at 240 metres from the rupture, unless they could shelter
inside a building with air not contaminated by the chlorine. Ventilation, in the reactor
building, could be shut-down in the event of an accident involving chlorine. However,
at present there is no bulk chlorine transported along the roads near the Lucas Heights
Scientific and Technology Centre, and no such transport is planned by NSW authorities.

Even if LPG or bulk chlorine transport occurred on New Illawarra Road in the future, the
likelihood of a major road accident on the stretch of road near the Lucas Heights
Science and Technology Centre would be low. Nevertheless road transport will be kept
under review during the life of the replacement reactor and reported accordingly in the
Safety Analysis Report to the Australian Radiation Protection and Nuclear Safety Agency.

Response to issue 11.O1.11 (Co-ordinated Emissions Release Plan
Required)

In the independent peer review International Atomic Energy Agency (No. 24),
raised the issue that releases from stacks were not coordinated and that
"Such a coordination may assist in minimising peaks of emissions at
particular times".

The off-site exposures from ANSTO's operations are very low and there is no evidence
from any international study that the rate of release, at these low doses, has any effect.
The published off-site dose is the cumulative annual dose over all meteorological and
operational conditions. It thus includes peak releases and releases during unfavourable
meteorological conditions such as inversion conditions.

Operational reviews of the timing of emissions have been performed and it has been
found that peaks do occur during certain stages of the operation. Examples of these
include rig downloads from the reactor and during the separation of radioisotopes. The
effect of these peak timings has been examined using atmospheric dispersion modelling.
Averaged over an exposure period of a year, there was no significant effect on public
doses from the timing of emissions. The emphasis for any future emission control will
remain on reducing the overall quantity released. More information on future directions
in emission control are detailed in the response to Issue 10.04.04.

Response to issue 11.01.12 (Differences Between Draft EIS and 1998
Siting safety Assessment (SSA) Not Explained)

In line with the claims raised in the public submissions under this issue,
the difference in the Draft EIS and the Siting Safety Assessment have been
examined under the following headings:

• inventory and source term data;

• wind direction and population distribution; and

• acceptability of differences in assumptions between Draft EIS and Siting
Safety Assessment.
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inventory and Source Term Data

Parkman (No. 24) identi f ied some inconsistencies between the Draft EIS and
the Sit ing Safety Assessment (ANSTO 1998a) regarding the f ission product
inventories and source terms. A transposition error in the tellurium inventory was
corrected in the Siting Safety Assessment amendments of 24 July 1998 (see rev 1 of
Siting Safety Assessment); however it was too late to be incorporated into the Draft EIS.
The amended (lower) tellurium inventory does not affect the estimation of radiological
consequences in the EIS as the values in the columns labelled "Release in Becquerel" of
Appendix C, Table 1 were, and remain, correct.

For the caesium inventory, the errors were also typographical. However, the values in
the columns labelled "Release in becquerels", which are used to estimate radiological
consequences, are correct and therefore the Draft EIS results are unaltered.

The peer review submission (Parkman No. 24) also requested confirmation
that the calculated f ission product inventory was increased by 10 percent
for subsequent evaluation of the fission products available for release in
the Reference Accident. It is confirmed that the Draft EIS calculations were based on
the fission product inventory increased by 10 percent to derive the released activity
values for each time period. Appendix C Table 7 is amended (in the errata appendix of
this Supplement - Appendix D) to contain a column of the calculated inventory plus 10
percent values. Also an additional sentence is to be added at 2.2.1 and a footnote to
Table /: "The calculated fission product inventory for a generic pool reactor operating at
20 megawatt has been increased by 10 percent as a further conservatism in deriving the
released activity values for each time period ".

wind Direction and Population Distribution

The peer review submission (Parkman No. 24) queried discrepancies in the
wind direction and tabulated figures for the projected population between
the EIS and Siting Safety Assessment.

The Siting Safety Assessment used 1991 Australian Bureau oi Statistics Census data
projected to 2011. The Draft EIS used the recent 1996 Census data projected to 2006
and 2016 as described by PPK/NNC in Appendix C, Annex). It should also be noted
that the population sectors in the Siting Safety Assessment (Table 4.3) and the Draft EIS
(Table G7) are not identical. For example, to define the North sector the Draft EIS uses
22.5° from North while the Siting Safety Assessment uses 22.5° sectors centred on
North. The Draft EIS calculates collective dose for each and every sector; see, for
example, Appendix G, Table 19 (p G39). Comparing the Draft EIS results with the
Nuclear Safety Bureau siting criterion of 200 person-sieverts shows that, for the wind
direction remaining constant into the sector for 48 hours, the collective dose varies from
15 person-sievert for the north-north-east sector to 0.03 person-sievert for the south-
south-west sector in 2016.

The statement on page F-12 regarding the prevailing wind direction being westerly is an
error and should read "... the prevailing winds are from a southerly direction, ...".
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However, these discrepancies have no effect on the radiological estimates or conclusion
of either study.

Acceptability of Differences in Assumptions Between Draft EIS and Siting
Safety Assessment

For the Reference Accident. Parkman (No. 24) "recommended that the
acceptability of these differences be explained in terms of their
sensitivity to the release height, the weather conditions, the lifestyle
assumptions for the most exposed person, and the collective dose cut-offs".

Table 11.5 presents the differences in the assumptions and shows that the effects of
these differences do not alter the conclusions of the Reference Accident. It should be
recognised that the Siting Safety Assessment is part of a regulatory submission intended
to obtain Site Authorisation for the replacement nuclear research reactor (as described in
Draft EIS Figure 2.3 and Section 11.3.1) and hence serves a different, yet
complementary, purpose to the EIS.

The differences in modelling assumptions result from the independence of the NNC
calculations from those of ANSTO and also provide an indication of the effect of a range
of realistic assumptions on the results of the Reference Accident assessment. It should
be noted that the assumptions made in the Draft EIS and the Siting Safety Assessment
Reference Accident are pessimistically bounding in that it is not credible to make more
conservative assumptions. For example, the timing of the release from the reactor
building is assumed to coincide with F/D cycling of weather which provides the
maximum credible dose. Both the Siting Safety Assessment and Draft EIS results for the
doses from the Reference Accident are within the relevant criteria put forward by the
Nuclear Safety Bureau.
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Table 11.5: Acceptability of Differences in Assumptions Between Draft EIS and Siting Safety Assessment

Assumption

Fission product release
height

Weather
conditions

Stability
class

Wind
speed

Lifestyle of maximum
exposed individual (MEI)

Collective dose

cut-off

Draft EIS

10 metres

5 different conditions: A; D; D with
rain; F/D and D/F cycling

Lowest actual measured values eg. for F
stability: 1.1 ms'

MEI is adult or child using bike track
(outdoors) at 0.4 kilometres for 12
hours; then resident at 1.6 kilometres;
25 percent of all food consumed is
grown locally;
MEI exposure scenario includes rain
(while biking).

Collective dose is calculated to a
distance of 25 kilometres. Projected
(from 1996 census) population for 2006
and 2016 of about 1.64 million.

Siting Safety Assessment submission
(ANSTO 1998a)

Ground level

F/D cycling; no rain

Minimum values of 1 ms"' for F; 3 ms'1

for D (similar to actual measured
minima)

Individual remains outdoors at 1.6
kilometres for accident duration;
Contaminated food consumption is set at
20 kg/y (for leafy & root vegetables);
Adult dose only is assessed.

Collective dose is calculated to a distance
of 25 kilometres. Projected (from 1991
census) population in 2011 of about 1.65
million.

Effect of difference between EIS and Siting
Safety Assessment

The dispersion model shows no difference to
dose results for release heights at 0 and 10 m at
receptor distances greater than 1.6 kilometre
(the Buffer Zone boundary). Release height at
ground level maximises individual dose.

The Siting Safety Assessment weather is
included in the Draft EIS categories. Release
from reactor building is timed to coincide with
weather conditions which maximise dose.

MEI adult dose is 2.3 mSv and MEI child dose
is 3.4 mSv for D with rain;
EIS adult dose at 1.6 kilometres for F/D cycling
is 0.46 mSv;
Siting Safety Assessment adult dose at 1.6
kilometres for F/D cycling is 0.86 mSv;
The differences in 1.6 kilometres adult dose is
largely due to indoor/outdoor occupancy
factors.
All these doses are similar in magnitude. Any
differences are not considered to be significant
given the different lifestyle assumptions.

The distance cut-off is chosen for both Siting
Safety Assessment and EIS assessments
according to Nuclear Safety Bureau Safety
Assessment Principles. Doses at the distance
cut-off and beyond are less than about 0.01
mSv for average weather conditions.
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Response to issue 11.01.13 (Collective Dose Assessment Radius
Should Be Extended) and issue 11.02.01 (Collective Dose
Assessment is wrong)

The independent peer reviewers in (No. 24). raised the question of the
collective dose assessment used in the Draft EIS.

"the collective dose assessment be extended, at least to include
the large additional population just beyond the present 25
kilometres radius in the north-north-west direction".

It should be noted that the submission was in fact referring to the north-north-east
direction.

Other submissions also commented on the distances used in collective dose assessment.

The collective dose assessment presented in the Draft EIS was consistent with the
Nuclear Safety Bureau's "Safety Assessment Principles". The Safety Assessment
Principles state that "the population considered when determining the collective
effective dose must represent the worst case in terms of location, but should also be
limited so as to exclude individuals whose dose is small compared to those close to the
site".

The Draft EIS calculations showed that the maximum dose was 1.8 millisieverts at a
distance of 1.6 kilometres from the site and that at 20 kilometres the dose had dropped
to 0.01 millisieverts in the worst case. Since this dose is more than 100 times less than
that close to the site, the 25 kilometres cut-off was adopted in the Draft EIS.

Further, international practice for evaluation of radiation releases for research reactors
does not extend to the evaluation at distances used in the Draft EIS. For example, the
United States Nuclear Regulatory Commission (1996) acceptance criteria for licence
applications for non-power reactors states: "The analyses should support realistic
dispersion estimates of normal releases for [radiation protection program and waste
management] analyses and conservative dispersion estimates of projected releases for
analysis of accidental releases at locations of maximum projected radiological dose and
other points of interest within a radius of eight kilometres" (emphasis added; from
section 2.3, NUREG-1537, part 2, 1996). Hence the 25 kilometres radius for collective
dose evaluation in the EIS is much greater than that required by Nuclear Regulatory
Commission for licensing similar research reactors in the United States.

The peer review submission (No. 24) provided an assessment of collective
dose i f the radius was extended for the north-north-east section where the
collective dose out to 25 kilometres was the highest. This assumed that this
section also had the largest population beyond 25 kilometres. These calculations
indicated that the collective dose beyond 25 kilometres would be at most, an additional
20 person-sieverts.

The figures calculated for the Draft EIS showed that the dose within the 25 kilometres
radius would be at worst 15 person-sieverts in the north-north-east sector. Using the
Parkman evaluation, the total dose out to 50 kilometres would be 35 person-sieverts.
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Since the Nuclear Safety Bureau criterion for collective dose is approximately 200
person-sieverts it can be concluded that even if the assertion that the collective dose
radius should have been extended is accepted, the Nuclear Safety Bureau criterion is
still easily met.

Furthermore, without population data beyond 25 kilometres being immediately
available, the Parkman assessment was based on assumptions which substantially
overestimate the collective dose compared to the detailed calculation that was carried
out. These Parkman assumptions include that:

• each individual's dose at all distances is taken to be the same as the average
individual dose in the 20 to 25 kilometres band, whereas in reality the dose would
rapidly reduce with distance;

• one-third of the population of Sydney who live more than 25 kilometres away from
the reactor were in the north-north-east sector (this assumed population of 779,000
people was a large overestimate); and

• the worst case weather conditions are assumed to persist for 100 days in the
Parkman assessment.

A more detailed assessment has been made by to ascertain the magnitude of the
collective dose beyond 25 kilometres, relative to that from 1.6 to 25 kilometres. This is
based on the 1996 Census population distribution out to 25 kilometres prepared by The
Alcon Group (TAG) for ANSTO's Site Characteristics and Site Related Design Bases
submission to the Nuclear Safety Bureau (ANSTO, 1998b). The Alcon Group have
extended the population distribution into sectors and distance bands out to 50
kilometres.

In accordance with TAG and ANSTO's usual practice, the sectors specified in this
distribution are centred on the cardinal compass directions, rather than having those
directions at one edge, as in Figure A1 of Appendix C of the Draft EIS. Thus, the
sectorial populations used here differ from those in Appendix G, although based on the
same population data.

The north-north-east and north-east sectors assessed this way have the highest
populations and include within them the north-north-east sector as defined in Appendix
C of the Draft EIS for which the population and collective dose out to 25 kilometres was
the highest of all sectors in that assessment. The maximum individual dose at the mid-
section of each distance band out to 50 kilometres was calculated by NNC Limited for
the weather category F/D cycling, using the same methodology and assumptions as in
Appendix C of the Draft EIS except that there is no cut-off of doses below 0.01
millisieverts (that is, individual doses however small are now included). This is the most
conservative assumption that can be made. The collective doses for plume travel into
each of the north-north-east and north-east sectors is summarised in Table 17.6.

Figure M. 7 shows the individual doses as a function of distance if the wind was to blow
constantly into one sector for the full duration of the reference accident. A similar
distribution of doses would occur if the wind was blowing constantly into a different
sector at the time of the reference accident. Table 7/.6 compares the maximum
individual doses to members of the public from the hypothetical reference accident with
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the recommendations of the National Health and Medical Research Council (1992) for
intervention doses in emergency situations, and with the doses at which acute biological
effects are likely to occur. It can be seen that the reference accident maximum doses are
much closer to annual dose limits (see Table 1.4 in the response to Issue 1.03.02) than
to emergency levels and are substantially less than doses for which acute biological
effects are expected.

Table 11.6: Comparison of Reference Accident Doses with Other Radiation Doses

Reference accident individual dose millisievert

Maximum exposed adult 2.3

Maximum exposed child 3.4

Adult at edge of buffer zone 0.51

Child at edge of buffer zone 0.77

National Health and Medical Research Council (1990) guidance on accident dose
(from "Intervention in emergency situations involving radiation exposure (1990)")

Situation millisievert

Recommended range of dose for sheltering in
emergencies

Recommended range of dose for evacuation in
emergencies

Threshold, acute, whole body dose at which _
vomiting could occur

Acute lethal dose more than 3,000
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Figure 11.1

Typical Individual Dose Received with the Wind Blowing directly in

the Identified Direction under Category D with Rainfall

Conditions for the Pull Duration of the Reference Accident
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Note The distribution of these dosec will be dependent con
the prevailing wind direction, Fluctuations m wind
direction will result in lower1 individual closes n^fBr n
wider area.



Chapter 11 - Hazards and Risks

Table 11.7: Collective Dose to Populations in North-North-East and North-East
Sectors for Category F/D Cycling (1996)

Distance

1.6-3.2

3.2-4.8

4.8-10

10-15

15-20

20-25

1.6-25

25-30

30-35

35^0

40-45

45-50

25-50

1.6-50

Mid-Sector
Dose

(Millisievert)

0.228

0.125

0.070

0.043

0.030

0.025

Total

0.022

0.017

0.014

0.012

0.010

Total

Total

NNE

Population

0

1,699

11,131

60,240

104,192

103,600

280,862

94,683

128,534

107,853

55,084

15,846

402,000

682,862

Sector

Collective Dose
Person Severt

0

0.21

0.77

2.61

3.07

2.61

9.27

2.12

2.22

1.50

0.63

0.16

6.63

15.91

NE

Population

0

4,370

21,993

66,380

133,805

156,896

383,444

191,907

196,273

69,804

73,214

28,309

559,507

942,951

Sector

Collective Dose
Person Sievert

0

0.54

1.53

2.88

3.95

3.95

12.85

4.30

3.39

0.97

0.84

0.28

9.78

22.63

The north-east sector contains the largest population and, in the event of the
hypothetical Reference Accident occurring, and with the worst case weather condition
directing the plume solely into that sector for 100 days, the total collective dose out to
50 kilometres (a boundary mostly in the ocean) could be a maximum of 23 person-
sieverts. Of this total, 13 person-sieverts would accrue to the population out to 25
kilometres and 10 person-sieverts to the larger population beyond 25 kilometres. These
assessments relate to 1996 populations; population increases to 2006 would increase the
overall collective doses by a few percent.

Table 71.7 also shows that a similar pattern of exposures would occur if the prevailing
weather directed the radioactive plume to the next most populous sector, the north-
north-east. These could be 9.3 person-sieverts of exposure for the population within 25
kilometres with an additional 6.6 person-sieverts for the population beyond, totalling 16
person-sieverts for the whole sector.

These calculations confirm that the Parkman (No. 24) assessment of 20 person-sievert
beyond 25 kilometres in the potentially most exposed sector provided a very
conservative bounding estimate. Based on actual information on population beyond 25
kilometres in this north-east region, unavailable at short notice to Submission 24, as well
as estimates of individual dose beyond 25 kilometres, it is clear that in the direction of
maximum potential impact of the Reference Accident, an extension of the radius of
collective dose assessment from 25 to 50 kilometres results in less than a doubling of the
conservative estimates of doses to 25 kilometres. (The worst-case estimate of collective
dose to 25 kilometres in the Draft EIS was 15 person-sieverts in comparison with the
estimate of 23 person-sieverts out to a total distance of 50 kilometres).
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The maximum collective dose of 23 person-sieverts in Table 11.7 would indicate zero
or one additional fatal cancer in the affected sector population of 940,000, which will
experience more than 250,000 other cancer related deaths from other causes. The
conclusion of the Draft EIS and of the Submission 24 additional assessment are
reinforced by this further analysis of the maximum consequences of the Reference
Accident based on actual population data out to 50 kilometres from the Lucas Heights
Science and Technology Centre. The maximum collective dose of 23 person-sieverts
from the Reference Accident with the plume travelling over the most densely populated
sector of Sydney (and Australia) for 100 days and without any dose cut off is still only
about 10 percent of the Nuclear Safety Bureau criterion of 200 person-si evert. The
criterion allows a cut off at 0.01 millisieverts for the inclusion of individual doses in the
collective dose assessment.

In summary, the collective dose calculations used in the Draft EIS are in line with both
international practice and the Nuclear Safety Bureau's Safety Assessment Principles.
Nevertheless. Parkman Safety Management, in a peer review commissioned by
Environment Australia (No. 24), did raise the question that impacts on
Sydney's population beyond 25 kilometres should have been included in the
calculations within the Draft EIS. Parkman's calculations showed that even if the
affected population is significantly increased, the collective dose is still well within the
Nuclear Safety Bureau acceptance criterion. Further assessment by NNC Ltd and
ANSTO based on actual population data for the north-north-east and north-east sectors
beyond 25 kilometres from the Lucas Heights Science and Technology Centre and
individual dose estimates without any dose cut-off at 0.01 millisieverts, confirm that the
Parkman estimate was very conservative and that extending the calculation to 50
kilometres less than doubles the total collective dose.

Response to issue 11.01.14 (Radioactive waste Dispersion Not
considered in Risk Assessment in Draft EIS).

Submission 341 stated that "the public health and environmental risk levels
for radioactive waste dispersion from Lucas Heights Science and Technology
Centre have not been calculated or accounted for in the Draft EIS.

The draft EIS Chapter 10 and Appendix F as well as this Supplement response to issue
10.04.05 provides the estimates of dose from radioactive waste dispersion.

Response to issue 11.01.15 (Risk Assessment Methodology is
Acceptable)

Response provided under Issue 11.01.01.

Response to issue 11.02.01 (Collective Dose Assessment is wrong)

Ireland (No. 372) stated that "the population statistics in the reference
accident are considerably outdated and need updating" and that the use of
"population estimates for the end of the period of time during which
operation is contemplated is standard practice elsewhere".

The Draft EIS did use the latest population statistics from the 1996 Australian Bureau of
Statistics Census, as described the annex to Appendix C of the Draft EIS. Population
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projections for the years 2006 and 2016 were made using standard methods based on
1995 NSW Department of Urban Affairs and Planning annual growth rate data.
Projections beyond 20 years are less reliable. The standard practice is that population
data and projections are kept under review following each Australian Bureau of Statistics
Census and updated accordingly in the Safety Analysis Report for the reactor.
Additional details of the collective dose assessment are provided in the response to Issue
11.01.13.

Response to 11.02.02 (1.6 Kilometre "Safe zone" is incorrect with
Regard to Caseous Emissions)

Barbi (No. 19) questioned whether the 1.6 kilometre buffer zone was

adequate following a balloon launch which saw balloons t ravel l ing as far as

Newcastle. The Sutherland Shire Environment Centre (No. 330) additionally

raised the issue that the exclusion zone used to be 4.8 kilometres not 1.6

kilometres and that schools are now within the old 4.8 kilometres zone.

Sutherland Shire Environment Centre (No. 330) also raised the issue with

regards to the growth and manufacture of food products within the 4.8

kilometres zone.

The 1.6 kilometres zone has been shown to be effective both with this Supplement

(Chapters 10 and 7 7) and within the Draft EIS (Chapters 10 and 7 7 and Appendices F

and C of the Draft EIS) in that the doses beyond the 1.6 kilometre boundary are very low

(less than 0.003 millisieverts per year). For routine releases the commitment has been

given that the maximum dose at the boundary of the 1.6 kilometre exclusion zone will

be below one hundredth (0.01 millisieverts per year) of the current National Health and

Medical Research Council (1995) limit (one millisieverts per year). Doses resulting from

the ingestion of locally grown foodstuffs are well below this level as was detailed in

Appendix F of the Draft EIS. With regards to potential impacts in the event of an

accident, the assessment performed in the Draft EIS showed that there would be no

requirement for countermeasures outside of the 1.6 kilometre buffer zone. It is

acknowledged that there will be some impact beyond the 1.6 kilometre buffer zone but

a combination of airborne dispersal and radioactive decay limit the resulting public

doses to a level where countermeasures would not be justified.

Response to issue 11.02.03 (Results of Risk Assessment are
Acceptable)

Responded to under Issue 11.01.01.

Response to issue 11.03.01 (The statement That There Has Never
Been a Release of Radioactive Material During Transport is
incorrect)

Murray (No. 1) was concerned that the statement in the Draft EIS that there
was no recorded case where an accident to a package has resulted in a
release of radioactive material was incorrect. Murray referred to an
incident involving the transfer by air of a technetium generator in
Holland.
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The instance referred to by Murray did not involve any release of radioactivity from the
technetium generator during transport, but rather arose from external contamination
arising from a small spill of molybdenum-99 solution on top of the generator during the
filling operation in the production line. Due to its comparatively low radioactive
contents, the generator was classified as a Type A package and not a Type B package.
The statement in the draft EIS referred to Type B packages. Further information on the
safety record of the transport of radioactive materials is provided in the response to
issue 11.01.08.

The report by CH2M Hill (No. 24) states that "during the period from 1971 through
1996. there were 2,379 shipping accidents involving Type A packages, with
219 of these resulting in release of package contents. Within the same
period there were 91 accidents involving Type B containers, one of which
released i t s contents. This incident rate is suf f ic ient ly high to warrant
examination of such accidents. Radiation exposures should be hypothesised
based on a maximum credible shipping accident, and the increased incidence
of f a ta l i t y extrapolated and included in the f inal EIS."

The above statistics apparently stem from a United States paper (McClure et al 1998).
The data reflects reported accidents in the United States. In relation to Type A packages,
as indicated in the response to issue 11.01.08, their permitted radioactive contents is
limited such that in the event of an accident involving such packages, the risk from
external radiation or contamination from the radioactive contents of the package is low.
The number of incidents involving the release of contents from Type A packages is
therefore not unexpected. For Type B packages, the United States report states "these
accidents involved 90 type B packages, none of which released their radioactive
contents due to accident conditions".

ANSTO has confirmed with the International Atomic Energy Agency that, with the
possible exception of an incident in 1988 in the United States, it is not aware of any
recorded case where a Type B package has released a significant quantity of its
radioactive contents or where there has been a significant increase in the external
radiation levels following a transport accident. ANSTO understands that the single
incident cited by CH2M Hill could refer to a 1988 truck accident involving a gamma
radiography device for which there is doubt as to whether it conformed to International
Atomic Energy Agency regulations for Type B packages. In the 37 years experience of
transporting such radioactive materials around the world in accordance with
international Atomic Energy Agency Transport regulations, there has been no deaths or
injuries incurred as a result of the radioactive nature of the material. This underlines the
efficacy of the International Atomic Energy Agency Transport regulations, which form
the basis of the Australian Code of Practice for the Safe Transport of Radioactive
Substances 1990. Packages containing radioactive material have been involved in a
number of severe transport accidents over the years. However, contrary to the view
expressed by CH2M Hill the radiological consequences of such accidents have been
low, and in the case of Type B packages which contain significant quantities of
radioactive material, no health consequences have been identified.

A Bangor resident (Colella No. 374) referenced an accident involving a
truck carrying several radioactive sources on the Pacific Highway near
Laurieton, NSW on 4 December 1980. She referred to a local doctor's claim
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that 16 people suffered from radioactive poisoning and she categorised i t
as "the most severe nuclear accident to ever happen on our roads". She
expressed concern that a representative of the current Nuclear Safety
Bureau had not heard of the event and that th is increased the perception
that the nuclear industry is secretive and unsafe.

The 1980 accident involved a semi trailer carrying cargo which included two imported,
radioactive sources, sealed and packaged in accordance with international regulations
adopted in Australia, and a quantity of agricultural chemicals and other goods.

The responsible authority for regulation of the transport of the sources and for
investigation of any health consequences of the accident was the NSW Health
Commission. The NSW police had control of the accident scene. Other than to
approve importation of the sources, the then existing Australian Atomic Energy
Commission had no responsibility but did provide advice and assistance on request to
NSW authorities. The Nuclear Safety Bureau did not exist at the time.

The outer packaging of the two sources was damaged but their sealed containers were
not damaged in any way and with the approval of the Health Commission the sources
were consigned on to their owner for their intended use.

Physical inspection and radiation measurements at the accident scene, together with
radiobiological testing of the two policeman most directly involved in the accident
recovery operation, provided unequivocal evidence that there was no release of
radioactive material, no radiation exposure of individuals and no radiation induced
medical condition in those suffering from apparent after effects of the accident.

The probable source of reported medical effects on emergency service personnel and
others near the scene was exposure to toxic fumes produced by the interaction of
herbicides and fungicides spilt in the wet conditions. A ground level vapour cloud was
observed and the matter was subject to follow up investigations by the NSW Health
Commission.

Response to issue 11.03.02 (Concern Over the Transport of
Radioactive Materials)

Various submissions raised general concerns with regards to the transport
of radioactive material. General concerns centred around the potential for
an accident either in the shipment of spent fue l , in the possible transport
of waste to the National Radioactive Waste Repository or in the routine
transport of radionuclides such as medical radioisotopes.

All transport of radioactive material from ANSTO meets the relevant international,
Commonwealth and State regulations and requirements. These requirements specify
the class of packaging required on the basis of the type, form and quantity of the
radionuclides being carried. For spent fuel transport, additional precautions are taken
such as security provisions (with regard to transport route and timing) for safeguards
reasons. Spent fuel is only transported in specially designed Type B containers, and
shipments are sent under escort with appropriate security, emergency response and
recovery equipment. In the unlikely event of an accident, resources will be in place to
ensure that public exposure is kept to a minimum. However, careful planning of the
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shipments, including timing during periods of minimal traffic congestion and use of
specialised escort personnel, greatly reduce the probability of a serious accident with the
potential to result in any release of radionuclides. Transport of radioactive material has
been performed safely in Australia for over 40 years and this safety record is far superior
to the transport of other hazardous materials such as petrol.

Response to issue 11.04.01 (The impact of Dual Reactor operation
Has Not Been Adequately Addressed)

The peer reviewers. CH2M Hi l l (No. 24). the NSW government (No. 935) and
Sutherland Shire Council (No. 341) raise the issue that the Draft EIS did
not fu l l y address impacts of dual reactor operation.

As stated in the Draft EIS, during the commissioning phase of operations for the
replacement reactor there would need to be an overlap between HIFAR and the
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 commissioning period, estimated to be six months duration.

The Draft EIS also states that there are three issues associated with dual operation of
both HIFAR and the replacement reactor as follows:

• 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.

The latter two issues are discussed within the scope of Chapter 10 relating to the
management of reactor products, spent fuel and waste. As such, it is only the first issue
that is covered in this response. For most of the dual operation period, the replacement
reactor would be in a commissioning phase, where it is progressively being taken to full
power. In this case, the Draft EIS stated that, because of the short duration of the
replacement reactor operation at full power in concert with HIFAR, the inventory level
in the replacement reactor would not be sufficient to represent a significant additional
off-site hazard even in the exceedingly unlikely event of an accident occurring to both
reactors simultaneously. The only hazard with the potential to cause damage to both
reactors simultaneously is a very severe earthquake. However, because of the robust
seismic design of the replacement reactor, the size of earthquake capable of affecting
both reactors would be far larger than the already unlikely one in 10,000 year
earthquake to which the replacement reactor would be designed. Therefore, the main
hazard from an earthquake would be its effects on HIFAR. An earthquake which could
cause an accidental release from HIFAR is therefore unlikely to affect the replacement
reactor. The likelihood and consequences of seismically-induced damage to HIFAR has
been extensively studied, including the recent independent Probabilistic Safety
Assessment.
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In summary, the likelihood and consequences of an accident caused by a severe external
event will be much lower for the replacement reactor than for HIFAR, so that the risks
during the dual operation period will be dominated by HIFAR.

The potential for accidents to occur at HIFAR that affect the replacement nuclear
research reactor would be taken into account during the detailed design and included in
the Safety Analysis Report for the replacement reactor. This Safety Analysis Report will
also include consideration of other potential on-site incidents. The Safety Analysis
Report and the proposed arrangements will require approval by the regulator.

The HIFAR safety case will also be reviewed to ensure that adequate procedures are in
place to handle any incidents occurring at the replacement reactor. Similarly,
emergency arrangements will be put in place, which take into account of the period of
dual operation. Both these actions will require approval by the Australian Radiation
Protection and Nuclear Safety Agency.

Response to issue 11.04.02 (Resource commitments for Dual
Reactor operation Have Not Been included)

A number of submissions including the peer reviewers (No. 24) and the
Sutherland Shire Council (#341) raised the need for more resources during
dual operation.

ANSTO will ensure that appropriate resources are available during the period of dual
operation to ensure that neither HIFAR's nor the replacement reactor's safety is
compromised. It should be noted that during this period of dual operation, there will be
additional vendor resources available as part of the replacement reactor commissioning
team. Clearly, also, the regulator will not provide a licence for dual operation without
agreement that appropriate resources are available.

Response to issue 11.04.03 (Reference Accident for Dual Reactor
Failure Has Not Been Addressed)

Pro-forma 4 states "A Reference Accident considering the simultaneous
failure of both reactors should be included in the EIS. Public exposure
during simultaneous operations needs further examination".

This issue has been responded to under Issue 11.04.01.

Response to issue 11.05.01 (The Emergency Plans contain NO
Specific Reference to Radiation Events)

The Lucas Heights Science and Technology Centre Emergency Plan and the ANSTO
Emergency Plan (DISPLAN) are designed to cope with all levels of emergency including
radiation events.

Section 2.1 of the Lucas Heights Science and Technology Centre Emergency Plan refers
to the HIFAR Reference Accident for emergency planning purposes, as a worst case
scenario.
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Emergency plans by their very nature delineate roles and responsibilities oi the
emergency response organisations/agencies not the detailed actions. The Standing
Operating Procedures for each agency provide the operational detail for emergency
response for that agency. These plans are agreed by the ANSTO Local Liaison Working
Party, which include representatives of the NSW Police, NSW Fire Brigade, Ambulance
Service of NSW, NSW Dept Health, NSW Environment Protection Authority, the NSW
State Emergency Service and the Sutherland Shire Council. The Nuclear Safety Bureau
is an observer on the Working Party. These Standard Operating Procedures are very
detailed and describe responses to a wide range of possible incidents. They are tested
for appropriateness by regular emergency exercises. A list of recent exercises was given
in the Draft EIS (Section 11.6.4).

Response to issue 11.05.02 (Local Schools Have Not Been
Considered in Emergency Plans.)

Pro-forma 1 and various other submissions raises concern about the ab i l i ty
for local schools to handle an accident involving radiation.

Schools, like other organisations, have a duty of care in respect to persons on their
premises should an emergency occur. It is their responsibility to have and implement
emergency arrangements if necessary. The NSW Police in accordance with its Major
Incident and Emergency Standard Operating Procedures would support these
arrangements. ANSTO, in conjunction with the emergency response services, has
provided briefings to staff of 34 local schools on emergency plans. It will continue to do
so and will provide any assistance or advice schools may require.

Notwithstanding this, there would be no need for emergency counter measures beyond
the ANSTO 1.6 kilometre buffer zone for the replacement nuclear research reactor
Reference Accident (refer Chapter 11).

Argent (No. 214) requests practical information be distributed to the
community.

In December 1998, a second edition of the brochure "What to Do in an Emergency at
Lucas Heights Science and Technology Centre" was circulated to the local community.
This brochure was authorised and issued by the ANSTO Local Liaison Working Party as
a first edition and distributed in 1996.

Ireland (No. 372) refers to the effectiveness of sheltering and the
awareness of the Department of Education.

Sheltering is a simple of protecting people from the passage of radioactive plume. The
effectiveness of the sheltering is dependent on many factors such as building design and
type of ventilation. In the unlikely event that such a counter measure was required,
affected persons would be advised by the police. The police may use the COPS system
which allows them to inform multiple households simultaneously. Information on
sheltering is provided in the brochure referred to above.
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Response to issue 11.05.03 (Concern over the Poor Quality of
Emergency Planning)

Pro-forma 2 and Green (No. 906) suggest that Lucas Heights Science and
Technology Centre emergency planning was grossly inadequate as demonstrated
during the bushfires of late 1997.

On the contrary, the ANSTO emergency response to these bushfires demonstrated the
effectiveness of the planning. The ANSTO arrangements and response are detailed in
Chapter 17 of the draft EIS. The ANSTO Duty Safety Coordinator was activated prior to
the main fire arriving, staff and equipment were mobilised, the full emergency plan
came into effect, staff were evacuated from buildings as necessary according to the plan,
the fires and bush fire threat were dealt with effectively with no loss of property or
significant injury to personnel. At no time was the reactor at significant risk. The NSW
Fire Brigade have expressed their confidence in the ANSTO responses. However, as
part of ongoing reviews, further improvements have been made since the 1997 bushfires
including the training of additional staff by the NSW Fire Brigade and the purchase of a
new fire fighting vehicle.

Barbi (No. 19) expresses concern with respect to an accident involving the
replacement reactor.

Although the power rating of the replacement reactor will be higher, it will be using low
enriched fuel and will have more intrinsic safety by virtue of its pool type design.
However, in the unlikely event of an accident, the ANSTO Emergency Plan (DISPLAN)
would come into effect to ensure that any necessary countermeasures to protect local
residents would be implemented under the control of the Local Area Commander of the
NSW Police Service. The most likely countermeasures would be roadblocks to the site
and clearance of members of the public from the 1.6 kilometre buffer zone. The
Reference Accident suggests the countermeasures of evacuation and issue of stable
iodine would not be necessary, however, the ANSTO Emergency Plan (DISPLAN) does
make provision for these contingencies and they would be possible if required.

Wood (No. 27) raises the issue of sabotage. The topic of sabotage is dealt with
under Issue 11.07.05. The ANSTO Emergency Plan (DISPLAN) is an overall emergency
management plan that takes into account all types of accidents and emergencies
including a worst case reactor Reference Accident. Sabotage would be a sub-set of
those possibilities. ANSTO also has bomb threat procedures in place.

Sutherland Shire Environment Centre (No. 330) refers to the public
knowledge of emergency plans. The plans have always been available to the NSW
Combat Agencies. Early versions of the plans contained detailed names, addresses,
contact numbers, radio frequencies, etc which were not suitable for the public domain.
This problem was addressed in the current versions which are in the public domain,
including local libraries.

Other submissions raised concerns about evacuation routes and plans. It is
highly unlikely that evacuation of residents beyond the 1.6 kilometre buffer zone would
be necessary. In the unlikely event that such evacuation were required, there are
several options available to police, as with any other emergency. Initiatives such as the
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COPS telephone system (a means for the police to contact multiple households
simultaneous) could also be used to inform the public in the event of an emergency.

Sutherland Shire Environment Centre (No. 330) raises concern about ongoing
technical assistance from ANSTO personnel in an emergency. When the ANSTO
Emergency Plan is invoked, and a combined response required the NSW Police Service
take control of the emergency and ANSTO personnel provide technical assistance and
support to the NSW Police Service and other NSW Agencies. For example, off-site
radiological monitoring is the responsibility of the NSW Environment Protection
Authority and ANSTO personnel assist in this activity as required. Various exercises
have shown the effectiveness of this process. The ANSTO Emergency Plan (DISPLAN) is
a sub-plan of the Sutherland Shire Local Disaster Plan (DISPLAN).

Standing operating procedures for individual combat agencies are confidential to
prevent possible misuse of the information. All agencies involved have access to all
standing operating procedures on a need to know basis.

Sutherland Shire Council (No. 341) suggests the Draft EIS dangerously
concludes that a serious reactor accident at Lucas Heights Science and
Technology Centre would require a minimal public response. With respect to
exposure to radiation the assessment of the need for public response is based on a
detailed analysis of potential consequences (see Chapter 11 in Draft EIS and response to
Issue 11.01.01). However as with any industry dealing with potentially hazardous
facilities, safety remains a primary concern and will remain a key objective of operations
at ANSTO. Hence, emergency planning will continue at a high level to provide the
capability for all necessary actions to be taken.

Sutherland Shire Council (No. 341) seeks further detailed consideration of
the NSW Government emergency planning procedures for a serious reactor
accident. The ANSTO Emergency Plan (DISPLAN) is a sub-plan of the Sutherland Shire
Local Disaster Plan (DISPLAN) and as such Sutherland Shire Council representatives
have direct input to the plans and procedures.

A number of submissions raised concerns about public information on what to
do in an emergency at Lucas Heights Science and Technology Centre. A
brochure describing emergency planning was distributed to local residents and schools
in 1996. A second edition of the brochure was distributed to local residents and schools
in December 1998. Regular briefings to precinct committees also continue.

Ireland (No. 372) seeks information on emergency exposure levels. The current
levels used are those of National Health Medical Research Council (1990) publication
"intervention in Emergency Situations Involving Radiation Exposure". This guide
recommends a 50 millisieverts lower bound and a 500 millisieverts upper bound for
evacuation. International Atomic Energy Agency Safety Series No. 109, 1994,
Intervention Criteria in a Nuclear or Radiation Emergency recommends 50 millisieverts
for evacuation. The latter will be incorporated in a revised edition of the National
Health and Medical Research Council guide and incorporated into ANSTO emergency
procedures. For supplying iodine medication to the public, National Health and
Medical Research Council (1990) recommends an organ dose range 50 millisieverts
(lower bound) to 500 millisieverts (upper bound). The International Atomic Energy
Agency 1994 recommends an organ dose of 100 millisieverts.
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The National Health and Medical Research Council guide states that the effectiveness of
sheltering depends on the type of building (wood or brick) and the situation within the
building, with basements providing the most effective shielding. The guide says that
sheltering is generally one of the simplest countermeasures to implement and may
provide considerable protection.

Webber (No. 869) seeks advice on sheltering for parents arr iv ing at a child
care centre.

If such an instruction was issued by the NSW Police, it would be appropriate to ask the
parents to shelter with their children. However, siting safety assessments for the
replacement reactor, including the assessment in the draft EIS, have shown that there are
no credible circumstances where countermeasures would be needed beyond the buffer
zone boundary.

Response to issue 11.05.04 (Emergency Plans Do Not Consider an
Eight Minute Meltdown)

Various submissions indicate that they believe "we only have eight minutes
to do something" in the event of a reactor "meltdown". The following explains
that this is noUhe case.

A "meltdown" refers to gross damage to the fuel elements in the reactor core that would
release a significant quantity of radioactive fission products from their normal place of
confinement. Under normal circumstances, these fission products are securely
contained within the fuel structure (or matrix), which is itself surrounded by the fuel
cladding.

In the fifty year history of operation of several hundred research reactors around the
world, there have not been any core meltdown accidents which have affected members
of the public. No worker fatalities from radiation have occurred at multipurpose
research reactors such as HIFAR or the type of reactor proposed to replace HIFAR (see
response to Issue 11.07.01), although three accidents have occurred at other,
experimental, reactors resulting in five worker fatalities.

In a reactor safety assessment, various scenarios that might result in damage to the
reactor's fuel are assessed. Some of these scenarios are possible, but highly unlikely,
whereas others are not technically possible. The practice in such reactor safety
assessments is to evaluate the response of the safety systems under these hypothetical
circumstances - even where the scenario is unrealistic because the postulated event
could not occur. Such studies provide valuable insights into the performance of the
safety systems under very severe, or extreme, conditions.

In the course of the safety assessment, the performance of the reactor facility's defence-
in-depth provisions is analysed and determined. The defence-in-depth provisions
include passive safety features such as the fuel matrix and cladding (and the reactor pool
for the replacement reactor), as well as engineered safety features such as the heat
removal system and its back-ups, and the functioning of the reactor building. The safety
analysis determines the response and effectiveness of these safety systems in preventing
the progression of any hypothetical accident and in mitigating its consequences.
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In the context outlined above, it is a normal part oi the safety assessment process to
assume that a meltdown for HIFAR is possible. In 1986, in a safety assessment of
hypothetical accidents at HIFAR, consideration was given to an event where it was
postulated that a core meltdown might occur in eight minutes. The purpose of that
study was to explore a number of aspects of the hypothetical accident, as well as the
capabilities of the reactor's safety systems, prior to determining whether or not the event
was possible.

One particular analysis assumed multiple random, severe events occurring
simultaneously, including the total failure of the HIFAR Emergency Core Cooling
System. It did not assess the likelihood of the occurrence. However, ANSTO
considered the hypothetical, simultaneous occurrence of these events to be "highly
improbable" because the amount of internal disruption or damage to pipes that would
need to occur in HIFAR was "inconceivable". Even were the event to occur, ANSTO
noted that the radiological consequences at the edge of the buffer zone would be below
the National Health and Medical Research Council's lower intervention levels for any
emergency countermeasures. Such a sequence was later shown in the 1998 HIFAR
probabilistic safety assessment, which was conducted by an independent consultant, to
be impossible (or, technically, incredible).

Nevertheless, the time taken for hypothetical core damage to occur, even if the scenario
concerned were to be possible, is of little direct relevance to the need for public
emergency response. This is because HIFAR has multiple levels of engineered safety
features which function to prevent and to mitigate the consequences of damage to the
reactor core. As a result, it is highly likely there would be no consequences outside the
reactor facility following a core damage accident to HIFAR, no matter how quickly the
damage occurred.

In the very unlikely event of a release of radioactive material to the environment,
independent safety assessments of HIFAR have shown the release would be very small
and less than the recommended health criterion for evacuation to protect the health and
safety of the public. Public countermeasures, such as a recommendation to shelter,
might be necessary as a result of the most extreme accident that can be hypothesised as
possible (or credible) for HIFAR, no matter how unlikely. There would be sufficient time
to plan and implement any such countermeasures by public health and emergency
authorities. However, these would be very limited in respect of the area around Lucas
Heights in which they would be applied, and in their scope and their duration.

For the replacement reactor, siting safety assessments have shown that at the level of
dose estimated for a severe hypothetical accident (the Reference Accident), 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. In short,
there are no credible circumstances where countermeasures would be needed beyond
the buffer zone boundary for the replacement reactor.

Response to issue 11.05.05 (The Little Forest Burial Ground security
is Poor)

Calverley (No. 9) raised concerns that monitoring equipment at the little
forest burial ground had been vandalised and that as "This is a toxic waste
dump, it should have stringent security."
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The Little Forest Burial Ground has not been used for disposal of waste since 1968 and
will not be used for any future disposal of waste. Monitoring of the area is discussed in
detail in the response to Issue 10.03.01. Material is buried under at lease one metre of
clean fill. The material is not in a form which would constitute any safeguard's risk as it
is low level and does not contain recoverable quantities of fissile material. The material
is also not in any way valuable or suitable for casual theft.

The Little Forest Burial Ground is surrounded by a chain mesh fence and the area
regularly patrolled. The situation will continue to be monitored and if there is any
evidence of potential risk to the public, the security measures will be reassessed.

Response to issue 11.05.06 (The Draft EIS Adequately Addresses
Emergency Plans and Procedures)

Responded to under Issue 11.05.03.

Response to issue 11.07.01 (General Concern
Fatalities at Research Reactors in the world)

Over Previous

Various submissions including those of Sutherland Council (No. 341), the
Sutherland Shire Environment Centre (No. 33). Green (No. 906) and proforma
2 expressed concern over fatal accidents occurring at research reactors.

For the purposes of addressing this issue in this Supplement, the term "research reactors"
is interpreted to mean fission reactors which are operated for purposes other than to
solely produce steam for electricity generation. Thus, this interpretation of "research
reactors" encompass critical assemblies, zero energy reactors, non-power reactors,
experimental or prototype power reactors (designed to prove reactor physics and
engineering concepts for a full scale nuclear power plant), specialised isotope
production reactors, and multi-purpose research reactors such as HIFAR and the
proposed replacement nuclear research reactor.

Accidents involving fatalities in research reactor facilities are shown in Table 11.8.

Table 11.8: "Research" Reactor Fatalities

Date

15 Oct
1958

3 Jan
1961

23Sep
1983

Place

Vinca,
Yugoslavia

Idaho, USA

Buenos Aires
Argentina

Facility type

Zero power
experimental
critical facility

3MWth
experimental
power reactor SL-
1

Zero power
experimental
critical facility
RA-2

Cause

Excess heavy water
added leading to
criticality

Manual withdrawal of
control rod causing
criticality

Manual withdrawal of
control rod causing
criticality

Fatalities

1
5 seriously
irradiated

3

1
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More detail on these accidents was given in the Draft EIS (Section 11.4.6). It was stated
that:

• the three accidents involving five worker fatalities occurred in an experimental
power reactor facility and at two experimental critical facilities. These
experimental reactors are those which permit reactor physics and engineering
experiments to investigate reactor core design features and generally do not utilise
the neutrons for scientific experiments. They are distinct from multi-purpose
research reactors which enable experiments with radiation, primarily using neutron
beams;

• no fatalities from radiation have occurred at multipurpose research reactors, such
as HIFAR or the proposed replacement reactor, and

• none of these accidents affected members of the general public.

The occupational safety record of research reactors is of a very high standard when
compared to other research and development activities or to industry in general. For
example, a recent Australian National Occupational Health and Safety Commission
study showed that for the period 1989 to 1992 there was an average of nearly 600 work-
related traumatic fatalities per year in Australia.

Response to issue 11.07.02 (Concern over previous incidents at
ANSTO Not Being considered in the Draft EIS) and issue 11.07.04
(Concern over previous "incidents" Being covered-up)

Proformas 3 and 4 and a number of other submissions referred to previous
incidents not being considered in the Draft EIS or that "ANSTO's history
is a litany of incidents/accidents" (pro-forma 4) with the imputation that
such incidents have been "covered up".

All incidents with effects on members of staff or the public are duly reported to the
ANSTO safety management and where required to external bodies such as the Nuclear
Safety Bureau, Comcare or the Safety Review Committee. This is discussed in the Draft
EIS Section 11.4.1. The Draft EIS does identify incidents at ANSTO which have resulted
in abnormal emissions to the air, as described in the Draft EIS (Section 10.6.2), and
abnormal liquid emissions, as described in the Draft EIS (Sect/on 10.6.3).

There has been no evidence put forward that any incidents arising from ANSTO
operations have been "covered up". In future, the requirements under the Australian
Radiation Protection and Nuclear Safety Act and Regulations, and Licences issued to
ANSTO by Australian Radiation Protection and Nuclear Safety Agency, require that
Australian Radiation Protection and Nuclear Safety Agency be notified of radiological
incidents.

Response to issue 11.07.03 (ANSTO Duties under Occupational
Health and Safety Act Not Detailed in EIS)

COMCARE Australia (No. 5) said it would be helpful to make reference to the
fact that ANSTO has duties under the Occupational Health and Safety
(Commonwealth Employment) Act 1991.
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ANSTO's commitment to the occupational health and safety of its staff, and for the
safety of the general public is unequivocal and stated each year in its Annual Report.
ANSTO Safety Directive SD 1.2 last updated on 27 September 1996 provides the
Occupational Health and Safety Policy. This policy states that ANSTO recognises its
obligations under the Occupational Health and Safety (Commonwealth Employment)
Act 1991, and the Commonwealth Employees' Rehabilitation and Compensation Act
1988. Some aspects of the ANSTO Occupational Health and Safety Policy
demonstrating its commitment to meeting the responsibilities of the Occupational
Health and Safety Act include the following:

• the Executive Director as the chief executive of the Organisation, has the statutory
obligation under the Occupational Health and Safety Act to ensure that the health
and safety of the staff is protected. To this end the Executive Director will ensure
that the provisions of the Act are implemented at ANSTO;

• all persons employed by ANSTO are accountable for occupational health and safety
by virtue of the provisions of the Act;

• employees will ensure that by their actions they do not place at risk any other
person working at ANSTO, and shall take all practical steps to cooperate with
management to the extent necessary to ensure compliance with the provisions of
the Act;

• employees will make proper use of all appropriate safeguards, safety devices and
personal protective equipment provided by management, and in addition, follow
safe working practices and directives as published and agreed;

• supervisors at every level of the Organisation are responsible for ensuring that
operations are undertaken in accordance with authorised procedures, and that staff
are appropriately trained in these operations, and are made aware of occupational
health and safety aspects of the work undertaken;

• the occupational health and safety aspects of all operations, plant and apparatus,
including building construction and modifications, capable of affecting the health
and safety of staff and public shall be subject to safety assessment whilst being
planned, and shall be monitored throughout the duration of their operation; and

• the exposure of persons working at the Lucas Heights Science and Technology
Centre to chemical and physical agents will be controlled and monitored so such
exposure will be kept within safe levels as established by legislation, codes of
practice, and other international and national practice.

Response to issue 11.07.05 (General concern Over security of the
Site)

Wood (No. 27) asserts that a sabotage scenario could be developed in which
pool failure would almost certainly occur with the potential for far worse
public exposure than the Reference Accident. It further asserts that this
event has been excluded from consideration as it impinges on security and
is thought by those charged with producing the EIS to be outside their
domain. Sutherland Shire Council (No. 341) claims that the EIS fails to
examine the consequences of sabotage.
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The assertion that sabotage has been excluded from consideration is not correct.
Sections 5.3.4 Operational Access and Security and 17.4.5 Hazards and Risks to the
Public from Reactor Accidents - Sabotage of the Draft EIS indicate that security and the
prevention of sabotage are given close attention in the design and during the operation
of the reactor, and of all reactors around the world. However, it is not appropriate to
provide details on these measures in a public document. Sutherland Shire Council
(No. 341) concedes in footnote 15 that:

The specific details of prospective arson or sabotage acts need
not be included in public documents such as an EIS but it should
analyse the consequences of a realistic maximum release from
such an event so as to determine the safety of siting the
facility.

The identification and analysis of such an event is included in the confidential physical
security assessment section of the Safety Analysis Report. It is based on the detailed
plant design including its layout and the installed physical protection systems and
procedures and is based on developed international guidelines. It takes account of the
security threat assessment made by relevant Government security services. The
consequences of the Reference Accident are expected to bound those of any realistic
maximum release from a credible threat scenario successfully executed.

The assertion that a sabotage scenario could be developed in which pool failure leading
to radioactivity release would almost certainly occur could only be substantiated if there
was a plausible demonstration that a motive, an opportunity and an ability to
accomplish the necessary physical destruction were coincident possibilities. Even if
motive and opportunity coincided and, an attempt to sabotage were not preventable, it
would still require a successful major disruption of the reactor pool structure to drain the
pool and uncover the fuel. Even if that did happen, failure or severe degradation of
other defence in-depth engineered systems, including the reactor building and its
confinement systems would also be necessary to accomplish a significant release of
radioactivity to the environment.

The reactor pool and its thick steel tank is contained in a massive reinforced concrete
block designed to carry the loads of the pool water and reactor structure, to provide
radiation shielding and to withstand major earthquake loadings. Consistent with
modern reactor pool designs, and in contrast to a tank type reactor such as HIFAR, the
pool cannot be drained by damage to the cooling circuit piping. The creation of
damage to the concrete structure of a type and extent that would permit rapid drainage
of the pool is sufficiently implausible that such a scenario does not offer an attractive
sabotage target.

In the event of sabotage of support services external to the reactor building such as
power and water supplies, the reactor safety systems would operate to shut it down in
the same way as if the support services were lost by other means, for example
equipment failure or lightning strike. The probability of an external saboteur having the
necessary prerequisites of motivation, extensive knowledge of the plant, skill,
equipment and opportunity to penetrate the physical security barriers and cause damage
capable of endangering the public is extremely low. Operating staff who possess the
necessary knowledge are appointed on the basis of maturity, emotional stability and
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other qualities and are under the observation of their colleagues and supervisors.
Former staff would not have unaccompanied access to the plant.

international and National Physical Protection Requirements

Implementation of approved security arrangements is a requirement stemming from
Australia's obligations as a signatory to the Convention on the Physical Protection of
Nuclear Material, the application of which within Australia is addressed by the Nuclear
Non-Proliferation (Safeguards) Act 1987. Site security measures at Lucas Heights
Science and Technology Centre are in accordance with International Atomic Energy
Agency recommendations in INFCIRC/225 Rev. 3 1993, the Physical Protection of
Nuclear Material which include:

• a designed mixture of hardware (security devices) and procedures (including the
organisation of guards and the performance of their duties);

• limiting access to a minimum number of individuals by designating Protected
Areas, Inner Areas, and Vital Areas. Predetermining the trustworthiness of all
individuals regularly permitted access to nuclear materials and facilities.

• guarding by the Australian Protective Service, area patrols and alarm response by
Australian Protective Services guards on foot and in radio equipped vehicles.

Members of the public can enter the reactor building only when accompanied by an
ANSTO officer and there is an emergency communication link between the Australian
Protective Service, Site Alarm Monitor at the Site Control Centre in Building 53 or
Alternative Site Control Centre in Building 8. The replacement reactor will have the
reactor control room separated from the neutron guide hall so that access to the reactor
will not be needed by external research users.

These security arrangements must be agreed by the Australian Safeguards and Non-
Proliferation Office within the Department of Foreign Affairs and Trade. The issue of a
facility licence for a research reactor under the provisions of the Australian Radiation
Protection and Nuclear Safety Act and its regulations would also require approval by the
Australian Radiation Protection and Nuclear Safety Agency Chief Executive Officer of a
security plan. The International Atomic Energy Agency's guidance in INFCIRC-225 on
the matter would be followed.

The Draft EIS stated in Section 5.3.4 Operational Access and Security:

The physical protection and nuclear safeguard 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 safeguard 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
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building and neutron guide hall would be controlled through appropriate

electronic access systems.

This describes the application of INFCIRC - 225 requirements for the

replacement reactor, subject to assessment of the detailed design proposal.

The physical security characteristics of the reactor building would be an

additional important factor in such assessment particularly with respect to

threat of sabotage. However, the objective to have an aesthetic building

complex without intrusive security fencing is very attractive.

Response to issue 11.07.06 (Handling of irradiated Materials Should
Be Better Than HIFAR Methods)

In the submission by Green (No. 906). i t was stated that Green "hoped that

handling of irradiated material would be better than for current
operations".

This issue has been covered in some detail within Chapter 5 of this Supplement under

the response to Issue 5.02.03.

Response to 11.07.07 (Operator Training Not Addressed in Draft ElS)

Various submissions queried the training of operators and the management of

the workload during the period of dual operation of HIFAR and the

commissioning of the replacement nuclear research reactor.

ANSTO reactor operating staff attend regular training sessions to maintain and update

their skills. Operator training for the replacement nuclear research reactor would be

provided to ANSTO staff by the reactor contractor prior to commissioning the reactor.

As the Project is a turn-key project, it is expected that the reactor contractor would be

responsible for providing qualified and trained operating staff during the commissioning

period. However, ANSTO operating staff would be required to train alongside the

contractor's staff during this period. Only when ANSTO accepts that the reactor has

been successfully commissioned and that it meets the high level of quality and standards

demanded by ANSTO and all operator training is complete, would the full operation

become ANSTO's responsibility. At that time, HIFAR would be permanently shut-down

and all required operating staff, all of whom would be thoroughly trained, will be

transferred to the replacement nuclear research reactor.

11.4 Response to Other Miscellaneous issues Raised

11.4.1 Sensitivity to initial Two Minute Release Period

Parkman (No. 24) stated that "The sensitivity to the initial non-

containment period should be described to demonstrate that the Reference

Accident remains bounding of all credible faults."

It should be noted that this assumption is one of a number of conservative assumptions

which form the basis of the release scenario. The two minute period of continued

forced ventilation should be considered together with the pessimistically conservative

assumption of instantaneous diffusion of fission products throughout the reactor building
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and release to the environment following their release from the pool. In reality, the
fission products would diffuse relatively slowly throughout the containment building
prior to venting from the reactor building. Such a process could take a number of
minutes. When the fission products started to be released to the atmosphere they would
also be at a reduced concentration. The use of the term 'two minute period' for forced
venting would therefore actually represent the releases over a somewhat greater period
of continued ventilation.

Increasing the time of forced ventilation would increase the amount of fission products
vented to the environment, were the underlying assumptions to remain the same.
However, the assumption included that there was no filtration of any kind for the vented
material, although in practice, significant filtration of the flow would be expected. If a
greater period of venting were to be considered in any assessment, then the effects of
filtration would be need to be taken into account. This would reduce the amount of
material released during the period of forced ventilation. It was considered that a two
minute period of forced ventilation together with no filtration provided a bounding
scenario.

Shutdown of the reactor building ventilation would automatically be initiated at the time
of any fuel damage. For potential faults which would prevent the automatic initiation of
the shutdown of the ventilation, it could be assumed that manual action would be taken
sufficiently quickly to ensure any fission product release was small. The
commencement of manual action would realistically be from when the core was
damaged; that is, prior to the movement of radioactive material through the pool water
and into the reactor building atmosphere. The time for fission product transport
through the pool and building would be sufficient to ensure that, for the Reference
Accident scenario, the 2 minute forced ventilation period is a pessimistically
conservative, bounding assumption. By comparison, it should be noted that a typical
isolation time for the containment building of power reactors is 25 seconds following an
increase of pressure or the detection of activity in the containment.

Further, it is considered that any sensitivity study of the building ventilation shutdown
time would be of little value as the assessment is already based on pessimistically
conservative assumptions.

11.4.2 Millennium Bug

Collel la (No. 374) expressed concerns over the impacts of the Millennium
Bug on the HIFAR reactor and ANSTO's operations. A response was requested
as to how ANSTO is dealing with th is issue.

ANSTO has had a Year 2000 project group working to address Year 2000 issues since
July 1997. The stated aim of the Federal Government is to have its agencies Year 2000
compliant by June 1999, and ANSTO aims to have Year 2000 compliance work which
has been identified for Lucas Heights to be completed by that date.

At this time, not all of the systems used by ANSTO are Year 2000 compliant. ANSTO
has completed an inventory of systems, and has in place plans to remediate those
systems in need of Year 2000 compliance work. Progress on these plans is regularly
reviewed by ANSTO senior management. The methodology for compiling the
inventory, and the remediation plans were recently subject to independent external
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audit. ANSTO are implementing the recommendations of the auditors, which includes
an additional process to test the original inventory of issues. Documentation of the
functional decomposition, test plan and contingency plan for each system in each
division is scheduled for completion by January 1999. It has been confirmed by
external audit that there are no HIFAR safety systems that are susceptible to Year 2000
problems.

ANSTO reports quarterly to Federal Cabinet through the Office of Government Online.
The most recent report to the Office of Government Online in November identified
work ongoing to June 1999. The frequency and thoroughness of the external scrutiny
will increase during 1999, and ANSTO intends to have another external audit
conducted. ANSTO has applied for seed funding from the Federal Government through
the Office of Government Online which will enable it to accelerate compliance efforts.

For the replacement reactor project, as the reactor will not be operating until after 2000,
it will be Y2K compliant. However, the Request for Tender will require vendors to
confirm compliance of their software with current and known future computer
problems.

11.5 Summary of Responses

Hazards and risks associated with the replacement research reactor were raised in many
submissions received during the exhibition period. The issues varied from unspecified
general concerns to concerns over the risk assessment methodology, the results of the
risk assessment, risks during dual reactor operation, emergency planning and transport
risks. Specific issues raised included the way seismic events were treated in the EIS, the
amount of radioactivity that could be released during an accident, the analysis of the
pathways for exposure and the history of accidents involving research reactors
worldwide.

The assessments made for the Draft EIS considered hazards associated with the reactor,
with other facilities and from transport. For accidents associated with the replacement
research reactor, the assessments made both by ANSTO and independently by NNC of
the United Kingdom, indicate that there will be no requirement for countermeasures
beyond the 1.6 kilometre buffer zone, even in the event of the hypothesised severe
accident, the Reference Accident. This accident is used to assess the suitability of the
site for location of a research reactor and is based on generic design information relevant
to a pool type reactor. When the detailed design is known, the Safety Analysis Report
will confirm that no accident will lead to more severe consequences than the Reference
Accident for the particular design chosen, as well as showing that the design will meet
all regulatory requirements and risk criteria.

In responding to the issues raised, this chapter has provided significant additional
information on :

• how the Reference Accident was selected;

• the purpose of the Reference Accident and its relationship to the detailed design
process for the replacement reactor;

• collective doses associated with the Reference Accident;
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• why a Chernobyl type accident cannot happen with the replacement reactor and
why comparisons with Chernobyl are not valid;

• the accidents that have occurred worldwide with research reactors;

• risks associated with liquid effluent discharges to the sewer;

• risks during dual operation; and

• transport risks.

The results of these additional assessments confirm the conclusions given in the Draft
EIS that the Lucas Heights site has no negative features that would render it unsuitable
for location of a replacement reactor and that the consequences of the hypothesised
most severe credible accident would not require any countermeasures beyond the
1.6 kilometre buffer zone.

These conclusions were also supported by the three independent peer reviews
conducted by the International Atomic Energy Agency in Austria, Parkman of the United
Kingdom and CH2M Hill on behalf of Environment Australia.
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12. Flora and Fauna

This chapter outlines issues raised in submissions and responses relating to the potential
impacts of construction and operation of the replacement reactor on flora and fauna.
Issues relating to the assessment methodology, background information and
assumptions, flora and fauna impacts and environmental management are also
addressed in this Chapter.

12.1 Summary of the Draft Environmental Impact Statement

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

This site contains flora and fauna typical of the sandstone plateaus that are found
throughout the Sydney region and considered to have low conservation significance.
The buffer zone surrounding the Lucas Heights Science and Technology Centre contains
individuals of a number of threatened species, but also includes areas degraded by other
land uses; consequently, its conservation significance is considered to range from
moderate to high.

Construction of the reactor facility 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 be a minor impact because of the abundant presence of
similar habitat in the buffer zone surrounding the Lucas Heights Science and Technology
Centre.

The site for the replacement research 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 conservation significance of the site for the proposed
replacement research reactor, the impacts likely to result from construction activities,
and the abundance of surrounding bushland, no significant effect on the flora and fauna
of the buffer zone is predicted.

12.2 Summary of issues Related to Flora and Fauna

12.2.1 Background information and Assumptions

People Against a Nuclear Reactor (Mo. 339) raised the issue that no
background study into vegetation around the site has been undertaken.
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12.2.2 Flora and Fauna impacts

The NSW Government submission (No. 935) raised issues regarding the
assessment of impacts in the buffer zone and the determination of the
significance of impacts on threatened species under Section 5A of the
Environmental Planning and Assessment Act 1979, whilst the Commonwealth
Environment Portfolio submission (No. 235) stated that places listed on the
Register of the National Estate or species listed under the Endangered
Species Protection Act 1992 were unlikely to be effected by the proposal.

12.2.3 Environmental Management

The submission from the Biodiversity Group of the Commonwealth Environment
Portfolio submission (No. 235) suggests that there is a need for continuing
management of the buffer zone, .whilst the NSW Government (No. 935) raised
the issue of weed species management.

12.3 Response to Issues Related to Flora and Fauna

The issue of lack of background studies into vegetation around the site
raised by People Against a Nuclear Reactor (No. 339) is inaccurate. This
issue was fully addressed in Sections 12.1.2 and 12.1.3 of the Draft EIS. In summary,
the 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).

In addition to this, 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 of
1998 and the composition and structure of vegetation communities were noted, as were
habitat characteristics such as connectivity and degree of disturbance.

The submission from the Biodiversity Group of the Commonwealth Environment
Portfolio submission (No. 235) raised the issue for the need of continued
management of the buffer zone. The current management of the buffer zone by
ANSTO is described in Sect/on 12.2.4 of the Draft EIS. The management of the buffer
zone 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.
ANSTO would continue with the existing plan of management for the buffer zone
during the development, construction, and decommissioning of the replacement reactor.
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The NSW Government submission (No. 935) states that "impacts on species in
the buffer zone have not been addressed in the Draft EIS". However, potential
impacts on flora and fauna species within the buffer zone are discussed in Sections
12.4.1 and 12.4.2 of the Draft EIS.

ANSTO is exempt from the requirements of the NSW Environmental Planning and
Assessment Act. Therefore, an assessment of significance of impacts on threatened
species according to Section 5A is not required to be addressed by the Draft EIS.

However, advice from NSW National Parks and Wildlife Service was sought, this being
that impact assessment under Section 5A was not applicable in this case as the proposal
would not occupy land that is presently habitat for threatened species. An assessment of
the presence of species of conservation significance, as listed under both national and
State legislation, that occur within and surrounding the buffer zone, was undertaken
(Appendix H of the Draft EIS).

The potential impacts on threatened flora and fauna listed under the Commonwealth
Threatened Species Conservation Act 1995 are addressed in Chapter 12 of the Draft EIS.
This approach refleas the goals of the Intergovernmental Agreement on the Environment
(Council of Australian Governments, 1992).

The NSW Government submission also suggests that strategies for weed
management could be incorporated into an environmental management plan.
Environmental management measures for flora and fauna are outlined in Section 12.5 of
the Draft EIS, which states that measures applicable to the construction phase of the
proposal "would be included as part of an environmental management plan for
construction of the proposal". Management measures applicable to the proposal's
operation are also listed in Section 12.5 and include the proposed implementation of a
weed control program that would, along with other measures, be incorporated into a
revised buffer zone management plan. Weed control in the buffer zone would be part
of the buffer zone management plan, rather than the site environmental management
plan.

In summary, the key impacts on flora and fauna within the site of the replacement
reactor and surrounding buffer zone are:

• loss of approximately one to 1.5 hectares of Red Bloodwood/Scribbly Cum
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 flora.

Further information regarding planning and land use can be found in Chapter 13 of this
Supplement and Section 13.2.3 of the Draft EIS.

12.4 Summary of Responses

The construction of the proposed replacement research reactor would involve the
clearing of existing vegetation on the four hectare site. As discussed in the Draft EIS,
this would result in the loss of approximately 1.5 hectares of woodland and
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approximately one hectare of degraded heathland. The area to be cleared contains no
significant roosting or feeding habitats of threatened species.

Environment Australia received various submissions that raise issues related to flora and
fauna. These issues are concerned with the background study, flora and fauna impacts
and the need for continuing management of the buffer zone.

No threatened species or their habitats were likely to be affected by the proposal.
However, mitigation measures to minimise the impact to the surrounding flora and
fauna would be implemented within the Construction Environmental Management Plan.
An assessment of the presence of species of conservation significance listed under both
national and State legislation whose presence has been recorded within and surrounding
the buffer zone is provided in Appendix H of the Draft EIS. Impacts on species
potentially affected by development of the proposal are discussed in further detail in
Section 12.4.2 of the Draft EIS and in Section 12.3 of this document. Current
management practices for the buffer zone would continue through the lifecycle of the
replacement reactor including weed control.
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13. Planning and Land use

This chapter outlines issues raised in submissions and responses to the descriptions of
planning and land use to the proposal provided in Chapter 13 of the Draft EIS. Issues
relating to land use contamination, planning and land use impacts and siting of the
proposed replacement reactor are also addressed in this Chapter.

13.1 Summary of the Draft Environmental Impact Statement

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 also exempt from the State and local planning controls which might otherwise
apply in the buffer zone.

However, in accordance with the principles contained in the Intergovernmental
Agreement on the Environment, 1992, environmental issues of interest and concern to
the NSW Government are considered in the Draft EIS for the replacement nuclear
research reactor.

Development of the replacement reactor would not alter the current metropolitan,
regional or local planning frameworks which control development outside the buffer
zone. A variety of land uses currently occurs within the buffer zone, including the
Holsworthy Military Area, the Lucas Heights Waste Management Centre, a mini-bike
track and a gun club. The replacement reactor would have no effect on these land uses.
The existing land use restrictions, applied by ANSTO within the buffer zone would
remain in effect 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.

13.2 Summary of Issues Related to Planning and Land Use

Environment Australia received three submissions that raise issues of
planning for and land use of the proposed replacement nuclear research
reactor.

The Sutherland Shire Council's submission (No. 341) suggests that the
results of the assessment of land use contamination impacts with respect to
the reference accidents described in the Draft EIS are flawed, whilst the
NSW Government Submission (No. 935) notes that the Draft EIS takes into
consideration and abides by the principles contained in the
Intergovernmental Agreement on the Environment Act 1992 to the extent that
it is satisfied that "adequate consideration has been given in the Draft
EIS to the relevant planning legislation".
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The Campbelltown City Council submission (No. 931) raised the issue that
the Georges River Regional Environmental Study did not address the impacts
of the replacement reactor.

The NSW Government's submission (No. 935) noted that the "decision to
proceed with the proposal would not appear to affect or alter the current
metropolitan, regional or local planning framework or directions set out in
various strategic planning documents".

The NSW Government's submission (No. 935) also stated that the siting of
the replacement reactor immediately to the west of HIFAR would not involve,
as a consequence, adjustment of the existing buffer zone.

13.3 Response to Issues Related to Planning and Land Use

The Sutherland Shire Council submission (No. 341) (through the Hirsch
Report) suggests that land use contamination impacts are flawed with
respect to the reference accident described in the Draft EIS:

"The EIS ... estimates iodine-131 ground contamination levels 0.4
percent of the criteria for intervention levels for relocation,
and thereby concludes no disruption to land use could occur. If
a more reasonable release fraction of iodine-131 is employed
instead of the assumed 10s, one would substantially exceed the
land contamination criteria, even assuming the dispersion and
deposition modelling performed in the EIS. " (Hirsch pp. 6)

The Reference Accident and the derivation of the release fractions for iodine-131, if the
accident were to occur, are discussed within Chapter 11 of this Supplement and in
particular under the response to Issue 11.01.01. Potential contamination from
iodine-131 is addressed in the response to Issues 10.04.05, 11.01.01 and 16.03.02.

This submission (No. 341) does not consider the features which are essential for
determining the fraction of the fission products in the case that would be released to the
environment under accident conditions for a pool-type research reactor. These features
have been researched, analysed and reviewed in Chapter 17 of this Supplement, in the
Draft EIS and supporting documents such as the Siting Safety Assessment submission to
the Nuclear Safety Bureau.

The Campbelltown City Council submission (No. 931) br ie f ly mentions that
"the Georges River Regional Environmental Study has not addressed impacts
of the reactor site in the study process". The Georges River Regional
Environmental Study has not yet been completed, and, as stated in Section 13.2.2 of the
Draft EIS, "the regional study will analyse the state of the (Georges River) catchment and
make recommendations on the need for further studies, management mechanisms, and
systems of liaison between Councils and Government agencies". As no reports have
been released, this EIS is currently unable to address issues or concerns raised within the
Georges River Regional Environmental Study.

Page 13-2 \u-tralian \uclejr Science and lechnolopv



Chapter 13 - Planning and Land Use

13.4 Summary of Responses

ANSTO would continue to exclude residential development from the buffer zone.
Future land use proposals within the buffer zone would be subject to approval by the
ANSTO in accordance with the environmental and safety criteria described within
Chapter 13 of the Draft EIS.

As mentioned in Chapter 13 and Appendix D of the Draft EIS, ANSTO is not subject to
local and State planning controls, however, in accordance with the Intergovernmental
Agreement on the Environment 1992, environmental issues of interest and concern to
the State government are addressed within the Draft EIS.

In summary, the Draft EIS has considered relevant planning legislation pertinent to the
proposal. Proceeding with the construction and operation of the replacement reactor
would not appear to affect or alter the current metropolitan, regional or local planning
frameworks or directions as set out in various strategic planning documents.
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14. Traffic and Transport

This chapter outlines issues raised in submissions and responses to the descriptions of
traffic and transport to the proposal provided in Chapter 14 of the Draft EIS. Issues
relating to the entrance of the Lucas Heights Science and Technology Centre are also
addressed in this Chapter.

14.1 Summary of the Draft Environmental impact Statement

Traffic generated by construction activities would consist of vehicles delivering plant
and equipment and the cars of community construction workers. Compared to the total
daily volume of traffic travelling on New Illawarra Road (about 13,000 vehicles per day)
construction traffic associated with this proposal would result in a minor increase of
approximately 100 vehicles per day. This increase is unlikely to exacerbate impacts on
the surrounding road network.

Road safety issues could possibly arise as a result of this increased traffic due to the
conflicting demands of trucks entering the Lucas Heights Science and Technology
Centre, of truck movements associated with the Lucas Heights Waste Management
Centre and other traffic using New Illawarra Road. 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 any reduction in road safety.

The increased delivery of radiopharmaceuticals would be accommodated without
necessitating additional daily deliveries.

Traffic impacts during operation of the replacement reactor would be minor: although
the number of visitors to the Centre is expected to increase. This would represent a
small proportion of the traffic generated by the Centre, and the number of staff
employed at the Lucas Heights Science and Technology Centre would not increase.

14.2 Summary of Issues Related to Traffic and Transport

Environment Australia received one submission (NSW Government No. 935)
raising issues concerning traffic and transport. The submission states
that "it is not expected that the proposal will have a major overall impact
on the road network in the region". This same submission, however, did
raise specific concerns over the entrance to the Lucas Heights Science and
Technology Centre.

14.3 Response to issues Related to Traffic and Transport

The NSW Government submission (No. 935) suggests that the existing length
of the deceleration lane on New Illawarra Road would be inadequate and the
existing northbound configuration of the type "B" intersection is
inappropriate at this location, given the high-speed environment of the
road.
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In order to provide a level of safety, a deceleration lane to the entrance of Lucas Heights
Science and Technology Organisation on New Illawarra Road may be required to cater
for the class of vehicle expected to use the road during construction and truck
movements during operation. The NSW Roads and Traffic Authority would also be
consulted with regard to any proposal to upgrade the road in the vicinity of the entrance
to the Lucas Heights Science and Technology Centre.

14.4 Summary of Responses

Traffic impacts generated by construction aaivities of the proposed replacement nuclear
research reactor would be minimal and would have no adverse impact on the
surrounding road network. Traffic imparts during the operation of the proposed
replacement nuclear research reactor would be minor, as an increase in staff at the Lucas
Heights Science and Technology Centre is unlikely.

ANSTO would consult with the relevant regulatory authorities, including the NSW
Roads and Traffic Authority, to determine appropriate routes for oversize vehicles during
construction. This approach would also be adopted for the transportation of fuel rods to
and from the Centre. The NSW Roads and Traffic Authority would be included in the
consultation process, together with NSW Police Service and Environment Protection
Authority in determining designated routes.
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15. infrastructure and Services

This chapter outlines issues raised in submissions and responses to the description of
infrastructure and services to the proposal provided in Chapter 75 of the Draft EIS.
Issues relating to the water demand during dual operation are also addressed in this
Chapter.

15.1 Summary of the Draft Environmental impact Statement

Construction and operation of the replacement nuclear research reactor would employ
infrastructure and services existent 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 replacement nuclear research
reactor, including during the dual operation period with HIFAR. However, additional
infrastructure would be necessary during construction oi the replacement reactor,
including storm water retention ponds on the southern and northern sides of the site and
facilities to meet electricity supply needs of construction. Additional on-site
infrastructure required for dual and normal operation of the reactor(s) includes:

• water distribution systems;

• stormwater 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.

15.2 Summary and Response to issues Related to infrastructure
and Services

Environment Australia received one submission that raised an issue related
to infrastructure and services. The NSW Government submission (No. 935)
points out that water would need to be drawn from the Reservoir over a six
month period to accommodate the l ike ly water demand during the dual
operation of the replacement reactor and HIFAR.

Existing infrastructure and services would meet the needs of construction and operation
of the proposed replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre. However, as suggested by the NSW Government submission (No.
935) dual operation for up to a six month period of the proposed reactor and HIFAR
would increase the demand for water at the site. The increased demand for and
availability of water would involve co-ordination with Sydney Water and ANSTO would
ensure an adequate lead-time is allowed in planning co-ordination with Sydney Water.
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16. Social and Economic impacts

This chapter outlines issues raised in submissions and responses to the description of the
social and economic impacts to the proposal in Chapter 7 6 of the Draft EI5. Issues
relating to the assessment methodology, background information and assumptions and
employment data are also addressed in this Chapter.

16.1 Summary of the Draft Environmental Impact Statement

16.1.1 General

Social impacts can be defined as changes to people's ways of life, lifestyles, cultures,
traditions, and/or community structures. Such impacts can be characterised as either
positive or negative: a positive benefit may be said to enhance lifestyles, cultures,
traditions, and/or community structures; negative impacts may be said to have
detrimental effects on these aspects of social organisation. The proposed replacement
nuclear research reactor has the potential to affect socially, individuals and communities
at local, regional and national levels.

In terms of the proposal to replace the nuclear research reactor, the Draft EIS {Section
21.3.1) concludes that "positive social impacts are expected as a result of the proposal,
including generation of modest levels of employment and economic activity in the
regional community of interest", while "adverse impacts are expected to be minor".
The Draft EIS goes on to state that "the proposal would not have a significant effect on
community value in relation to the environment, recreation opportunities" while,
additionally, "community stability and cohesion would be largely unaffected." While
the phrase "largely unaffected" allows that there may be some disruption during
implementation of the proposal, and while it concedes that there are persons who are
opposed to any use of nuclear energy and who would consider themselves to be
adversely impacted by an implementation of the proposal whatever its outcomes, the
Draft EIS' conclusion firmly states that any dislocation or adverse impact would be
minor and temporary.

There are additional positive social impacts which might arise from the implementation
of the proposal, and these include benefits derived from the generation of new and
additional employment opportunities and general flow-on to the local community of
economic activity generated by the proposal. In terms of the wider community, the
domestic component of additional economic input would largely be expended within
the Sydney region.

16.1.2 Economic impacts

Potential economic impacts, including likely effects on employment and economic
activity, are quantifiable at the local, regional and national levels. Employment effects
are typically described as direct (that is, arising directly from the initial impact of
operating and utilising the replacement nuclear research reactor) and indirect (arising
from the employment created from expenditure originating from the consumption and
production patterns generated by operation of the replacement nuclear research reactor).
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Other economic benefits are not so easily measured because of the difficulties of placing
an economic benefit or value on future research output.

16.1.3 Social impacts

Direct social impacts resulting from the proposed replacement nuclear research reactor
are expected to be minor. For example, it is expected that there would be little impact
on either the aesthetics of the local environment or on facilities and opportunities for
recreation.

Consultation activities for the Draft EIS identified concerns of members of the
community regarding safety and health issues. In considering such matters, the
assessment of hazards and risks in the Draft EIS concludes that the installation and
operation of the proposed replacement nuclear research reactor is unlikely to have
adverse environmental, health and/or safety impacts. For clarification and further detail,
please see Part E of the Draft EIS, Chapters 8 to 17.

16.2 Summary of issues Related to Social and Economic Impacts

Social and economic impacts arising from the proposed replacement reactor
were addressed in particular by issues in six submission received by
Environment Australia. These issues can be summarised under the topics of:
assessment methodology: background information and assumptions: and social
and economic impacts.

16.2.1 Assessment Methodology

Sutherland Shire Council (No. 341) suggests that the social and economic
methodology needed justification and clarification.

The Environment Australia (Economics Unit) submission (No. 235) questions
how an increase of 24 scientists per day using the reactor would create 38
new jobs. This submission also asks for identification of the sectors and
regions in which the jobs would be created.

16.2.2 Background information and Assumptions

Sutherland Shire Council (No. 341) suggests that the reactor's costing was
inadequate and that, therefore, the economic assessment provided in the
Draft EIS was likely to be inexact, whilst the Environment Australia
(Economics Unit) (No. 235) question the amount of employment that would be
created if the funds were spent on the next best use.

16.2.3 Social and Economic impacts

The Environment Australia (Economics Unit) (No. 235). Wilson (No. 329) and
Green (No. 906) question the employment data projections provided in the
Draft EIS whilst Sutherland Shire Council (No. 341) and Green (No. 906)
also questioned the validity of the social and economic impacts in the
Draft EIS.
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The NSW Government's submission (No. 935) suggests that a "decision to
proceed with the replacement nuclear research reactor is unlikely to alter
the pattern of urban development evident in the local community" and that
the proposed replacement nuclear research reactor is unlikely to cause
negative social or economic impacts on the local community.

An issue was raised by Campbelltown City Council (No. 929/931) relating to
impacts on rural produce and future land use in the event of an incident
with off-site consequences.

16.3 Response to Issues Related to Social and Economic impacts

Responses to issues 16.01.01 (Methodology Needs Justification and
Clarification) and 16.02.01 (Reactor costing inadequate and
Therefore Assessment Flawed)

The Environment Australia (Economics Unit) (No. 235) raised the issue of
how an increase of 24 scientists per day using the reactor would create 38
new jobs and asks for the identi f icat ion of the sectors and regions in
which the jobs would be created.

The additional 38 jobs estimated in the Draft EIS are based on an employment multiplier
for the scientific research industry of 1.546 (Access Economics pers comm). This figure
most closely represents the activities of scientists at ANSTO (although it includes other
scientific research). Multipliers were used in the Draft EIS to determine indirect
employment impacts. The multipliers used are based on input-output analysis for the
national economy. The multiplier can be interpreted as follows: for every additional
person employed in scientific research, 1.546 additional persons are employed in all
industries in the economy. As the input-output analysis on which employment
multipliers are based relate to the entire economy, the specific regions or sectors in
which the jobs would be created cannot be determined. The multipliers are used to
gain an estimate of the wider benefits of the proposal.

The Environment Australia (Economics Unit) (No. 235) also questions the
amount of employment that would be created i f the funds were spent on the
next best use. An indication of the level of the employment and output multipliers in
the scientific research industry, compared with other industries is provided below.

Across the 107 industries in the multiplier tables, the median employment multiplier is
1.924. The range of the employment multipliers are from 0.554 to 9.348. The
multiplier for scientific research is below the median, across all industries.

Similarly, for the output multipliers used, the median multiplier across all industries is
1.660. The output multipliers range from 0.493 to 2.221. The operation output
multiplier for scientific industries of 1.626 is slightly below the median.

Sutherland Shire Council (No. 341) suggested that the reactor's costing was
inadequate and therefore the assessment is flawed.

The issue of reactor costing is fully discussed in Section 4.6 of this Supplement.
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The EIS guidelines acknowledge that not all benefits and costs would be able to be
reduced to monetary terms. The Draft EIS describes benefits and costs in monetary
terms where the information has been available and the benefits and costs are
measurable. The fact that multipliers for the scientific research industry are below the
national median is not necessarily an indication of the economic worth of the project as
a whole.

Concern was expressed that property values in the area would be adversely
affected by the proposal. With regards to property values, the Draft EIS states that:

"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, 1993J.*

The Replacement Reactor Review (McKinnon et al 1993) states that no evidence has
been presented that leads to the conclusion that land and house values in the suburbs
nearest the research reactor are lower in relation to comparable suburbs elsewhere.

The surrounding postcodes of 2232 (Kirrawee), 2233 (Engadine) and 2234 (Menai)
consist of areas closest to Lucas Heights. The Sydney Morning Herald, Thursday, 27
November 1997 printed an article "Suburb-By-Suburb House Price Cuide", listing trends
in property values since 1987. Property prices in these surrounding postcodes
experienced substantial growth rates of 18.0, 12.2, and 15.0 percent respectively in
1997. Over the last decade property prices in these suburbs have all experienced a
strong average annual growth rate of 8.8, 9.1 and 14.1 percent. Indeed, over the last
decade, of all areas in Sydney, the area of Menai consisting of Bangor, Barden Ridge and
Menai (that is, properties closest to Lucas Heights by road) have on average experienced
the highest growth rate in property values of surrounding areas.

Response to issue 16.03.01 (Employment Data Questioned)

The Environment Australia (Economics Unit) (No. 235) questions whether
workers migrate between regions in response to changes in relat ive
employment opportunities or whether the national pool of employed labour is
assumed to either grow or shrink in response to a stimulus.

The number of employed persons in the labour force is assumed to increase with the
increase in the level of economic activity. The additional employment in one industry
leads to additional persons being employed by related industries in the economy. In
terms of the replacement nuclear research reactor, this is additional employment that is
provided as an indirect result of the employment at the site of the replacement reactor.

Comment was also made by the Environmental Protertion Group (No 235) regarding the
quote from Coopers and Lybrand (Draft EIS pp. 16-14):

~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"
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The intention of the quote is to state that although alternative public investment would
return comparable economic and employment benefits, the nuclear science and
research industry would decline. The quote also states that national economic structure
and competitiveness would not be the same if the resources were directed elsewhere.

Response to issue 16.03.02 (impacts Questioned)

The Draft EIS notes negative impacts in respect of public perceptions of hazards and
risks associated with the operation of the reactor and individual concerns regarding
nuclear issues in general. However, the Replacement Reactor Review (McKinnon et al
1993) suggests that there are people in the community who consider any risk associated
with the proposal to be unacceptable, regardless of how negligible that risk is
demonstrated to be.

A large number of the benefits of the proposal cannot be quantified in economic terms,
although a qualitative assessment was undertaken in the Draft EIS.

The qualitative assessment presented in the Draft EIS employs an "opportunity cost"
approach, that is, it assesses the economic benefits that would be lost in the absence of
ANSTO's contributions to the health, mining and other industries. All the benefits
outlined in the Draft EIS provided in monetary terms are reported as gross figures. There
has not been any deduction of the cost of the resources used to generate the benefits,
neither has the net benefit of ANSTO's activities been calculated.

On the subject of Campbelltown City Council's (No. 929) concern of the
effects on rural produce and land use, this EIS has concluded that the radiation
levels in airborne releases from ANSTO's routine operations are not sufficient to cause
any detectable radiological effects and therefore would not impact on Campbelltown
rural produce.

In the event of a worst case incident with offsite consequences, the impact on
Campbelltown rural produce would be minimal. As described in Chapter 11 of this
document, the radiation in a "worst case" incident would be dominated by radiation
from the passing plume and the assumed consumption of contaminated foodstuffs. The
ground contamination level at 1.6 kilometres (the buffer zone) for iodine-131 is 0.1
percent of the criterion recommended by the National Health and Medical Research
Council (1990) at which intervention might be needed. It rapidly decreases with
distance and time because of the short half-life of iodine so that it will be very much
smaller at Campbelltown. Hence there would be no disruption to land and no
interdiction of rural produce even if the Reference Accident occurred.

16.4 Summary of Responses

The proposed replacement nuclear research reactor would affect individuals and the
surrounding communities both positively and negatively. The positive impacts would
include benefits derived from additional employment, economic activity generated by
the reactor and medicinal and scientific benefits to the community. The obvious
negative impacts are addressed in Chapter 11 - Hazards and Risks of this document. No
impact on rural produce would occur even if the hypothesised Reference Accident
occurred.
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Six submissions were received by Environment Australia on social and economic
impacts. The issues raised were concerned with assessment methodology, background
information and assumptions, and social and economic impacts. These issues have been
addressed in Sect/on 76.3 of this Supplement as well as in Chapter 76 of the Draft EIS.
The overall negative impact on society and the economy as a result of the proposed
replacement nuclear research reactor would be very small in comparison with a number
tangible benefits associated with the proposed replacement reartor.
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17. Other Environmental impacts

This chapter outlines issues raised in submissions and responses to the description of
other environmental impacts to the proposal provided in Chapter 17 of the Draft EIS.
Issues relating to land contamination, bushfire hazard, visual and landscape impacts,
cultural heritage and construction impacts are also addressed in this Chapter.

17.1 Summary of the Draft Environmental Impact Statement

17.1.1 Land Contamination

Three small areas of land contamination were identified in the southern section of the
site. These are: an area of ground-level concrete slabs on which drums of soil from
Fishermans Bend containing low levels of radioactivity 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 plateaux within the
Sydney region, and are likely to result from natural concentrations of radioactivity in
existing soils and rocks.

No off-site disposal of soil is proposed. The contaminated 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.

17.1.2 Bushfire Hazard

The site for the replacement reactor is in a zone of low fire hazard, flat and sparsely
vegetated. Areas in the buffer zone 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 located
approximately 150 metres from the southern boundary of the site. The reactor would be
located within the reactor building, which would be constructed from non-flammable
material to prevent the entry of embers. The incidence of bushfire close to the site of
the replacement nuclear research reactor would pose no threat to its safe operation.
Radiant heat from a major fire could, however, damage cooling towers and lead to a
precautionary shutdown of the reactor, as part of standard safety procedures. This
potential hazard would be considered in the design of the reactor facility.

Vegetation clearance for site preparation work would reduce bushfire hazard at the site.
However, the occurrence of a bushfire in the vicinity during construction of the reactor
would necessitate the evacuation of construction workers and ANSTO staff, depending
on advice from the relevant fire fighting authority. The risk of bushfire in the vicinity of
the replacement reactor site would not preclude the safe construction and operation of
the proposal.
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Current management of bushfire hazards 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 maintenance of fire
fighting equipment. Management during construction and operation of the reactor
would effectively be an extension of the existing bushfire hazard management system.
A fire protection zone would be created which would include a cleared, fuel-free zone
surrounding the reactor building, creation of a regularly mulched "fuel-reduced zone" of
low-lying vegetation. All new buildings would incorporate smoke detectors, fire alarms
and fire hydrants.

17.1.3 Noise

Noise levels resulting from construction activities are not expected to be audible above
background noise levels in 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 mitigative action
were taken. This worst case scenario (unlikely to occur in reality) assumes that all
construction equipment is operating simultaneously during unfavourable wind
conditions. Some noise disturbance to normal operations and research activities
conducted at the Lucas Heights Science and Technology Centre may occur close to the
construction site. To mitigate potential noise impacts, the period of bulk excavation
works would be minimised and quiet-running equipment would be used wherever
possible.

The only potential noise sources at the proposed reactor would be an emergency power
diesel generator and the cooling towers for the replacement nuclear research reactor. It
as been calculated that maximum noise levels from the sources would not exceed those
recommended by the NSW Environment Protection Authority for the nearest residences
and noise levels in general would not be audible at the boundary of the Centre.

17.1.4 visual and Landscape

The Lucas Heights Science and Technology Centre is surrounded by bushland, deep
river valleys and large water bodies which combine to create a relatively high quality
visual environment. The Lucas Heights Science and Technology Centre has a moderate
visual impact on Engadine residents closest to the Centre. For other residents within the
viewing catchment, the Centre appears on the horizon as a relatively small feature
nestled in bushland, having a low visual impact.

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

No Aboriginal relics, sites or potential sites were identified within the site for the
proposed replacement nuclear research reactor. The closest potential archaeological
deposit is located approximately 30 metres south of the site, within Melinga Molong
Gully. Environmental management of this 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 for the
replacement reactor. No sites of non-Aboriginal cultural heritage significance would be
affected by the reactor.

17.2 Summary of Issues Related to Other Environmental
impacts

17.2.1 Bushfire Hazard

Methodology

An independent peer review of the bushfire hazard assessment presented in
the Draft EIS was undertaken by CH2M Hill (No. 909). The aim of the review
was to ensure that the methodology and results of the assessment in the
Draft EIS were technically correct and consistent with relevant bushfire
planning documents. Those issues raised in the review relate to the
assessment methodology, assessment of impacts and environmental management.
The CH2M Hill review includes some criticisms of the hazard assessment
methodology and suggestions for improving the assessment.

The Draft EIS bushfire hazard assessment methodology is criticised in the
CH2M Hill review for not indicating the method used to determine the fire
hazard rating of the site of the proposed replacement nuclear research
reactor. Although the review acknowledges that the methodology was based
on the appropriate reference documents for bushfire hazard assessment, it
suggests that the risk assessment criteria contained in the document
Planning in Fire Prone Areas (Department of Planning. 1989) should have
been identified in the Draft EIS. The methodology outlined in the above
document involves calculating a 'fire hazard score' based on fuel loads and
slope.

Assessment of impacts

The CH2M Hill bushfire hazard review (No. 909) suggests that there is no
discussion in the Draft EIS of the potential impacts of precautionary shut
downs on the life of the replacement nuclear research reactor or the
effects of "down time" resulting from damage to cooling towers during
bushfires.

The review also notes that the proposed reactor building would be located
approximately 150 metres from the southern boundary of the site. However.

Page 1 7-3



Replacement Nuclear Research Reactor
Supplement

the review suggests that there is some confusion about whether the
intervening area would contain vegetation that could represent a bushfire
hazard to the reactor. The distance of 150 metres, as shown on Figure 6 of
the Overview, is also questioned. The review notes that there is a
difference between the measured distance using the scale provided and the
distance shown on Figure 6.

Environmental Management

A number of suggestions are made in the review regarding the proposed
bushfire hazard management measures in the Draft EIS. The CH2M Hill
bushfire review (No.909) suggests that there are no mitigative measures
included in the Draft EIS for the potential hazard of radiant heat on
cooling towers, which can result in precautionary shut down of the reactor.
The Draft EIS is also criticised for not stating the Department of Bush
Fire Services (1991) "distance requirements" for support facilities, such
as the cooling towers and pump house.

The CH2M Hill review also suggests that bushfire management practices for
the proposed replacement nuclear research reactor should also include the
Department of Bush Fire Services' (1991) recommendations for maintenance of
access tracks.

The submission from the Biodiversity Group within the Commonwealth's
Environment Portfolio (No. 235) included comments on bushfire management
from the Biodiversity Group. The Biodiversity Group recommends that the
proponent, through its appointed Environment Officer, maintain close
liaison with the NSW National Parks and Wildlife Service in relation to
management of the buffer zone. It is suggested that management should pay
particular attention to hazard reduction burning, considering that a total
of 57 significant fauna species have been recorded in and around the buffer
zone, including five species of national significance.

The Nuclear Safety Bureau (No. 934) commented that bushfires are moderately
frequent in the Lucas Heights area and can have an important effect on
emergency planning arrangements for the Lucas Heights Science and
Technology Centre. This submission acknowledged that bushfire would not
cause a reactor accident.

17.2.2 Noise

Noise issues were raised in the NSW Government's submission (No. 935) and
were mainly concerned with construction impacts and mitigation measures.

17.2.3 Spoil and Site contamination

The NSW Government submission (No. 935) raised concerns over the disposal
of excavated spoil material and suggests that the disposal of excavation or
demolition material must conform with the NSW Environment Protection
Authority's Environmental Guidelines - Assessment Classification and
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Management of Non-Liquid Hastes. 1997 before removal from the site for
disposal.

17.3 Response to issues Raised

17.3.1 Bushfire Hazard

Bushfire Assessment Methodology

The bushfire hazard assessment was carried out in accordance with the EIS Guidelines.
The methodology used for the bushfire hazard assessment is presented in Chapter 17 of
the Draft EIS. As noted by CH2M Hi l l (No. 24), bushfire hazard at the site of
the proposed replacement nuclear research reactor was assessed using the
documents Planning in Fire Prone Areas (Department of Planning. 1989) and
Planning for Bush Fire Protection (Department of Bush Fire Services (1991).
In addition, the Sutherland Bush Fire Control Centre, which advises ANSTO on bushfire
hazard management within the buffer zone, was consulted with regard to determination
of hazard ratings and appropriate management measures.

It is stated in Section 7 7.2.5 of the Draft EIS that the bushfire hazard rating of the site for
the replacement nuclear research reaaor was calculated according to the Department of
Bush Fire Services (1991) Planning for Bush Fire Protection, which is based on the State
categorisation of fire zone, vegetation and slope types. The CH2M Hill submission (No.
24) correctly points out that there is no evidence that the methodology of Planning in
Fire Prone Areas (Department of Planning, 1989) was used in the hazard assessment.
However, the methodology of Bushfire Services (1991) is based on publications from the
Department of Planning (1989) and is similarly based on slope and vegetation types.
Furthermore, the hazard rating for the site of the replacement nuclear research reactor
was calculated using expert advice from the Sutherland Bush Fire Control Centre, which
is familiar with bushfire issues at the site through a history of liaison with ANSTO. Re-
calculation of the " f i re hazard score", as suggested by the CH2M Hi l l
independent peer review (No. 24). is therefore not considered necessary.

Fuel loads were not calculated according to the Department of Planning's guidelines.
However, fuel loads change due to many factors such as the time since burning last
occurred and weather conditions. Fuel loads are likely to differ during operation of the
proposal from those present at the time of the assessment. The bushfire hazard rating is
proportional to the quantity of fuel present. It is therefore likely that further analysis of
bushfire hazard would need to be incorporated into the Construction Environmental
Management Plan undertaken prior to construction of the proposal.

Assessment of Bushfire impacts

The existing HIFAR reactor is shut down periodically as part of standard procedures for
exchange of fuel elements and maintenance activities. Throughout its operational life,
precautionary shut down of HIFAR has also occurred infrequently during bushfire
events. Shut down of HIFAR for maintenance or precautionary purposes does not pose a
threat to the safety or long-term life of the reactor. The proposed replacement reactor
would similarly be shut down on a regular basis for maintenance and might be shut
down during bushfires. As with HIFAR, these activities and associated "down time"
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would be part of standard operating procedures for the proposed replacement reactor
and would not have any affect on its safety or long-term life.

Vegetation within the fuel-free zone between the reactor facilities and the southern
perimeter fence would consist of a low grass layer, as stated in Section 17.2.6 and
shown on Figure 17.3 of the Draft EIS and Figure 6 in the Overview. The grass within
the fuel-free zone would be regularly mown and would therefore present a negligible
bushfire risk to the reactor. A range of other hazard reduction measures, such as
maintenance of a fuel-reduced zone surrounding the fuel-free zone and regular hazard
reduction burning outside the perimeter fence, would ensure bushfire hazard is kept at
existing minimum levels.

In Section 17.2.6 of the Draft EIS, it is stated that the fuel-free zone between the
replacement nuclear research reactor and the southern perimeter fence, where the
highest fire hazard occurs, would be at least 150 metres. This would be significantly
greater than the minimum distance of 22 metres recommended by the Sutherland Rural
Fire Service (pers. comm., 1998) and specified by the Department of Planning (1989)
guidelines. However, it is noted, in Figure 17.3 of the Draft EIS that the distance
between the reactor building and the southern boundary fence is shown as 350 metres,
which is incorrect. The distance shown should be 150 metres, as stated in Sect/on
7 7.2.6. Figure 17.3 has been amended accordingly and revised versions are presented
in Appendix D of this Supplement.

Environmental Management Related to Bushfires

A range of measures to reduce bushfire hazard during construction and operation of the
reactor are listed in Section 17.2.6 of the Draft EIS. It is implicit in this section that
environmental management applies to all identified bushfire risks associated with the
proposal, including the potential for damage to cooling towers. The key measure for
mitigation of bushfire hazard to all buildings within the site for the replacement reactor,
including the cooling towers, is the creation of a fire protection zone, as described in
Section 17.2.6. Cooling towers would be constructed from non-flammable materials,
such as concrete, and thus damage to cooling towers is unlikely to occur during
operation of the replacement nuclear research reactor. Given that damage to cooling
towers would not threaten the safety or long-term life of the reactor (refer Section
17.2.5), the review's view that "there is no evidence of management measures" for
potential damage to cooling towers does not seem to have taken all information into
consideration.

Minimum distance requirements of the proposed fire protection zone would apply to all
buildings within the site of the proposed replacement nuclear research reactor, including
the proposed cooling towers, as stated in Section 17.2.6 of the Draft EIS. The
Department of Bush Fire Services' (1991) distance requirements for the cooling towers
are therefore incorporated into the assessment, although the CH2M Hill review would
seem to suggest otherwise. Furthermore, potential damage to the cooling towers poses
no threat to the safety of the existing HIFAR reactor (refer Section 17.2.5 of the Draft
EIS), and would similarly pose no threat to the safe operation of the replacement nuclear
research reactor.

Environmental management of bushfire hazard during operation of the replacement
nuclear research reactor would include "maintaining existing fire trails to a high
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standard; and implementing erosion control on the fuel-free zone and access tracks"
(refer Sect/on 17.2.6). In response to the conclusions of the review (CH2M Hill, 1998),
fire trails would be maintained according to the Department of Bush Fire Services'
(1991) Guidelines for the Planning, Construction and Maintenance of Tracks. These
guidelines provide for the minimisation of soil erosion, run-off and sedimentation on all
types of access tracks in bushland areas throughout NSW.

17.3.2 Noise

The noise studies undertaken in the Draft EIS were in accordance with the requirements
of the NSW Environment Protection Authority's (1994) Environmental Noise Control
Manual. Section 17.3.2 of the Draft EIS identifies earthworks, bulk excavations and
construction traffic as the principal sources of construction noise. The Draft EIS also
states ANSTO's intention to conform with construction noise levels and time restrictions
as given in the NSW Environment Protection Authority's (1994) Noise Control
Guidelines for Construction Site Noise.

Notwithstanding this, all possible steps would be taken to minimise construction noise.
This might include installing and maintaining silencers on plant and equipment and
constructing temporary noise barriers. This issue, as well as other construction
mitigation measures, would be outlined in the proposed Construction Environmental
Management Plan that would be prepared prior to construction in order to address all
relevant issues, including noise, as identified by relevant legislative requirements.

17.3.3 Spoil and Site Contamination

Section 17.1.4 of the Draft EIS identifies areas of potential land contamination. Should
off-site disposal be required, excavation or demolition material would be validated as
conforming with the NSW Environment Protection Authority's (1997) Environmental
Guidelines - Assessment Classification and Management of Non-Liquid Wastes, 1997
before removal from the site for disposal.

Radioactive contaminated excavation spoil or contaminated demolition materials
classified as hazardous waste would be stored on site pending transport for approved
remediation or permanent storage at the National Waste Repository and Storage facility.

17.4 Summary of Responses

The Draft EIS addresses issues of minor environmental impact in Chapter 17. The issues
that were addressed included land contamination, bushfire hazard, noise, visual and
landscape impacts, and cultural heritage issues.

Environment Australia received several submissions that raise issues under the rubric of
other environmental impacts. The issues raised were in line with issues addressed in the
Draft EIS and have been addressed in Section 17.3 of this document and Chapter 17 of
the Draft EIS.

Mitigation measures to reduce environmental impacts have been identified and would
be implemented within the Construction Environmental Management Plan for the
replacement nuclear research reactor and the ongoing environmental management
system for the Lucas Heights Science and Technology Centre.
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18. Environmental Management

This chapter outlines issues raised in submissions and responses to t/ie description of the
environmental management to the proposal provided in Chapter 18 of the Draft EIS.
Issues relating to existing monitoring, proposed groundwater monitoring programs,
radiological assessment for sludge and waster reuse and environmental management
during construction are also addressed in this Chapter.

18.1 Summary of the Draft Environmental Impact Statement

Environmental management of ANSTO's activities at the Lucas Heights Science and
Technology Centre is governed by existing policies, including ANSTO's existing Health,
Safety and Environment Policy, Occupational Health and Safety Policy and Radioactive
Waste Management Policy. These policies form the basis of ANSTO's existing
environmental management system and would continue to apply to the 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, the Australian Radiation Protection and
Nuclear Safety Agency.

Environmental management during operation of the reactor would be based on these
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 replacement reactor.

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

18.2 Summary of Issues Related to Environmental Management

18.2.1 Existing Environmental Management

The Sutherland Shire Council (No. 341). McSorley (No. 867) and Green (No.
906) raise the issue that existing monitoring might be deficient.

18.2.2 Environmental Management During operation of the
Replacement Research Reactor

Two submissions. Sutherland Shire Council (No. 341) and the Peer Review
consultant CH2M Hill (No. 24) raise a general concern about the inadequacy
of proposed environmental management systems. These submissions, along
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with Mudd (No. 316). were concerned about the proposed groundwater
monitoring programs.

Sutherland Shire Council (No. 341) suggests that environmental management
plans do not allow for the changes when the reactor design is finalised.

The NSW Government submission (No. 935) notes that no details were provided
about the equipment to be used during construction, making assessment of
construction impacts difficult. The submission also notes that no
discussion of possible impacts of construction on the continued operation
of HIFAR was included in the Draft EIS. nor were any details provided about
fuel requirements or refuelling activities during construction.

The NSW Government submission also suggests that an erosion and
sedimentation control plan be prepared in order to delimit any
environmental impact caused by sedimentation control work.

18.3 Response to issues Related to Environmental Management

Specific issues raised on the subject of environmental management have been
amalgamated into the following response as all issues basically related to the
environmental management systems that would be implemented by ANSTO.

In response to the level of concern expressed in submissions on the subject of
environmental management and, in particular, environmental monitoring programs that
would be put in place, it appears appropriate to iterate and restate ANSTO's
commitments in this area.

The development of an environmental monitoring system as an extension of current
environmental monitoring activities and consistent with ISO 14000 would be an integral
part of the planning process for the replacement research reactor. In response to the
submissions an outline development program has been created and is presented in
Figure 18.1. Whilst details of specific monitoring programs are not provided, the overall
program represents ANSTO's commitment to well-defined environmental management
for the replacement reactor and associated facilities. Included in the development of the
environmental management system would be consideration of all potential
environmental impacts, including groundwater monitoring as suggested by Mudd (No.
316)

Appendix I of the Draft EIS presented ANSTO's environmental commitments associated
with the replacement reactor proposal. Various alterations to these commitment's have
arisen since the publishing of the Draft EIS including new contrarts for spent fuel and
clarifications on other environmental issues. Tables 18.1 and 78.2 present the original
commitments from the Draft EIS {Appendix I, Tables 1-1 and 1-2) together with new or
updated ones shown as bold additions to the table.
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Table 18.1: Environmental Management - Construction

EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Geology, Soils and Water (Chapter 8 of Draft EIS)
Management measures include:
• phasing construction to confine disturbance

to areas of workable size and minimise
duration of disturbance;

• maintaining natural vegetation to act as
buffers to minimise erosion and
sedimentation;

• locating stockpiles away from drainage
lines and upstream of sedimentation
structures and constructing diversion banks
and/or catch drains to protect stockpiles
from surface flows;

• utilising staked straw bales or siltation
fences to restrict sediment movements
within the site and prevent any movements
off site;

• installing drainage works early in the
construction period, diverting clean water
flows around construction compounds and
minimising flow velocities using energy
dissipaters and scour protection where
appropriate;

• constructing sediment ponds to minimise
total volumes and peak discharge rates of
run-off; and

• regularly maintaining all erosion,
sedimentation and pollution devices to
ensure effective operation, particularly after
heavy rainfall.

Air Quality (Chapter 9 of Draft EIS)
Management measures include:
• minimising area to be disturbed and

undertaking rehabilitation and/or
revegetation as early as possible;

• prohibiting burning of timber and other
combustible materials;

• ensuring all access routes to the site are
paved; unpaved access routes to be
regularly sprayed with water or treated with
surface binding agents;

• 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 fil l;

• fitting all vehicles with emission control
devices to ensure compliance with
Australian Design Requirements for vehicle
type and year;

• using water sprays and tankers, especially
during hot, dry, windy days; and

• washing the wheels of trucks before leaving
the construction site.

Impacts would be
localised at the site of
the replacement
reactor and limited to
the duration of
construction.
Management
measures are those
regularly
implemented for
construction projects
of a similar scale.

No change to Draft EIS
conclusion. Timetable
for environmental
monitoring presented in
Chapter 18 of this
Supplement noting dual
(construction and
routine) monitoring
during the constructions
stage.

Impacts would be
confined to within the
buffer zone and
would be related to
short episodic events
associated with
prevailing weather
conditions.
Management
measures are those
regularly
implemented for
construction projects
of similar scale.

No change from Draft
EIS.

Page 18-4 Australian Nuclear Science and Technology Oganisahon



Chapter 18 - Environmental Management

EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Management of Reactor Products, Spent Fuel and Wastes
(Chapter 10 of Draft EIS)

Reactor
Products
Spent Fuel
Emissions
and
Radioactive
Waste
Non-
Radioactive
Waste

Not applicable.

Not applicable.
Not applicable.

Specific manag

• collecting all non-recyclable solid and
putrescible material from the site and
transporting them to the Lucas Heights
Waste Management Centre; and

• removing recyclable materials from the
waste stream and transporting these wastes
to an appropriate waste recycling depot;
and

• adopting a cradle-to-grave approach to
managing waste generated during
construction in accordance with the
preferred hierarchy of minimisation, reuse,
recycling and final disposal.

Hazards and Risks (Chapter 11 of Draft EIS)
• Not applicable

Flora and Fauna (Chapter 12 of Draft EIS)
Specific management measures include:
• minimising disturbance to and removal of

existing vegetation;
• checking for the presence of fauna and

fauna habitat in trees, logs and under
sandstone boulders prior to clearing;

• planting or seeding with native grasses and
shrub species in fire protection zone and
other disturbed areas;

• reusing mulch produced by bushfire hazard
reduction activities in revegetation;

• implementing erosion and sedimentation
control measures, concentrated around
areas proposed for contouring within the
fuel reduction zone;

• ensuring non-invasive native plant species
for soil stabilisation and weed control; and

• ensuring vegetation removed during
construction activities is mulched and used
to aid in soil improvement where
revegetation is to be undertaken; and

• 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.

Production of waste
during construction is
unavoidable.
However,
implementation of
waste minimisation
strategies would assist
in reducing quantities
generated.

No change from Draft
EIS.

Impacts would be
localised to the site of
the replacement
reactor and associated
bush fire fuel-reduced
zone surrounding the
site. Management
measures are those
regularly
implemented for
construction projects
of a similar scale.

No change from Draft
EIS.
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EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Planning and Land Use (Chapter 13 of Draft EIS)

• Not applicable

Traffic and Transport (Chapter 14 of Draft EIS)

Consideration would be given to:
• extending the existing left turn deceleration

lane on New Illawarra Road; and
• providing a seagull intersection at the

intersection of the entrance to the Lucas
Heights Science and Technology Centre
and New Illawarra Road.

Infrastructure and Services (Chapter 15 of Draft EIS)

Specific measures would include:
• implementing erosion and sedimentation

controls for all construction activities
associated with infrastructure development;
and

• minimising disturbance to vegetation
associated with installation of additional
stormwater control facilities.

Social and Economic Impacts (Chapter 16 of Draft EIS)

• Ensuring ongoing monitoring of the
implementation of the environmental
management measures during construction;

• Releasing information about the
performance of the environmental
management measures to the community
during the process of developing and
implementing the replacement reactor

No change to existing
planning framework
or land use during
construction.

Short-term reduction
in road safety at
entrance to Lucas
Heights Science and
Technology Centre
arising from increased
heavy vehicle traffic.

Majority of
infrastructure and
services required for
proposal already exist
at the Lucas Heights
Science and
Technology Centre;
with augmentation,
existing infrastructure
and services would
meet the requirements
oi the proposal during
construction;
augmentation of some
existing services
required during
construction,
including additional
stormwater retention
ponds.

Impacts would occur
within the local
community of interest
and would be limited
to the duration of
construction.

No change from Draft
EIS.

No change from Draft
EIS.

No change from Draft
EIS.

No change from Draft
EIS.
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EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Land Contamination (Chapter 17.1 of Draft EIS)
• Preparing a Remedial Action Plan for on-

site remediation of identified hydrocarbon
impacted soil in accordance with NSW
Environment Protection Authority
requirements;

• Conducting additional sampling and
analysis for heavy metals arising from
excavation of the southern section of the
site of the replacement reactor.

• Incorporating strategies to deal with
contaminated soils, including the Remedial
Action Plan as part of the Construction
Environmental Management Plan.

Bushfire (Chapter 17.2 of Draft EIS)
Specific measures are:
• a minimum fuel-free zone:

- southern perimeter - 22 metres;
- northern and western perimeter - 20
metres.

• a minimum fuel-reduced zone:
- southern perimeter - 15 metres;
- northern and western perimeter - 1 7
metres;

• clearing, mulching and hazard reduction
prior to construction;

• a bush fire emergency response plan for
construction workers;

• storing flammable materials away from site
perimeter; and

• building design to prevent entry of ember
showers or smoke during a bush fire.

Noise (Chapter 17.3 of Draft EIS)
Management of construction noise would
involve:
• minimising period of bulk excavation work;
• ensuring no noisy activities occur outside of

normal construction hours;
• siting noise plant as far as possible from

noise sensitive locations; and
• selecting quiet running construction plant

and equipment wherever possible.

Provided on-site
remediation is
undertaken and there
is no off-site disposal
of soils, impacts
would be localised to
the site of the
replacement reactor
and limited to the
duration of
construction.
Management
measures are those
regularly
implemented for sites
having similar levels
of contaminants.

Bush fires are not
expected from site
construction activities.

Clearing for site
preparation would
reduce bush fire
hazard at the site of
the proposed
replacement reactor.
There is a high level
of confidence in
ANSTO's and
emergency services
ability to contain and
control fires which
threaten the Lucas
Heights Science and
Technology Centre
and the construction
site of the proposed
replacement reactor.

Impacts would be
localised to the Lucas
Heights Science and
Technology Centre
and limited to the
duration of
construction.
Management
measures are those
regularly
implemented for
construction projects
of a similar scale.

No change from Draft
EIS conclusion.

No change from Draft
EIS.

No change from Draft
EIS.
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EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Visual and Landscape (Chapter 17.4 of Draft EIS)

• Lighting used during night time
construction activities would be
appropriately shielded and directed away
from site boundaries

Cultural Heritage (Chapter 17.5 of Draft EIS)
• Managing the potential archaeological

deposit (PAD1) by constructing a bund at
the southern edge of earthworks directing
water run-off around the deposit

Environmental Management and Monitoring (Chapter 18 of
Draft EIS)

Undertake the environmental management
commitments outlined to mitigate adverse
environmental impacts and achieve desired
environmental outcomes. Environmental
management for construction include:
• applying ANSTO's Health, Safety and

Environment Policy, Occupational Health
and Safety Policy and associated safety
directives. These would continue to
provide the basis for managing ongoing
activities at the Lucas Heights Science and
Technology Centre during construction;

• preparing an environmental management
plan for construction;

• undertaking a program of community
consultation and reporting, managed by a
community liaison manager designated by
ANSTO;

• appointing an environmental manager, by
the vendor, who would be responsible for
overseeing successful implementation of
the Construction Environmental
Management Plan;

• designating an environmental manager by
ANSTO, responsible for monitoring and
auditing the implementation of the vendors
environmental management plan;

• a workplace procedures manual would be
developed and implemented by ANSTO as
a principal reference for personnel working
at the site; and

• an induction training program would be
implemented for all new personnel.

There would be little
or no discernible
change to visual
quality (at the site of
the proposed
replacement reactor)
from the majority of
views within the
viewing catchment.

No adverse impact is
predicted.

Construction
Environmental
Management Plans
are routinely required
for construction
projects and represent
the most effective
means of
implementing a
coordinated approach
to environmental
management during
construction.

No change from Draft
EIS.

No change from Draft
EIS.

ANSTO provides
timetable for
implementation of a
revised environmental
management system in
Chapter 18 of this
Supplement noting dual
(construction and
routine) monitoring
during the
constructions stage.
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EIS
Reference

Environmental Commitments and
Management Measures During Construction

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Decommissioning (Chapter 19 of Draft El S)

• Preparing an options study, an overall
decommissioning plan and a
comprehensive Stage 1 decommissioning
plan at least one year before HIFAR is
shutdown

• Removing irradiated fuel and heavy water
coolant and transport overseas for
reprocessing/ conditioning for sale/reuse,
respectively, as soon as practical after
shutdown

Impacts would be
localised to either the
site of the
replacement reactor
or the existing HIFAR
building. Impacts
would occur for a
period of not less than
30 years from the
shutdown of the
HIFAR reactor.
Management
measures have not yet
been specifically
defined, but would
include a range of
tasks regularly carried
out by HIFAR staff
during normal
operation, for
example the loading
and unloading of fuel
and spent fuel.

No change from Draft
EIS.

Cumulative Impacts and Ecologically Sustainable
Development (Chapter 20 of Draft EIS)

Concept and The following initiatives would be
Detailed implemented:
Design

• incorporating a requirement by the vendor
to demonstrate solutions for the ultimate
disposition of spent fuel in the tender
specifications;

" undertaking a life cycle assessment of all
building materials to be used in structures
constructed as part of the proposal;

• avoiding the use of non-sustainable
materials such as polyvinylchloride and
use, wherever practical, alternatives;

• using recycled or recycled content products
as construction materials wherever
practical;

• reusing all excavated soil on site for use in
landscaping works.

Construction • The following initiatives would be
implemented:

• developing a 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
formwork and scaffolding;

• avoiding the use fluorocarbons.

The initiatives would
contribute to the
achievement of the
principles of
ecologically
sustainable
development.

The initiatives would
contribute to the
achievement of the
principles of
ecologically
sustainable
development.

No change from Draft
EIS.

No change from Draft
EIS.
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Table 18.2: Environmental Management - Operation

EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Geology, Soils and Water (Chapter 8 of Draft EIS)
Management measures include:
• ensuring stormwater management maintains

post-development stormwater flows at or
below existing flows or up to the TOO years
average recurrence interval event;

• ensuring no increase in nutrient or
sediment loads occur due to the proposal;
and

• constructing two new stormwater bunds,
one for each catchment, to provide for on
site containment and treatment of any small
accidental spills or releases of contaminated
liquid.

Air Quality (Chapter 9 of Draft EIS)
• No mitigative measure is required for non-

radioactive releases to the atmosphere
during operation.

Management of Reactor Products, Spent Fuel and Wastes
(Chapter 10 of Draft EIS)
Reactor
Products

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 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 Material.

Impacts would be
localised at the site of
the replacement
reactor but potential
for off-site releases
would occur
throughout the life of
the reactor.
Management
measures are those
which have been in
place at the Lucas
Heights Science and
Technology Centre
since 1995. Further
investigation of
groundwater would
be undertaken prior to
the commencement of
construction to
characterise possible
additional mitigation
measures.

No non-radiological
impacts on air quality
are predicted during
operation.

Continued
compliance with
relevant national and
international
standards would
ensure potential
impacts are
minimised or
avoided.

No change to Draft EIS
conclusions.
Croundwater and
surface water
monitoring programs to
be addressed during the
development of a
modified environmental
monitoring system as
provided in Chapter 18
of this Supplement.

No change to Draft
EIS conclusions.

No change to Draft EIS
outcome.
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EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Spent Fuel • Spent fuel would only be stored at the
Lucas Heights Science and Technology
Centre for the minimum time required to
satisfy operational, and technical, radiation
safety and economic constraints;

• spent fuel would be stored at the Lucas
Heights Science and Technology Centre for
not more than nine years before it is
transported abroad for
reprocessing/conditioning;

• arrangements to transport spent fuel from
the Lucas Heights Science and Technology
Centre would commence as soon as the
inventory reached five year arisings;

• a requirement would be included in the
tender specifications for design and
construction of the replacement reactor that
bidders demonstrate a solution exists for
the ultimate disposition of spent fuel
arisings. Shipment by shipment basis
contracts for spent fuel shipments and
reprocessing/conditioning would be
avoided. Consideration would be given to
entering into a contract with an overseas
reprocessor covering the lifetime spent fuel
arisings of the reactor;

• waste from reprocessing/conditioning of
spent fuel would be returned to Australia in
a form which is suitable for placing in a
National Category S Waste Store, for long-
lived intermediate level waste;

• maximum advantage would be taken of
waste minimisation opportunities in
relation to the waste form resulting from
reprocessing/ conditioning while remaining
consistent with the International Atomic
Energy Agency limits applicable to long-
lived intermediate level radioactive waste,
and

• waste from reprocessing/conditioning of
spent fuel returned to Australia would not
be stored at the Lucas Heights Science and
Technology Centre.

Impacts would be
restricted to the
duration of the storage
of spent fuel at the
Lucas Heights Science
and Technology
Centre. Off-site
transport would be
undertaken in
accordance with
national and
international
conventions and
standards. Impacts of
disposal (not the
subject of this Draft
EIS) would be
localised to the site of
the proposed National
Category S Waste
Store.

ANSTO have reached
agreement with
COCEMA in France for
the reprocessing of
spent fuel from the
replacement reactor.

Further clarification of
National Radioactive
Waste Repository and
National Category S
Waste Store provided in
Chapter 10 of this
Supplement.
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EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Emissions
and
Radioactive
Waste

Non-
Radioactive
Waste

Complying with all relevant legislative and
regulatory requirements, in particular,
ensuring that all discharges are within
authorised limits, regular radioactive
releases to the environment are monitored
and reported;
ensuring that radiation exposures would be
kept 'As tow As Reasonably Achievable",
taking into account economic and social
factors;
making sure that the maximum off-site dose
to a member of the public would remain
less than one percent of the current public
dose limit recommended by the National
Health and Medical Research Council of
one millisievert per year;

ensuring that comprehensive assessments of
future emissions would be undertaken and
independently reviewed by the regulatory
authority (Australian Radiation Protection
and Nuclear Safety Agency) as part of the
approval process before construction;
minimising production and volume of
future wastes, taking into account economic
and social factors;
implementing ANSTO's Waste
Management Plan in a way which ensures
that best practice is adopted by the year
2000 as defined in the Radioactive Waste
Safety Standards and Guidelines which
have been developed by the International
Atomic Energy Agency; and
transporting all low level and short-lived
intermediate level radioactive waste to the
National Radioactive Waste Repository,
when it becomes operational, and transport
of all long-lived intermediate level
radioactive waste to the National Category
S Store when it becomes operational.
Ensuring that the current system of
processing non-radioactive wastes,
treatment and disposal continues to be
within all regulatory guidelines and
generally moves towards the reduction ot
waste quantities and recycling of materials
generated.

Impacts would be
localised to the area
of the buffer zone and
limited to one per
cent of the public
dose limit.
Implementation of
management
measures, including
new technologies, are
predicted by ANSTO
to ensure radiation
exposures are kept As
Low As Reasonably
Achievable.

No significant
increase in the
generation of non-
radioactive waste is
predicted.

No change to Draft EIS
conclusions;
formation of Australian
Radiation Protection
and Nuclear Safety
Agency in December
1998 will further
strengthen regulatory
controls;

since the production of
the Draft EIS, the
process for
solidification of the
intermediate-level waste
has reached routine
operation;

a recent study of the
health of local residents
using the most up to
date information has
been included in
Appendix C of this
Supplement and
indicated no impact on
public health as a result
of ANSTO's activities.

No change to Draft EIS
conclusions.
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EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Hazards and Risks (Chapter 11 of Draft EIS)
• Conducting the design, construction,

operation, utilisation, modification and
decommissioning of the replacement
reactor to the standards as set by
international authorities such as the
International Atomic Energy Agency and
International Commission on Radiological
Protection, and would be approved by the
Australian nuclear regulatory authority,
Australian Radiation Protection and Nuclear
Safety Agency.

The safety management system applied by
ANSTO to the replacement reactor would
meet all relevant requirements for nuclear
safety, defence-in-depth, and occupational
and public radiation protection.
Complying with the forthcoming Australian
Radiation Protection and Nuclear Safety
Agency Act, 1998 and Regulations, as well
as all relevant licence conditions, Australian
Radiation Protection and Nuclear Safety
Agency principles and guidelines,
including:

ensuring that the safety assessment of
the reactor meets the Nuclear Safety
Bureau's and the Australian Radiation
Protection and Nuclear Safety Agency's
criteria;
ensuring the 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 man-made events, such as the
design basis earthquake and the crash
of a light aircraft.

Dose calculation
models relating to
hazards and risks have
adopted conservative
assumptions. The
model used (PC-
CREAM) is widely
used to estimate doses
in Europe. Outcomes
are subject to ANSTO
satisfying the
regulatory
requirements of
Australian Radiation
Protection and
Nuclear Safety Agency
and the requirements
of the International
Atomic Energy
Agency; and keeping
occupational and
public radiation doses
As Low As Reasonably
Achievable.
The environmental
management
commitments for the
design, constructor,
operation and
utilisation of the
replacement reactor
would be capable of
being achieved.

No change to Draft EIS
conclusions;
further work undertaken
on collective dose to 50
kilometres did not alter
conclusions;
reassessment of release
fractions in Chester 7 7
of this Supplement did
not alter conclusions;
and
a deed of indemnity
was signed (refer
Chapter 7 of
Supplement) between
ANSTO and the
Commonwealth
Government on 27
August 1998.
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EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Maintaining the existing 1.6 kilometre
buffer zone.
Ensuring that all packages containing
radioisotopes, spent fuel or waste, which
are transported from the Lucas Heights
Science and Technology Centre, comply
with the requirements of Australian
Radiation Protection and Nuclear Safety
Agency and the transport regulations
recommended by the International Atomic
Energy Agency.

Flora and Fauna (Chapter 12 of Draft EIS)
Specific management measures would include:
• Monitoring erosion and sedimentation

control measures;
• monitoring revegetated areas within the

fuel-reduced zone to ensure levels of weed
invasion are minimised;

• reusing mulch produced by bushfire hazard
reduction activities in revegetation;

• carrying out bushfire hazard reduction
activities to ensure protection of native flora
and fauna; and

• managing the buffer zone toward the
protection and long term maintenance of
biodiversity and natural ecosystem
processes.

There would be no
significant impacts on
flora and fauna of
national, state or
regional significance.
Impact would be
restricted to the area
of the buffer zone.
Ongoing management
measures would be
implemented during
the life of the reactor
and include those
regularly
implemented in
similar circumstances.
Predicted outcomes
are known based on
current practices
associated with
HIFAR.

No changes to Draft EIS
conclusions.

Planning and Land Use (Chapter 13 of Draft EIS)
• Future land use proposals within the buffer

zone would continue to be subject to
approval by ANSTO in accordance with the
relevant environmental and safety criteria.

No significant
changes to planning
or land uses within
the buffer zone are
expected in the
future.

No changes to Draft EIS
conclusions.

Traffic and Transport (Chapter 14 of Draft EIS)
• No specific management measures are

necessary.
Impacts would be
localised to the
intersection of New
Illawarra Road and the
entrance to the Lucas
Heights Science and
Technology Centre.
Significant increases
in traffic are not
predicted.

No changes to Draft EIS
conclusions; and
ANSTO to liaise with
relevant NSW
Authorities.

Page 18-14 an Nuclear Science and U-chnoiopv Orx.ini-.iuon



Chapter 18 - Environmental Management

EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Infrastructure and Services (Chapter 15 of Draft EIS)
• Minimisation of water and energy use (refer

ecologically sustainable development
below).

Existing infrastructure
and services, with
proposed
augmentations, would
meet the needs of the
proposed reactor
during operation

No changes to Draft EIS
conclusions; and
ANSTO to liaise with
Sydney Water on water
supply issues.

Social and Economic Impacts (Chapter 16 of Draft EIS)
• Ensure ongoing monitoring and

implementation of environmental
management measures during operation.

• Release information about the performance
of environmental management to the
community to assist in overcoming any
sense of alienation from operation of the
replacement reactor.

Impacts would occur
within the local
community of interest
and could be
expected for the life
of the reactor.

No changes to Draft EIS
conclusions.

Land Contamination (Chapter 17.1 of Draft EIS)
Not applicable Not applicable

Bushfire (Chapter 17.2 of Draft EIS)
Specific measures are:
• regularly maintain vegetation and fuel

loads within the fuel reduced zone;
• regularly mow and water grasses within the

fuel-free zone;
• maintain existing fire trails in the buffer

zone to a high standard;
• implement erosion control on the fuel-free

zone and access tracks;
• select trees and shrubs for ornamental

planting to include species not readily
combustible; and

• prepare the site prior to the bush fire
season by undertaking vegetation and
building maintenance.

Noise (Chapter 17.3 of Draft EIS)
• No specific management measures are

necessary.

There is a high level
of confidence in
existing emergency
planning and
response systems in
place to contain and
control fires which
threaten the Lucas
Heights Science and
Technology Centre
and the replacement
research reactor

Impacts would be
localised to the site
of the replacement
reactor and no noise
impacts are predicted
beyond the boundary
of the Lucas Heights
Science and
Technology Centre.
Impacts would be no
greater than those for
HIFAR.

No changes to Draft
EIS conclusions; and
clarification provided
on bushfire hazards
and management in
Chapter 17 of this
Supplement.

No changes to Draft
EIS conclusions.
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EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Visual and Landscape (Chapter 17.4 of Draft EIS)
• Plant ornamental trees around structure,

subject to the requirements of bushfire
hazard management.

Impacts would be
localised to those
residents closest to
the Lucas Heights
Science and
Technology Centre,
however, no
significant change in
the visual and
landscape quality of
the area is predicted.

No changes to Draft
EIS conclusions.

Cultural Heritage (Chapter 17.5 of Draft EIS)
• Not applicable.

Environmental Management and Monitoring (Chapter 18 of
Draft EIS)

• Continue the program of environmental and
effluent monitoring to ensure that the
environmental management commitments
and measures identified for operation of the
replacement reactor are implemented.
Environmental management systems for
operation of the proposal include
expanding the existing environmental and
effluent monitoring program to include
non-radiological surface water impacts,
radiological groundwater exposure
pathways and installing airborne effluents
discharge monitors for the replacement
research reactor.

Environmental
management systems
developed for HIFAR
have been subject to
continual
improvement during
its operational life.
These systems would
be adapted, within
the context of the
new licensing
arrangements
established by
Australian Radiation
Protection and
Nuclear Safety
Agency, and applied
to the operation of
the replacement
reactor.

Timetable for
implementation of
environmental
management systems
provided in Chapter 18
of this Supplement.

Page 18-16 •NuMra'ian Nuclear Science And I e<Knoio>;\



Chapter 18 - Environmental Management

EIS
Reference

Environmental Commitments and
Management Measures During Operation

Predicted Outcome in
Draft EIS

New Commitments/
Predicted Outcome in

Final EIS

Decommissioning (Chapter 19 of Draft EIS)
• All hazards and risks associated with

decommissioning would be addressed in
detail in a Decommissioning Plan.

Cumulative Impacts and Ecologically Sustainable
Development (Chapter 20 of Draft EIS)
Operation The following initiatives would be

implemented:
• minimise the production and volume of

future waste taking into account economic
and social factors;

• ensure the maximum off-site dose to a
member of the public when the reactor is
operating would remain less than one
percent of the public dose limit adopted by
the current National Health and Medical
Research Council of one millisievert;

• transport 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;

• manage the buffer zone for the protection
and long term maintenance of biodiversity
and ecological systems;

• investigate the potential reuse of secondary
cooling system water;

• investigate the possibility of a "green
power" purchase agreement with Energy
Australia;

• install low water usage devices, such as
dual flush toilets, low flow taps, trigger
action hoses and drip irrigation; and

• install energy efficient lighting.

Impacts would be
localised to either the
site of the
replacement reactor
or the existing HIFAR
building. Impacts
would occur for a
period of not less than
30 years from the
shutdown of the
replacement reactor.
Management
measures have not yet
been specifically
defined, but would
include a range of
tasks regularly carried
out by HIFAR staff
during normal
operation, for
example the loading
and unloading of fuel
and spent fuel.

No changes to Draft EIS
conclusions; and
clarifications provided
in Chapter 19 of this
Supplement.

The initiatives would
contribute to the
achievement of the
principles of
ecologically
sustainable
development.

No changes to Draft
EIS conclusions.
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All fuel, lubricants and chemicals used during the construction phase would be stored in
bunded areas constructed with impervious floor and walls according to the relevant
NSW Government agency requirements.

The Draft EIS (Section 18.3 and Appendix I) outlines ANSTO's environmental
commitments and management measures. Appendix J of the Draft EIS outlines a
Construction Environmental Management Plan that would be prepared prior to
construction in order to address all relevant issues identified by relevant legislative
requirements.

An erosion and sedimentation control plan would be prepared in conjunction with the
engineering design process and as part of the Construction Environmental Management
Plan. All soil erosion control and sedimentation control work would be undertaken in
consultation with the NSW Environment Protection Authority and NSW Department of
Land and Water Conservation.

18.4 Summary of Responses

ANSTO has established policies and guidelines in place at the Lucas Heights Science
and Technology Centre. These policies include a Health, Safety and Environment
Policy, an Occupational Health and Safety Policy, and a Radioactive Waste
Management Policy. These policies would be upgraded to form part of an
environmental management system that is consistent with the principles of the ISO
14000 series, Australian Radiation Protection and Nuclear Safety Agency relevant
legislation and best practices.

Environment Australia received several submissions that raised issues concerning
environmental management. These issues were concerned with existing environmental
management, environmental management during the replacement research reactor, and
also expressed a more general concern over environmental management during
construction.

The Draft EIS (Section 18.3 and Appendix I) outlines ANSTO's environmental
commitments and management measures. Appendix j of the Draft EIS outlines a
Construction Environmental Management Plan that would be prepared prior to
construction and once detailed design is finalised, in order to address all germane issues
identified by relevant legislative requirements.

This Supplement has presented two new key additions to the Final EIS:

• an outline timetable for the development and environmental monitoring program
associated with the replacement research reactor; and

• an updated table of commitments associated with the proposal.
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19. Decommissioning

This Chapter outlines issues raised in submissions and responses to the
decommissioning of both HIFAR and the proposed replacement research reactor
provided in Chapter 79 of the Draft EIS. Issues relating to HIFAR decommissioning,
methodology and timing, possible solutions for decommissioning of HIFAR,
management of decommissioned wastes and an options study on decommissioning are
also addressed in this Chapter.

19.1 Summary of the Draft Environmental Impact Statement

Overseas experience demonstrates that with appropriate planning and management,
decommissioning of a reactor facility can be carried out without adverse effects on
human health or the environment. The decommissioning of the HIFAR, and, eventually,
the proposed replacement nuclear research reactor, would draw on this international
experience to ensure that no adverse health or environmental impacts occur.
Decommissioning research reactors is less complex than the decommissioning of 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 shut down. The three-stage 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 following shut down 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 from direct radiation exposure and the 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.

Following decommissioning of HIFAR, the land currently occupied by HIFAR would be
used for research activities. It is uncertain at this stage what the final use of the land to
be occupied by the proposed replacement research reactor would be.
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The replacement nuclear research reactor would have requirements for the design to
include features which would assist decommissioning at the end of its life.

19.2 Summary of issues Related to Decommissioning

Several submissions raise concerns related to the decommissioning of the
HIFAR reactor. These submissions included those from the Sutherland
Environment Centre (No. 340) and Green (No. 906). Pro-forma 1 also raised
issues on the subject of decommissioning.

The NSW Government submission (No. 935) stated that "[ajdequate information
is provided on possible solutions and international experience" for the
decommissioning of HIFAR and the proposed replacement nuclear research
reactor. The NSW Government submission (No. 935) pointed out that no
information was provided in the Draft EIS of "the integrity over time of
concrete containment as was requested in the EIS Guidelines". The EIS
Guidelines asked for information on "integrity over time of any proposed
entombment measures".

The NSW Government submission has suggested that no information was
provided on possible impacts on the operation of the proposed replacement
nuclear research reactor during decommissioning of HIFAR, particularly
during Stage 1 removal of fuel rods and coolant. Nor was there an
assessment of cumulative emissions or radiation dose to site workers,
construction workers or the public.

19.3 Response to issues Related to Decommissioning

Response to issue 19.01.01 (inadequate information on
Decommissioning of HIFAR)

The Draft EIS provides general information on decommissioning, as well as draft Safety
Guidelines for Decommissioning Australian Nuclear Facilities (Nuclear Safety Bureau,
1997) that need to be followed during decommissioning of research reactors. Some
submissions suggested that decommissioning of old reactors causes radiation impacts on
the environment.

Overseas experience has demonstrated that, with proper planning and management,
decommissioning can be carried out without adverse impact on either health or the
environment.

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 Options Study and the Decommissioning Plan. Issues to be addressed in
the Options Study, as set out in International Atomic Energy Agency documentation, are
indicated in Section 19.2.1 of the Draft EIS and include:

• defining safety and environmental principles;

• preparing an inventory of radiological and toxic materials;

• establishing waste management procedures;
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• assessing alternative options;

" justifying the proposed option;

• preparing detailed work packages that include the resources required;

» defining equipment and staff requirements;

• carrying out safety and environmental assessments; and

preparing cost estimates and obtaining funding.

The Decommissioning Plan will address all hazards to do with the decommissioning of
HIFAR, including those on the replacement reactor. This plan will need the approval of
the Australian Radiation Protection and Nuclear Safety Agency.

The NSW Government submission (No. 935) pointed out that no information was
provided in the draft EIS of "the integrity over time of concrete
containment as was requested in the EIS Guidelines". Entombment is not part of
ANSTO's preferred decommissioning strategy for either HIFAR or the Replacement
Reactor. The preferred decommissioning strategy is based on a three stage
decommissioning process, the third stage of which would occur 30 years after shutdown
involves dismantling the reactor block and containment building and a complete clean-
up of the site (see Table 19.2 of the Draft EIS). Entombment was mentioned in the Draft
EIS because it was considered in an earlier assessment by the United Kingdom Atomic
Energy Authority of decommissioning options for HIFAR.

Response to issue 19.01.02 (Concern that HIFAR will not be
Decommissioned) and issue 19.01.03 (Concern Over HIFAR
Decommissioning Methodology and Timing)

The decommissioning of HIFAR (removal of fuel) would commence within six months
of the commencement of operations at full power of the replacement nuclear research
reactor. The methodology and timing proposed in the Draft EIS for full
decommissioning of HIFAR illustrate three possible proposals for decommissioning. The
timing of the decommissioning is indicative. These plans would be reviewed and
refined during the development of the decommissioning plan for HIFAR. They will
require approval by the regulator.

Wilson (No. 329), expressed concern that the Draft EIS proposed a three-
stage decommissioning process extending beyond 30 years from the reactor
shutdown, but did not state how long the surveillance period would be. The
duration of Stage 2 (the monitoring and surveillance period) would be determined by an
Options Study and the development of a Decommissioning Plan. ANSTO's preference
is for Stage 2 to extend for approximately 30 years, during which the Stage 3
decommissioning options can be analysed with greater accuracy and with full
knowledge of the National Radioactive Waste Repository acceptance criteria.

Response to issue 19.02.01 (inadequate information on
Decommissioning of Replacement Research Reactor)

Chapter 19 of the Draft EIS provides information on the process that would be
considered in decommissioning the replacement reactor. At this stage before details of
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the reactor design are specified, it is not practical to define a preferred decommissioning
strategy. Since it would be a pool reactor, the replacement reactor would be
significantly simpler to decommission than HIFAR. The decommissioning project would
require approval by the Australian Radiation Protection and Nuclear Safety Agency.

Response to issue 19.03.01 (information Required on storage
Requirements for Fuel Elements During the Decommissioning
Process)

The NSW Government (No. 935) asked where HIFAR spent fuel would be stored
to allow i t to decay prior to transport i f the existing spent fuel storage
f a c i l i t y is to be decommissioned. There would be a delay of several years between
HIFAR shutdown and the shipment of all HIFAR fuel overseas. It is planned that the
final shipment of HIFAR fuel would occur around 2008. This time is required to allow
radioactivity in the spent fuel element to decay and radiation levels to reduce. During
this time, one or both of the existing spent fuel storage facilities (the in-ground spent fuel
facility in Building 27 and/or the storage pond in Building 23) would be used to store
the spent fuel until it is all shipped overseas for reprocessing. As was stated in the Draft
EIS (Section W.4.3), it is ANSTO's intention to decommission the Building 27 in-ground
spent fuel storage facility following the closure of HIFAR and when it is no longer
required for storage of HIFAR fuel elements.

Response to issue 19.04.01 (Decommissioning Should be Subject to
an Environmental impact Statement)

Decommissioning of both HIFAR and the replacement reactor would require approval
under their facility licence by the Australian Radiation Protection and Nuclear Safety
Agency and may also require environmental assessment under the Environment
Protection (Impact of Proposal) Act 1974 or as amended.

19.4 Summary of Responses

The Draft EIS (Chapter 19) addresses the decommissioning process. There are generally
three stages of decommissioning: firstly, the fuel and the coolant are removed,
secondly, preliminary dismantling, care and maintenance of the reactor and, thirdly,
final dismantling.

Environment Australia received submissions raising six issues under the subject of
decommissioning. The issues raised were concerned with the decommissioning of the
HIFAR reactor, decommissioning of the proposed replacement research reactor,
management of decommissioned wastes and the perceived need for a further options
study on decommissioning HIFAR.

Hazards and risks associated with decommissioning would be addressed in detail in a
Decommissioning Plan in which the best procedures and technologies would be
identified to ensure potential adverse impacts on health, safety and the environment are
prevented or minimised. These would include any impacts on the replacement reactor
and the handling and storage of radioactive waste. This plan will require approval from
the Australian Radiation Protection and Nuclear Safety Agency. The decommissioning
process may also require environmental assessment.
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20. Cumulative impacts and Ecologically
Sustainable Development

This chapter outlines issues raised in submissions and responses to the description of
cumulative impacts and ecologically sustainable development to the proposal provided
in Chapter 20 of the Draft EIS. Issues relating to the assessment methodology,
cumulative impacts with respect to the National Waste Repository and uranium mining
and future generations are also addressed in this Chapter.

20.1 Summary of the Draft Environmental impact Statement

For the purposes of the Draft EIS, cumulative impacts have been defined as "the
consequences that may arise from the additive effects of incremental development" An
investigation of cumulative and regional impacts is important to address the principles of
ecologically sustainable development.

Potential cumulative impacts have been identified in the Draft EIS, including those at a
national, regional and local level. Impacts of the replacement nuclear research 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 replacement reactor for a period of not less than 40 years are expected
to be small, particularly with the implementation of the management measures outlined
in the Draft EIS and updated in Chapter 18 of this Supplement.

The principles of ecologically sustainable development have been considered in the
Draft EIS and include the precautionary principle, inter-generational equity, conservation
of biological diversity and ecological integrity and improved valuation and pricing of
environmental resources. The replacement reactor provides an opportunity to
incorporate these principles at the earliest stages of the project because of the nature of
the regulatory process which is being followed. As such, a set of ecologically
sustainable development initiatives to be adopted as part of the proposal have been
developed and are listed in Table 20.3 of the Draft EIS. The ecologically sustainable
development initiatives developed cover the different stages of the life of the
replacement reactor. These stages include:

• concept and detailed design;

• construction;

• operation; and

• decommissioning.

The site for the replacement reactor has been well characterised and the impacts of
HIFAR monitored over the past 40 years. The analyses in the Draft EIS have indicated
that there are no significant issues raised, under the principles of ecologically sustainable
development, such that a decision to proceed or not proceed with the proposal should
be deferred or avoided. This is providing that the mitigative measures described in
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Chapter 18 of this Supplement, including the removal of the radioactive waste from the
Lucas Heights Science and Technology Centre, are implemented.

20.2 Summary of Issues Related to Cumulative Impacts and
Ecologically Sustainable Development

Various submissions, including pro-formas 1 and 3. were received by
Environment Australia which raise issues either relating to cumulative
impacts or ecologically sustainable development. Issues raised in these
submissions are summarised below.

20.2.1 Cumulative impact Assessment

Submissions suggest that the Draft EIS did not adequately address the
cumulative impacts of the proposal. Specifically, the Draft EIS did not
consider the cumulative impacts arising from the following:

• impacts of a reprocessing plant overseas:

• impacts of air emissions from the Lucas Heights Waste Management Centre
in combination with the proposal:

• health impacts arising from the Little Forest Burial Ground:

• impacts on groundwater:

• impacts of radioactive run-off into the Georges River;

• impacts of the currently-stored spent fuel rods at the Lucas Heights
Science and Technology Centre: and

• impacts of the decommissioned reactor remaining on the site.

Another comment made was that the Draft EIS failed to take into account the
cumulative impacts of exposure to emissions and other sources of radiation
on people close to the Lucas Heights Science and Technology Centre. It was
commented that radiation levels are cumulative in their effect and that all
public doses should be summed rather than just compared to background
levels.

A number of the submissions commenting on the issue of cumulative impacts
also stated that the cumulative effects of current reactor activities,
decommissioning of the current reactor and commissioning of the replacement
nuclear research reactor have not been addressed. This comment relates to
a similar criticism that the Draft EIS needs to examine all site activities
at the Lucas Heights Science and Technology Centre rather than just the
replacement reactor.

20.2.2 Ecologically Sustainable Development

The comments in pro-forma 3 regarding ecologically sustainable development
provide a general indication of issues raised in other submissions. The
main issue is that ecologically sustainable development principles have not
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been applied in the Draft EIS. Specifically, the submissions perceive the
replacement reactor as being inconsistent with the principles of
ecologically sustainable development insofar as. in the long term, it does
not provide a balance between the economy, the environment and the welfare
of people.

The proposal and the Draft EIS are seen by various submissions as
inconsistent with international best practice in environmental impact
assessment because of their failure to adopt ecologically sustainable
development principles. Many submissions noted that key parts of the
proposal are contingent on future processes or assessments, that is.
decommissioning and waste storage and disposal. The failure to include a
full life cycle analysis of the proposal is considered to be inconsistent
with the National Strategy for Ecologically Sustainable Development.

Another concern included in several submissions was that the Draft EIS
could not provide certainty about whether or not a legacy was being left
for future generations and that decisions such as those still to be made
about spent fuel rods and waste management are being deferred for future
generations to make: this is inconsistent with the principles of
ecologically sustainable development.

Several more specific comments were also made including:

• that the criteria of Australian Radiation Protection and Nuclear Safety
Agency should be "as low as achievable" as opposed to "As Low As
Reasonably Achievable" to be more consistent with the principles of
ecologically sustainable development; and

• the indirect effects of the proposal for future generations with regard
to uranium mining and potential health impacts and plutonium production
in terms of its potential use in weapons production have not been
considered in terms of ecologically sustainable development.

20.3 Response to issues Related to Cumulative impacts and
Ecologically Sustainable Development

Response to issue 20.01.01 (Cumulative impacts Not Adequately
Addressed)

A number of submissions raised the issue that cumulative impacts were not

adequately addressed in the Draft EIS.

impacts of Reprocessing Plant Overseas

The Draft EIS (Table 21.1) states that the spent fuel strategy for the replacement nuclear

research reactor would be based on that for HIFAR spent fuel, which entails spent fuel

being reprocessed overseas, the waste conditioned into long-lived intermediate-level

waste and ultimately returned to Australia to the National Category S Waste Store. As

described in Chapter 10 of this Supplement the French reprocessing company COGEMA

would accept fuel reprocessing of all non-United States origin spent fuel arising over the
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life of HIFAR and also all the spent fuel arising over the life of the replacement nuclear
research reactor. The terms of this contract are consistent with the commitments made
in the Draft EIS regarding eventual return of the waste in the form of a stable long-lived
intermediate-level waste.

COGEMA, a French Government owned company, operates two commercial power
reactor spent fuel reprocessing plants at the La Hague facility. The combined
reprocessing capacity of these plants is 1,600 tonnes of uranium fuel per year. The
ANSTO research reactor fuel would make up less than 0.02 percent of the annual
throughput of the reprocessing plant and have minimal influence on any possible impact
of that facility.

Air Emissions

Imparts of air emissions from the Lucas Heights Waste Management Centre in
combination with the proposed replacement reactor have been assessed in the Draft EIS
(Chapter 9 and Chapter W) and in Chapter 10 of this Supplement.

In summary, the Draft EIS found that there were no significant adverse impacts on air
quality during the construction of the proposal. However, during adverse wind
conditions, which would only occur infrequently, there would be minor impact on air
quality in the surrounding area. As stated in Section 18.3 of the Draft EIS, a
Construction Environmental Management Plan would be prepared and implemented to
address dust suppression during construction in accordance with environmental
commitments and management measures.

The potential air quality impacts during operation could include effects attributable to
emissions from the proposed replacement nuclear research reactor. The atmospheric
release of radionuclides as a consequence of operating the reactor and the separation of
radioisotopes are addressed in Chapter 10 of the Draft EIS and in Chapter W of this
Supplement.

Heat, a by-product of the fission process, is discharged to the atmosphere as water
vapour through cooling towers via a series of heat exchanges. This would be considered
as the only greenhouse gas emission from the replacement nuclear research reactor.
This type of greenhouse gas emission is very different from the methane emissions from
the Lucas Heights Waste Management Centre. The impact on air humidity would be
very localised and would have a negligible greenhouse effect and 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 fabrication of
construction components would be no different from any other construction project of a
comparable size.

In conclusion, the operation of the proposed replacement nuclear research reactor
would have little cumulative impact, if any, to the generation of greenhouse gases in
NSW.

Health impacts Arising from Little Forest Burial Ground

The Little Forest Burial Ground has not been used for disposal of waste since 1968.
ANSTO has no intention of using the Little Forest Burial Ground for disposal of
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radioactive wastes or other materials from the replacement nuclear research reactor. As
a result of this, the proposed research reactor would have no impart on the Little Forest
Burial Ground. This issue is further discussed in Chapter 10 of this Supplement. In
addition it should be noted that monitoring of the Little Forest Burial Ground has shown
negligible imparts are occurring to the surrounding environment.

impacts on Groundwater and Radioactive Run-Off into the Georges River

The issue of groundwater and radioactive run-off imparts are considered in Chapter 8 of
the Draft EIS and in Chapter 8 of this Supplement. Both the Draft EIS and this
Supplement have concluded that there are no significant imparts on surface water or
groundwater quality due to the proposed research reactor. In summary, only minor
potential environmental imparts exist for pollutants including accidental releases of
contaminated liquids which could in theory be discharged into local creeks. These
imparts however would be eliminated by implementing erosion and sediment control
measures as part of the Construction Environmental Management Plan and the ongoing
environmental management system at the Lucas Heights Science & Technology Centre
described in Appendix I of the Draft EIS and Chapter 18 of this Supplement. This would
involve installing concrete bunds designed to contain any small accidental spills or
releases of contaminated liquid which might enter the stormwater system or the local
creek system from the site of the replacement reactor. As a result of such measures
groundwater and run-off from the construction and operation of the replacement reactor
would result in no net environmental imparts to the existing groundwater and run-off.

impacts on Accumulated waste at the Lucas Heights Science and
Technology Centre

This issue has been addressed in Chapter W of the Draft EIS and Section 10.3 of this
Supplement. The low-level solid waste which comprises the largest volume of waste
currently stored at the Lucas Heights Science and Technology Centre and the short-lived
intermediate-level solid waste from the Lucas Heights Science and Technology Centre
will be disposed at the proposed National Radioactive Waste Repository.

Waste from overseas processing of spent fuel will be conditioned into long-lived
intermediate-level waste and ultimately returned to Australia for placement in the
National Category S Waste Store.

The removal of the currently-stored spent fuel rods from the Lucas Heights Science and
Technology Centre with the resulting waste to be stored at the National Category S
Waste Store, will result in a reduced cumulative impart.

impacts of the Decommissioned Reactor

The issue of the imparts of the decommissioned reactor remaining on-site has been
addressed by the Draft EIS {Chapter 19) and in Chapter 19 of this Supplement. In
summary there are unlikely to be cumulative imparts from the decommissioning of both
HIFAR and the replacement research reactor, as demonstrated by overseas experience.
The environmental impacts would need to be considered in greater detail closer to the
date of major activities. The decommissioning of both HIFAR and the replacement
reactor would require approval under the facility licence issued by the Australian
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Radiation Protection and Nuclear Safety Agency and may also require environmental
assessment under the Environment Protection (Impact of Proposals) Act 1974.

impacts of Exposure to Emissions and Other Sources of Radiation

As has been detailed in Chapter 10 of the Draft EIS, the replacement reactor would have
radioactive emissions which would have a very small impact on surrounding
communities. The impact was determined to be well within applicable legislation and
also to be smaller than the natural variation in background levels. To ensure
radiological impacts remain low, ANSTO has given the commitment to keep all public
doses, beyond the 1.6 kilometre buffer zone, to below one hundredth of the current
National Health and Medical Research Council limit of one millisievert per year. Also,
the replacement reactor would have significantly lower impact on public doses than the
current HIFAR reactor due to reduction in the release of noble gases. However, it is
acknowledged that this small exposure is additional to the existing background exposure
and thus represents additional, involuntary and unavoidable exposures to the public.

The nature of emissions that would result from the replacement reactor must be
balanced against the positive benefits of the proposal, as described in Chapter 4 of this
Supplement. The benefits range from local issues such as jobs and use of local services,
through to more national benefits including medical, scientific, industrial and national
interest. As detailed in the Draft EIS the impact would have no detectable effect on
public health and is compliant with all legislative requirements including the principle
of keeping doses "As Low As Reasonably Achievable".

Dual Operation and Decommissioning

The issue of dual operation of HIFAR and the replacement reactor has been addressed in
the Draft EIS {Chapter 11) and within Chapter 11 of this Supplement.

In summary, there are certain single postulated initiating events that could potentially
impact on both reactor plants simultaneously during the period of dual operation,
specifically external fires and earthquakes. However, postulated initiating events are
within the design of both the HIFAR and replacement reactors. The probability of a
separate postulated initiating event of sufficient seriousness to potentially result in a
release to the environment from both HIFAR and a replacement reactor within the
period of dual operation is considered sufficiently unlikely.

Submissions raise the issue that the effects on emission levels from dual reactor
operation have not been addressed. This is unfounded as this has been addressed in
Chapter 10 of the Draft EIS and further addressed in Chapter 10 of this Supplement. In
conclusion the increase in cumulative impact from dual operation is considered minor.

Adequacy of the Cumulative impact Assessment

The cumulative impact assessment undertaken in Part E of the Draft EIS, as well as the
cumulative impacts mentioned above, have considered different activities and uses that
could affect the surrounding environment {Table 20.1 Draft EIS) as well as past, present
and future periods. It is therefore apparent that the Draft EIS for the replacement
research reactor has adequately addressed the issue of cumulative impacts as well as
taking into account the "Precautionary Principle".
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The cumulative impacts arising from construction and subsequent operation of the
proposed replacement research reactor for a period of not less than 40 years are
expected to be minor. Cumulative impacts connected to other proposals, such as the
waste repository, fuel transport and decommissioning would be assessed and managed
under individual and independent environmental assessments.

Response to issue 20.01.02 (The Draft EIS Should include
Consideration of cumulative impacts including that of the National
waste Repository)

A number of submissions raise the concern that the Draft EIS should have included a
consideration of cumulative impacts including that of the National Radioactive Waste
Repository.

The National Radioactive Waste Repository would be subject to its own approval,
environmental assessment, regulatory and environmental management processes.

The Commonwealth Government, through the Department of Industry, Science and
Resources is responsible for siting and establishing a National Radioactive Waste
Repository for the disposal of low-level and short-lived intermediate-level waste
generated in Australia, including ANSTO's radioactive waste. The establishment of the
National Radioactive Waste Repository for the long term management of Australia's
radioactive waste is in line with the intergenerational equity principle of ecologically
sustainable development. The national strategy of developing a National Radioactive
Waste Repository specifically addresses the types of radioactive waste generated in
Australia and provides for the near-surface disposal of low-level and short-lived
intermediate-level radioactive waste in a National Radioactive Waste Repository, and
above-ground storage for Category S waste.

The Commonwealth Government has committed itself to establishing a national
repository for Australia's radioactive waste in consultation with the Australian
community. In so doing, the Commonwealth Government will reduce the cumulative
impacts caused by the storage of radioactive waste at different sites throughout Australia.

The central-north region of South Australia has been selected for the repository. The
Commonwealth Government will undertake further consultative steps prior to
announcing the actual site. These steps are:

• consideration of public comments from the consultation in the selected region

• consideration of public comments on the Phase 3 Public Discussion Paper;

• discussions between State and Commonwealth Authorities as well as local
communities on the siting, construction and operation of the facility;

• consideration of a detailed regional assessment and field investigation

• identification of a preferred site; and

• completion of detailed environmental and safety assessments of the site under the
Environmental Protection (Impact of Proposals) Act 1974.
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The eventual decision on the establishment of the National Radioactive Waste
Repository within the central-north region of South Australia will depend on a balance
of technical, environmental and financial criteria and the views of the local community,
and the Commonwealth and State Governments. While the National Waste Repository
is related to the proposed replacement nuclear research reactor, its environmental
assessment is not within the scope of this EIS. The repository will be subject to an
independent Commonwealth environmental assessment process.

Response to issue 20.02.01 (Ecologically Sustainable Development
Principles Not Applied in the Draft EIS)

The concern that ecologically sustainable development principles were not applied in
the Draft EIS was raised by various authors.

The Draft EIS quotes the Commonwealth Government's definition for ecologically
sustainable development (Section 2.2.2) "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."

Economy, the Environment and the Welfare of People

Social equity, including intergenerational equity, has been addressed within the Draft
EIS. A community consultation process has been implemented and is described in
Chapters 2 and 7 and Appendix C of the Draft EIS and in this Supplement. An
assessment of the potential social impacts of the proposal is addressed in Chapter 16 of
the Draft EIS and Chapter 7 6 of this Supplement with specific reference to community
concerns and values. The social impart of any change brought about by 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. The range of economic impaas would result in relatively modest
increases in direct and indirect employment in the local and regional communities. The
social and economic impaas associated with the proposed research reaaor are further
discussed in Chapter 7 6 of this Supplement.

Ufecycle Analysis of the Proposal

Lifecycle analysis of the proposed replacement reaaor is addressed in Chapter 10 of the
Draft EIS and in Chapter 10 of this Supplement. A lifecycle analysis in regard to
ecologically sustainable development has been addressed in Chapter 20 of the Draft EIS.

ANSTO is a major contributor to the total amount of low-level and intermediate-level
radioaaive waste generated in Australia each year. The management and disposal of
this radioaaive waste, and in particular long-lived intermediate radioaaive waste, is an
issue requiring consideration. The principle of intergenerational equity seeks to ensure
the health, diversity and produaivity of the environment is maintained and enhanced for
the benefit of future generations. It is therefore important that the waste be handled and
disposed of according to internationally accepted praaices. This would avoid imposing
undue burdens on future generations and ensure that the risk to future generations are
no greater than those permitted for the current generation. This is consistent with
International Atomic Energy Agency principles for radioaaive waste management.
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The use of near-surface and geologic facilities for the disposal of radioactive waste
around the world is described in the response to Issue 10.04.02. The then-Department
of Primary Industries and Energy provided extensive details on the management of
Australia's radioactive waste in its submission to the Senate Inquiry into the
Replacement Nuclear Research Reactor.

The National Radioactive Waste Repository and Category S Waste Store would be
subject to their own approval, regulatory and environmental management processes,
and would ultimately be subject to their own Commonwealth environmental assessment
process.

The principles of ecologically sustainable development have been addressed in Chapters
7 and 20 of the Draft EIS. In summary, the integration of ecologically sustainable
development principles with the proposal are described in Table 20.1, whilst
ecologically sustainable development initiatives are discussed in the Draft EIS (Section
20.2.2).

Table 20.1: Integration of Ecologically Sustainable Development

Ecologically Sustainable
Development Principle

How Principle Has Been Incorporated
Into The Draft EIS

Social Equity, Including
Intergenerational Equity

Precautionary Principle • 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 and spent fuel and the
resultant hazards and risks.

• Measures to mitigate damage have been identified
for all potential environmental impacts assessed in
Pan E.

• Monitoring and auditing of the environmental
outcomes predicted in this Draft EIS would be
undertaken as set out in Chapter 18.

• A community consultation strategy has been
implemented as set out in Chapters 2 and 7 and
Appendix C to identify key community concerns and
values.

1 An assessment of the potential social impacts of the
proposal has been 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
replacement nuclear research reactor and the buffer
zone have 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

• Non-quantitiable costs are outlined in Chapter 4.

The NSW Government submission (No. 935) suggests further initiatives could deliver
significant environmental benefits during the three-year construction period with respect

Conservation of Biological
Diversity

Improved Valuation and Pricing
of Resources
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to total water cycle management. ANSTO would consider adopting a total water cycle
management program. These initiatives may include:

• installing water conservation devices in amenities blocks;

• treating, storing and reusing grey water from amenities blocks for dust suppression
or site revegetation;

• integrating water demand with stormwater and wastewater;

• minimising potable water consumption;

• maximising opportunities for reuse of stormwater and wastewater; and

• minimising the impact of any stormwater run-off and effluent discharges on
receiving surface and groundwater.

Response to issue 20.03.01 (Uranium Mining and Future
Generations)

Several submissions including those from the Australian Conservation Foundation (No.
360), the Total Environment Centre (No. 371) and Pro-forma 3 expressed the opinion
that the concept of intergenerational equity had not been applied in the EIS process and
that the impact on future generations of uranium mining and radioactive waste disposal
had not been considered.

The concept of intergenerational equity centres on the principle that the current
generation should not impose upon future generations, negative environmental legacies.
In the case of the replacement nuclear research reactor this is seen by submission
authors to mainly relate to waste from the reactor and to the increase in uranium mining
that would be required to service the reactor.

The intergenerational equity concept also allows for a judgement to be made as to
whether the benefits of a proposal outweigh, or balance out any negative aspects of a
proposal. In the case of the replacement research reactor, there are positive actions and
benefits associated with the proposal. These are discussed below.

Radioactive waste, both low-level and intermediate-level, would be created by the
reactor proposal, but a National Waste Repository would be in place to provide both a
safe and long term solution to the waste storage and disposal. ANSTO's commitments
to waste storage have been fully detailed in Chapter 10 of both the Draft EIS and this
Supplement and include commitments to the "As Low As Reasonably Achievable"
concept of emissions control, maintenance of off-site exposures from all discharges at
below one percent of the current National Health and Medical Research Council public
dose limit of one millisievert per year, and an updated environment management
system. The National Waste Repository would be subject to a similar environmental
assessment process under the Environmental Protection (Impact of Proposals) Act 1974
legislation and would be required to meet the most stringent standards for safety and
waste management.

The mining of uranium in Australia has no relationship to the supply of fuel for a
replacement research reactor. There are adequate stocks of enriched uranium held by
countries which might supply fuel for the replacement reactor.
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The proposal would provide benefits to both the current and future generations. These
benefits would include:

• advances in therapeutic and diagnostic medicine through the use of medical
applications of radioisotopes;

• national interest benefits such as the enhancement of Australia's contribution to
nuclear non-proliferation;

• advances in research applications that would provide environmental, health,
scientific and economic benefits; and

• industrial applications.

These benefits have been further outlined in Chapters 4 and 6 of the Draft EIS and this
Supplement.

The decision making process for all proposals, non-nuclear and nuclear, relies on a
balance between benefits and disadvantages. It is considered, in the case of the
Replacement Nuclear Research Reactor, that the tangible benefits that can be gained
from the proposal outweigh the disadvantages of the proposal, if the mitigative
commitments given by ANSTO in the EIS are adhered to.

20.4 Summary of Responses

Potential cumulative impacts have been identified in the Draft EIS, including those at a
national, regional and local level. The principles of ecologically sustainable
development have also been considered in the Draft EIS, including the precautionary
principle, inter-generational equity, conservation of biological diversity and ecological
integrity and improved valuation and pricing of environmental resources.

Environment Australia received several submissions that raise the issues of cumulative
impacts and ecologically sustainable development. The issues raised are concerned
with the cumulative impact assessment methodology, ecologically sustainable
development principles and uranium mining in Australia.

Cumulative impact assessment and the principles of ecologically sustainable
development have been thoroughly addressed in Chapters 7 and 20 of the Draft EIS and
in Section 20.3 in this Supplement. As a result of this, a set of ecologically sustainable
development initiatives to be adopted as part of the proposal have been developed and
would form part of the environmental management system.

In conclusion, it is the proponents view that there would be little to no cumulative
impacts associated with the replacement reactor. In fact, the removal of radioactive
waste and the regular removal of spent fuel from the Lucas Heights Science and
Technology Centre could be considered as lessening and reducing the existing
cumulative impacts to the local area.
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21. conclusions

21.1 Summary of the Draft Environmental impact Statement
Conclusions

The Draft EIS concluded that the construction and operation of the proposed
replacement reactor would result in a range of benefits in the following key areas:

• in health care through the provision of the existing and new radioisotopes for use in
medical applications;

• the national interest through maintaining Australia's nuclear technical expertise in
order to provide advice to government in the area of nuclear science;

• in the provision of facilities for scientific research; and

• in the provision of facilities and expertise for industrial applications.

The Draft EIS concluded that the environmental assessment of the proposal to construct
and operate a replacement reactor has shown that the scale of environmental impacts
that would occur is acceptable, provided that the management measures and
commitments made by ANSTO are adopted.

21.2 Overview Of issues Raised During Submissions

As outlined in Chapter 1 of this Supplement, 935 submissions were received from the
public, community groups, statutory authorities and others raising a large range of issues
arising from the Draft EIS. Of the 935 submissions, some 776 were of pro-forma type.

Over 200 separate issues were raised in submissions. The most frequently mentioned
issues raised by submissions:

• concern about lack of availability of information (Issue 1.01.03);

• concern for a Chernobyl type incident (Issue 1.01.09);

• proposal may destroy the ozone layer (Issue 1.02.02);

• concern about the effects of the proposal on health (Issue 1.03.02);

• concern that ANSTO has government support and thus the proposal would go
ahead regardless (Issue 2.01.03);

* general concerns over military use of the reactor (Issue 3.02.02);

* reactor funding could be better utilised (Issue 4.06.01);

* funding for the replacement reactor is being diverted from more vital areas (Issue
5.07.02);

* cyclotron production not sufficiently considered in Draft EIS (Issue 6.01.02);

• opposes Cronulla Beach disposal route for wastewater (Issue 10.03.04);
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• no solution or site exists for disposal of radioactive waste in Australia (Issue
10.04.02);

• concern over previous incidents at ANSTO not being considered in Draft EIS (Issue
11.07.02); and

• ecologically sustainable development principles not applied in Draft EIS (Issue
20.01.01).

A large number of submissions also generally indicated that no replacement reactor
should be built at Lucas Heights (Issue 1.01.01) or raised a concern over ANSTO in
general (Issue 1.01.07), whilst a number of submissions indicated support for the
replacement reactor at Lucas Heights (Issue 1.01.02).

A large number of submissions came from northern NSW, with submissions from South
Australia representing the second largest group. The local Sutherland region provided
the third largest number of submissions representing approximately 10 percent of the
total submissions.

Chapters 10 and /1 of the Draft EIS were the subject of detailed scrutiny in many of the
more technical submissions. Key technical submissions were received from the
following organisations or individuals:

• Tony Wood;

• Commonwealth Department of Primary Industries and Energy, jeff Harris;

• Environment Australia, Environment Protection Group;

• Gavin Mudd;

• Sutherland Shire Environment Centre, Michael Priceman;

• David Ash;

• I Furzer;

• People Against a Nuclear Reactor, Genevieve Rankin;

• Sutherland Shire Council;

• Australian Radiation Protection Society;

• Total Environment Centre Incorporated;

• Suzanne Ireland;

• Shirley Colella;

• Jean McSorley;

• Peter Schnelbogl;

• Dr Jim Green;

• Nuclear Safety Bureau; and

• NSW Government (via the Department of Urban Affairs and Planning).
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Significant additional work has been provided in the areas of Waste Management
(Chapter 10) and Hazards and Risks (Chapter 11) associated with the proposed
replacement reactor.

21.3 Overview of Response to issues Raised in Submissions to
the Draft Environmental impact statement

21.3.1 General issues

General issues have been extracted and addressed in this Supplement including the
desire for no replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre, concern over lack of available information, liability issues,
Chernobyl type accidents, the ozone layer and health issues.

In respect of these general issues, new information has been provided within this
Supplement on liability issues, the ozone depletion and health studies.

With regard to liability, on 27 August 1998, a deed of indemnity was signed between
the Commonwealth and ANSTO. This means that any member of the public who has a
claim against ANSTO for nuclear related compensation may pursue that claim in an
Australian court secure in the knowledge that any judgement against ANSTO will be
met by the Commonwealth of Australia.

Claims that radioactive xenon and krypton might contribute to the depletion of the
ozone layer were shown to be incredible. A recent study of the health of local residents
using the most up to date information has been included in Appendix C of this
document and indicated no impact on public health as a result of ANSTO's activities.

21.3.2 The Decision Making Process

ANSTO considers that the assessment process has been in compliance with the
Environment Protection (Impact of Proposals) Act 1974 and associated Administrative
Procedures. The process that ANSTO was required to follow was outlined in the Draft
EIS (Chapter 2) and included input from submissions to the Draft EIS Guidelines.

A specialist community consultation consultant was commissioned to review the
consultation process during the preparation period for the Draft EIS. As a result of
recommendations from the consultant, additional community consultation activities
were conducted during the exhibition period.

During the public exhibition period issues were raised relating to the decision making
process, the Draft EIS document and the scope and effectiveness of the consultation
process. These issues are addressed in this Supplement but do not alter ANSTO's
conclusion that the EIS has complied with the requirements of relevant legislation.

21.3.3 Background to the Proposal

Information was provided In the Draft EIS on the background to the proposal including
the responsibility of the proponent. Issues raised in submissions included:

• roles and functions of nuclear research reactors;
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• activities of ANSTO;

• possible production of sensitive nuclear materials;

• regulatory framework for nuclear activities; and

• other issues related to the background of the proposal.

In the responses within this Supplement EIS, a number of important items require
highlighting. With regards to nuclear non-proliferation it is important to note that the
proposed replacement research reactor would use low enriched uranium fuel which has
no proliferation significance.

There have also been major advances with regard to the national regulatory framework
for all Commonwealth activities involving the use of radioactive materials or radiation.
On 10 December 1998 the Australian Radiation Protection and Nuclear Safety Agency
legislation was passed by both Houses of the Federal Parliament. The Australian
Radiation Protection and Nuclear Safety Agency is expected to be established in early
February 1999 as an operational organisation. Although, in practical terms, this does
not alter the findings of the EIS (as the Nuclear Safety Bureau has been involved both
before and during the EIS process), it does address a number of issues raised in the
public submissions.

21.3.4 Need for the Proposal

As stated in the Draft EIS, the need for the replacement nuclear research reactor is based
on four inter-dependent requirements. Public submissions received questioned these
needs, in particular the medical and national interest justifications. There were also a
number of submissions which raised the need for a cost benefit analysis.

Particular issues raised in submissions were that the replacement reactor would not be
"world-class* and that the need was exaggerated, in particular the medical and national
interest based needs. The responses given in this Supplement identified that the
replacement research reactor could be conservatively ranked with the best in the world
for neutron-beam research and reflected the arguments presented in the Draft EIS, which
stated that it would address four major needs for Australia in medicine, national interest,
research and industry. The assertion that the reactor will fulfil the objectives of the
proposal is maintained.

21.3.5 Description of the Proposal

The Draft EIS presented a generic design for the proposed replacement research reactor
based on generic safety features and a set of binding performance criteria that would
need to be met. Submissions to the Draft EIS raise concerns that this generic reactor
type did not allow an adequate environmental assessment process. In addition,
submissions were concerned that the costs of the proposal could not be accurately
presented with a generic reactor design. Responses within this Supplement have
expanded and clarified several points associated with reactor design and costings, the
environmental assessment process and the subsequent detailed regulatory process.
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21.3.6 Alternatives to the Proposal

Alternatives to the proposal were discussed in detail within the Draft EIS. The
alternatives considered were defined by the Guidelines for the EIS. Submissions arising
from the public consultation phase mainly dealt with other methods for producing
radioisotopes, that siting the reactor at Lucas Heights Science and Technology Centre
was inappropriate, or that alternative sites were not fully considered. Additional
information is provided in this Supplement, particularly on spallation processes.
Alternative methods for producing some neutron-rich radioisotopes, such as those
produced in a reactor, while in some cases theoretically possible, are not commercially
viable. The potential use of a spallation source to produce isotopes interferes with any
concurrent use for other cutting edge scientific purposes. The acceptability of the Lucas
Heights Science and Technology Centre for the replacement research reactor was
examined and the conclusions of the independent peer reviews confirmed the site
acceptability.

21.3.7 Physical, Biological and social context of the
Proposal

The Draft EIS addressed potential impacts of the replacement reactor on the social,
physical and biological characteristics of the surrounding areas and communities. The
key issues derived from this assessment were similar to that of the Research Reactor
Review undertaken in 1993.

Various submissions raised issues regarding any possible physical, biological and social
impacts. The issues raised were concerned with the background radiation levels and the
baseline data. These issues have been addressed within Section 7.3 of this Supplement.
In addition to this, ANSTO's environmental commitments in relation to the replacement
reactor are detailed in Chapter 18 of this Supplement. No additional conclusions are
reached under the subject of the physical, biological and social context of the proposal.

21.3.8 Geology, Soils and water

The Draft EIS (Chapter 8), addressed multiple issues on the environmental impacts of the
geology, soils and water within the area of the proposed replacement research nuclear
reactor. A number of submissions were received from individuals, local and state
government as well as an independent peer review. The issues raised by submissions
addressed the assessment methodology of the Draft EIS, the potential impacts on soils,
hydrology and water quality, environmental management and the suitability of the
geological substrata. These issues have been thoroughly addressed in Section 8.3 of this
document and in Chapter 8 of the Draft EIS.

Mitigation measures to reduce the impact to the soils, hydrology and water quality have
been identified and would be implemented within both the Construction Environmental
Management Plan and the monitoring programs developed as part of the environmental
management system. A timetable for these programs has been presented in Chapter 18
of this Supplement.
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21.3.9 Air Quality (Non-Radioactive)

The principal impacts on air quality were identified in the Draft EIS 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.

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.

21.3.10 Management of Reactor products, spent Fuel and
wastes

This chapter of the Supplement describes the treatment of reactor products, spent fuel,
wastes and emissions associated with the replacement nuclear research reactor and the
isotope processing facilities. Both the existing and future arrangements are described
and the radiation exposures to the public as a result of present and future operations are
presented.

A range of issues were raised in submissions related to management of these reactor
products, spent fuel and wastes. These submissions covered such issues as the feasibility
of shipping spent fuel overseas, the treatment of historical wastes, the need for more
information on how emissions would be minimised if radiopharmaceutical production is
increased, treatment of liquid wastes and the Little Forest Burial Ground.

Responses are provided for each of the issues raised. In doing so, additional
information, to that given in the Draft EIS, is provided on:

• spent fuel shipments;

• synroc and its use in waste conditioning;

• the feasibility of the methods for reducing gaseous emissions should isotope
processing be increased;

• the process for treating intermediate liquid wastes; and

• ANSTO's use of "As Low As Reasonably Achievable".

The responses indicate that gaseous emissions would be controlled so that the off-site
exposure would be less than one percent of the current National Health and Medical
Research Council (1995) public dose limit of one millisievert per year. The techniques
for doing this are feasible, as confirmed by the peer reviews and international practice.

Since the production of the Draft EIS, the process for solidification of the intermediate
level liquid waste has reached the operational stage.

In addition, ANSTO has reached agreement with COCEMA in France for the
reprocessing of the non-United States origin spent fuel. These arrangements take
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account of the fact that Dounreay in Scotland is no longer accepting spent fuel for
reprocessing.

The overall conclusion is that the management of the wastes for the replacement
research reactor would ensure that all applicable standards and regulatory requirements
would be met and that off-site exposures from all emissions from the Lucas Heights site
would continue to result in a dose of less than 0.01 millisieverts per year which is one
percent of the current National Health and Medical Research Council (1995) public
dose limit of one millisievert per year.

21.3.11 Hazards and Risks

Hazards and risks associated with the replacement research reactor were raised in many
submissions received during the exhibition period. The issues varied from unspecified
general concerns to concerns over the risk assessment methodology, the results of the
risk assessment, risks during dual reactor operation, emergency planning and transport
risks. Specific issues raised included the way seismic events were treated in the EIS, the
amount of radioactivity that could be released during an accident, the analysis of the
pathways for exposure and the history of accidents involving research reactors
worldwide.

The assessments made for the Draft EIS considered hazards associated with the reactor,
with other facilities and from transport. For accidents associated with the replacement
research reactor, the assessments made both by ANSTO and independently by NNC of
the United Kingdom, indicate that there will be no requirement for countermeasures
beyond the 1.6 kilometre buffer zone, even in the event of the hypothesised severe
accident, the Reference Accident. This accident is used to assess the suitability of the
site for location of a research reactor and is based on generic design information relevant
to a pool type reactor. When the detailed design is known, the Safety Analysis Report
will confirm that no accident will lead to more severe consequences than the Reference
Accident for the particular design chosen, as well as showing that the design will meet
all regulatory requirements and risk criteria.

In responding to the issues raised, this chapter has provided significant additional
information on :

• how the Reference Accident was selected;

• the purpose of the Reference Accident and its relationship to the detailed design
process for the replacement reactor;

• collective doses associated with the Reference Accident;

• why a Chernobyl type accident cannot happen with the replacement reactor and
why comparisons with Chernobyl are not valid;

• the accidents that have occurred worldwide with research reactors;

• risks associated with liquid effluent discharges to the sewer;

• risks during dual operation; and

• transport risks.
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The results of these additional assessments confirm the conclusions given in the Draft
EIS that the Lucas Heights site has no negative features that would render it unsuitable
for location of a replacement reactor and that the consequences of the hypothesised
most severe credible accident would not require any countermeasures beyond the
1.6 kilometre buffer zone.

These conclusions were also supported by the three independent peer reviews
conducted by the International Atomic Energy Agency in Austria, Parkman of the United
Kingdom and CH2M Hill on behalf of Environment Australia.

21.3.12 Flora and Fauna

The construction of the proposed replacement research reactor would involve the
clearing of existing vegetation on the four hectare site. As discussed in the Draft EIS,
this would result in the loss of approximately 1.5 hectares of woodland and
approximately one hectare of degraded heathland. The area to be cleared contains no
significant roosting or feeding habitats of threatened species.

Environment Australia received various submissions that raise issues related to flora and
fauna. These issues are concerned with the background study, flora and fauna impacts
and the need for continuing management of the buffer zone.

No threatened species or their habitats were likely to be affected by the proposal.
However, mitigation measures to minimise the impact to the surrounding flora and
fauna would be implemented within the Construction Environmental Management Plan.
An assessment of the presence of species of conservation significance listed under both
national and State legislation whose presence has been recorded within and surrounding
the buffer zone is provided in Appendix H of the Draft EIS. Impacts on species
potentially affected by development of the proposal are discussed in further detail in
Section 12.4.2 of the Draft EIS and in Section 12.3 of this document Current
management practices for the buffer zone would continue through the lifecycle of the
replacement reactor including weed control.

21.3.13 Planning and Land use

ANSTO would continue to exclude residential development from the buffer zone.
Future land use proposals within the buffer zone would be subject to approval by the
ANSTO in accordance with the environmental and safety criteria described within
Chapter 13 of the Draft EIS.

As mentioned in Chapter 13 and Appendix D of the Draft EIS, ANSTO is not subject to
local and State planning controls, however, in accordance with the Jntergovernmenta/
/Agreement on the Environment 1992, environmental issues of interest and concern to
the State government are addressed within the Draft EIS.

In summary, the Draft EIS has considered relevant planning legislation pertinent to the
proposal. Proceeding with the construction and operation of the replacement reactor
would not appear to affect or alter the current metropolitan, regional or local planning
frameworks or directions as set out in various strategic planning documents.
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21.3.14 Traffic and Transport

Traffic impacts generated by construction activities oi the proposed replacement nuclear
research reactor would be minimal and would have no adverse impact on the
surrounding road network. Traffic impacts during the operation of the proposed
replacement research reactor would be minor, as an increase in staff at the Lucas
Heights Science and Technology Centre is unlikely.

ANSTO would consult with the relevant regulatory authorities, including the NSW
Roads and Traffic Authority, to determine appropriate routes for oversize vehicles during
construction. This approach would also be adopted for the transportation of fuel rods to
and from the Centre. The NSW Roads and Traffic Authority would be included in the
consultation process, together with NSW Police Service and Environment Protection
Authority in determining designated routes.

21.3.15 infrastructure and Services

Existing infrastructure and services would meet the needs of construction and operation
of the proposed replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre. However, as suggested by the NSW Government submission (No.
935) dual operation for up to a six month period of the proposed reactor and HIFAR
would increase the demand for water at the site. The increased demand for and
availability of water would involve co-ordination with Sydney Water and ANSTO would
ensure an adequate lead-time is allowed in planning co-ordination with Sydney Water.

21.3.16 Social and Economic impacts

The proposed replacement nuclear research reactor would affect individuals and the
surrounding communities both positively and negatively. The positive impacts would
include benefits derived from additional employment, economic activity generated by
the reactor and medicinal and scientific benefits to the community. The obvious
negative impacts are addressed in Chapter I1 - Hazards and Risks of this document. No
impact on rural produce would occur even if the hypothesised Reference Accident
occurred.

Six submissions were received by Environment Australia on social and economic
impacts. The issues raised were concerned with assessment methodology, background
information and assumptions, and social and economic impacts. These issues have been
addressed in Section 16.3 of this Supplement as well as in Chapter 76 of the Draft EIS.
The overall negative impact on society and the economy as a result of the proposed
replacement research reactor would be very small in comparison with a number
tangible benefits associated with the proposed replacement reactor.

21.3.17 otner Environmental impacts

The Draft EIS addresses issues of minor environmental impact in Chapter 17. The issues
that were addressed included land contamination, bushfire hazard, noise, visual and
landscape impacts, and cultural heritage issues.

Environment Australia received several submissions that raise issues under the rubric of
other environmental impacts. The issues raised were in line with issues addressed in the
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Draft EIS and have been addressed in Section 17.3 of this Supplement and Chapter 17 of
the Draft EIS.

Mitigation measures to reduce environmental impacts have been identified and would
be implemented within the Construction Environmental Management Plan for the
replacement nuclear research reactor and the ongoing environmental management
system for the Lucas Heights Science and Technology Centre.

21.3.18 Environmental Management

ANSTO has established policies and guidelines in place at the Lucas Heights Science
and Technology Centre. These policies include a Health, Safety and Environment
Policy, an Occupational Health and Safety Policy, and a Radioactive Waste
Management Policy. These policies would be upgraded to form part of an
environmental management system that is consistent with the principles of the ISO
14000 series, Australian Radiation Protection and Nuclear Safety Agency relevant
legislation and best practices.

Environment Australia received several submissions that raised issues concerning
environmental management. These issues were concerned with existing environmental
management, environmental management during the replacement research reactor, and
also expressed a more general concern over environmental management during
construction.

The Draft EIS (Section 18.3 and Appendix I) outlines ANSTO's environmental
commitments and management measures. Appendix ] of the Draft EIS outlines a
Construction Environmental Management Plan that would be prepared prior to
construction and once detailed design is finalised, in order to address all germane issues
identified by relevant legislative requirements.

This Supplement (Chapter 18) has presented two new key additions to the Final EIS:

• an outline timetable for the development and environmental monitoring program
associated with the replacement research reactor; and

• an updated table of commitments associated with the proposal.

21.3.19 Decommissioning

The Draft EIS (Chapter 19) addresses the decommissioning process. There are generally
three stages of decommissioning: firstly, the fuel and the coolant are removed,
secondly, preliminary dismantling, care and maintenance of the reactor and, thirdly,
final dismantling.

Environment Australia received submissions raising six issues under the subject of
decommissioning. The issues raised were concerned with the decommissioning of the
HIFAR reactor, decommissioning of the proposed replacement research reactor,
management of decommissioned wastes and the perceived need for a further options
study on decommissioning HIFAR.

Hazards and risks associated with decommissioning would be addressed in detail in a
Decommissioning Plan in which the best procedures and technologies would be

Page 21-10 ".uslril.aR Nuclear Science and Technology Organii



Chapter 21 - Conclusions

identified to ensure potential adverse impacts on health, safety and the environment are
prevented or minimised. These would include any impacts on the replacement reactor
and the handling and storage of radioactive waste. This plan will require approval from
the Australian Radiation Protection and Nuclear Safety Agency. The decommissioning
process may also require environmental assessment.

21.3.20 Cumulative impacts and Ecologically sustainable
Development

Potential cumulative impacts have been identified in the Draft EIS, including those at a
national, regional and local level. The principles of ecologically sustainable
development have also been considered in the Draft EIS, including the precautionary
principle, inter-generational equity, conservation of biological diversity and ecological
integrity and improved valuation and pricing of environmental resources.

Environment Australia received several submissions that raise the issues of cumulative
impacts and ecologically sustainable development. The issues raised are concerned
with the cumulative impact assessment methodology, ecologically sustainable
development principles and uranium mining in Australia.

Cumulative impact assessment and the principles of ecologically sustainable
development have been thoroughly addressed in Chapters 7 and 20 of the Draft EIS and
in Section 20.3 in this Supplement. As a result of this, a set of ecologically sustainable
development initiatives to be adopted as part of the proposal have been developed and
would form part of the environmental management system.

In conclusion, it is the proponents view that there would be little to no cumulative
impacts associated with the replacement reactor. In fact, the removal of radioactive
waste and the regular removal of spent fuel from the Lucas Heights Science and
Technology Centre could be considered as lessening and reducing the existing
cumulative impacts to the local area.

21.4 corrections to the Draft Environmental impact statement

Submissions to the Draft EIS and subsequent investigations by the proponent ANSTO
and PPK Environment and Infrastructure have led to several errata being found within
the text of the Draft EIS. Appendix D oi this Supplement provides a complete list of
errata applying to the Draft EIS.

It should be noted however that none of these errata effect the conclusions of the Final
EIS.

21.5 Conclusions of the Final Environmental impact statement

Submissions to the Draft EIS have a number of important issues associated with the
proposal. This Supplement had provided responses in a number of key areas including
hazards and risks and waste management.
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New information arising since the Draft EIS has included:

1. a deed of indemnity signed between the Commonwealth and ANSTO on 27 August
1998;

2. a recent study of the health of local residents, in comparison with an equivalent
area (Warringah) and NSW as a whole, was performed using the most up to date
statistics available from the NSW Cancer Council. The study indicated no impact
on public health as a result of ANSTO's activities. ANSTO's commitment to keep
the public dose to one hundredth of the current National Health and Medical
Research Council (1995) public dose limit will ensure no impact, from the
proposal, on public health;

3. on 10 December 1998 the Australian Radiation Protection and Nuclear Safety Act
was passed by both Houses of the Federal Parliament which regulates all ANSTO
activities. The Australian Radiation Protection and Nuclear Safety Agency will be
responsible for regulating all radiological emissions and activities of ANSTO;

4. since the production of the Draft EIS, the process for solidification of the
intermediate level liquid waste has reached the operational stage;

5. ANSTO has reached agreement with COGEMA in France for the reprocessing of
the non-United States origin spent fuel;

6. an assessment of the impacts due to wastewater discharges from the Lucas Heights
Science and Technology Centre, including bioaccumulation at the Potter Point
outfall, was undertaken and showed that no impacts will occur;

7. provision of detailed information on the process used in the selection and screening
of potential causes of accidents in order to derive the Reference Accident;

8. collective dose was reassessed out to a distance of 50 kilometres and was still well
within the Nuclear Safety Bureau's acceptance criteria;

9. release fractions, in the unlikely event of an accident, were reassessed and it was
found that the assessment in the Draft EIS was appropriate and was based on
scientifically defensible experimental data and evaluations of the release fractions
from pool type research reactors; and

10. an outline timetable was presented for the implementation of an environmental
management system associated with the replacement research reactor.

The Draft EIS concluded that the construction and operation of the proposed
replacement reactor would result in a range of benefits in the areas of health care, the
national interest, scientific achievement and in industrial applications.

The Draft EIS further concluded the environmental assessment of the proposal to
construct and operate a replacement reactor has shown that the scale of environmental
impacts that would occur is acceptable, provided that the management measures and
commitments made by ANSTO are adopted.
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Further studies, relating to issues raised in the public submission process, were
undertaken for the Supplementary EIS. These studies confirm, in ANSTO's view, the
findings of the Draft EIS and hence the findings of the Final EIS are unchanged from the
Draft EIS.
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2232 1.01.01, 1.01.07, 1.01.08, 1.03.01, 1.03.02, 1.03.03, 2.01.01,
2.01.02, 2.01.03, 2.02.02, 2.03.02, 2.04.01, 2.04.02, 2.04.03,
3.02.02, 3.03.01, 3.05.01, 3.05.02, 3.05.03, 3.07.02, 4.06.03,
5.01.02, 6.01.01, 6.05.01, 6.05.02, 6.05.03, 6.05.05, 6.05.06,
8.05.01, 10.02.01, 10.02.02, 10.02.03, 10.03.01, 10.03.02,
10.03.03, 10.03.05, 10.04.02, 10.04.03, 10.04.04, 10.04.05,
10.04.07, 10.04.10, 10.04.11, 11.01.04, 11.01.14, 11.02.02,
11.05.01, 11.05.03, 17.02.01, 20.01.01

2232 1.01.01, 1.01.06, 1.01.08, 1.03.01, 1.03.02, 1.03.04, 2.01.01,
2.01.03, 4.01.01, 4.02.01, 4.03.01, 4.04.01, 4.06.01, 4.06.03,
4.06.04, 5.01.02, 5.07.02, 5.07.03, 6.01.01, 6.01.02, 6.01.03,
6.05.01, 6.05.03, 6.05.04, 8.03.02, 10.02.04, 10.02.05,
10.03.02, 10.03.03, 10.03.04, 10.04.02, 10.04.04, 10.04.05,
11.07.01, 11.07.02, 11.07.04, 11.07.05, 20.01.01, 20.01.02,
20.02.01

8710 6.01.01

2232 1.01.01, 2.03.01, 2.03.03, 2.04.02, 5.02.02, 6.05.04, 10.02.05

2000 1.01.01, 1.01.05, 1.03.02, 1.03.03, 4.01.01, 4.06.01, 4.06.02,
4.06.03, 5.07.03, 6.01.01, 6.01.03, 6.04.01, 6.05.04,
20.02.01, 20.03.01

2022 1.01.01, 2.02.01, 2.02.02, 2.04.02, 5.02.01

2067 1.01.01, 1.01.10, 1.02.01, 1.03.01, 2.02.02, 4.02.01, 4.04.01,
4.06.02, 5.02.02, 6.05.03, 6.05.04, 10.02.05, 10.04.02,
11.05.03, 11.07.02

4818 1.01.01,5.07.02,20.02.01

5001 1.01.01, 1.01.05, 3.07.03, 4.02.01, 4.06.01, 4.06.04, 6.01.01,
10.02.02, 10.02.05

2232 Proforma 4*
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Dixon, N. Woronora Valley
Association

Secretary Woronora Valley
Precinct Co

"Illegible/
unknown"
"Illegible/
unknown"
"Illegible/
unknown"
"Illegible/
unknown"
"Illegible/
unknown",
Caroline
"Illegible/
unknown"
"Illegible/
unknown",
Claire
"Illegible/
unknown",
Shane
"Illegible/
unknown",
Zurvan
Ackroyd,
Justine
Addid, Andrew
Allan, Bobbi
Allan, Bridget
Allen, Juliet
Altorfee, Maria
Amsden, John
Anastasiou,
Kaliope
Andel,
Elizabeth
Anderson,
Cedar
Anderson, John
W.
Andronis, Nik
Anthony,
Thunyin
Aquaria,
Celeste
Arculus, S
Argent, Luke
Armstrong, Katy
Ash, Aidan
Ash, David

231

314

211

756

608

56

630

890

157

293

77

47

609
492
611
610
124
212
613

213

612

901

117
131

142

76
214
84
215
332

2232

2232

4006

4152

2482

2481

2481

2481

2481

2481
2480
2483
2480
2481
2481
2480

2481

2480

2121

2482
2131

2481

2481
2481
17
5157
2234

Proforma 4*

Proforma 4*

1.01.01, 1.01.09,4.06.01

Proforma 3*

Proforma 5*

Proforma 3*

Proforma 3*

Proforma 5*

Proforma 3*

Proforma 3*

Proforma 4*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*

4.01.01,5.02.02, 11.05.C

Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01,1.01.03, 1.01.06

Ash, David

Ashby, Sonia
Atkinson, C.
Aylen, Ben

516 2234

216
902
388

2777
2540
5061

2.01.02, 2.01.03, 2.01.04, 2.02.02, 2.02
3.02.01, 3.02.02, 3.05.01, 3.05.02, 3.07
4.03.01, 4.06.01, 5.02.01, 6.01.01, 6.01
10.02.01, 10.02.05, 10.03.01, 10.03.02,
10.04.02, 10.04.05, 11.05.03, 11.07.05,
1.01.01, 1.01.07, 1.03.02, 2.01.03, 2.02
3.07.01, 4.02.01, 4.04.01, 4.06.01, 5.01
10.02.01, 10.04.02, 10.04.12, 11.05.03,
Proforma 3*
1.01.01,4.02.01, 10.02.05
Proforma 3*

,01, 1.03.02,2.01.01,
.04, 2.04.04, 2.04.06,
.01,4.01.03,4.02.01,
.02,6.05.02,6.07.01,
10.03.04, 10.04.01,
20.01.02,20.02.01
.04,3.02.01,3.02.04,
.02,6.01.01,6.05.04,
11.07.01
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Aylen, Brett
Aylward,
Catherine
Azer, Lesley
Azzopardi,
Simone
Bacon, Emily
Baderle, Judy
Baheir, Nolcla
Baker, Annie
Baker, Arthur
Baker, Carrol
Baker, Sarah
Balaster, Ursina
Baley,
Dominique
Ball, Jennifer
Ball, Kusala
Ballard,
Deborah
Ballard, Ruth
Baltruweit,
Sabina

Bambororough,
Tim
Banens, Yuri
Baraglia, Anne
Barber, Gavin
Barbi, Lisa

Barker, Sarah
Bartholomew,
Leah
Batcheldor,
Robyn
Batcheldor,
Sacha
Bathish, Ramez
Batterbury,
Graeme
Bear, Judy
Beaumont, Kate
Beckwith, Bette
Bedford, Prana
Devi
Belcher, J.
Bell, L.
Bell, Lynda
Bell, Norman
Bellman, Dave
Benn, Grace
Bennett, Angela
Bennetts, Ross
Bensemann,
Pam
Bermingham,
Muireann
Bicci, Mirella
Bicci, Rita
Bird, Bob
Bisset, Kirsty
Bistoh, Pete
Blackman, P.
Blazely, Lynette

387
757

614
45

394
758
152
217
115
154
389
615
759

391
390
42

616
617

37

392
393
113
19

618
395

493

494

761
218

517
111
396
102

621
148
619
620
760
98
397
622
762

83

495
496
763
398
120
399
93

5061
2478

2480
2225

2480
2454
2481
5009
2785
2785
2484
7505
2481

2480
5251
2481

2469
2480

2480

5041
5096
2481
2234

2043
2480

2464

2484

3067
2480

2234
2481
5073
6905

4218
2481
2480
2480
4207
2481
5039
2477
2474

16

5700
5700
2482
5038
2481
2480
2481

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3 *
Proforma 3*
1.01.01, 1.03.01, 1.03.02, 2.01.01, 2.01.02, 2.04.05, 3.02.01
4.01.03, 4.02.01, 4.06.01, 5.01.02, 5.01.03, 6.01.01, 6.05.03
10.03.01, 10.03.02, 10.03.04, 10.04.02, 11.02.02, 11.05.03,
11.05.04, 20.02.01
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*
1.01.01, 1.01.03, 1.01.09, 1.03.02, 2.01.03, 4.06.01, 5.07.02
6.01.02, 10.04.02, 11.07.02,20.02.01
Proforma 2*
Proforma 3*
Proforma 3 *
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
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Blight, Clr Phil
Bodlouim,
Andrew
Bodmarchuk,
Damien
Boll, B.
Bonder, Steven
Borden, Tom
Borowski, Abbi
Bowlen,
Heather
Bradford,
Margaret

Bradford,
Margaret
Brady,
Dominique
Bray, S.
Brecht, Paul
Brierley, James
Brierley, Susan
& Craig
Britton, Mary
Brook, Sapoty
Brosche, Gavin
Brown, Kathlyn
Brown, Nina
Brown, Victoria
Brownlee, K.
Brown rigg,
Andrew
Bryant,
Margaret
Bucheler, B.
Buchman,
Joelle
Budden,
Deborah
Bugden, Jake
Bullows, Ryan
J -
Burcher, Deb
Burcher, Sam
Burnum
Burnum,
Marelle
Buss, Lyn
Butler, Paul
Butterworth,
Paul
Calan, Nectana
Callaghan,
Elyse
Calverley,
Albert
Calverley,
Mr&Mrs S. L.
Cameron, Julie
Cameron, Lily
Cant, Aiselle
Care, Miss
Melissa
Care, Mrs Netta

870
623

208

764
181
100
624
765

2227
4226

2131

2480
2480
2478
2480
T5T

1.01.01, 2.02.02, 2.04.02, 5.02.01, 5.02.02
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

13 2233 1.01.01, 1.01.04, 1.03.01, 2.01.01, 2.02.05, 2.04.01, 2.04.03,
2.04.06, 4.06.02, 5.02.02, 5.07.01, 6.05.02, 10.02.01,
11.07.01

18

191

766
30
625
15

219
767
402
497
498
400
626
401

373

518
891

519

520
104

403
193
220

109
73
404

405
205

7

2233

2478

2478
2480
2043
2234

2780
2454
5155
3052
3058
5035
2482
5031

2564

5153
4059

2064

5035
OW2

2474
2474
2232

6163
2481
5114

5043
2480

2234

1.01.01, 1.03.02, 1.03.03, 1.03.05, 2.02.02, 4.02.01, 4.
10.03.02, 10.04.10, 11.07.04,20.01.01
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

1.01.08, 2.04.02, 5.02.01, 6.05.03, 10.02.05, 10.04.12,
17.02.01
Proforma 3*
Proforma 3*

Proforma 1 *

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 4*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 1 *

627
628
629
327

2480
2480
2481
2234

328

2234 1.01.01, 1.01.08, 2.02.04, 2.04.02, 2.04.06, 5.01.04, 6.05.03,
10.02.01, 10.03.02, 10.03.03, 10.04.04, 11.05.02, 11.05.05
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.02.01, 1.03.02

2234 1.01.04, 1.03.02, 4.06.01, 6.05.03, 10.02.05, 10.04.07,
10.04.08, 11.03.02, 17.02.01
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Carey, Joan
Carides, Noni
Carson, Ryan
Carthew, Pier
Cassidy, James
Caulfield,
Annie
Cawley, Leanne
Chate, Simon
Christensen,
Carla
Christie, Gail
Christie,
Gemma
Clark, Stephen
Clarke, Alex
Clarke, Dan
Clarke, Douglas
Colella, Lisa
Colella, Shirley

Coleman, Kim
Conte, Jaia

Cooper, Karen
Corleone,
Michael
Cotis, Yanni
Coulthurst,
Alison
Coulthurst,
Dom
Couzins, Jessie
Cox, Andrew
Crawley, W.
Crofts, Joan

Cross, Fiona
Crown, M. T.
Curran, Ronald
Currie, Lionel
Curring, Peter

Curtin, Mrs
Julie
Cusack, Mary
Dailey, Silke
Daiyma, D.
Dale, Robyn
Daley, Mick
D'Ambra,
Frances
Daniell, Joanne
Darvili,
Suzanne
Dash, Richard
Davall, Jenny
Davey, Julia
David, John
Davies, Gillian
Davies, Nick

904 2042 1.01.01,4.01.01,4.02.01,5.07.02,6.01.01
110 2481 Proforma3*
221 5144 Proforma3*
406 5152 Proforma 3*
499 3058 Proforma 3*
521 4101 Proforma3*

768 2478 Proforma3*
769 2482 Proforma 3*
770 4816 Proforma 3*

44 2481 Proforma3*
631 2480 Proforma 3*

409 2469 Proforma 3*
183 2480 Proforma 3*
771 2484 Proforma 3*
632 5052 Proforma 3*
522 2234 Proforma 1 *
374 2234 1.01.03, 1.01.04, 1.01.05, 1.01.07, 1.01.08, 1.03.01, 1.03.02,

1.03.03, 1.03.04, 2.01.01, 2.04.02, 4.06.02, 4.06.03, 5.01.02,
5.01.03, 5.02.01, 6.05.02, 10.02.01, 10.02.03, 10.02.04,
10.02.05, 10.03.01, 10.03.02, 10.04.02, 10.04.12, 11.03.01,
11.03.02, 11.05.03

772
375

222
95

408
633

634

635
523
636
335

410
91
172
773
175

368

774
638
775
637
206
20

411
63

223
639
412
123
524
640

2480
2480

2481
2481

5036
2087

2479

2480
2226
2460
2233

2480
4104
2483
2481
2463

2171

5700
2481
2462
2482
2480
2234

5022
2482

2308
2480
5034
2481
2229
2480

Proforma 3*
1.01.01, 1.01
10.02.04, 10.
20.02.01
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 2*
Proforma 3*
1.01.01, 1.01

09

0?

07
10.04.10, 11.05.
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.01
4.02.01, 4.06
10.04.03, 10.
1.01.01

Proforma 3*
Proforma 3 *
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*
Proforma 3*

03
01

04

1
05

1
01

1
4

05

03
10

01

01
06
?r

0?
i 04

08

07
0?
10?

2.01.02, 4.06.01. 4.
.02, 10.04.05. 1 1.01

4.02.01,

1.01.09,
5.07.02,
01

4.04.01, 6

1.02.02, 2
10.02.05,

06 03,
.06, 11.01.07,

.01.01,

.02.04, 4.01.01,
10.03.04,
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Davies, Terry
Davies, W.
Dayu, Suastika
De Chrish, Rose
De Leeuw,
Benjamin
Dekanic,
Leyolah

Delaney, Chloe
Delaney,
Raylee
D'Elboux, Fiona

Demant, Anna

Demott, Sarah
Denehy, Greg
Denehy, Greg
Des Brosses,
Julie
D'Espine, P.
Deveney, N. T.
Devenish,
Gareth
Devtol, Carrie
Dickie, Jeanette
R
Diemer, Kurt
Dietmar,
Hurnaus
Dimasi, Laura
Dittmar, K
Dixon, Ian
Dixon, Ian
Dixon, Mr&Mrs
Bruce &
Simone
Dixon, Mr&Mrs
Mark & Vanessa
Dixon, Mr&Mrs
Norman &
Betty
Dixon, Mr&Mrs
Roy & Lorraine
Dolman, Lucas
Donati, Max
Douglas, Dig
Downing,
Robyn

Drummond,
Michelle
Drury, S. & H.
Du Lieu,
Hamilton
Duffin, Michael
Duffus, Kristen
Dufreche,
"Illegible/
unknown"
Dummett, K.
Dunster, Dale
Duoune, Steve
Dupont, Patrick

179
224
641
198
642

225

226
74

2480
2069
2478
2480
2480

2480

5152
2479

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3 *

871

336

643
414
413
227

776
644
777

525
156

778
645

415
416
319
779
228

229

232

233

234
646
417
236

418

2022 1.01.03, 1.01.04, 1.01.05, 1.01.10, 2.04.06, 4.01.01, 4.03.01,
4.06.01, 5.02.01, 5.02.02, 5.07.03, 6.05.01, 6.05.03, 9.01.01,
10.02.05, 10.04.10, 11.01.01, 11.01.03, 20.02.01

3053 1.01.01, 1.03.01, 1.03.02, 2.02.04, 2.04.02, 2.04.05, 3.02.01,
4.06.01, 4.06.03, 5.07.03, 6.01.02, 6.05.01
Proforma 3*

2481
2481
2481

2480
2480
2103

2131
2481

2483
6764

5000
2227
2480
2232

2232

2232

2234

5251
2481
5153
5153

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 1 *
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 4*

Proforma 4*

Proforma 4*

Proforma 4*

Proforma 3 *
Proforma 3"
Proforma 3'
1.01.01. l.C

5069

1.01.01, 1.01.07, 1.01.09, 1.02.02, 2.02.04, 4.01.01, 4.02.01,
4.06.01, 5.07.01, 5.07.02, 6.01.01, 10.02.05, 10.03.04,
10.04.03, 10.04.05
Proforma 3*

892
41

155
419
237

872
35
780
526

2603
2479

2481
3136
6470

2232
2479
2480
2022

Proforma 3 *
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

1.03.03, 4.01.01, 4.06.01, 5.07.02, 10.02.05
Proforma 3*
Proforma 3 *
Proforma 2*
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Dupre, Khol
Dwyer,
Catherine
Earner,
Cameron
Earnshaw, Jodi
Edge, M.
Edwards,
Cameron
Egan, Matthew
E'Kint,
"Illegible/
unknown"
Elliott, T.
Emerson, Clr
Dawn
Essex, M
Evans, Katrina
Evenstar,
Elbereth
Eyles, Ken
Fawcett, John
Fedczyna,
Michael
Feldmann, C.
Ferguson, Adam
Ferguson, Jo
Fidler, Margaret
Fidler, Terry

Filby, Des
Filshie, Fiona
Finch, Amanda
Fine, Hildy

Fisher, E. & D.
Fisher, Kath
Fisher, Naomi
Fisher, W. A.

Fitzgibbon, Tara
Florence,
Naomi Jane
Flynn, Angela
Flynn, Clare
Flynn, Joanne
Flynn, L
Flynn, Sue
Focas, Grant
Foord, Liv
Forbes, Ian
Ford, Sarah
Fosberry, Lisa
Francis, Barbara
Frank, Eden
Frank, Edith

Frank, Jesse
Frank, Martin
Frank, Shay
Frank, Shelley
Franklin, W.
Franks,
Catherine
Franks, E.

167
527

528

500
647
873

376
781

529
874

10
173
782

67
82
347

530
238
648
357
361

783
125
649
377

501
531
420
337

784
502

88
650
196
204
72
651
652
80
532
785
653
239
245

240
241
242
243
244
321

34

2481
2232

2234

6158
2480
2041

2480
1640

2090
2234

2233
2481
2480

2153
2481
2171

2230
2481
2480
2171
2171

3690
2481
2480
2480

5043
2480
2456
5037

2481
3002

2481
2284
2418
2480
2418
2480
2480
2481
5039
2480
2460
5251

5251
5251
5251
5251
2481
2481

2479

Proforma 3*
1.01.01, 20.02.0-

Proforma 2*

Proforma 3*
Proforma 3*
1.01.01,4.01.01,

1.01.01, 4.02.01,
Proforma 3*

Proforma 1 *
1.01.01, 2.02.02,

Proforma 1 *
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 4*
5.07.03

Proforma 2*
Proforma 3*
Proforma 3*
5.01.02,6.05.02,
4.02.01, 4.06.02,
10.02.02, 10.02.C
11.04.02, 11.05.C
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.01.09,
10.02.05
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.01.09,
10.04.02
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 3 *
Proforma 3 *
Proforma 3*
1.01.01, 1.01.04,
10.02.05,20.02.1
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.01.05

Proforma 3*

I

4.02.01,

6.01.01,

5.02.01,

10.02.02
5.01.02,

)5, 10.04.
)3, 11.07.

4.06.01,

1.03.02,

1.01.09,
31

, 1.03.02,

4.03.01, 4.06.

6 01 02

10,02.05

, 10.02.03, 10
5.07.03, 6.05.
01, 10.04.05,
07, 17.02.01,

6.01.01, 6.01.

2.02.02, 4.02.

4.01.01, 5.07.

4.01.01, 4.02

01

04
n?
11
?n

0?

m

• 0 1 ,

m

SO? 02

02
6.05.06, 8.03.01,

01.01, 1 1.01.04,
01 01

10.02.04,

4.03.01, 6.01.02,

,6.01.02,

, 4.06.01, 20.02.01
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Fredsall, J. R.

Free, Annie
Friend, Joe
Fuller, James A
Furzer, Dr I.
Gale, Ian
Gallagher, Paul
Garder,
Elizabeth
Gardner, K.

Gamer, Susie
Garnett, Paul
Garrett, Seana
Garrett, Sofia
H.
Garvin, J.
Gatt, John &
Lily
Gatt, Lily
Gay, Natalie
Gaze, Felicity
Gentle,
Sankalpa
Gentle, Tagia
Gerard, D.
Gibson, Lincoln
Giglio, Daniel
Giles, Marion
Gilfedder, Joy
Gilkinson,
Helen
Gillett, K. R.
Gillies, Barbara
Ginesi, John
Girelli, Sonia
Goodburn,
Samantha
Goodfellow,
Jennifer A.

Gordon, Mrs
Robin

Gordon, Scott
Gourlay, David
Graff, Kate
Grant-Smith, M.
Grassby,
Anthony
Greaves, Heidi

246 2230 1.01.01, 1.01.03, 1.03.02, 2.01.02, 2.01.03, 2.01.04, 2.02.02,
3.05.01, 4.01.01, 4.02.01, 4.03.01, 4.04.01, 4.06.01, 4.06.03,
5.02.01, 5.07.01,6.04.01, 6.05.01, 11.07.05

533
654
105
333
875
207
31

4006
2480
2481
2006
6156
2481
2479

Proforma 5*
Proforma 3*
Proforma 3*

Proforma 3 *
Proforma 3 *
Proforma 3*

503 2022 1.01.02, 1.03.01, 1.03.02, 2.02.04, 3.05.01, 4.01.01, 4.01.02,
4.06.02, 5.02.02, 5.07.03, 6.05.02, 10.04.03, 11.05.01

655
786
787
656

116
17

534
185
108
658

657
788
247
421
504
659
101

660
905
925
60
422

2481
2463
3101
2099

2481
2234

2234
2480
2482
2480

2480
4554
5251
2480
2303
2474
OL12

2480
2850
2560
3701
5251

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 2*

Proforma 2*
Proforma 3 *
Proforma 3 *
Proforma 3*

Proforma 3*
Proforma 3 *
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
1.01.01, 1.01.09, 1.02.01, 6.05.01, 10.03.02
1.01.01
Proforma 3*
Proforma 3*

865 2560 1.01.01, 1.01.04, 1.01.05, 1.01.08, 2.04.02, 4.03.01, 6.05.03,
8.04.01, 10.02.01, 10.02.02, 10.02.04, 10.02.05, 10.03.02,
10.04.05, 10.04.07, 11.01.14, 17.02.01

338 2234 1.01.10, 2.02.04, 2.04.02, 2.04.03, 4.02.01, 5.01.02, 5.02.02,
10.02.01, 10.02.02, 10.04.04, 10.04.10, 11.01.09, 11.02.04,
11.05.03, 11.07.02, 11.07.05, 1 7.02.01, 20.01.01

876 4072 Proforma 5*
68 4505 Proforma 3*
505 5061 Proforma 3*
661 2480 Proforma 3*
789 2480 Proforma 3*

169 2481 Proforma 3*
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Appendix A

Green, Dr Jim

Green, Simon
Green, Sue
Greig, Lisa
Grieger,
Charmaine
Groening, Ann-
Katrin
Guice, J.
Gunn, Graham
Gysbrechts,
Martine
Haig, D.
Hails, Lesley
Hall, Greg
Hammer,
Michael
Handley, Shaun
Hanlon, Mamie
Hanna, Nidal
Hanson, C.
Hardwick, S.
Harley, Mrs
Lorraine
Harper, Kevin
Harris, P.
Harrison, Max
Hart, Alistair J
Hayes, Greg
Hearty, J. B.
Heathwood,
Selina
Helms, Margo
Hendrich,
Heidi
Henwood,
Graeme
Herchenroder,
Dianne
Hernandez,
Nick
Hill, Barry
Hitchcock, P.
Hoare,
Cameron
Hobbs, M. A.
Hobsbawn,
Jacqui
Hodgkinson,
Tara
Hogan, Bee
Hogg, Will

906 2008 1.01.01, 1.01.03, 1.01.06, 1.01.07, 1.01.08, 1.03.02, 2.01.01,
2.01.03, 2.01.05, 2.02.04, 2.03.01, 2.03.03, 2.04.01, 2.04.02,
2.04.04, 2.04.06, 2.04.07, 3.01.01, 3.02.01, 3.02.02, 3.02.03,
3.02.04, 3.05.01, 3.05.02, 3.07.01, 4.01.01, 4.01.02, 4.01.03,
4.01.04, 4.01.04, 4.02.01, 4.03.01, 4.04.01, 4.05.01, 4.06.01,
4.06.02, 5.01.02, 5.02.01, 5.02.03, 5.07.02, 5.07.03, 6.01.01,
6.01.02, 6.01.03, 6.04.01, 6.05.01, 6.05.02, 6.05.03, 6.05.04,
6.05.06,6.07.01, 10.02.01, 10.02.02, 10.02.03, 10.02.04,
10.02.05, 10.03.02, 10.04.02, 10.04.04, 10.04.06, 10.04.07,
10.04.10, 10.04.11, 10.04.12, 10.05.01, 10.07.01, 10.08.01,
11.01.01, 11.01.02, 11.01.05, 11.01.08, 11.01.10, 11.02.04,
11.05.03, 11.05.04, 11.07.01, 11.07.05, 16.03.01, 16.03.02,
18.01.01, 19.01.01

423
535
248
424

249

536
97
790

662
907
663
250

425
29
146
664
79
354

791
792
537
36
426
793
427

428
794

21

130

164

251
665
666

667
48

668

669
670

5069
5007
5251
5000

5155

2000
2481
2480

4221
2850
2480
2478

5031
2480
2481
2480
7018
2171

2515
2474
2232
4870
4101
7004
2480

2480
9986

2232

2481

2480

2481
6252
4350

2480
2481

2483

4207
2480

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 1 *
Proforma 3*
Proforma 3*

Proforma 3*
1.01.01, 1.03.02, 4.02.01, 4.06.01, 6.01.02
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
10.02.05, 10.04.02, 11.05.03, 17.02.01

Proforma 3*
Proforma 3 *
Proforma 2*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 2*

Proforma 3*

Proforma 3 *

Proforma 4*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
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Holden, J.
Holmes, Gilbert
Holmes, Gilbert
Holmes, M. j .
Hopkins, Emma
Horn, Georg
Home,
Bronwen
Home, Peter A.
Horner, Pen
Hurst, Clr
Byron
Hosking,
Michael
Houghton-
Ward, Katie
Hoydonka,
Jules

Hoyle, Cherie
Hughes, Joanne
Hughes, Shelly
Humphries,
Meredith
Hunold, Anja
Hunter, V.
Hurst, Kristy
Huxley, Jessica
loannou, Alison
loannou,
George
Ireland,
Suzanne

Irwin, Rick
Jacobsen, Brad
Jain, "Illegible/
unknown"
Jance, Tyron
Jarvis, Narelle

Jenkin, Thomas
Jenkinson, L.
Jervis, Harry
Jevremov,
Dijana
Johnson, Darius
Johnson,
jasmine
Johnson, Mark
Johnson,
Valerie, Amy &
Nick
Jolly, Isobel
Jolly, Owen
Jones, G.
Jones, Paul
Jones, Shanti
Jonhstone,
Adam
Joseph, Chris

795
378
320
877
253
252
671

672
429
878

673

199

70

797
798
799
674

202
675
89
676
538
539

2484
4101
4101
2088
2481
2481
2480

2480
5047
2230

2481

2480

2482

5000
2480
2478
2480

2480
2450
2470
2480
2234
2234

Proforma 3*
1.01.01, 1.01
1.01.01, 1.01
4.01.01,4.06
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
1.01.01, 2.02

Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*
Proforma 2*

.05,

.05,

.01,

0?

2.01.03, 10.02.05
1.02.01
5.02.01, 5.07.02

2.04.02, 5.02.01

372 2234 1.01.05, 1.01.07, 1.01.08, 1.03.02, 1.03.03, 1.03.04, 2.01.01,
2.01.03, 2.02.02, 2.03.01, 2.04.02, 2.04.05, 2.04.06, 3.05.01,
3.07.02, 4.03.01, 5.01.02, 5.02.01, 5.07.03, 6.01.03, 6.05.01,
6.05.02, 6.05.03, 6.05.06, 7.01.01, 7.01.02, 8.01.01, 8.03.01,
10.02.01, 10.02.02, 10.02.04, 10.02.05, 10.03.01, 10.03.02,
10.04.06, 10.04.07, 11.01.01, 11.01.03, 11.02.01, 11.02.04,
11.03.01, 11.03.02, 11.05.01, 11.05.02, 11.05.03, 11.07.04,
17.02.01, 20.01.01,20.01.02

197
69
140

506
255

540
147
6
894

507
256

800
514

541
542
801
46
677
508

678

2480
2481
2481

2464
2471

5031
2482
2229
5159

6156
5251

2480
2576

4101
4101
2480
2481
4555
5067

4224

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
1.01.01, 1.01.03, 1.01.09, 1.03.02, 2.01.03, 4.06.01, 5.07.02
6.01.02, 10.04.02, 11.07.02,20.02.01
Proforma 3*
Proforma 3*
1.01.02, 5.01.01
Proforma 3*

Proforma 3*
Proforma 3 *

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
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Appendix A

jovanovic, Peter
Junl, Adam
Kaye, Nathan
Keil, Gloria
Kelly, Amelia
Kelly, Brenda
Kelly, Kala
Kelly, Mark
Kelly, P. & C.
Kelly, Paula
Kelpie, Emma
Kempis, Ann
Linda
Kennedy,
Jennifer
Kennedy,
Patrick
Kennedy,
Rebecca
Kennedy,
Warren
Kennedy,
Warren
Kerney, Sheila
Kestever,
Nathan
Khan, Kaveh
Kilpatrick, Peter
Kimball, Sandra
Kimpton,
Jennifer
Kindermann,
Sonja
King, A. E.
King, Sam
King-Salter, J. B.
King-Salter,
Kate

Kinloch, P.
Kinzl, H.
Kiriazis, Susan
Kitching, Robin
P.
Kleeman, Roz
Knight, Ann
Knight, T.
Kohl, Fred B.
Krstawski,
Yvonne & Bob
Lacour, Annette
Lally, Andrea
Landers, Sue
Lane, Catherine
Langton, Susan
Larense, Ms A.
Lawer, E.
Lawrie, Susan
Lawson,
Eleanor
Lawson, Mr K.

Layton, Adam
Lee, Lyn
Legget, Dudley
Leighton, Ivy

802
803
257
90
258
921
33
128
543
679
259
203

4

3

2

184

176

127
186

680
681
136
544

682

509
430
683
684

431
804
170
805

260
685
545
135
16

686
806
807
687
182
546
688
547
432

369

189
689
433
808

2480
2480
2480
7170
5153
4054
2480
3150
2234
2482
KT6
2480

2233

2233

2233

3200

3200

2482
2480

2480
3182
2481
5251

2480

3055
5034
2480
2480

5098
2481
2481
2480

2234
2460
4169
4552
2234

2480
3805
2474
2484
2480
5251
2480
5031
5159

2176

2480
2485
2481
2480

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 3 *
Proforma 3 *
Proforma 3 *
Proforma 3*
Proforma 2*
Proforma 3*
Proforma 3*
Proforma 3*

1.01.01, 1.01.06, 1.03.01, 2.02.02, 2.04.02, 2.04.03, 4.01.01,
5.07.02, 6.01.02, 10.04.02
1.01.01, 1.01.06, 1.03.01, 2.02.02, 2.04.02, 2.04.03, 4.01.01,
5.07.02, 6.01.02, 10.04.02
1.01.01, 1.01.06, 1.03.01, 2.02.02, 2.04.02, 2.04.03, 4.01.01,
5.07.02, 6.01.02, 10.04.02
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

1.01.01, 1.01.08, 1.01.09, 1.03.02, 2.01.05, 2.02.04, 3.05.01,
5.01.02, 6.01.01, 6.01.03, 6.05.01, 6.05.03, 10.04.02,
19.01.01, 20.01.01
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
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Lentern,
Jo-Anne

Leonard, Moira
Lesses, Fotini
C.
Lester, Adam
Lette, Peter
Lewis, Amber
Lewis, April
Lewis, Beth E.
Lieberman, Tess
Lieberman,
Trish
Lilenthal, David
Lim, Gerry
Lindsay, Corina
Lister, Val
Little, A.
Littlejohn, Chris
Livermore,
Cathy
Livermore,
Cathy
Logue, Carole
Logue, Maurice
Long, Andrew
Loren, Ralph
Lose, Jessica
Love, Jessie
Love, William
Low, Ciannait
Luidge, Robyn
Luke, Garth
Lundquist,
Ramya

Lunny, Angela
Lutherborrow,
Linda
Lynch, Richard
Lyons, Bee
Lyons, Sheri
MacDonald,
Ross
MacLennan,
Ellen
Maclenskie,
lain
MacLure, Sybil
Maddock, Julie
Kay
Maddock, Neil
Madigan,
Michele
Makin, Kellie
Man, Roland
Mancell, D.
Manners, Eric
Manning, Susan
March, Dale
Marchand,
'Illegible/
unknown"
Marks, Linda

866 2232 1.01.07, 1.03.01, 1.03.02, 1.03.03, 1.03.04, 2.01.01, 2.04.01,
2.04.02, 2.04.04, 2.04.05, 2.04.06, 4.03.01, 4.06.02, 5.01.02,
5.07.02, 6.05.02, 6.05.03, 10.02.02, 10.02.04, 10.02.05,
10.04.02, 10.04.07, 11.05.03

434 5031 Proforma3*
367 5012 1.01.01,1.01.03,1.01.09,1.03.02,4.06.02,10.03.04,

11.05.03
133 2480 Proforma 3*
261 2481 Proforma3*
262 5251 Proforma3*
435 5025 Proforma 3*
880 5066 Proforma 3*
548 2034 Proforma 1 *
549 2021 Proforma 1*

690 2480 Proforma 3*
809 2121 Proforma 3*
691 4006 Proforma 3*
436 5153 Proforma 3*
192 2470 Proforma 3*
437 5039 Proforma 3*
139 2036 Proforma 3*

810 2036 Proforma 3*

550 2234 Proforma 2*
551 2234 Proforma 2*
692 3147 Proforma 3*
752 2010 Proforma 3*
187 2480 Proforma 3*
160 2481 Proforma 3*
693 2048 Proforma 3*
132 4101 Proforma 3*
742 6157 Proforma 3*
694 2480 Proforma 3*
126 2481 Proforma 3*

695 2484 Proforma 3*
438 2480 Proforma 3*

811 2010 Proforma 3*
439 5072 Proforma 3*
812 2482 Proforma 3*

813 2477 Proforma 3*

552 3054 Proforma 3*

138 G82 Proforma 3*

553 4101 Proforma 5*
351 2171 10.02.02,10.02.05,11.04.02,11.07.07
350 2171 6.05.01,6.05.02
555 5723 Proforma 3*

442 5153 Proforma 3*
39 4878 Proforma 3*
85 2481 Proforma 3*
556 4102 Proforma 5*
263 2234 Proforma 2*
264 5172 Proforma 3*
52 2481 Proforma 3*

557 3071 Proforma 3"
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Marler, C. J.
Marlton, Cathy
Marshall, David
Marshall, Geoff
Marshall, R. H.
Martin, Joanne
Martin, Lena
Martin, Natalie
Martin, Virginia
Martinus, Ivan
Martinus,
Lauraine
Matthews, I.
Matthews,
Michele
Maucorps,
"Illegible/
unknown"
Maunder,
Gemma
Mauzley, Glen
May, Pauline
May, Phil
Mayo, Veet
McCalashan,
Darren
McCann,
Gwenda
McClelland,
Wanye
McClong, James
McCormack,
Ms Lyndall
McCormick, Dr
Fiona
McCrory, Paula
Ann
McCulloch,
Paul Alan
McDonald,
Michael
McDonald,
Mrs R
McDougall,
Brooke
McCain,
Penelope
McGovern, A.
Mchlone, Ian
Mclntyre, Deb

Mclntyre,
Kimberley
McKay,
Bronwen
McKellar, C. I.
McKelvey,
David
McKelvey,
David
McKenzie, Amy
McKenzie, Faith
McKenzie, Paul
T.
McKnight, Hedi

558
881
163
703
559
816
443
54
94
349
353

817
560

704

882

818
561
92
702
440

922

265

188
554

379

161

99

58

8

696

814

366
266
815

153

441

144
923

698

267
268
697

699

2234
4370
2480
2482
5214
2482
5031
2477
2477
2171
2171

2446
3070

4060

2480
5251
2233
2482
5153

4101

2481

2474
2211

2480

2481

2481

2482

2234

2469

3939

5724
2481
2549

2481

5061

2481
4101

4101

2481
2481
2481

2480

Proforma 2*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
8.03.01, 10.04.01, 11.01.04
10.02.05

Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3 *
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 5*

Proforma 3*

Proforma 3*
Proforma 1 *

1.01.05, 1.01.09, 4.04.01, 4.06.01, 5.07.02, 6.01.01,
10.02.05, 20.02.01
Proforma 3*

Proforma 3 *

Proforma 3*

Proforma 2*

Proforma 3*

Proforma 3*

2.01.03, 2.04.02, 2.04.03, 4.02.01
Proforma 3*
1.01.01, 1.01.03, 1.01.07, 1.01.09, 1.02.02, 1.03.02, 2.01.03,
3.02.02, 4.06.01, 5.07.02, 6.01.01, 6.01.02, 10.03.04,
10.04.02, 11.07.02, 20.02.01, 20.03.01
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 5*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3 *
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McLucas, Irene
McNaughton,
Jeremy
McPhail, James
McSorley, Jean

McWhinney,
Kisane
Meyer, U.
Milch, Dean
Milch, Melissa
Miljak, Stephen
Miller, Eric
Alan
Miller, G.
Miller, Irene J.
Miller, Michael
Millwood,
William Arthur
Minogue,
Rakassa
Mirmann,
Christel
Mitchell, Colin
Mockeridge,
Judy
Monson, David
Mooney, Tom
Moore, Gary
Moore, Sky
Moran, Geoff
Moran, R. J.
Moran, Sue
Movement,
Hatstand Pincer
Moxon, Ms M.
V.
Mudd, Gavin

Mullins, M.
Munro, Cindy
Muratori, David
Murdoch,
Carolyn
Murphy, Glen
Murphy, Peter
Murray,
Catherine
Murray, Philip
Murray, R. R.
Mutkins, E.
Muurlink, MJF
Muurlink,
Monica
Muurlink, T.
Muurlink, Tias
Nash, Wendy
Nessiter, Eric
Neumann,
Maya

Newman, Kathy
Newman,
Sheila

700
701

121
867

210

819
895
896
162
562

114
563
269
564

270

820

821
822

134
141
705
823
272
824
271
444

565

316

706
825
168
826

445
827
707

708
145
273
276
274

275
566
567
709
710

446
910

2480

TIW

2480

2480
2550
2550
2481
3193

2481
3193
2023
2210

2780

2276

5086
4221

4103
2481
2481
2480
5153
3101
5153
5069

5085

3087

2480
2145
2482
2067

2477
2454
2480

2480
2031
2481
4381
4381

4381
4370
2114
2480
2021

2031

Proforma 3*
Proforma 3*

Proforma 3*
1.01.07, 2.03.03, 3.05.01, 3.05.02, 4.03.01, 4.04.01, 4.06.02,
6.01.01, 6.04.01, 10.02.01, 10.02.02, 10.02.03, 10.02.05,
10.03.02, 10.04.02, 10.04.04, 10.04.11, 10.04.12, 10.05.01,
10.07.01, 10.08.01, 18.01.01
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 3 *
Proforma 3*

Proforma 3*

1.01.01, 1.01.07, 2.01.01, 2.01.03, 2.02.02, 4.06.01, 8.01.01,
8.03.01, 10.02.04, 10.03.02, 11.01.04, 18.02.02,20.02.01
Proforma 3*
Proforma 3 *
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 1 *
Proforma 3*
Proforma 3*

Proforma 3*
1.01.01, 1.03.02, 20.01.01
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Olson, R. W.
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Paitson, D. T.
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u, K.
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Michael
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Parkes, A.
Parkes, Mr&Mrs
S. &C.
Parkes, Timothy
S.
Parrington,
Lucy
Parrish, W.
Parsons, Brett
Parsons, Mrs
Lynette
Pasas, Mrs
Orthodoxia
Pastalatzis,
Nick
Paterson, Anne
Patterson, Amy
Paul, Mr R.
Pearce, C.
Peattie, Alan
Peebles, Jade
Peebles, John
Peeters, Lyn
Perkins, Ian

447

568

277
711

278

201

53

713
569
714
911
570

448

828
449
829

450

715
716
912
279
451
571
363
572
573

25

26

830
717
574

718

452

831
575
576

577

453

11
454
578
281
455
510
579
832
180

5251

4059

2011
2480

2483

2480

2481

2480
2234
2480
2852
5251

5043

2480
5214
2480

5155

2484
2471
2550
2473
2480
2234
2171
5035
2234

2234

2234

4223
2481
2233

2481

5072

9465
2234
2234

2234

3020

2226
5062
2234
2481
2480
2480
2480
2480
2474

Proforma 3*

Proforma 5*

Proforma 3 *
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 2*
Proforma 3*
1.01.01, 1.03.02, 10.02.05
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
1.01.01, 10.02.05, 11.05.03
Proforma 3*
Proforma 3*
Proforma 2*
11.01.04
Proforma 3*
Proforma 2*

Proforma 2*

Proforma 2*

Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 2*
Proforma 2*

Proforma 2*

Proforma 3*

Proforma 1 *
Proforma 3*
Proforma 2*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
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Perry, Robyn
Peston, Joe
Peter, "illegible/
unknown"
Petschade,
Anna
Peyerl, Michael
Phillips, Jeremy
Phillis, Jannisse
Pines, Suzanne
Pinker, Lea
Pitsis, Renee &
Evans
Place, Ms
Yasmine
Plaizier, H-L
Plesman,
Melinda
Pranter, M
Prema, Ra
Prideaux,
Ashley
Psaltis, H.
Psaltis, M.

Pulsford, Dr M.
B.
Pulsford,
Michael
Quartly, Julia
Ralph, Alex &
Margaret
Rauhihi, S.
Manu
Rankin, Clr C.
Rea, Ben
Rechter, Dr
Paul
Reid, Joanna
Renshall, Mrs
Shirley M.
Reynold, Steve
Rhodes, Luke
Richards, Sally
Richards,
Stephen
Richardson, A.
Riehl, Asha
Robinson, Mrs
J .
Roby, David
Rocca, Patricia
Rogers, Robert
Rojo, Marge
Romano,
Jacqueline
Rootes, Mrs C.
Ross, Amanda-
Jo
Ross, C. A.
Ross, Jan
Ross, Milly

833
897
456
195
607

580

282
581
158
719
177
582

583

834
720

143
283
457

14
326

359

458

151
459

584

885
835
721

284
928

285
286
585
460

722
287
586

587
87
348
288
837

588
838

724
723
461

2480
5033
5033
2484
2144

3102

1220
5072
2481
2479
3895
2233

5084

2480
2480

2481
2481
2474

2234
2234

5063

5063

2122
2575

5251

2225
7054
2480

2481
2229

2481
2481
5041
2478

2481
5153
2232

2234
2481
2171
2480
5073

2234
2484

2481
2481
5051

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 1 *

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*

Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 2*
1.01.04, 1.01.05, 1
2.02.02, 2.04.02, 2
10.02.05, 10.03.01
1.01.01, 2.02.04, 4

Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*

1.01.01, 2.01.03, 2
Proforma 3*
Proforma 3*

Proforma 3*
1.03.01, 1.03.02, 2
10.02.02, 10.03.01
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *

Proforma 3*
Proforma 3*
Proforma 2*

Proforma 2*
Proforma 3*
10.02.05
Proforma 3 *
Proforma 3*

Proforma 2 *
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

.01.07,

.04.04,
, 11.01.
.02.01,

.02.02,

.02.04,
, 10.03

1.03.01,
2.04.05,

1.03.02, 1.03.03, 2.01.01
2.04.06. 3.05.02. 5.02.02

.01, 11.07.05
4.06.01,

2.04.02,

5.02.01,
.02

10.03.04, 10.04.05

5.02.01

5.02.02, 6.05.02, 6.05.04
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Rutter, Rachael
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Scarman,
Cabrielle
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Peter
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Schubert,
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Schulz, Tara
Scott, Gary
Scott, Murray
Scott, Paul
Scott, Tracey
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Seaborn, Linda
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Sear, J. N. & E.
L.
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Searle, Natasha
Setya, Michael
Seymour, Sally
Shadwell, Stuart
Sha'er, Jesse
Shakes, Rowena
Shaman,
Eleanor
Shand, Asian
Shead,
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Shedden, Emma
Sheriff, Daryl
Sheriff, Heather
Short, Karen
Shostak, Darryl
M.
Siano, Ms
Nizza
Silver, Justin M.
Simmons,
David
Sinclair, Jim
Sincovich,
Lauren

462
190
159
129
463
464
465
840
841

289
466
290
467
384
71

589

591

590

916

868

55
291

292
725
23
842
12
511
592
843
43

844
845
468
726
50
846
887
920
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365

727
294
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728
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380
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729
469
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2480
4870
2481
2480
2480
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2474
2464

BT35
5024
2481
5031
2480
4068

5049
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5276

2480

2480

5072
2481

5155
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2233
4350
2231
2478
2480
2472
2481

2480
2480

2480
2782
2480
4012
2482

2482
2171

2480
4370
4370
2483
2482

2023

2230
5250

2480
5083

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.01.09
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*

1.03.02,3.02.02,4.02.01,8.01.01, 10.02.02, 10.02.04,
10.02.05, 10.04.05, 11.01.01, 11.07.02, 17.02.01, 20.02.01
1.03.02,3.02.02,4.02.01,8.01.01, 10.02.02, 10.02.04,
10.02.05, 10.04.05, 11.01.01, 11.07.02, 17.02.01,20.02.01
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
3.02.01, 3.02.02, 3.02.03, 4.01.01, 4.01.02
Proforma 3*
Proforma 1 *
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 5*
Proforma 3*

Proforma 3*
1.01.01, 4.01.01, 6.05.02, 6.05.03, 10.02.01, 10.04.02

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

1.01.01, 2.04.04, 3.02.02, 4.01.01, 4.02.01, 4.06.01, 5.02.01,
6.01.01, 11.05.01
10.02.03, 10.02.04, 10.02.05, 10.04.11, 11.03.02
Proforma 3*

Proforma 3*
Proforma 3*
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Singleman,
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Singleman,
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Singleman,
Louisa
Singleman,
Louisa
Singleman,
Louisa
Singleman,
Louisa
Sinton, Eve
Skorjends, Ruth
Skullerud, Jon
Ivar
Skullerud, Jon
Ivar
Smiles, Bev

Smith,
Smith,
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Smith,
Smith,
Smith,
Smith,
Smith,

Angela
Anne

Ingrid
Jason
Jennifer
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Matthew

Smith, Peter
Smith, Russell
Snow, Bruce
Snow, S.
Sorensen, Peter
Sorensen, Peter
Spearman, Jo
Spencer, Jo
Spencer, Kate
Sta, Kiri
Stephens, David
Stiles, S.
Stone, Sarah
Kate
Storey, Colin
Stothers,
Wendy
Stott, Denise
Strange, Jessica
Sullivan, Peter
Sumantra,
Sandra
Sutton, Kim
Sweeney,
Duncan
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Sword, Terra
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Symcrek, Erna
Szocinski,
Samantha
Tainui, Lee
Taminiau, Dee
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342

344

362

345

343

2480 Proforma 3*

2171 10.02.02, 10.02.05

2171 2.03.01

2171 10.04.05

2171 8.03.01

2171 17.02.01

2171 6.05.02

119
847
470

381

917

731
75

888
324
732
848
318

471
512
594
849
355
356
78
472
118
736
733
595
734

596
513

296
735
59
737

473
474

475
738
739
850
476

165
38

2481
2480
5081

5005

2850

2321
2481

4101
5051
2480
2480
4509

3072
2226
2480
2171
2171
2481
3051

2484
3461
2234
9802

2232
5022

2114
2474

2478

5041
5061

5068
2480
4020
2480
5086

2480
2650

Proforma 3*
Proforma 3*
Proforma 3*

1 01 01, 1.01.05
6.01.01, 10.02.0!
1.01.05, 1.03.02,
11.05.01
Proforma 3*
Proforma 3*

Proforma 5*
1.01.01, 4.01.01,
Proforma 3*
Proforma 3*
1.01.03, 1.01.04,
4.06.01, 5.01.02,

4 01

4 06

4.04.

1 01
5 0?

10.04.10, 11.01.01. 11
Proforma 3*
Proforma 3*
Proforma 2*
Proforma 3*
17.02.01
6.05.02
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 2*
Proforma 3*

Proforma 2*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3 *

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
1.01.01, 1.01.03 1 01

01

04

0 1 ,

OS

0?

ns

09

4.02 01 4 03 01 4 06 01 5 07 02

5.02.01, 6.01.02, 10.02.05,

10.02.05, 10.04.03

1.01.09, 1.03.02, 2.02.02,4.03.01,
6.05.01, 10.02.05, 10.04.02,
.03, 20.02.01

, 1.03.02, 2.01.03, 4.06.01, 5.07.02
6.01.02, 10.04.02, 11.07.02,20.02.01
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Thompson,
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Thompson,
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Tiernen, Josie
Timberlake,
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Tombs, Rob
Tomi, Carel
Tony, Aaron
Toogood, Emily
Toogood,
Lawrence
Toogood, Mrs
R.

Toogood,
Oliver
Toogood, Sam
Tossi, Claudia
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Tucker, Peter
Tulep, Dee
Tummel, J.
Tyson, Carry
Tyson, Heather
Tyson, Lisa
Unger, Michael
Vader, Ms Sue
Vagne, Scott
Vales, D.
Van Zalm,
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Vere Roberts, P.
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Verne, Peter &
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Vickery,
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Vickery, Jodie
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Von Dracen,
Barbara
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Walsh, C.
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61
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479
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2454

2481

5245
2481

2474

2481

2481

3895
2482
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5251
5251

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3 *
Proforma 3 *
Proforma 3 *
1.01.01. 1.01.01.01, 1.01.03, 1.01.09, 1.03.02, 2.01.03, 4.06.01, 5.07.02,
6.01.02, 10.02.05, 10.04.02, 11.07.02,20.02.01

325 5251 1.01.01, 1.01.03, 1.01.07, 1.01.09, 1.03.02, 2.01.03, 3.02.02,
4.06.01, 5.07.02, 6.01.02, 10.02.05, 10.03.04, 10.04.02,
11.07.02,20.02.01,20.03.01

299 5251 Proforma 3*

597
62
741
352

65

598
301

302
480
599
481
303
305
304
712
122

40
836
96

600

482

743
306
107

744
483

601
150
602

103
745

5251
7260
2469
2171

2580

5118
2481
5172
2480
4059
2480
5034
2482
2483
2480
2026

2650
2477
6163

5086

5082

4703
5251
2481

4370
2483
2043
2481
5245

2479
2480

Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 10.04.05, 11.05.03

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 5*
Proforma 3 *
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3 *
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*

Proforma 3 *
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 1 *
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
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Watts, Steven
Webb, A
Webb, C.
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Weber,
Elisabeth
Webster, R.
Wegener, Kelly
Wei ley, S.
Weir, Tim
West, Annette
West, W. C.
Westwood,
Joan
Weyland, John
White, Galen
White, Mick
White, Penny
Whitehead,
Justin
Whittemore,
Susan
Whyte, Isabelle

Whyte, Robyn
Wight, Dr R. M.
Wilhalm, Lucie
Wilkinson,
Kerry
Williams,
Andrew
Williams, Brett
Williams,
Danielle
Williams, Greg
Williams, Lee
Williams, Paula
Williams,
Rachael E.
Williamson,
Terri
Willoughby, J.
Willowwood,
Greg
Wilson, Chris
Wilson, Hazel

Wilson, Jane
Wilson, Kim
Wilson, Robyn
Winchester,
Glenn
Wingfield, E.
Winterburn,
Clarissa

854
308
746

307

855
66
309
869

603

747
484
856
385
32
310
748

485
487
749
486
488

515

857

386
604
112
311

194

750
898

605
489
858
751

64

899
490

859
329

2484
2290
2474

5051

2480
2481
2481
2233

5066

2450
5038
2481
2481
2479
2473
2485

2481
2482
2484
5065
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Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
1.03.01, 1.03.02, 1.03.03, 4.01.01, 11.05.03

Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
1.01.01, 1.03.02, 2.02.02, 2.02.04
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*

2480 1.01.09, 3.02.02, 4.02.01, 5.07.02, 6.01.01, 10.02.05,
10.04.07,20.03.01

2480 1.01.01, 1.02.02,3.02.02,4.06.01,4.06.03,20.03.01
5063 Proforma 3*
2481 Proforma 3*
SO31 Proforma 3*

2780 Proforma 3*

4703 Proforma 3*
5092 Proforma 3*

2234 Proforma 2*
5043 Proforma 3*
2791 Proforma 3*
2480 Proforma 3*

2480 Proforma 3*

3888 Proforma 3*
5046 Proforma 3*

4207 Proforma 3*
2227 1.01.07, 1.01.08, 1.03.02, 2.01.03, 2.01.04, 2.02.04, 2.04.02,

2.04.06, 3.02.01, 3.02.03, 3.02.04, 3.07.03, 4.02.01, 4.03.01,
4.06.04, 5.02.01, 6.01.03, 6.05.03, 7.01.01, 10.02.02,
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200
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49
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2480
2481
2428
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2481

Proforma 3*
Proforma 3*
Proforma 3*
Proforma 3*

Proforma 3*
Proforma 3*
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Wood, Tony

Woodron,
Linda
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Wurtele, A.
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Yarnall, David
Yeatmin, B.
Young, Adam
Young, K.
Young, Sarah
Zeibots, Ruth
Zihrul, Lynn

Zihrul, Lynn
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209
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2469
2480
2227

2474

2039

2480
2483
2482
2480
5251
2480
2483
2481
2234
2067

Proforma

Proforma
Proforma
1.01.02,
11.05.03,
Proforma

Proforma

Proforma
Proforma
Proforma
Proforma
Proforma
Proforma
Proforma
Proforma
1.01.01,
1.01.01.
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3*
3*
1 01
, 11.
3*

3*

3*
3*
3*
3*
3*
3*
3*
3*
1 m
1 01

08
07.

OS
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7
01

1
1

.02.04, 2.03.01, 5.02.04, 6.05.03, 6.05.06
, 11.07.05

.01.09, 1.03.02, 2.01.01
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6.01.01, 6.01.02, 6.01.03, 6.05.01, 6.05.04, 10.02.05,
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919 2067 1.01.01, 1.01.05, 1.02.01, 1.03.01, 4.01.01, 4.02.01, 4.03.01,
4.06.01, 5.02.01, 5.02.02, 5.07.03, 6.01.01, 6.01.02, 6.01.03,
6.05.01, 6.05.04, 8.03.01, 10.03.02, 11.05.01, 1 1.07.01,
20.02.01

Zillig, Rebecca
Zumbulsen,
Wolfgang
Zumhulsen, A

i

* The five proformas consist

Proforma 1
1.01.01
1.03.01
1.03.02
2.02.04
3.05.01
3.05.02
4.01.01
4.06.02
5.02.02
5.07.01
6.05.02
6.05.04
10.02.02
10.03.01
10.03.02
11.05.01
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17.01.01
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Proforma 2
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4.04.01
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5.01.02
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137
of the following

Proforma 3
1.01.01
1.01.03
1.01.07
1.01.09
1.02.02
1.03.02
2.01.03
3.02.02
4.06.01
5.07.02
6.01.02
10.03.04
10.04.02
11.07.02
20.02.01
20.03.01

2472
2481

2481
issues:

Proforma 4
2.04.02
2.04.03
2.04.04
2.04.05
3.05.01
3.05.02
3.05.03
4.01.01
4.01.02
4.02.01
4.04.01
4.06.02
5.01.02
5.02.01
6.01.01
6.01.03
8.03.03
9.01.01
10.02.01
10.03.02
10.04.05
10.04.07
10.05.01
11.01.01
11.01.09

Proforma 3
Proforma 3

Proforma 3

Proforma 5
1.01.03
1.01.04
1.01.05
1.01.10
2.04.06
4.01.01
4.03.01
4.06.01
5.02.01
5.02.02
5.07.03
6.05.01
6.05.03
9.01.01
10.02.05
10.04.10
11.01.01
11.01.03
20.02.01
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Appendix B

Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

1 GENERAL ISSUES

1.01 General Issues Relating to the Proposal

1.01.01 No reactor at Lucas Heights

1.01.02 Support for reactor at Lucas Heights

1.01.03 Concerned about lack of availability of information

1.01.04 Concerned about adverse impacts on quality of life

1.01.05 General concern about the proposal

1.01.06 Reactor proposal linked to Sydney Second Airport
proposal

1.01.07 Concern over ANSTO in general

1.01.08 Concern over insurance and liability issues

1.01.09 Chernobyl type incident

1.01.10 Concern that proposal is linked to nuclear power

1.02 Environmental concerns (general)

1.02.01 Unspecified concern about environmental impacts
of the proposal

1.02.02 Proposal may destroy ozone layer

1.03 Health Concerns (general)

1.03.01 There has never been a local area health study

1.03.02 Concern about the effects of the proposal on
health

1.03.03 Inadequate investigation of impacts on health

1.03.04 Concern over occupational health of on-site
workers

1.03.05 Previous ANSTO workers ill-health kept secret

1.03.06 Occupational and public exposure is acceptable

2 EIS AND OTHER PROCESSES

2.01 The Decision Making Process

2.01.01 Requesting a public inquiry

2.01.02 Inadequate consideration of issues/decision has
already been made

2.01.03 Concern that ANSTO has government support and
thus the proposal will go ahead regardless

2.01.04 Concern that the reactor decision making process
does not include all relevant bodies or individuals

2.01.05 Final EIS should be peer reviewed

845

8

733

23

31

6

759

18

724

15

7

705

11.4

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

1.5.2

38

809

13

6

1

1

11.4.3, 18.2.2, 18.2.3, 1.5.2
Appendix 1

11.4.3

11.4

11.4.2, 11.8

11.4.2, 11.8

11.4

1.5.4

1.5.4

1.5.4

1.5.4

1.5.4

16

8

'62

5

4

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

2.3.1

2.3.1

2.3.1

2.3.1

2.3.1
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Replacement Nuclear Research Reactor
Supplement

Issue
Number

Issue Number of
Submissions

Where in Draft EIS Where in Supplement

2.01.06 Ongoing review of proposal should include waste
strategy

Chapter 2 2.3.1

2.02

2.02.01

2.02.02

2.02.03

2.02.04

2.02.05

2.03

2.03.01

2.03.02

2.03.03

2.04

2.04.01

2.04.02

2.04.03

2.04.04

2.04.05

2.04.06

2.04.07

2.04.08

3

3.01

3.01.01

3.02

3.02.01

3.02.02

3.02.03

Scope ot the Draft EIS

EIS process fails to comply with guidelines

The Draft EIS is inadequate or flawed

The Draft EIS does not comply with relevant
legislation and guidelines

Questioning the objectivity of the Draft EIS

EIS too costly

The Draft EIS Document

Insufficient detail provided in Draft EIS

The Draft EIS is too long and complex for a general
reader

Inadequate structure of the Draft EIS

Scope and Effectiveness of the Consultation

Consultation process does not build community
confidence in the EIS process

Consultation process inadequate

Period of exhibition of Draft EIS too short

Lack of a public debate during the exhibition
period

Concern that local residents concerns have not
been considered

Unspecified concern about the consultation
process

Consulation process should be ongoing

Campbelltown LGA not included in Consultation
Process

BACKGROUND TO THE PROPOSAL

Roles and functions of Nuclear Research Reactors

Questioning role of research reactors generally

Activities of ANSTO

Concerned that ANSTO emphasis is nuclear only

General concerns over military use of the reactor

ANSTO's future should not be linked to the
proposal

4

31

3

78

1

9

6

9

6

41

18

18

17

21

5

2

1

48

712

4

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 2

Chapter 3

3.3,3.4

3.6.2, 3.6.3

-

2.3.2

2.3.2

2.3.2

2.3.2

2.3.2

2.3.3

2.3.3

2.3.4

2.3.4

2.3.4

2.3.4

2.3.4

2.3.4

2.3.4

2.3.4

2.3.4

3.3.1

3.3.2

3.3.2

3.3.2

3.02.04 ANSTO should provide more non-nuclear research 44 3.3.2
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Appendix B

Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

3.03 Associated activities at Lucas Heights

3.03.01 Equipment on site for plutonium extraction

3.05 Regulatory framework for Nuclear Activities

3.05.01 Concern over status of Australian nuclear
legislation

3.05.02 Concern that Draft Australian Nuclear legislation is
not available to the public

3.05.03 The SRC will be disbanded

3.05.04 Regulatory framework for nuclear activities
adequately addressed in DEIS

3.07 Other Issues related to the background to the
proposal

3.07.01 ANSTO did not consult the Chief Scientist of
ASTECortheCSIRO

3.07.02 The proposal is for a production facility not a
research reactor

3.07.03 HIFAR should be decommissioned now

4 NEED FOR THE PROPOSAL

4.01 Purpose and Objectives of the proposal

4.01.01 Questions the need for a replacement reactor
generally (RRR)

4.01.02 Need for reactor exaggerated in Draft EIS

4.01.03 Job creation should not be used as a reason for
continued ANSTO operation

4.01.04 Proposed reactor is not "world-class"

4.02 Nuclear Medicine and Health

4.02.01 Medical-based need flawed

4.02.02 Medical based need is justified

4.03 National Interest

4.03.01 National interest justification flawed

4.03.02 National Interest Justification is valid

4.04 Scientific Research and Education

4.04.01 Scientific rationale for Replacement Reactor is
flawed

4.04.02 Scientific rational for replacement reactor is
justified

4.05 Industrial Applications

4.05.01 Industrial rationale for Replacement Reactor is
flawed

4.06 Costs and benefits

70

3.3.3

42

35

13

1

44

4

2

3.6,
D

3.6,
D

-

3.6,
D

-

-

18.

18.

18.

1.3,

1.3,

1.3,

Appendix

Appendix

Appendix

3

3

3

3

3

3

3

.3.4

.3.4

.3.4

.3.4

.3.5

.3.5

.3.5

Chapter 4

15 Chapter 4

3 16.2,16.3

1

4.2.4,4.4.5

4.3.1

4.3.1

4.3.1

4.3.1

88

1

33

1

62

1

4.2.1,

4.2.1,

4.2.1,

4.2.1,

4.2.3,

4.2.3,

4.4.2

4.4.2

4.4.3

4.4.3

4.4.4

4.4.4

4.3.2

4.3.2

4.3.3

4.3.3

4.3.4

4.3.4

4.3.5
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Replacement Nuclear Research Reactor
Supplement

Issue Issue
Number

Number of
Submissions

Where in Draft EIS Where in Supplement

4.06.01 Reactor funding could be better utilised 796 Chapter 16 4.3.6

4.06.02 A cost benefit analysis has not been included in 46
the Draft EIS

4.06.03 Scepticism over actual project costs 11

4.2, 4.3, 5.9, 19.2.1, 4.3.6
19.3.2, Chapters 20 &
21

4.2, 4.3, 5.9, 19.2.1, 4.3.6
19.3.2, Chapters 20 &
21

4.06.04 No costings provided for HIFAR or RR 4 19.2.1,19.3.2 4.3.6
decommisioning

4.06.05 Economic benefits of proposal are valid 1 4.2,4.3,5.9,19.2.1, 4.3.6
19.3.2, Chapters 20 &
21

5 DESCRIPTION OF THE PROPOSAL

5.01 Specifications of reactor

5.01.01 Support for reprocessing on site

5.01.02 Concern that reprocessing might occur on site

5.01.03 Seeks clarification of meaning of 'conditioning' in
Draft EIS

5.01.04 Specification does not include amount of
emissions produced from replacement reactor

5.01.05 BAT emissions control not addressed in DEIS

5.02 Reactor Design

5.02.01 Description of the reactor inadequate

5.02.02 The EIS process is flawed because there is no
detailed reactor specification

5.02.03 Handling of irradiated material not adequately
detailed in the Draft EIS

5.02.04 Research reactor is significantly better than HIFAR

5.07 Costs of the proposal

5.07.01 Concern over budget in light of devalued
Australian dollar

5.07.02 Funding for Replacement Reactor is being diverted
from more vital areas

5.07.03 Proposal Costing Flawed

5.07.04 Concern that cost overuns may divert funds from
waste management

6 ALTERNATIVES TO THE PROPOSAL

6.01 Other Technologies Available

6.01.01 Alternative technologies and means of sourcing for 84 Chapter 6 6.3.1
isotopes are not fully explored in the Draft EIS

6.01.02 Cyclotron production not sufficiently considered in 723 6.2.2 6.3.1
Draft EIS

1

68

2

1

3

51

55

5

1

21

724

26

1

3.8, 11.2

3.8, 11.2

Glossary

10.6.2

Chapter 10

5.3

5.3

18.1, Appendix I

-

Chapter 5

Chapter 5

Chapter 5

Chapter 5

5.3.1

5.3.1

5.3.1

5.3.1

5.3.1

5.3.2

5.3.2

5.3.2

5.3.2

5.3.3

5.3.3

5.3.3

5.3.3
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29

36

36

70

3

7

1

6.8.1

-

6.8.1

Chapter 1, 3.5

6.8.1

6.8.1

6.8

6.3.1

6.3.1

6.3.1

6.3.1

6.3.1

6.3.1

6.3.1

Appendix B

Issue Issue Number of Where in Draft EIS Where in Supplement
Number Submissions

6.01.03 Alternatives not compared on a common basis 22 Chapter 6 6.3.1

6.04 The HI FAR Refurbishment alternative

6.04.01 HIFAR alternative not fully considered 5 6.7 6.3.1

6.05 Alternative Sites

6.05.01 The decision to site the reactor at Lucas Heights is
a flawed one

6.05.02 The siting study should be released to the public
and the government is keeping information from
the public

6.05.03 Other sites not adequately considered

6.05.04 Case for a new reactor is the same as that rejected
in 1993

6.05.05 Alternative site comparison does not include
external hazards

6.05.06 Site selection process not rigorous and not in line
with international practice

6.05.07 Siting requirements of a modern pool-type RR are
acceptable

6.07 The Do Nothing Alternative

6.07.01 Do-nothing alternative not adequately considered 4 6.1.1,6.3,6.4,6.5 6.3.1

7 PHYSICAL, BIOLOGICAL AND SOCIAL
CONTEXT OF THE PROPOSAL

7.01 Physical context given in Draft EIS

7.01.01 Background radiation levels questionable 2 Chapters 7, 8, 11 7.3

7.01.02 Baseline data inadequate 2 Chapters 7, 8, 11 7.3

8 GEOLOGY, SOILS AND WATER

8.01 Assessment Methodology

8.01.01 Inadequate consideration of impacts on soils, 5 Chapter 8, Chapter 1 7 8.3
surface water and groundwater in the Draft EIS

8.03 Impacts on Soils, Hydrology and Water quality

8.03.01 General concerns over groundwater contamination

8.03.02 Concerns over cumulative releases to Cronulla STP

8.03.03 Unspecified concerns about surface water

8.04 Environmental Management

8.04.01 Inadequate discussion of wastewater treatment and 1 15.3 8.3
disposal

8.05 Other Issues related to geology, soils and water

8.05.01 Geological substrata not suitable for proposal 1 8.2.2 8.3

9 AIR QUALITY

PPK Environment and Infrastructure Pty Ltd Page B-5
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11

8.2.4,

8.2.4,

8.2.4,

8.3.4

8.3.4

8.3.4

8.3

8.3

8.3



Replacement Nuclear Research Reactor
Supplement

Issue
Number

Issue Number of
Submissions

Where in Draft EIS Where in Supplement

74

t i

8

14

3.8, 11.2

10.4, 11.2

6.4

10.5.3, 10.6.4

10.3

10.3

10.3

10.3

9.01 Assessment Methodology

9.01.01 Air emissions not adequately covered in Draft EIS 25 5.5,10.5,9.5.2,10.6, 9.3
11.4

9.04 Environmental Management

9.04.01 Conclusions of Draft EIS supported 1 - 9.3

10 MANAGEMENT OF REACTOR PRODUCTS,
SPENT FUEL AND WASTES

10.02 Management of Spent Fuels

10.02.01 Concern over lack of contracts for spent fuel
reprocessing

10.02.02 Concern over spent fuel remaining on site for long
periods

10.02.03 Australia should not export nuclear wastes

10.02.04 Lack of demonstrated method for disposal of
intermediate level liquid waste

10.02.05 General concern for management of spent fuel and 71 10.5,10.6 10.3
other wastes

10.03 Management of Existing Radioactive Wastes

10.03.01 Concerns over Little Forest Burial Ground

10.03.02 Concern over the accumulated waste on site from
40 years of HIFAR operation

10.03.03 Concerns over molybdenum waste stockpile

10.03.04 Opposes Cronulla Beach disposal route for
wastewater

10.03.05 No alternative for long term dry storage of HIFAR 1 - 10.3
fuel

10.04 Management of Future Radioactive Wastes

10.04.01 Over-emphasis of gaseous emissions from reactor
in Draft EIS

10.04.02 No solution or site exists for disposal of
radioactive waste in Australia

10.04.03 The potential for increases in liquid and solid
wastes has not been adequately addressed

10.04.04 Inadequate information on processes that will be
put in place to minimise the expected increase in
gaseous emissions?

10.04.05 Concern about radioactive gas dispersal

10.04.06 Wants details of a contingency plan for waste
storage on site if contracts for waste fuel
reprocessing have not been signed before project
proceeds

10.04.07 Concern over long-term storage of radioactive 20 Chapter 10 10.3
waste on site

10.04.08 Radioactive waste at Lucas Heights too close to 1 3.8.1,6.8.1 10.3

26

51

4

712

13.4.1

10.5

-

10.5

10.3

10.3

10.3

10.3

6

780

12

8

27

4

Chapter 10

Chapter 10

Chapter 10

10.6.9, Appendix F

Chapter 10

Chapter 10

10.3

10.3

10.3

10.3

10.3

10.3
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Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

community

10.04.09 Concern over capability of wastewater systems on
site

10.04.10 Lack of information on Synroc in Draft EIS

10.04.11 Concern over costs of reprocessing spent fuel

10.04.1 2 NWR will be ready in time to accept RR wastes

10.05 Dual operation of reactors

10.05.01 The impact of dual reactor operation in terms of
waste has not been adequately addressed

10.06 Management of Non-radioactive wastes

10.06.01 Non-radioactive hazardous waste not addressed

10.07 Waste management environmental monitoring
programs

10.07.01 Concern over Waste Management Plan 1995-2000

10.08 Other issues related to waste management

10.08.01 Waste cycle study required

10.08.02 ALARA principles not applied

10.08.03 Waste minimisation principles not applied

10.08.04 ALARA dose objectives conform to NHMRC
recommendations

11 HAZARDS AND RISKS

11.01 Risk Assessment Methodology

11.01.01 Risk assessment analysis and assumptions are
flawed or inadequate

11.01.02 The groundwater contamination migration route
has not been included in the modelling

11.01.03 Criteria and standards used in risk assessment are
inappropriate

11.01.04 External seismic events are not adequately
considered in the Draft EIS

11.01.05 EIS risk assessment methodology concentrates on
reactor, not isotope production

11.01.06 External exposure to swimmers in ocean not
considered in Draft EIS

11.01.07 Sewage/greywater/sludge re-use exposure route
not considered in Draft EIS

11.01.08 The Draft EIS does not consider material transport
in assessing risk to the public

11.01.09 Smoke not mentioned as external event

11.01.10 Transportation accidents dismissed in EIS

16

Chapter 10

10.7

10.8

Chapter 10

10.3

20

5

53

Chapter 10

3.8.3

3.8

10.3

10.3

10.3

10.3

10.3

10.3

5

4

1

1

Chapter 10

Chapter 10

Chapter 10

Chapter 10

10.3

10.3

10.3

10.3

42

5

21

9

2

3

3

2

14

6

Chapter 11

Chapter 11

Chapter 11

8.2.2, 11.4.5

-

-

-

11.4.4

-

11.4.4

11.3

11.3

11.3

11.3

11.3

11.3

11.3

11.3

11.3

11.3
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Replacement Nuclear Research Reactor
Supplement

Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

11.01.11

11.01.12

11.01.13

11.01.14

11.01.15

11.02

11.02.01

Co-ordinated emissions release plan required

Differences between DEIS assumptions and 1998
Siting Safety Assessment not explained

Collective dose assessment radius should be
extended

Radiactive waste dispersal not considered in Risk
assessment in DEIS

Risk assessment methodology is acceptable

Results of Risk Assessment

Collective dose assessment is wrong

2

2

5

6

1

1

—

3.8.1, 6.8.1

-

-

-

Chapter 10, Appendix
F

11.3

11.3

11.3

11.3

11.3

11.3

11.02.02 1.6 km 'safe zone' is incorrect with regard to 2
gaseous emissions

11.02.03 Results of risk assessment are acceptable 3

11.02.04 Results of risk assessment in DEIS are flawed 7

11.03 Transport of Radioactive Materials

11.03.01 The statement that there has never been a release 4
of radioactive material during transport is incorrect

11.03.02 Concern over the transport of radioactive materials 9

11.04 Dual Reactor Operation

11.04.01 The impact of dual reactor operation has not been 3
adequately addressed

11.04.02 Resource commitments for dual reactor operation 5
have not been included

11.05 Emergency Plans

11.05.01 The emergency plans contain no specific reference 28
to radiation events

11.05.02 Local schools have not been considered in the 20
emergency plans

11.05.03 Concern over the poor quality of emergency 65
planning

11.05.04 Emergency plans do not consider an 8 minute 2
meltdown

11.05.05 The Little Forest Burial Ground security is poor 1

11.05.06 The DEIS adequately addresses emergency plans 1
and procedures

11.07 Other Issues related to hazards and risks

11.07.01 General concern over 5 previous fatal research 50
reactor accidents in the world

11.07.02 Concern over previous incidents at ANSTO not 712
being considered in Draft EIS

11.07.03 ANSTO duties under OHS Act not detailed in EIS 1

Chapter 11 11.3

11.3

11.3

11.4.4 11.3

11.4.4 11.3

10.7, 15.8 11.3

10.7, 15.8 11.3

11.6 11.3

11.3

11.3

11.9 11.3

13.4.1 11.3

11.9,17.2 11.3

11.3

11.3

18.1, Appendix D 11.3
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Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

11.07.04 Concern over previous 'incidents' being covered 4
up

11.07.05 General concern over security of the site 12

11.07.06 Handling of irradiated materials should be better 1
than HIFAR methods

11.07.07 Operator training not addressed in draft EIS 3

12 FLORA AND FAUNA

12.01 Assessment Methodology

12.01.01 Assessment methodology sound 1

12.02 Background information and assumptions

12.02.01 No background study into vegetation around site 1

12.03 Flora and Fauna Impacts

12.03.01 Flora and fauna impacts negligible 1

12.04 Environmental Management

12.04.01 Need for continuing management and liaison on 1
buffer zone

13 PLANNING AND LAND USE

13.03 Planning and Landuse Impacts

13.03.01 Landuse contamination impacts flawed

1 3.03.02 Planning and landuse impacts have been
adequately considered

13.03.03 Siting of proposed replacement reactor would not
require adjustment to the existing buffer zone

16 SOCIAL AND ECONOMIC IMPACTS

16.01 Assessment Methodology

16.01.01 Methodology needs justification and clarification 1

16.02 Background information and assumptions

16.02.01 Reactor costing inadequate and therefore 1
assessment flawed

16.03 Social and Economic Impacts

16.03.01 Employment data questioned 3

16.03.02 Impacts questioned 2

16.03.03 Proposed replacement reactor is unlikely to cause 1
negative social and economic impacts to the local
community

17 OTHER ENVIRONMENTAL IMPACTS

5.7.8, 7.4.5

11.3

11.3

11.3

11.3

12.1.2

Chapter 12

13.3, 13.6

12.3

12.3

12.3

12.3, 13.3

2

1

1

Chapter 1 3

13.2.4, 13.3
13.5

5.3.3, 13.3,

.1 , 13.3.2,

13.6

13.3

13.3

13.3

Chapter 16 16.3

4.2,4.3,5.9,19.2.1, 16.3
19.3.2, Chapters 20 &
21

16.2,16.3 16.3

Chapter 16 16.3

4.2 16.3
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Supplement

Issue Issue
Number

Number of Where in Draft EIS Where in Supplement
Submissions

17.01 Land contamination

1 7.01.01 Contamination of the Little Forest Burial ground
was not adequately addressed in the Draft EIS

17.02 Bush Fire Hazard

1 7.02.01 Concern that site selection process did not include
bushfire hazard

17.04 Visual and Landscape

1 7.04.01 There will be no discernable visual impact to the
environment

17.05 Cultural Heritage

1 7.05.01 Cultural heritage assessment is adequate

17.06 Construction Impacts

1 7.06.01 Construction impacts and mitigation measures not
adequately addressed

16 13.4.1

1 7 Chapter 1 7

10.3, 17.3

17.3.1

1 17.4.2, 17.4.3, 18.4.3 17.3

17.5 17.3

5.7,8.3.4,9.5.1, 17.3
9.6.1, 12.4, 14.5.1,
17.1.2, 17.1.3, 17.1.4,
17.3.2, 17.3.4, 17.4.3,

18 ENVIRONMENTAL MANAGEMENT

18.01 Existing Environmental Management

18.01.01 Concern that existing monitoring is deficient Chapter 18, Appendix 18.3

18.02 Environmental Management during operation of
the Replacement Research Reactor

18.02.01 General concern over inadequacy of proposed
Environmental management systems

18.02.02 Concern over proposed groundwater monitoring
programs

18.02.03 Concern that environmental management
programs presented in Draft EIS do not reflect
proposed reactor design

18.02.04 Environmental management plans don't allow for
changes when reactor design is finalised

18.02.05 Radiological assessment for sludge and water
reuse required

18.03 Environmental Management During Construction

18.03.01 General concern over inadequacy of EM during
construction

19 DECOMMISSIONING

19.01 Decommissioning of HIFAR Reactor

19.01.01 Inadequate information on decommissioning of
HIFAR

19.01.02 Concern that HIFAR will not be decommissioned
(with respect to dual operation)

2 18.2, 18.3, 18.4 18.3

18.4.2

18.2.1

Chapter 19

Chapter 19

8.3

18.3

18.3

18.3

18.3

19.3

19.3
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Appendix B

Issue
Number

Issue Number of Where in Draft EIS Where in Supplement
Submissions

19.01.03 Concern over HIFAR decommissioning 17 Chapter 19
methodology and timing

19.01.04 Adequate information on possible solutions for 1 Chapter 19
decomissioning of HIFAR

19.02 Decommissioning of Proposed Replacement
Research Reactor

19.02.01 Inadequate information on decommisioning of RR 3 Chapter 19

19.02.02 Adequate information on possible solutions for 1 Chapter 19
decomissioning of replacement reactor

19.03 Management of Decommissioning Wastes

19.03.01 Information required on storage requirements for 1 Chapter 10
fuel elements during decomissioning process

19.04 Other issues related to decommissioning

19.04.01 Options Study on decomissioning should be 1
subject to a separate EIS

20 CUMULATIVE IMPACTS AND ESD

20.01 Cumulative Impact Assessment Methodology

20.01.01 Cumulative impacts not adequately addressed 17 Chapter 20

20.01.02 The Draft EIS should include consideration of 4 Chapter 20
cumulative impacts including that of the NWR

20.02 ESD Principles

20.02.01 ESD principles not applied in Draft EIS 742 Chapter 20

20.03 Other Issues related to Cumulative Impacts and
ESD Principles

20.03.01 Uranium mining and future generations 706 Chapter 20

19.3

19.3

19.3

19.3

19.3

19.3

20.3

20.3

20.3

20.3
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Incidence of leukaemia, lymphoma and all cancer
in Sutherland Shire compared to Warringah Shire

and New South Wales, 1972-1995

Summary

The objectives of the study were to examine differences and time trends in incidence of
leukaemia, lymphoma and all cancer in the population of Sutherland Shire compared to the
populations of Warringah Shire and New South Wales as a whole over 1972-1995, for each
sex. The periods 1972-79, 1980-84, 1985-90, and 1991-95 were used in the study.

The study was based on cancer data obtained from the NSW Cancer Registry, which is a
quality population-based database, and census-derived populations. Direct and indirect age
standardised rates and ratios were calculated. Statistical confidence intervals were calculated
using appropriate methods when small numbers were involved.

No substantial and significant differences in the incidence of leukaemia, Hodgkins lymphoma
or all cancers in the population of Sutherland shire compared to Warringah shire or all NSW
were found. For non-Hodgkins lymphoma in males, for the entire period 1972-95, the
incidence in Sutherland was not significantly higher than in Warringah, but was significantly
higher than for all NSW. Increases in incidence of non-Hodgkins lymphoma have occurred
in many countries, and are mostly unexplained. AIDS may lead to non-Hodgkins lymphoma,
and increased incidence in young and middle aged men in some parts of is likely to be a
consequence of this epidemic. The effects of chemical and ultraviolet light exposure have
been proposed as factors for consideration. For other periods in males, and in women, no
significant differences in the incidence of non-Hodgkins lymphoma between Sutherland,
Warringah and all NSW were found.
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INCIDENCE OF LEUKAEMIA, LYMPHOMA AND ALL CANCER
IN SUTHERLAND SHIRE COMPARED TO WARRINGAH SHIRE

AND NEW SOUTH WALES, 1972-1995

1. OBJECTIVES

The objectives of the study were to examine differences and time trends in incidence of
leukaemia, lymphoma and all cancer in the population of Sutherland Shire compared to the
populations of Warringah Shire and New South Wales as a whole over the period 1972-1995
for each sex.

2. METHODS

2.1. Study type

This study is a differential and secular study of the incidence (new cases) of leukaemia,
lymphoma (Hodgkins and non-Hodgkins), and all cancer, in the local government areas of
Sutherland and Warringah, and all NSW, for the periods 1972-79, 1980-84, 1985-90, and
1991-95 by sex. Warringah was chosen as a municipality roughly comparable with
Sutherland from a socio-economic and geographic stand point [Taylor et al. 1993; Smith et
al. 1996]. The periods employed are those of the previous report [Taylor et al. 1993], with
an additional 5 years data. The present report includes analysis all cancer incidence, as well
as incidence of leukaemia and lymphoma.

The study is designed to examine whether cancer incidence in Sutherland shire is higher (or
lower), or shows different time trends, compared to Warringah shire or all NSW.

2.2. Data

Cancer incidence

The NSW Central Cancer Registry was established in 1971 as a population-based registry,
and began data collection in January 1972. Notification of malignant neoplasms has been a
statutory requirement for all NSW public and private hospitals, radiotherapy departments and
nursing homes since 1972, and for pathology and outpatients departments since 1985 [Coates,
Armstrong 1997].
Common measures of quality such as the 'death certificate only rate' (proportion of cancers
only reported on death certificate) and the 'mortality to incidence ratio' do not suggest
significant under-enumeration. Furthermore, data from the NSW cancer registry are accepted
by the International Agency for Research on Cancer (IARC) for publication in the
quinquennial report Cancer Incidence in Five Continents [Parkin et al. 1992]. IARC requires
that certain quality criteria are met before cancer incidence data are considered suitable for
inclusion in this publication.

Cancer was coded by site (ICD9) and histology (SNOMED) at the NSW Central Cancer



Registry during the period of the study according to internationally accepted protocols.
Cancers considered in this report are: leukaemia (ICD9 204-208); Hodgkins lymphoma
(ICD9 201); non-Hodgkins lymphoma (ICD9 200, 202); and all cancer (ICD9 140-208),
excluding non-melanotic skin cancer (ICD9 173)

Cases were geo-coded by a computer program to local government area (LGA) of residence
at diagnosis using postcodes and locality, and exact street address if necessary.

Populations

Population denominators by age group, sex, period and geographic area for the construction
of incidence rates were obtained from data supplied by the Australian Bureau of Statistics
(ABS) and are derived from the quinquennial censuses from 1971 to 1996.

2.3. Analysis

Age standardisation

In order to summarise incidence rates across age groups, and to avoid confounding by age
distributions between populations, direct and indirect age standardisation was employed
[Armitage, Berry 1994]. The standard for the direct standardisation was the 1986 NSW
census population (both sexes combined), and the standards for the indirect standardisation
were the age, sex and period specific NSW incidence rates [Coates, Armstrong 1997]. Age
standardised incidence rates and ratios were produced by cancer type, sex, period and
geographic area for all ages; and similar statistics were also produced for childhood
leukaemia (0-14 years). Indirect age standardised incidence ratios were also calculated for
the entire period 1972-95.

Statistical confidence intervals

Although derived from a near total enumeration, these data can be considered as samples in
time, and so it is usual to estimate sampling variability so that unwarranted conclusions are
not made on the basis of small numbers of cases.

Statistical confidence intervals (CIs) were calculated for period-specific indirect standardised
ratios using the exact binomial distribution [Coates, Armstrong 1997]. For all periods
combined, the normal approximation of the binomial [Armitage, Berry 1994] was employed,
except if cases were below 100, when Poisson tables [Ciba-Geigy 1982] were used to obtain
95% CIs. An adaption of the weighted Poisson method proposed by Dobson et al. [1991]
was used to obtain 95% CIs for the directly standardised rates [Coates, Armstrong 1997].
Exact binomial and Poisson methods provide more accurate information on statistical
variation than the normal approximation of the binomial when the number of cases is small.

The conventional level of p<0.05 or 95% (1 in 20) was used as the cutoff level for statistical
significance, and parameters (rates, ratios) were considered statistically significantly different
if their 95% confidence intervals did not overlap.



3. RESULTS

3.1. Leukaemia (all ages)

There are no obvious or statistically significant trends or differentials in incidence of
leukaemia between the populations examined, except for generally higher incidence in males
compared to females (Tables 1, 6; Figures 1,2, 11, 12).

3.2. Childhood leukaemia

There are no obvious or statistically significant trends or differentials in incidence of
childhood leukaemia between the populations examined (Tables 2, 6; Figures 3, 4, 11, 12).

3.3. Hodgkins lymphoma

There is a decline over time in the incidence of Hodgkins lymphoma in males in NSW.
There are no obvious or statistically significant differentials in incidence of childhood
leukaemia between the populations examined (Tables 3, 6; Figures 5, 6, 11, 12).

3.4. Non-Hodgkins lymphoma

There are increases over time in the incidence of non-Hodgkins lymphoma in both males and
females in NSW, with similar increases in Sutherland and Warringah (Table 4; Figures 7, 8).
Incidence of non-Hodgkins cancer is higher in males than females (Table 4; Figures 7, 8).

The SIR of 117 (105-130) for 1972-95 for Sutherland males is statistically significantly
higher than for all NSW men (100); Warringah males have a rate of 112 (100-124) which is
almost statistically significant - using 95% CIs (Table 6; Figures 11, 12).

3.5. AH cancers

There are increases over time in the incidence of all cancers in both males and females in
NSW, with similar increases in Sutherland and Warringah (Table 5; Figures 9,10).
Incidence of all cancers is higher in males than females (Table 5; Figures 9,10).

The SIRs for 1972-79 of 106 (101-111) for Sutherland males and 107 (102-112) for
Warringah males are statistically significantly higher than for all NSW men (100) (Table 5;
Figures 9,10). The SIR for 1972-95 of 103 (101-105) for Warringah females is statistically
significantly higher than for all NSW women (100) (Table 6; Figures 11, 12).



4. DISCUSSION

4.1. Methods

This study employed standard epidemiological and statistical techniques to examine
incidence of leukaemia, lymphoma and all cancer in the resident populations of Sutherland
and Warringah shires, and NSW, over 1972-95, based on quality population-based cancer
registration and census data. Care was taken to use appropriate statistical methods for
calculation of confidence intervals based on small numbers.

While small area cancer data may provide some information on possible effects of exposure
of residents to environmental factors in their area, these analyses do not allow for duration of
residence in the area, time spent out of the area (at work, for example), or possible variation
of exposure to the factor(s) within the area.

4.2. Results

Well described differences in cancer incidence between males and females are evident in this
study, as are previously documented changes in incidence over time [McCredie et al. 1992;
Coates, Armstrong 1997; Coates et al. 1993; McCredie et al. 1992].

For non-Hodgkins lymphoma the SIR of 117 (105-130) for 1972-95 for Sutherland males is
statistically significantly higher than for all NSW men (100). The SIR for Sutherland females
for the same period of 111 (97-124) was raised to a lesser extent than for males, and not
statistically significant. Warringah males have a SIR of 112 (100-124) for 1972-95 which is
almost statistically significant, and a slightly lower non-significant SIR of 110 (98-123) is
evident in Warringah females.

The differences between the directly age standardised incidence rates (ASIRs) for non-
Hodgkins lymphoma for Sutherland, Warringah and all NSW males, for the most recent
period (1991-95), and previous periods, are not statistically significant. The increases over
time in the incidence of non-Hodgkins lymphoma in males appears similar in Sutherland,
Warringah and NSW.

Thus while there is evidence that the incidence of non-Hodgkins lymphoma is higher in
males in Sutherland shire than NSW, the differences with Warringah are less, and not
statistically significant, and there are no similar findings for females.

Increases in incidence of non-Hodgkins lymphoma have occurred in many countries, and are
mostly unexplained [Hjalgrim et al. 1996; Vineis 1996]. Changes in classification of cases
which formerly may have been diagnosed as Hodgkins disease probably plays a minor role.
AIDS may lead to non-Hodgkins lymphoma [Pedersen et al. 1995], and increased incidence
in young and middle aged men in some parts of Sydney [McCredie et al. 1992] is likely to be
a consequence of this epidemic. The effects of chemical and ultraviolet light exposure have
been proposed as factors for consideration [Vineis 1996].

The slightly higher and statistically significant SIRs for all cancers for some area/sex groups



are of little consequence since the magnitude of the increases are small and the statistical
significance is produced by the large numbers of cases included in calculations for all
cancers. For the whole period (1972-95), and the most recent period (1991-95), SIRs in
Sutherland are not statistically significantly elevated.

4.3. Conclusion

No substantial and significant differences in the incidence of leukaemia, Hodgkins lymphoma
or all cancers in the population of Sutherland shire compared to Warringah shire or all NSW
were found. For non-Hodgkins lymphoma in males, for the entire period 1972-95, the
incidence in Sutherland was not significantly higher than in Warringah, but was significantly
higher than for all NSW. Increases in incidence of non-Hodgkins lymphoma have occurred
in many countries, and are mostly unexplained. AIDS may lead to non-Hodgkins lymphoma,
and increased incidence in young and middle aged men in some parts of is likely to be a
consequence of this epidemic. The effects of chemical and ultraviolet light exposure have
been proposed as factors for consideration. For other periods in males, and in women, no
significant differences in the incidence of non-Hodgkins lymphoma between Sutherland,
Warringah and all NSW were found.
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Table 1: Incidence of leukaemia (ICD9 204-208) in Sutherland, Warringah and New South Wales, 1972-1995 (all ages)

Area / sex 1972-79

Cases SIR ASIR

1980-84

Cases SIR ASIR

1985-90

Cases SIR ASIR

1991-95

Cases SIR ASIR

Sutherland

Males

Females

55

40

104
(78-135)

98
(70-134)

12.0
(8.7-16.0)

6.8
(4.8-9.4)

39

23

88
(63-121)

72
(46-109)

11.8
(8.2-16.5)

5.8
(3.6-8.7)

66

44

110
(85-140)

104
(76-140)

14.2
(10.8-18.2)

7.7
(5.6-10.3)

52

56

90
(67-118)

129
(97-168)

11.4
(8.5-15.1)

10.0
(7.5-13.1)

Warringah

Males

Females

74

45

121
(95-152)

93
(68-125)

13.6
(10.5-17.2)

6.8
(4.9-9.1)

52

38

103
(77-185)

102
(72-140)

14.0
(10.4-18.5)

8.3
(5.8-11.9)

68

34

107
(83-136)

73
(51-102)

13.3
(10.3-17.0)

5.1
(3.5-7.2)

69

45

113
(88-143)

94
(69-126)

14.5
(11.3-18.4)

7.9
(5.6-10.7)

New South Wales

Males

Females

1852

1396

100
(95-105)

100
(95-105)

11.3
(10.8-11.9)

7.0
(6.6-7.4)

1517

1096

100
(95-105)

100
(94-106)

13.6
(12.9-14.4)

7.8
(7.4-8.3)

1933

1390

100
(96-105)

100
(95-105)

12.7
(12.1-13.2)

7.4
(7.0-7.8)

1883

1412

100
(96-105)

100
(95-105)

12.9
(12.3-13.5)

7.8
(7.4-8.3)

ICD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

ASIR: Age Standardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

() 95% confidence intervals



Table 2: Incidence of childhood leukaemia (ICD9 204-208) in Sutherland, Warringah and New South Wales, 1972-1995 (ages 0-14 years)

Area /sex 1972-79

Cases SIR ASIR

1980-84

Cases SIR ASIR

1985-90

Cases SIR ASIR

1991-95

Cases SIR ASIR

Sutherland

Males

Females

7

7

83
(33-170)

90
(36-185)

3.8
(1.5-7.8)

3.9
(1.5-7.9)

5

3

82
(27-191)

67
(14-197)

4.9
(1.6-11.4)

2.9
(0.6-8.4)

11

2

162
(81-290)

36
(4-131)

8.4
(4.2-15.0)

1.6
(0.2-5.9)

6

9

119
(44-259)

207
(95-393)

5.7
(2.1-12.4)

8.7
(4.0-16.5)

Warringah

Males

Females

11

9

124
(62-221)

112
(51-213)

5.8
(2.9-10.4)

4.9
(2.3-9.4)

7

7

122
(49-251)

166
(67-341)

6.9
(2.7-14.2)

7.4
(2.9-15.2)

5

1

87
(28-202)

21
(1-118)

4.6
(1.5-10.8)

0.9
(0.0-5.1)

4

5

101
(28-259)

148
(48-345)

4.6
(1.3-11.8)

6.1
(2.0-14.2)

New South Wales

Males

Females

244

221

100
(88-113)

100
(87-114)

4.6
(4.0-5.2)

4.3
(3.8-5.0)

185

134

100
(86-115)

100
(84-118)

5.8
(5.0-6.7)

4.3
(3.6-5.1)

204

166

100
(87-15)

100
(85-116)

5.2
(4.5-6.0)

4.5
(3.8-5.2)

156

133

100
(85-117)

100
(84-119)

4.6
(3.9-5.4)

4.2
(3.5-4.9)

ICD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

ASIR: Age Standardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

( ) 95% confidence intervals



Table 3: Incidence of Hodgkins lymphoma (ICD9 201) in Sutherland, Warringah and New South Wales, 1972-1995 (all ages)

Area / sex 1972-79

Cases SIR ASIR

1980-84

Cases SIR ASIR

1985-90

Cases SIR ASIR

1991-95

Cases SIR ASIR

Sutherland

Males

Females

14

18

80
(44-135)

148
(88-234)

2.2
(1.2-3.7)

3.1
(1.8-5.0)

10

12

95
(45-174)

164
(85-286)

2.2
(1.1-4.1)

2.8
(1.5-4.9)

17

10

128
(75-205)

112
(54-207)

3.1
(1.8-4.9)

1.9
(0.9-3.4)

11

6

108
(54-193)

68
(25-148)

2.1
(1.0-3.8)

1.2
(0.5-2.7)

Warringah

Males

Females

26

12

137
(90-201)

87
(45-152)

4.6
(3.0-6.8)

1.7
(0.9-3.0)

10

9

90
(43-166)

113
(52-214)

2.2
(1.1-4.1)

1.9
(0.9-3.7)

15

10

112
(63-185)

108
(52-199)

2.8
(1.5-4.6)

1.9
(0.9-3.4)

9

9

92
(42-175)

104
(48-198)

2.0
(0.9-3.7)

2.2
(1.0-4.2)

New South Wales

Males

Females

558

397

100
(92-109)

100
(90-110)

3.1
(2.8-3.3)

2.1
(1.9-2.3)

329

236

100
(89-111)

100
(88-114)

2.6
(2.3-2.9)

1.8
(1.5-2.0)

409

283

100
(91-110)

100
(89-112)

2.5
(2.2-2.7)

1.6
(1.4-1.8)

311

275

100
(89-112)

100
(89-113)

2.1
(1.9-2.3)

1.8
(1.6-2.0)

ICD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

ASIR: Age Standardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

() 95% confidence intervals



Table 4: Incidence of non-Hodgkins lymphoma (ICD9 200, 202) in Sutherland, Warringah and New South Wales, 1972-1995 (all ages)

Area / sex 1972-79

Cases SIR ASIR

1980-84

Cases SIR ASIR

1985-90

Cases SIR ASIR

1991-95

Cases SIR ASIR

Sutherland

Males

Females

54

43

112
(84-146)

105
(76-141)

10.7
(7.8-14.3)

7.9
(5.7-10.7)

57

38

131
(99-170)

99
(70-136)

17.0
(12.5-22.4)

9.5
(6.7-13.0)

82

75

107
(85-133)

124
(98-156)

16.9
(13.3-21.1)

13.1
(10.3-16.4)

104

74

122
(99-147)

109
(86-137)

22.4
(18.2-27.3)

13.3
(10.4-16.8)

Warringah

Males

Females

68

62

125
(97-158)

126
(96-161)

12.8
(9.8-16.3)

9.3
(7.1-12.0)

51

49

105
(78-138)

109
(80-144)

13.6
(10.1-18.0)

10.4
(7.7-13.8)

92

60

114
(92-140)

90
(68-115)

17.2
(13.9-21.2)

9.8
(7.5-12.7)

94

89

106
(86-130)

120
(96-148)

19.3
(15.6-23.7)

15.0
(11.9-18.6)

New South Wales

Males

Females

1671

1459

100
(95-105)

100
(95-105)

10.0
(9.5-10.5)

7.5
(7.1-7.9)

1456

1309

100
(95-105)

100
(95-106)

12.6
(12.0-13.3)

9.4
(8.9-10.0)

2422

1968

100
(96-104)

100
(96-105)

15.6
(14.9-16.2)

10.5
(10.1-11.0)

2714

2177

100
(96-104)

100
(96-104)

18.0
(17.4-18.7)

12.1
(11.6-12.7)

ICD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

ASIR: Age Standardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

( ) 95% confidence intervals



Table 5: Incidence of all cancer (ICD9 140-208) in Sutherland, Warringah and New South Wales, 1972-1995 (all ages)

Area / sex 1972-79

Cases SIR ASIR

1980-84

Cases SIR ASIR

1985-90

Cases SIR ASIR

1991-95

Cases SIR ASIR

Sutherland

Males

Females

1567

1476

106
(101-111)

102
(96-107)

360
(341-380)

253
(240-267)

1314

1193

103
(98-109)

103
(98-109)

405
(382-429)

284
(268-301)

1994

1695

101
(96-105)

98
(93-102)

425
(406-444)

286
(273-300)

2176

1794

102
(97-106)

102
(98-107)

481
(461-502)

323
(308-338)

Warringah

Males

Females

1869

1783

107
(102-112)

104
(99-109)

362
(345-379)

259
(245-271)

1529

1376

104
(99-109)

102
(97-108)

404
(383-424)

281
(266-296)

2200

2002

100
(96-105)

103
(99-108)

417
(400-435)

304
(291-318)

2300

1934

100
(96-104)

103
(98-107)

473
(454-493)

324
(310-339)

New South Wales

Males

Females

54189

50023

100
(99-101)

100
(99-101)

337
(334-340)

249
(247-251)

44299

38836

100
(99-101)

100
(99-101)

387
(383-391)

274
(271-277)

65309

55913

100
(99-101)

100
(99-101)

415
(412-419)

294
(291-296)

69910

55454

100
(99-101)

100
(99-101)

472
(468-475)

314
(312-317)

1CD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

ASIR: Age Standardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

() 95% confidence intervals SIRs with 95% CIs which do not include 100 are in bold

+ Excluding non-melanotic skin cancer (ICD9 173)



Table 6: Incidence of leukaemia, Hodgkins lymphoma, non-Hodgkins lymphoma and all cancer in
Sutherland, Warringah and New South Wales, all periods combined 1972-1995 (all ages)

Area / sex Leukaemia
(all ages)

Childhood
leukaemia

(ICD9 204-208)

Cases SIR Cases SIR

Hodgkins
lymphoma
(ICD9 201)

Cases SIR

non-Hodgkins
lymphoma

(ICD9 200, 202)

Cases SIR

All
(ICD9

Cases

cancer
140-208)+

SIR

Sutherland

Males

Females

212

163

99

(85-112)

103

(88-119)

29

21

110

(73-158)

95

(59-145)

52

46

101

(75-133)

124

(91-165)

297

230

117

(105-130)

111

(97-124)

7051

6158

103

(100-105)

101

(98-104)

Warringah

Males

Females

263

162

111

(99-124)

90

(76-105)

27

22

111

(73-161)

108

(68-164)

60

40

113

(86-145)

101

(72-138)

305

260

112

(100-124)

110

(98-123)

7898

7095

102

(100-105)

103

(101-105)

1CD9: International Classification of Diseases version 9

SIR: Standardised Incidence Ratio (indirect age standardisation) using the age, sex and period specific NSW incidence rates as standards

( ) 9 5 % confidence intervals (CIs)

SIRs with 95% CIs which do not include 100 are in bold

+ Excluding non-melanotic skin cancer (ICD9 173)

The directly age standardised rates and 95% CIs (per 100,000) also indicate no statistical difference between Sutherland males 16.7 (14.8-18 9) and Warringah males 15.5 (138-173)



Figure 1. Leukaemia incidence (all ages) in males in Sutherland, W'arringah and NSW 1972-95
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Figure 2. Leukaemia incidence (all ages) in females in Sutherland, Warringah and NSW 1972-95
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Figure 3. Childhood leukaemia (0-14 years) in males in Sutherland, Warringah and NSW 1972-95
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Figure 4. Childhood leukaemia (0-14 years) in females in Sutherland, Warringah and NSW 1972-9S
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Figure 5. Hodgkins lymphoma in males in Sutherland, Warringah and NSW 1972-95
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Figure 6. Hodgkins lymphoma in females in Sutherland, Warringah and NSW 1972-95

6 -

oo
o
o"
o
k_
<D
Q.

0)
o
C id

e
in

ci

T3
(V
(0

t_

05
XI
c
"to
ID

5 -

4 -

3 -

2

A

1972-79 1980-84 1985-90

Period

. . . • - . . Sutherland - - • - - Warringah —

1991-95

-NSW

Age Stzndardised Incidence Rate per 100,000 population (direct age standardisation) using the 1986 census (both sexes) as the standard population

See Table 3 for statistical confidence intervals



Figure 7. Non-Hodgkins lymphoma in males in Sutherland, Warringah and NSW 1972-95
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Figure 8. Non-Hodgkins Ivmphoma in females in Sutherland, Warringah and NSW 1972-95
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Figure 9. All cancer in males in Sutherland, Warringah and NSW 1972-95
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Figure 10. AH cancer in females in Sutherland, Warringah and NSW 1972-95
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Figure 11. Leukaemia, lymphoma and all cancer in males in Sutherland and Warringah 1972-95
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Figure 12. Leukaemia, lymphoma and all cancer in females in Sutherland and Warringah 1972-95
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See Table 6 for all statistical confidence intervals
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1 Introduction

It is often said that waste is an inevitable consequence of human and industrial activity. Although
this dictum may well be true in an absolute sense, the acceptance of waste as "unavoidable" or
"inevitable" is an unfortunate mind-set which is not conducive to constructive solutions to waste
management problems

In recent years, many communities have accepted the notion of sustainable development as a
desirable and achievable goal. Sustainable development is defined as development that meets the
needs of the present without compromising the ability of future generations to meet their own
needs. The primary tenet of sustainable development is that there should be inter-generational
equity, i.e. the current generation should not irretrievably deplete the world's resources or pollute
the environment in a way that damages the health or survival of individual species, now or in the
future.

There are a number of factors that make sustainable development difficult to achieve. First the
world's population is increasing while the land area remains constant. Secondly, developments over
the past few decades have shown that, as living standards have improved, there has been a trend
towards greater waste generation per capita. It has become clear that this trend must be reversed if
sustainable development is to occur in the 21st century.

The strategy of waste minimisation is one step towards sustainable development. Advocates of
waste minimisation have argued that we must abandon preoccupation with "end-of-pipe" solutions
to waste generation in favour on more innovative approaches which emphasis waste avoidance,
waste reduction and recycling rather than treatment and disposal. A hierarchy of desirable/less
desirable waste management strategies has emerged as shown below:

WASTE PREVENTION

WASTE REDUCTION

RECYCLING

TREATMENT

DISPOSAL

Most Desirable

Least Desirable

Figure 1: An Overall Strategy for Waste Minimisation



2. Formal Processes for Waste Minimisation

Waste minimisation initiatives are unlikely to be enduring or ultimately successful unless they are
part of a formal reporting process that is supported by senior management. An ideal formal
framework is an Environmental Management System such as the ISO 14000 series. Although waste
minimisation is not specifically mentioned in ISO 14001, it can be readily incorporated in the
Environmental Performance Evaluation (EPE) required under the ISO standard [3]. Critical to the
EPE process is selection of appropriate environmental performance indicators (EPIs). Examples of
EPIs that could be appropriate to waste minimisation in the nuclear industry are as follows:

• Volume of low level waste produced per year,

• Radioactivity released per month in air or water,

• Percent reduction in water usage on a particular site,

• Quantities of solvents recycled per year,

• Quantities of waste cleared for disposal as non-radioactive waste.

It is strongly recommended that a preliminary review be undertaken before implementation of a
waste minimisation program in order to establish a baseline against which future performance can
be measured.

3. Waste Minimisation and the Nuclear Industry

In many respects, nuclear power is an ideal energy source for sustainable development. However,
waste management and reactor safety issues are seen as two obstacles to its growth. A common
misconception about the nuclear industry is that its waste management problems are intractable and
therefore unsustainable in the long term. It follows, therefore, that the nuclear industry must
embrace all strategies that reduce the volume and hazard of its radioactive wastes.

The IAEA has recognised this need in promulgating the nine principles of radioactive waste
management [1]. Principle 7, which is concerned with control of radioactive waste generation,
states:

"Generation of radioactive waste shall be kept to the minimum practicable."

A similar sentiment has been expressed by the OECD [2] which recommends that the nuclear
industry:

"minimise and manage wastes so as not to pass on burdens to future generations."

Burcl, Laraia and Bonne [4] have recently provided some useful practical advice on waste
minimisation in nuclear facilities, especially in the context of design of facilities for
decommissioning. Their main suggestions can be summarised as follows:

• Choose appropriate construction materials to minimise corrosion and facilitate decontamination,

• Use reliable and up-to-date technology to assure equipment has a long life without replacement,

• Separate active and non-active materials,

2



• Segregate wastes according to their nature and radioactivity,

• Limit the number and size of controlled radioactive areas to prevent material becoming
radioactive waste,

• Establish waste accounting and tracking systems to quantify sources, types and activity levels,

• Modify maintenance and refurbishment procedures to reduce wastes,

• Recover and reuse materials,

• Establish a sorting system to prevent unwanted mixing of wastes,

• Establish a rigorous system for segregation of non-active and active contaminated waste,

• Train staff in waste reduction strategies and techniques.

4. ANSTO's Waste Minimisation Program

The foundation of ANSTO's waste minimisation program is its Waste Management Policy, which
was approved by the ANSTO Board of Directors in July 1995. One of the five objectives of the
policy is: "minimisation of radioactive waste generated and stored." That objective was supported
by three waste minimisation strategies covering the areas of:

1. Waste Reduction at Source

2. Waste Segregation

3. Waste Volume Reduction.

Tables 1 summarises these strategies, the critical factors for their implementation and the actions
foreshadowed. Before these strategies were implemented a preliminary environmental review was
undertaken to determine the cumulative waste inventories at ANSTO and the current rate of
generation. These values became a benchmark against which waste minimisation performance is
measured. One of the recommendations of the preliminary environmental review was establishment
of a Waste Minimisation Working Party with the goal of minimising waste generation through
segregation at source, volume reduction and cleaner production technologies. The Waste
Minimisation Working Party is composed of staff from waste producers, waste management staff,
environmental scientists, site engineers and other interested parties.



TABLE 1: ANSTO's STRATEGIES, CRITICAL FACTORES AND ACTIONS FOR
WASTE MINIMISATION

STRATEGY CRITICAL FACTORS ACTIONS

Waste Reduction at source Selection of plant design,
materials, equipment, process
technology and operating
practices

Segregation of operational
activities, equipment and
materials to minimise
contamination.

Waste Segregation Segregation of wastes at
source into agreed categories

Characterisation and
monitoring of wastes

Review all current waste
generation processes; identify
and quantify secondary waste
streams, and if appropriate,
cost and recommend
alternative strategies.

Modify Safety Advisory
Committee procedures to
address waste minimisation
in the design of new facilities
in operating practices, and in
the renewal of safety
approvals.

Review practices; identify
and cost alternative
arrangements.

Implement re-organisation of
operations according to
priorities.

Implement administrative
controls.

Define the minimum
practicable segregation
categories for liquid and solid
wastes on the basis of
subsequent treatment, storage
and disposal options taking
into account waste origin,
physical and chemical factors
and radionuclide content.

Establish local interim
storage facilities where
required.

Provide coded waste
containers to all areas where
waste is generated.

Procure additional
monitoring and
characterisation instruments
and systems for solid, liquid
and gaseous wastes



TABLE 1: ANSTO'S STRATEGIES, CRITICAL FACTORES AND ACTIONS FOR
WASTE MINIMISATION (continued)

STRATEGIES CRITICAL FACTORS ACTIONS

Waste Volume Reduction

A waste recording and
tracking system from source
to disposal.

Compaction of compressible
LLW wastes.

Review current system,
identify required
improvements

Segregate compressible solid
LLW from other wastes.

Liquid waste treatment

Recycle and reuse

Decay Storage

Segregate streams according
to radionuclide and other
non-radioactive contents.

Review current process
system and cease mixing of
liquid wastes.

Strengthen R&D Programs
on alternative liquid waste
treatments.

Implementation of improved
processes to reduce the
volume of solid wastes
arising from treatment.

Review options for
decontamination and recycle
taking into consideration the
need to minimise secondary
waste arisings.

Interact with regulatory
agencies to secure approval
for discharge of exempt
wastes.



The terms of reference for ANSTO's Waste Minimisation Working Party are as follows:

1. To provide a forum for exchange of information and ideas on waste minimisation issues.

2. To identify opportunities for waste minimisation in the management of ANSTO's
radioactive wastes.

3. To set up specialised working groups to pursue waste minimisation opportunities.

4. Within the agreed budget, to approve expenditure on waste minimisation projects.

5. To recommend expenditure on waste minimisation projects in the context of the annual
budgeting process.

6. To monitor the effectiveness of waste minimisation measures.

7. To promote an awareness of waste minimisation and cleaner production principles amongst
staff.

Although ANSTO's waste minimisation program has only been in full operation for a short time, a
number of initiatives have been undertaken with promising results. These initiatives are briefly
summarised below:

• A system has been introduced to segregate radioactive from non-radioactive solid waste in
ANSTO's radioisotope production areas. Previously, non-radioactive material entering an active
area was not recovered and was ultimately discarded as radioactive waste. The new system has
separate disposal bins for non-radioactive and radioactive wastes. The non-radioactive bins are
checked for radioactivity before being cleared for disposal at a municipal landfill site. This
initiative has reduced the volume of low level waste from radioisotope production areas by a
factor of approximately three.

• Following the success of this measure, a system has been introduced for segregation of short-
lived radioactive waste for "delay and decay" followed by clearance as non-radioactive waste.

• For many years, ANSTO has used uranium and thorium metal blocks to machine shielding
containers for transportation of radioisotopes. The machining of these blocks produces waste
and, over the years, four tonnes of metal turnings and dust has been generated. Uranium and
thorium in a finely divided state are pyrophoric and must be kept under kerosene to prevent
spontaneous combustion. Recently the metal waste was stabilised by calcination. In order to
prevent accumulation of large quantities of such materials in the future, two measures have been
taken. In the first instance, machined uranium metal sleeves are being purchased which require
minimal machining. In the longer term, it is proposed to use heavy metal alloys as a non-
radioactive substitute for uranium and thorium.

• Contaminated equipment stored for many years in transport containers is being progressing
decontaminated. After health physics monitoring, most of the decontaminated items are suitable
for disposal as non-radioactive waste. A plasma torch is being used to cut decontaminated
equipment into a suitable size for disposal. This measure, which will continue over the next
year, results in an 80% reduction in the quantity of radioactive waste.

• Wastewater from all drains in active laboratories is currently combined before treatment by
physicochemical methods (flocculation, centrifugation, drying). Recently a survey was
undertaken of radioactivity levels in wastewater produced from different areas on the site. The
results of the survey confirmed that most of the radioactivity comes from a few areas (mainly
where radioisotopes are processed) and the volume of water requiring treatment can be
significantly reduced by segregation and separate treatment of water from these areas. Because



the volume of waste requiring treatment is greatly reduced, more intensive methods of treatment
(such as reverse osmosis and/or evaporation) can be economically utilised. Furthermore the
recovered water from these processes is suitable for reuse. This strategy will be adopted in
designing new treatment facilities for ANSTO liquid effluents.

• ANSTO produces molybdenum-99 by the fission product route, which involves irradiation of
enriched uranium dioxide pellets. This results in generation of intermediate level liquid and
solid wastes (irradiation cans and contaminated alumina columns). Previously, ammonia
condensate from the process was mixed with the acidic waste. This resulted in formation of
ammonium nitrate, which is an explosion hazard. Following a review of the process, the
ammonia condensate is now collected separately. After decay, this waste can be treated and
discharged. This measure has reduced both the volume and hazard of the remaining intermediate
level waste.

• A more extensive review of molybdenum-99 processing is now in progress. Waste minimisation
and cleaner production principles are being applied in this review with the aim of minimising
the volume and hazard of wastes produced per unit of 99mTc/"Mo delivered to hospitals.

5. Summary and Conclusions

Minimisation of radioactive waste is an important strategy towards sustainable development of the
nuclear industry. Important components of a waste minimisation strategy are waste prevention,
waste reduction and recycling. To be effective, waste minimisation needs to be part of a formal
process of an environmental management system, such as the ISO 14000 series.

Although waste minimisation strategies have only recently been formally adopted by ANSTO, a
number of initiatives have been successful in reducing the volume and hazard of radioactive waste
generated at Lucas Heights.

Sharing of experiences in the effectiveness of waste minimisation initiatives is recommended as a
useful activity under the Nuclear Cooperation in Asia Program.

6. References

[1] IAEA - The Principles of Radioactive Waste Management, Safety Series No. I l l -F,
International Atomic Energy Agency, Vienna, 1994.

[2] OECD/NEA - The Management of Long-Lived Radioactive Waste: The Environmental and
Ethical Basis of Geological Disposal, OECD/Nuclear Energy Agency, Paris, 1995.

[3] Tibor, T. - ISO 14000: A Guide to the New Environmental Management Standards, Irwin
Professional Publishing, Chicago, 1996.

[4] Burcl, R., Laraia, M. and Bonne, A. - Achieving More with Less; Technical Guidance for
Minimizing Radioactive Wastes, IAEA Bulletin, 40/1/1998, Vienna, 1998.



Appendix C

Siting Safety Assessment Submission to the Nuclear Safety Bureau

As part of the preparatory stage of the Replacement Research Reactor Project,
ANSTO has prepared two nuclear regulatory submissions to the Nuclear Safety
Bureau covering the required assessments to assess the suitability of the proposed
reactor site within the Lucas Heights Science and Technology Centre. One of these
Siting Safety Assessment submissions covered the Reference Accident that the draft
EIS discussed in Chapter 11 and Appendix G. This document was provided to the
draft EIS peer reviewers and several other commenters on the EIS such as
Sutherland Shire Council and the NSW Government.

A further submission was made to the Nuclear Safety Bureau on 16 December 1998
entitled "Site Characteristics and Site Related Design Basis". The information in that
submission is required by the Nuclear Safety Bureau's Safety Assessment Principles
and Siting Guideline documents. The submission covered:
• The description of the site characteristics important to safety;
• The derivation of site related design bases important to safety;
• Compliance with regulatory assessment requirements; and
• Commitments to ongoing site evaluation and further work, as required.

As some of the information in the site characteristics submission to the Nuclear
Safety Bureau was suggested by peer reviewers to be included in the EIS
Supplement, the submission is included in its entirety in thie following technical
Appendix. Some of this information also appears in the draft EIS and in the
responses in the Supplement.

The Nuclear Safety Bureau, or after February 1999, the Australian Radiation
Protection and Nuclear Safety Agency will assess this submission, according to their
Safety Assessment Principles, independently of the EIS. However, it should be
noted that the draft ARPANS Regulations 1998 (issued 26/11/98), Schedule 3,
Part 1, requires the following information in any application for the site authorisation
of a controlled facility such as the Replacement Research Reactor:

• A detailed site evaluation establishing the suitability of the site (item 5);
• The characteristics of the site, including the extent to which the site may be

affected by natural and man-made events (item 6); and
• Any environmental impact statement requested or required by a government

agency, and the outcome of the environmental assessment (item7).

The "Reference Accident' and the "Site Characteristics and Site Related Design
Basis" submissions are intended to satisfy items 5 and 6. The draft EIS and present
Supplement, in part, satisfy item 7.
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Site Characteristics and Site Related Design Bases
Submission to the Nuclear Safety Bureau,

Australian Radiation Protection and Nuclear Safety Agency
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Replacement Research Reactor
Site Characteristics and Site Related Design Bases

ANSTO submission to the Nuclear Safety Bureau

1. Purpose and scope
The Lucas Heights Science and Technology Centre has been the site of the reactor HIFAR
since 1956. ANSTO proposes to build a Replacement Reactor for operation by December
2005 and to permanently shutdown HIFAR at that time. The siting, design, construction,
operation and decommissioning of the Replacement Reactor requires an updated
description and assessment of site characteristics that influence the facility's safety and
potential health and safety impacts. This submission addresses those site characteristics.

The Nuclear Safety Bureau's draft regulatory documents Safety Assessment Principles for
Nuclear Facilities (NSB 1998a) and Criteria for Siting Nuclear Facilities (NSB 1998b) provide
the requirements and criteria for assessing whether the site satisfies nuclear safety and
regulatory requirements. Specifically, the design of the nuclear facility is required to take
into account site characteristics which may impact the safety of the facility, including:

• the site's demography, seismology, geology, topography, ecology, hydrology, and
meteorology;

• the effect of nearby facilities and land usage;
• the availability and reliability of offsite services such as electricity, water, transportation,

and communication systems.

ANSTO also recognises International Atomic Energy Agency (IAEA) guidance, such as the
IAEA draft revision (IAEA, 1998) to the existing research reactor code (IAEA, 1992) which
states:
• "The objective of the [siting] assessment is to demonstrate how these site characteristics

will influence the facility design and operating criteria and to show the adequacy of the site
characteristics from a safety viewpoint" (para 508)

• "The severity of external events with a more than negligible probability of occurrence
shall be used to determine the design basis events for important natural phenomena and
man induced events. If the facility with all its safety features cannot withstand these
events without unacceptable risk of public exposure, the site shall be considered
unsuitable" (para 510).

This submission identifies and provides information and any relevant assessments to satisfy
the NSB and IAEA requirements. It includes a screening process to identify those site
related features which are bounding of other features in terms of their effect on the safety of
the Replacement Reactor facility, and which need to be further specified at the detailed
design stage of the Replacement Reactor. The submission includes information on:

• Site characteristics (section 2);
• Site related design bases (section 3); and
• Compliance with regulatory assessment requirements (section 4).

This submission demonstrates compliance in accordance with the requirements of clause
5.7 and criterion 5-11 of the NSB Safety Assessment Principles (NSB,1998a), and the NSB
siting guideline (NSB, 1998b). It also shows compatibility with the requirements of the IAEA
as recommended in their guide to the Safety Analysis Report for research reactors (IAEA,
1994). In preparing this submission, use was made of the IAEA research reactor codes and
guides. These include the SS-35-1 code on safe design (IAEA 1992) and the revision to this
code (IAEA, 1998), the technical document on siting of research reactors (IAEA 1987) and
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the references cited in these document including, where relevant, the power reactor siting
guides in IAEA safety series 50-C-S (eg IAEA 1991; IAEA 1981).

The submission references information available in the HIFAR Safety Document (ANSTO,
1997), and the HIFAR Probabilistic Safety Assessment (PLG, 1998) and some information
from the draft Environmental Impact Statement, hereafter referred to as the DEIS (PPK,
1998a). Sections of the DEIS are cross-referenced to show where this regulatory
submission and the DEIS complement each other.

The complete ANSTO application to the NSB (ARPANSA) for a Facility Licence, Site
Authorisation for the Replacement Research Reactor, will be made once the environmental
assessment process is finished, which is expected in early March 1999. The process
undertaken by ANSTO to date for meeting the nuclear regulatory requirements includes a
reference accident assessment submission of 30 April 1998, revised in July 1998 (ANSTO
1998a). The reference accident assessment is also discussed in the draft EIS Chapter 11
Hazards and Risks, and Appendix G Technical Analysis of the Reference Accident (PPK
1998a). The complete application for a Facility Licence, Site Authorisation is to include:
• the present Site Characteristics and Site Related Design Bases submission, amended as

necessary;

• the August 1998 draft and the January 1999 supplemental Environmental Impact
Statement, taking into account public and peer comment, and the approval of the
Minister for the Environment including any relevant conditions and recommendations;
and

• the Reference Accident submission, July 1998 (further revised if necessary).

2. Site characteristics
This section provides the description of the site characteristics that affect safety
considerations in the design of the Replacement Reactor.

2.1. Geography
The Lucas Heights Science and Technology Centre (LHSTC) is located some 35 km south-
west of the Sydney CBD on the dissected Woronora Plateau at an elevation of about 150 m
AHD. The site is approximately 2 km west of the Woronora River and 8 km south of the
Georges River and is surrounded by bushland extending for several kilometres with no
significant habitation in the north-west, west and south-west quadrants. The laboratories of
ANSTO and some Divisions of the CSIRO, the operational HIFAR and shut-down MOATA
research reactors are located within a 70 ha fenced area which is surrounded by a 1.6 km
radius buffer zone centred on HIFAR. No permanent residential development is permitted
within the ANSTO buffer zone. The residential suburbs of Barden Ridge and Engadine are
located in the north-east to south-east sectors adjacent to the ANSTO buffer zone boundary
while the growing suburban area of Menai is located some 3 km further to the north-east.
The following maps of the LHSTC site and surrounding areas show the current land use
characteristics:

Figure 2.1-1 Land Use Characteristics;
Figure 2.1-2 Generalised Zonings near the LHSTC site;
Figure 2.1 -3 Land Use Within and Adjoining the Buffer Zone;
Figure 2.1-4 Possible Layout of the Site for the Proposed Replacement Research Reactor

All the area inside the ANSTO buffer zone, including a small extension around the Little
Forest radioactive waste burial ground (LFBG), is held by the Commonwealth or its agencies
except for a small section on the eastern side of the Woronora River which is Crown land.

Under the Sutherland Local Environment Plan (Sutherland Shire Council,1993), land within
the ANSTO buffer zone is currently zoned 5(a) - Special Uses (Military) for that portion
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Figure 2.1 - 1 : Nearby Land Use Characteristics



Figure 2.1 -2: Generalised Zonings Near the LHSTC Site



Figure 2.1 -3: Land Uses Within and Adjoining the Buffer Zone



Figure 2.1 -4 Possible Layout of the Site for the Proposed Replacement Research
Reactor
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outside the fenced laboratories area and 5(a) - Special Uses (Research and Technology) for
the fenced laboratories area. However, the zoning classification of that part of the ANSTO
buffer zone currently leased out as part of a municipal waste depot is being reviewed by the
Sutherland Shire Council and the Council proposes to rezone it and adjacent private land to
reflect its use as a waste management and possible future use for recreational purposes.

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. There are no Native Title claims on land
controlled by ANSTO.

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

• 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.

Energy Developments Limited (EDL) has entered into an agreement with Waste Service
NSW to extract landfill gas (a mixture of methane and carbon dioxide) from the fill areas of
the Waste Management Centre and convert the gas into electrical energy which will be fed
into the local electricity grid via the substation located at LHSTC.

The ANSTO Business and Technology (BAT) Park, covering an area of about 20 ha, is
located on the northern side of the main laboratories area in Lots 4 and 6 DP 23333. Tetley
Manufacturing Pty Ltd leases a purpose built building in the BAT Park for the manufacture of
the Technegas generator used in the diagnosis of lung disorders. Currently three other
private companies, ATA Scientific, Bilyara and Whitesmith Australia Pty. Ltd, lease space in
the BAT Park's central building, the Woods Centre.

ANSTO leases about 11 ha of land near the intersection of Little Forest and New Illawarra
Roads to the Sutherland Police Community and Youth Club for use as an off-road mini-bike
training track. The track is used by the club on Sundays. Another area of about 1 ha
located in bushland to the east of the main laboratories area is leased to the United Pistol
Club. The two pistol ranges at the club are used by about 30 members on the weekends,
although some ANSTO and APS club members also use the facility during weekday
lunchtimes.

Land immediately to the north of the ANSTO buffer zone is mainly State crown or Defence
Department land. Parts of the crown land area have been proposed for residential
development by the NSW Department of Planning as part of the West Menai urban release
and are currently zoned 1b - Rural (Future Urban) under the Sutherland Local Environmental
Plan (1993).
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Very little mixed farming is undertaken in the vicinity of the LHSTC, but there are a number
of poultry farms, mostly of the battery type. The nearest dairy farms are located at Glenfield,
some 15 km north-west of the LHSTC site. One is privately owned and produces
approximately 1.3 x 105 litres of milk annually; the other is the Veterinary Research Station
of the NSW Department of Agriculture with an annual output of 1 x 105 litres. Small
quantities of milk are produced from goats located in the Menai vicinity about 7 km north of
the site. Further information on food production and consumption, of relevance to
radiological consequence modelling, is given in the DEIS Appendix G, section 4.4 and
Annex 2. This information would be reviewed and updated as necessary for the Preliminary
Safety Analysis Report.

2.2. Demography

2.2.1 Present and projected population around the LHSTC
The present population data and its geographic distribution beyond 1.6 km from HIFAR is
presented in Table 2.2-1 and graphically in Figure 2.2-1, for the population to 25 km, and
enlarged in Figure 2.2-2 for the population to 4.8 km. These distributions are based on the
Australian Bureau of Statistics 1996 Census data, with the analyses and results prepared by
consultants The Alcon Group (Domel, 1998; TAG, 1998). The Alcon Group (TAG) has
grouped the population into 16 sectors of 22.5° arc and 6 radial zones out to 25 km. The
TAG methodology was to assign Census Collection Districts (CCDs) to zones on the basis of
population centroids. This presents an accurate location of the population as it takes
account of extensive non-urban areas such as bushland, river escarpments, and water
bodies. Small overlaps of zone boundaries should tend to balance out, but where the
centroid is very close to the boundary and the overlap is large, distortion of the population
distribution can be significant. This is particularly the case of the B/C annuli boundary and in
the B3, B4 and B5 zones with the TAG methodology resulting in significant displacement of
population into the C annulus. This displacement has been corrected for in Table 2.2-1
(McDonald, 1998).

Table 2.2-

(from Domel

1: 1996 Census Population from 1.6 km to 25 km

1998; with adjustments to A, B & C zones by McDonald, 1998)

Zone

Sector

1
2

3
4

5
6

7

8
9
10
11

12

13
14
15

16

ZoneTotal

A
1.6-3.2 km

3757

3250

1274

0

55

8336

B
3.2-4.8 km

1699

4370

2757

4651

3213

3824

1378

21892

c
4.8-10 km

2432

11131

21993

27713

16262

1450

775

446

1121

3877

477

87677

D
10-15 km

23768

60240

66380

37996

42648

501

135

2328

340
274

6741

30820

27800

22020

34520

356511

E
15-20 km

70087

104192

133805

31608

16726

1985

4805

363

28716

22200

10,013

13940

105924

544364

F
20-25 km

99879

103600

156896

14,397

859

885

1326

748

12085

2492

5462

74921

473550

SectorTotal
196166

280862

383444

114471

84903

8949

6683

2153

8464

340
2018

36205

65105

41426

45299

215842

1492330
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Previously the HIFAR Safety Document (ANSTO, 1997) assigned CCDs to the zones in
which the geographic centroid was located with the whole population allocated to that zone.
Also, the draft EIS (PPK, 1998a) assigned CCD's zones on the basis of the geographic
centroid, with the assumption that population distribution in the CCD was uniform. However
the population of CCDs cut by zone boundaries was distributed to the respective zones in
proportion to the area of the CCD occupying each zone. A manual check was made that the
assigned area contained urban development; if not, no population was attributed to that
zone. Superficially, this provides an accurate identification of population within a sector or
distance annulus where the assumption of uniform population is justified. This is not always
the case where the CCD's are large and/or contain significant areas of non-residential
development. Future population assessments will be based on the population centroid
approach used by TAG (Domel, 1998; TAG, 1998) and suitably adjusted for nearby zones as
required.

The draft EIS, Appendix G produced population projections for 2006 and 2016 based on
NSW Department of Urban Affairs and Planning 1995 annual growth rate figures (PPK,
1998a). The annual average growth rate projection figures for the Sutherland local
government area are 0.36% for the period 1996 -2006 and 0.49% for 2006 -2016. However,
urban development in the Menai area has progressed rapidly in the last few years including
the establishment of a shopping mall at Menai Town Centre about 4 kilometres from the
LHSTC site. The average figures for Sutherland are therefore not particularly representative
of areas closer to the LHSTC site. As a result, specific population projections based on the
1996 Census have not been prepared for this submission. In future, the actual populations
from the 2001 scheduled Census will be presented in the Safety Analysis Reports for the
Replacement Research Reactor with detailed local area growth projections based on the
population centroid methodology of TAG (Domel, 1998).

2.2.2 LHSTC site population
The typical population at the LHSTC site from Mondays to Fridays during normal working
hours comprises the following:

Table 2.2-2: LHSTC site population

Organisation

ANSTO

Commonwealth Scientific and Industrial Research Organisation (CSIRO)
Australian Protective Services (APS)
The Australian Institute of Nuclear Science and Enqineering (AINSE)
Advanced Food Systems (AFS)
AINSE grant recipients accessing ANSTO facilities (maximum at any one time)
Students (Nov - Feb each year)
ANSTO Business and Technology Park
ANSTO Training courses of 1 day to 3 weeks duration; maximum number
Site visitors, contractors, sales, service personnel (nominal figure)

TOTAL maximum number

Number of
people

780

95
24

6
6

200
30
65
50
20

1276

On Mondays to Fridays outside normal working hours there is a minimum of 15 ANSTO staff
at the LHSTC including ARI staff involved in radioisotope production and ANSTO Staff
operating HIFAR. Up to a further 50 staff may be working into the evening and there are 10
contract cleaners present from 5 to 11:30 pm. In addition up to 5 Australian Protective
Services personnel, including the Site Alarm Monitor, are always present. Persons in
residence at Stevens Hall, including the Manager, family members, motel guests (members
of the public) and AFS staff may comprise a maximum of 55 and an average of about 20.
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Figure 2.2-1 Population Distribution 1.6 to 25 km



Figure 2.2-2 Population distribution to 4.8 km
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2.3. Meteorology
This Section describes the meteorological data recorded at the LHSTC meteorology
laboratory (Building 44). This data is used to model atmospheric transport and dispersion of
airborne releases of radioactive materials in the surface layer of the atmosphere. The 1975
to 1983 wind speed and direction data were recorded as continuous analogue traces on
charts and digitised for analysis. A description of the meteorological instrumentation, the
calibration and digitisation methods is given in Clark (1986).

2.3.1 Winds
Frequencies of surface wind speeds and directions have been summarised by time of day
and season in Clark (1985). In summary, during summer daytime sea breezes predominate
from the north-east to east-north-east and south-east to south-south-east sectors. Autumn
and spring represent transition seasons between summer and winter with sea breezes
observed later and nocturnal winds indicative of regional drainage of cool air from the west-
south-west to south-south-west sectors. In winter, winds from the west-south-west to south
sectors predominate at night with the distribution extending through west to the north-north-
west sector in the daytime. Table 2.3-1 shows the average statistics for all seasons
combined as a function of time of day and Table 2.3-2 shows the average statistics for all
times combined as a function of season at 7m on the Lucas Heights meteorological tower.

Table 2.3-1: Frequency of Occurrence of 7 m Wind Directions, Average Wind
Speeds, Horizontal and Vertical Diffusion Parameters v. Time of Day -
All Seasons Combined

TIME (EST)
0000-0030

0300-0600

0600-0900

0900-1200

1200-1500

1500-1800

1800-2100

STATS.
PROB(%)
UBAR
SYAV.
S2AV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)

UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

N
4.0
1.3
E
E

4.2
1.3
E
E

4.4
2.1
D
C

6.1
3.0
C
B

3.9
3.1
C
C

2.4

2.3
D
D

3.3
1.8
E
E

NNE
3.2
1.3
E
E

2.7
1.4

E
E

3.7
2.0
D
C

6.6
2.8
B
B

4.8
3.0
C
C

4.1

2.8
D
C

7.8
2.1
D
D

NE
2.7
1.3
E
E

1.9
1.4
E
E

1.9
1.8
D
C

4.4
2.6
B
B

8.3
3.3
C
B

10.6

3.1
C
C

10.4
2.1
D
D

ENE
1.5
1.3
E
E

1.0
1.4

E
E

1.3
1.8
D
C

3.4
2.4
B
8

9.6
3.1
C
B

13.0

3.0
C
B

7.0
2.0
D
D

E
1.5
1.5
E
D

1.1
1.4

E
D

1.5
1.8
C
C

2.8
2.3
B
B

5.2
2.8
B
B

6.5

2.5
C
B

4.3
1.7
D
D

ESE
2.0
1.8
D
E

1.6
1.9
D
E

1.7
2.1
C
C

3.3
2.6
B
B

6.0
2.9
B
B

6.3

2.6
C
C

4.8
1.7
D
D

SE
4.7
2.0
D
E

3.7
2.0
D
E

3.8
2.3
C
C

5.7
2.9
B
B

8.9
3.2
B
B

10.8

2.8
C
C

9.7
2.1
D
D

SSE
10.2
1.8
E
E

9.7
1.9
E
E

8.4
2.3
D
D

9.1
3.3
C
B

10.5
3.6
C
B

11.2
3.3
.5
C
C

12.7
2.2
D
E

S
18.0
1.9
E
E

17.8
1.9
E
E

14.5
2.2
D
D

9.3
3.5
C
C

7.6
4.0
C
C

9.5

3.6
C
D

12.3
2.5
D
E

ssw
12.9
1.8
E
E

13.9
1.8
E
F

10.6
2.2
D
D

4.7
3.7

c
c

3.2
3.9
C
C

3.6

3.4
C
D

6.1
2.5
D
E

SW
12.2
2.2
D
E

13.6
2.2
D
E

11.8
2.5
D
D

5.9
3.8
C
B

4.4
4.0
B
C

3.6

3.6
C
D

5.8
2.7
D
E

wsw
8.6
2.0
D
E

9.4
2.0
D
F

9.8
2.4
D
D

7.8
3.6
C
B

6.2
4.0
C
C

5.4

3.8
C
D

5.3
2.7
D
E

W
5.3
1.8
D
E

6.5
1.7
D
E

7.5
2.1
D
D

7.0
3.2
C
B

5.0
3.6
B
C

4.1

3.5
C
D

4.0
2.5
D
E

WNW
3.8
1.4
E
E

4.3
1.4
E
E

5.4
1.8
D
D

6.1
2.6
B
B

4.2
3.1
B
B

2.4

2.9
C
D

2.1
2.1
D
E

NW
4.4
1.4
E
E

4.1
1.4
E
E

6.3
1.8
D
C

8.0
2.5
B
B

5.3
2.8
B
B

2.8

2.7
C
D

2.1
2.1
D
E

NNW
5.1
1.5
E
E

4.5
1.3
E
E

7.2
1.9
D
C

9.7
2.8
B
B

6.8
2.9
C
C

3.7

2.1
D
D

2.5
2.0
D
E
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TIME (EST)

2100-2400

STATS.

PROB(%)
UBAR
SYAV.
SZAV.

N

6.0
1.4
E
E

NNE

6.3
1.5
E
E

NE

4.4
1.6
E
E

ENE

2.6
1.3
E
E

E

2.2
1.5
E
E

ESE

2.6
1.6
D
E

SE

6.6
1.9
D
D

SSE

11.0
1.9
E
E

S

15.2
2.0
E
E

ssw

10.3
2.1
E
E

SW

9.8
2.3
D
E

wsw

7.0
2.3
D
E

W

4.6
2.0
D
E

WNW

2.8
1.6
D
E

NW

3.4
1.4
E
E

NNW

5.1
1.5
E
E

Notes: - Beginning date: 300775; End date: 10583
PROB(%) is the frequency of occurrence of a wind direction in the time period.
UBAR is the average wind speed in m s"1.
SY AV. is the average Pasquill stability category based on the Turbulence Method.
SZ AV. Pasquill stability category based on the USNRC Temperature Gradient Criteria,
from Table A5 in Clark, 1985.

Table 2.3-2: Frequency of Occurrence Of 7 m Wind Directions, Average Wind
Speeds, Horizontal and Vertical Diffusion Parameters v. Time of Day -
All Times Combined

SEASON
SUMMER

AUTUMN

WINTER

SPRING

COMBINED

STATS.
PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

N
5.4
1.9
D
D

3.6
1.9
D
D

3.1
2.3
D
D

4.8
2.2
D
D

4.3
2.1
D
D

NNE
7.6
2.3
D
C

4.2
1.7
D
D

2.0
1.8
D
D

5.6
2.4
D
D

4.9
2.2
D
D

NE
9.1
2.7
C
C

5.3
2.0
D
D

1.4
1.6
D
D

6.2
2.6
C
C

5.6
2.5
C
C

ENE
8.0
2.7
C
C

4.2
2.3
C
C

1.4
1.7
D
D

5.8
2.6
C
C

4.9
2.5
C
C

E
4.9
2.3
C
C

3.0
2.2
C
D

0.8
1.4
D
D

3.6
2.2
C
C

3.1
2.2
C
C

ESE
5.1
2.3
C
C

4.1
2.4
C
C

1.1
1.6
D
D

3.8
2.3
C
C

3.5
2.3
C
C

SE
10.1
2.6
C
C

7.2
2.3
D
D

2.9
2.1
D
D

6.6
2.6
C
C

6.7
2.5
C
C

SSE
12.6
2.8
D
C

12.4
2.3
D
D

6.6
2.2
D
D

9.8
2.7
D
D

10.3
2.5
D
D

S
13.9
2.9
D
D

14.4
2.1
D
E

12.6
2.2
D
E

11.4
2.7
D
D

13.0
2.5
D
D

SSW
5.0
2.4
D
D

8.8
2.0
D
E

11.7
2.5
D
E

7.5
2.4
D
E

8.2
2.3
D
E

SW
3.4
2.1
D
E

8.2
2.2
D
E

15.3
3.0
D
E

7.2
2.7
D
D

8.4
2.7
D
E

WSW
2.7
2.3
D
D

6.7
2.2
D
D

13.7
3.1
C
D

7.1
2.7
D
D

7.4
2.7
D
D

W
2.6
2.3
D
D

4.6
2.0
D
D

9.3
2.7
C
D

5.7
2.6
C
D

5.5
2.5
D
D

WNW
2.3
2.2
D
D

3.8
1.8
D
D

5.4
2.2
C
D

4.1
2.2
D
D

3.9
2.1
D
D

NW
3.0
2.0
D
C

4.4
1.8
D
D

6.1
2.2
C
D

4.8
2.1
D
D

4.5
2.1
D
D

NNW
4.5
2.0
D
C

5.2
1.9
D
D

6.5
2.3
D
D

6.1
2.2
D
D

5.6
2.1
D
D

Beginning date: 300775 End date: 10583

Note: PROB(%) is the frequency of occurrence of a wind direction in the time period.
UBAR is the average wind speed in m s"\
SY AV. is the average Pasquill stability category based on the Turbulence Method.
SZ AV. Pasquill stability category based on the USNRC Temperature Gradient Criteria.

(Ref. Table A6 in Clark (1985).)

• Upper wind frequencies
Average wind speed and direction distributions at 49 m on the Lucas Heights meteorological
tower are presented in Table 2.3-3 and Table 2.3-4 (Clark 1985). At 49 m the wind
directions are turned clockwise with respect to those at 7 m, and wind speeds are higher, in
particular at night when regional drainage winds free of surface influences are observed over
the site.
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Table 2.3-3: Frequency Of Occurrence of 49 m Wind Directions, Average Wind
Speeds, Horizontal and Vertical Diffusion Parameters v. Time Of Day -
All Seasons Combined

TIME (EST)
0000-0030

0300-0600

0600-0900

0900-1200

1200-1500

1500-1800

1800-2100

2100-2400

STATS.
PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

N
3.8
4.3
F
E

3.8
4.5
F
E

5.2
4.0
C
C

7.5
4.7
B
C

5.5
4.7
B
C

2.1
4.6
D
E

1.8
5.1
E
E

4.0
4.5
F
E

NNE
4.3
3.9
F
E

3.7
3.7
F
E

3.9
4.1
C
D

5.3
4.5
B
C

3.9
4.7
B
C

2.0
5.0
D
D

3.9
4.8
E
E

7.5
4.2
E
E

NE
3.8
3.6
E
E

3.0
3.6
E
E

1.8
3.7
C
D

3.6
4.4
B
C

3.4
5.0
B
C

6.0
6.2
C
C

12.2
5.2
D
D

6.8
4.1
E
E

ENE
2.5
3.3
E
E

1.4
3.4
E
E

1.4
3.8
C
D

3.8
4.7
B
B

11.1
6.3
C
B

14.1
6.0
C
C

10.1
4.6
D
D

4.1
3.6
E
B

E
2.4
3.1
E
E

1.5
3.0
E
E

1.5
3.7
C
C

2.5
4.7
B
B

7.6
5.9
C
B

9.9
5.5
C
C

6.1
3.9
D
E

2.9
3.0
D
E

ESE
2.2
3.8
E
E

2.2
3.9
E
E

1.8
4.5
C
D

2.5
5.2
B
B

5.2
5.7
B
B

6.9
5.4
C
C

6.5
3.9
D
E

3.7
3.4
D
E

SE
3.1
4.9
D
E

2.4
5.1
D
E

2.6
4.9
C
D

4.6
5.3
B
C

6.7
6.1
C
B

9.3
5.9
C
C

7.9
4.8
D
D

4.9
4.6
D
E

SSE
5.9
5.2
D
E

4.9
5.2
D
E

6.5
5.0
C
D

8.8
5.8
C
C

9.7
6.5
C
B

10.1
6.5
C
C

9.1
5.7
D
D

6.6
5.0
D
D

S
12.7
5.9
D
E

13.7
5.9
D
E

12.9
5.7
C
D

11.5
6.8
C
C

11.3
7.6
C
C

11.9
7.4
C
D

11.6
6.3
D
D

11.3
6.1
D
E

ssw
8.3
5.3
D
E

8.8
5.4
D
E

7.5
5.6
D
D

4.9
6.7
C
C

4.1
7.1
C
C

4.1
6.9
C
D

5.8
5.9
D
E

8.2
5.5
D
E

SW
8.5
5.7
E
E

9.1
5.6
E
E

6.5
5.2
D
D

3.0
5.8
C
C

2.1
6.4
B
C

1.9
6.3
C
D

3.9
6.0
D
E

6.8
5.8
D
E

wsw
12.7
6.4
E
E

14.5
6.3
E
F

14.0
6.4
D
D

8.2
6,8
C
B

4.9
7.2
B
C

4.3
7.3
C
D

5.8
6.9
D
E

9.5
6.8
E
E

W
9.6
5.6
F
F

11.0
5.6
F
F

11.2
5.5
E
D

9.2
6.7
C
B

8.1
7.7
B
C

7.1
8.0
C
D

6.7
7.0
D
E

7.5
6.2
E
E

WNW
7.1
4.5
E
F

7.7
4.4
F
F

8.8
4.5
D
D

8.1
5.3
C
B

5.8
7.1
B
B

3.9
7.3
C
D

3.5
6.4
E
E

5.8
5.1
E
F

NW
7.9
4.6
F
F

7.2
4.4
F
F

8.4
4.3
D
D

8.4
4.6
C
B

5.5
5.8
B
C

3.6
5.8
D
D

2.8
5.8
E
E

5.6
4.8
F
F

NNW
5.1
4.8
E
E

5.1
4.3
F
E

6.3
4.2
D
D

8.0
4.7
B
C

5.0
5.2
B
C

2.7
5.4
D
D

2.2
5.5
E
E

5.0
4.9
E
E

Beginning date: 81177 End date: 10583

Note: PROB(%) is the frequency of occurrence of a wind direction in the time period.
UBAR is the average wind speed in m s ' .
SY AV. is the average Pasquill stability category based on the Turbulence Method.
SZ AV. Pasquill stability category based on the USNRC Temperature Gradient Criteria.
(Ref. Table A17 in Clark (1985).)

Table 2.3-4: Frequency of Occurrence Of 49 m Wind Directions, Average Wind
Speeds, Horizontal and Vertical Diffusion Parameters v. Time of Day -
All Times Combined

SEASON
SUMMER

AUTUMN

WINTER

SPRING

STATS.
PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

PROB(%)
UBAR
SYAV.

N
4.8
4.2
D
D

3.8
4.3
D
D

3.5
4.6
D
D

5.0
5.0
D

NNE
6.0
4.1
D
D

3.9
4.1
D
D

2.7
4.9
D
E

4.8
4.4
D

NE
8.3
4.9
D
D

4.4
4.5
0
D

2.0
4.2
D
E

6.0
4.9
D

ENE
10.2
5.7
C
C

4.8
4.9
D
D

1.7
4.0
D
D

8.1
5.1
C

E
6.7
4.9
C
C

4.7
4.8
D
D

1.4
3.5
D
D

4.7
4.6
C

ESE
5.6
4.7
C
C

4.2
4.7
D
D

1.2
3.5
D
D

4.6
4.8
C

SE
8.1
5.5
C
C

5.8
5.5
D
D

2.0
4.3
D
D

5.0
5.3
C

SSE
11.7
5.9
C
C

8.1
5.7
C
D

3.0
4.8
D
D

8.2
5.9
C

s
15.2
7.1
D
D

13.0
6.1
D
D

8.1
5.7
D
D

12.2
6.6
C

SSW
3.8
5.4
D
D

7.5
5.7
D
E

8.8
6.2
D
D

5.3
5.9
D

SW
2.2
4.7
E
E

5.3
5.4
D
E

8.6
6.2
D
E

4.6
5.6
D

WSW
2.8
5.7
D
E

10.0
6.4
E
E

16.5
7.0
D
E

6.9
6.5
D

W
3.0
5.7
D
D

8.3
5.6
E
E

16.3
6.9
D
D

7.1
6.5
D

WNW
3.6
4.8
D
D

5.8
4.6
D
D

9.9
5.7
D
D

5.8
5.8
D

NW
3.7
4.5
D
D

5.9
4.3
E
D

8.6
5.3
D
D

6.2
5.0
D

NNW
4.0
4.6
D
D

4.6
4.3
D
D

5.6
5.0
D
D

5.5
5.1
D
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COMBINED

SZAV.

PROB(%)
UBAR
SYAV.
SZAV.

D

4.2
4.5
D
D

D

4.3
4.3
D
D

D

5.1
4.8
D
D

C

6.1
5.2
C
C

C

4.3
4.7
C
C

c

3.9
4.6
C
D

C

5.2
5.3
C
D

C

7.7
5.7
C
D

D

12.1
6.4
D
D

D

6.5
5.9
D
D

E

5.2
5.7
D
E

D

9.2
6.6
D
E

D

8.8
6.4
D
D

D

6.3
5.3
D
D

D

6.2
4.8
D
D

D

4.9
4.8
D
D

Beginning date: 81177 End date: 10583

Note: PROB(%) is the frequency of occurrence of a wind direction in the time period.
UBAR is the average wind speed in m s"1.
SY AV. is the average Pasquill stability category based on the Turbulence Method.
SZ AV. Pasquill stability category based on the USNRC Temperature Gradient Criteria.
(Ref. Table A18 in Clark (1985).)

• Wind frequencies during precipitation
Wet deposition or wash-out of atmospheric aerosols and gases is determined, among other
things, by the local precipitation rates. In Table 2.3-5 taken from Clark, 1985, the 30 minute
precipitation rates are compared with the prevailing wind directions. It is apparent that
nearly 50% of rain events occur with winds from the south-east to south sectors with 32% of
these of low intensity (0-1 mm per 30 minutes).

Table 2.3-5:

DIRECTION

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw

sw
wsw

w

WNW

NW

NNW

TOTAL

30 Minute Precipitation Rates
Precipitation Rates (MM)

0-1

1.90

2.43

2.79

2.57

2.98

3.84

7.67

13.22

11.26

4.39

3.34

2.13

1.32

1.52

2.01

2.70

66.08

1-2

0.39

0.47

0.75

0.77

0.69

1.35

2.90

4.11

2.82

1.13

0.94

0.69

0.39

0.41

0.36

0.58

18.74

2-3

0.06

0.14

0.52

0.44

0.39

0.55

1.13

1.16

0.99

0.72

0.30

0.28

0.17

0.03

0.14

0.14

7.15

3-4

0.08

0.06

0.36

0.30

0.14

0.08

0.36

0.66

0.19

0.41

0.33

0.11

0.03

0.03

0.08

0.03

3.26

v. Wind

4-5

0.03

0.03

0.17

0.14

0.08

0.06

0.30

0.39

0.17

0.06

0.25

0.08

0.03

0.00

0.00

0.06

1.82

Directions for Lucas Heights

5-6

0.00

0.03

0.00

0.03

0.03

0.03

0.14

0.22

0.11

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.63

6-7

0.00

0.00

0.00

0.00

0.00

0.08

0.17

0.14

0.06

0.06

0.06

0.03

0.03

0.00

0.03

0.00

0.63

>7

0.06

0.03

0.22

0.06

0.14

0.17

0.19

0.33

0.11

0.08

0.06

0.11

0.06

0.06

0.00

0.03

1.68

TOTAL

2.51

3.17

4.80

4.31

4.44

6.16

12.86

20.23

15.71

6.85

5.33

3.42

2.01

2.62

2.62

3.53

3623.

Beginning date: 310775 End date: 10583

Note: Table frequencies are in % with the total number of 30 min
(Ref. Table 4 in Clark (1985))

obs/ in the lower right hand corner.

• Wind frequencies during inversions
Frequencies of wind directions and average wind speeds during inversions, obtained from
an hour by hour inspection of wind records during inversions, are presented separately for
light to moderate inversions and for strong inversions in Table 2.3-6 and Table 2.3-7 (AAEC
1972). Light to moderate inversions correspond to inversions with a temperature gradient
smaller than 7.5 °C per I00 m and strong inversions are those with a temperature gradient
exceeding 7.5 °C per 100 m.
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Table 2.3-6: Wind Direction and Average Wind Speed During Inversions
Direction

N
NE
E

SE
S

SW
W

NW
ALL

Light to Moderate Inversion
Frequency

%
5
2
3
15
22
29
14
10

Average Speed
m s"1

1.0
0.7
0.7
0.9
1.3
1.7
1.5
1.6
1.3

Strong Inversion
Frequency

%
-
3
3

34
46
11
3

Average Speed
m s'1

0.5
0.5
0.8
0.7
1.0
1.5

0.8

Table 2.3-7: Frequencies of Wind Speeds During Inversions
Wind speed ranqe

Light to moderate inversion
Strong inversion

0.5 -1.9 m s1

70%
94%

2.0 - 3.5 m s"1

27%
6%

3.5 m s"1

3%

• Severe winds
Data on severe winds and analysis of their effects at the LHSTC site is given in the HIFAR
PSA section 6.2.7 (PLG 1998). This is further discussed in section 3.2.2.

2.3.2 Barometric pressure variations
Average changes in barometric pressure between EST 0900-1500 and 1500-0900 hours are
presented in Figure 2.3-1 and Figure 2.3-2 (Charash & Bendun 1968). Large pressure
changes at the rate of 1-2 mbar h"1 and lasting several hours are associated with the
passage of cyclones and are therefore almost always accompanied by strong winds from
south-westerly to northwesterly directions. Very large transient pressure changes at the rate
of 5-10 mbar h'1 generally last less than one hour and occur infrequently.

Figure 2.3-1: Average Change in Barometric Pressure Between 0900 & 1500 EST

0 9 0 0 AND 1500 HOURS (EST> - FREQUENCY DISTRIBUTION

-o r

20

10 *-
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-11 -3 +1 TD

PRESSURE CHANGE (MILLIBARS)
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Figure 2.3-2: Average Change in Barometric Pressure Between 1500 & 0900 EST
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2.3.3 Rainfall and evaporation
Statistical data relating to rainfall and evaporation for the years 1981 to 1989 were taken
from Clark (1990) and extended to 1994 (Clark 1997). These are presented in Table 2.3-8
and Table 2.3-9.

Table 2.3-8: Monthly and Annual Statistics on Rainfall and Evaporation at Lucas
Heights-1981 to 1989

Jan.

Feb.

Mar.

April

May

June

July

R Total
RDays
E Total
EMax

R Total
R Days
E Total
EMax

R Total
RDays
E Total
EMax

R Total
RDays
E Total
EMax

R Total
R Days

E Total
EMax

R Total
R Days
E Total
EMax

R Total
RDays

E Total
EMax

1981

52.0
13
170.2
9.5

163.8
14

122.8
8.0

14.3
3
156.2
8.2

190.8
8
103.1
6.0

91.6
8

67.2
4.4

55.6
6
64.7
3.4

39.8
7
68.7

4.0

1982

39.2
9
190.6
12.0

20.9

6
145.3
9.9

138.7
18
99.8
8.0

11.4

3
97.7
5.0

4.1

3

88.5
4.9

71.4
12
65.1
3.2

69.8
12
66.7

3.5

1983

24.1
5
207.8
14.1

20.4
11

164.3
10.4

274.9
8
159.7
12.5

61.4

12
92.8
6.8

127.6

15

64.6
4.8

98.3
10
53.6
2.9

21.2
8

50.5

2.6

1984

148.7
13
164.4
8.8

133.2
14

140.5
8.8

157.7
10
138.2
7.4

93.2
10
83.9
6.4

75.2
14

54.5
3.1

72.9
4

48.7
3.1

141.1
14

49.2

3.6

1985

7.1
4

206.8
11.6

29.4
9
144.1

10.1

70.8
13
147.0
9.5

209.0
16
95.9
5.7

153.9
17

71.9
8.3

163.5
8
54.1
3.5

111.4
10

71.4

5.9

1986

179.6
14

183.0
10.4

51.6
11

121.6
8.7

20.9
5
118.4
6.2

56.5
8
105.7
8.0

22.2
9
57.1
3.4

5.4
2
55.5
2.9

24.0
9

60.4
3.9

1987

44.4
7

154.8
8.8

19.2
7

134.2
7.9

134.0
10
182.2
11.1

8.4
7
86.1
4.6

78.8
12
61.4
5.0

53.1
11

47.2
3.0

93.6
11

59.7

4.0

1988

83.7
10
160.4
8.1

83.3
11

147.4
7.4

47.4
15
120.3
8.4

399.6
22
73.1
4.9

114.2

12

56.6
6.3

44.6
9
57.3
3.7

135.8
8

51.0
4.0

1989

104.5
18
140.2
8.8

44.3
10

125.9
6.5

108.9
18
90.7
5.6

365.5
21
70.5
6.3

96.1
20

42.1
3.0

187.7
20

55.9
6.6

17.9
9

53.2

2.8

AVERAGE

75.9

62.9

107.5

155.1

84.9

83.6

72.7
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Aug.

Sept.

Oct

Nov.

Dec

Annu

R Total
R Days
E Total
EMax

R Total
RDays

E Total
EMax

R Total
R Days
E Total
EMax

R Total
R Days
E Total
EMax

R Total

R Days
E Total
EMax

R Total
R Days
E Total

1981

6.4
7
97.1
5.6

7.2
4
117.4

8.0

137.2
11
151.3
13.2
152.6
13
128.9
8.9

93.3
10
169.5
10.1

1004.6
104
1417.1

1982

1.3
3
88.8
4.7

174.5
10

122.3
8.7

43.6
9
135.9
7.3
9.8
2
182.8
10.8

14.3

9
172.5
8.6

599.0

96
1426.0

1983

25.8
10
66.7

4.6

41.4
9

115.6

7.2

154.0
14
107.0
5.4

57.8
7
154.0
8.7

80.4

14
171.4
10.2

987.4

123
1408.0

1984

13.1
7

85.8
4.5

31.4
9

96.9

5.1

26.3
9
142.2

8.0
312.3

16
151.6
9.9

76.1
9
214.1
11.2

1281.2

129
1370.0

1985

25.2
8
74.0
5.8

62.6
11

88.6
5.4

213.6
17
131.1
8.0
104.4
14
148.2
7.1

103.6

13
179.4

9.5

1255.0

140
1412.5

1986

403.8
10
63.4
4.1

50.4
8

100.8
6.2

56.2
8
133.7
8.3
127.6
15
131.6
7.7

28.7

5
166.3
11.2

1027.8
104

1297.5

1987

360.2
16
65.7
6.6

10.3
5

109.8

6.3

191.4
14
110.0
6.6
98.4

8
153.8
8.6

65.7

14
154.9
8.0

1157.5
122
1319.8

1988

27.3
11

72.5
5.3

121.6
10
101.9

6.6

0
0
178.4
9.1
146.5
15
131.9
10.1

112.9
17

142.3
8.9

1316.9
140
1293.1

1989

36.8
6
72.3
4.4

0.6
1

109.0
6.0

12.3
4
159.1
9.1
54.5
12
140.4
7.2

72.5
10
150.8
9.2

1101.6
149
1210.1

AVERAGE

100.0

55.6

92.7

118.2

71.9

R Total = Monthly total rainfall (mm)
R Days = Number of rain days in the month
E Total = Total Evaporation per month (mm)
E Max = Maximum 24 hour evaporation (mm)

Table 2.3-9: Monthly and Annual Statistics on Rainfall and Evaporation at Lucas
Heights-1990 to 1994

Jan.

Feb.

March

April

May

June

July

R Total
RDays
E Total
EMax

R Total
R Days
E Total
EMax

R Total
RDays
E Total
EMax

R Total
RDays
E Total
EMax

R Total
R Days
E Total
EMax

R Total
R Days
E Total
EMax

R Total
R Days
E Total
EMax

1990

64.1
12

139.8
8.0

443.0
19
104.3
6.0

90.3
17
114.9
7.1

287.6
20
70.1
4.0

146.2
12
65.2
6.6

21.4
11
50.9
2.6

45.1

8
55.9
2.9

1991

53.6
15

175.5
9.8

24.4
9
152.8
10.4

27.8
4
148.3
8.6

28.3
7
100.2
5.6

48.0
13
58.3
3.8

409.5
11
46.9'
2.6

91.6
13
64.6
3.5

1992

123.2
12
137.5
7.1

300.4
12
104.4*
7.9

80.2
9
99.0
6.1

93.6

13
77.0
4.7

37.8
9

47.2
2.7

70.5
8
48.7
3.2

11.2
5
59.0
3.5

1993

50.2
10

149.0
9.1

88.5
11
133.4
8.0

144.6
17
117.0*
10.4"

30.3
7
83.0
4.5

15.8
4
55.3
4.9

34.3
6
53.3
3.4

64.8
10
42.1
2.6

1994

11.2
7

205.2
12.6

47.3
8
147.6
10.2

151.7
17
118.3-
8.2*

95.5

8
85.9
5.8

25.5

5
82.0
6.6

39.5

7
51.1
3.5

7.4

8
56.7

3.1
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August

Sept.

Oct.

Nov.

Dec.

Annual

R Total
R Days
E Total
EMax

R Total
R Days
E Total
EMax

R Total
RDays
E Total
EMax

R Total
R Days
E Total
EMax

R Total
R Days

E Total
EMax

R Total
R Days
E Total

1990

218.4
10
69.8
5.3

57.8
11

88.6
7.0

34.9
14
130.2
7.8

17.6
3
165.9'
13.8

56.4
9

182.0
10.6

1482.8
146
1237.6'

1991

9.8
5
105.5
6.4

15.7

6
119.7
8.9

10.0
4
150.9
9.8

34.4
7
156.6
8.1

259.4

9
180.7
9.0

1012.5
103
1462.0'

1992

19.2
8
76.3
5.7

17.8
9
96.9
5.2

33.4

12
106.3
7.4

143.4
18
127.3
7.9

186.0

18
125.8
7.6

1116.7
133
1105.4'

1993

69.0
9
76.6
6.6

81.8
10
89.4
5.0

54.6
7
138.2
9.9

57.3
9
142.4*

13.6'

40.7

12
167.3
8.8

731.9
112
1247.0"

1994

8.4
2
85.5
6.0

10.4
2

130.8
6.6

35.1
9
139.0
7.2

94.2
14
164.6
164.6

50.7
9

163.7
11.6

576.2
87
1430.4'

R Total
R Days
E Total
EMax

Monthly total rainfall (mm)
Number of rain days in the month
Total evaporation per month (mm)
Maximum 24 hour evaporation (mm)
Uncertainty over an evaporation value in this month

2.3.4 Inversions and atmospheric mixing layers
The occurrence of stable temperature inversions and limited atmospheric mixing layers can
lead to "worst case" conditions in terms of air pollution impact assessments. For near
ground releases of air pollutants the low wind speed, temperature inversion conditions
represent a worst case scenario, whereas for an elevated release a low vertical, atmospheric
mixing layer might cause maximum impact of air pollutants at ground level. Statistical data
(Charash & Bendun 1968) relating to inversions are presented in Figure 2.3-3 and Table
2.3-10.

All recorded occurrences are ground based nocturnal inversions. Because the
instrumentation extended only to 50 m above ground, the top of the ground based inversions
and the occurrence of upper level inversions could not be ascertained. From the average
time required for the elimination of nocturnal inversions by surface heating after sunrise, the
top of inversions is inferred to be, on average, 120 m above ground.

An acoustic sounder has been used to study the development of atmospheric mixing layers
associated with the dissipation of the nocturnal surface temperature inversion and the onset
of sea breezes (Clark 1981, 1982). The acoustic sounder generally only starts to indicate a
rising atmospheric mixing layer when it has reached about 220 m (Table 2.3-11). The final
observed height is frequently determined by instrument sensitivity to the acoustic signal
strength. Nevertheless, analyses did indicate more rapid rise rates of the mixing layer in
summer under the influence of stronger solar heating than in winter when it is observed
longer.

On a majority of occasions when sea breezes were observed at Lucas Heights, a limited
atmospheric mixing layer was also observed using the acoustic sounder. The average
heights of the sea breezes vary from 620 m in summer to 730 m in spring when they are
observed less frequently. Light winds are generally associated with development of the sea
breeze and frequently follow low morning atmospheric mixing layers. In these cases, there
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is an extended period of limited vertical atmospheric mixing which varies on average from 5
hours in winter (approximately 500 to 670 m) to 8.8 hours in summer (approximately 550 to
760 m).

2.3.5 A ir mo vement during in versions
By integrating wind speeds over the time of duration of an inversion, the theoretical range of
air movement during an inversion is obtained. The assumption of a uniform wind field over a
distance greater than a few kilometres under inversion conditions is open to doubt, and the
results presented in Table 2.3-10 (AAEC 1972) should be interpreted merely as broad
indications of the general area likely to be affected by emissions during inversions.

2.3.6 Turbulence climatology
ANSTO currently uses the US Environment Protection Authority (USEPA 1987) scheme for
classifying atmospheric turbulence. This scheme uses the wind speed and fluctuation of
wind direction (a9) data to determine the Pasquill atmospheric dispersion stability categories.
Previously a "split-sigma" approach was used in which the US Nuclear Regulatory
Commission (NRC1974) scheme was used with temperature gradient measurements
between 9 and 49 m to define a vertical dispersion category, and a subjective interpretation
of wind direction turbulence traces at 7 m was used to define the horizontal dispersion
categories (Clark 1982; Clark 1985). These results have been presented in Table 2.3-1 and
Table 2.3-2 for 7 m and Table 2.3-3 and Table 2.3-4 for 49 m.

At night the winds at 49m are stronger and more laminar than lower in the atmosphere (HSD
97). Using data collected from 1991 to 1998, the USEPA scheme has been applied to the
10 and 49m data from the meteorological tower at the LHSTC as shown in Table 2.3-13.
With the USEPA scheme, the stronger wind speeds lead to a lower frequency of occurrence
of the most stable Pasquill category F at 49m (3.27% overall) by comparison with the 10m
data (9.92%) where the winds are lighter.
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Table 2.3-10: Average Annual Data For Inversions

Number of Occurrences

Time of Start

Time of Termination

Duration

Intensity

291

Sunset plus 134 minutes

Sunrise plus 25 minutes.

8 - 9 hours.

5 °C per 100 m.

Table 2.3-11: Atmospheric Mixing Layer Development Analyses Using Acoustic
Sounder Statistics

Beginning

(EST.)

End Time

(EST.)

Duration

(hours)

Beginning

(m)

Final Height

(m)

Rise Rate

(m h'1)

Wind Speed

(ms")

Net

(MW cm')

Average

S.D.

No.

Average

S.D.

No.

Average

S.D.

No.

Average

S.D.

No.

Average

S.D.

No.

Average

S.D.

No.

Average

S.D.

No.

Average

S.D

No.

Summer

657

0.9

194

1054

2.5

194

3.9

2.5

194

234.3

94.3

194

728.5

225.4

194

161.9

100.8

194

2.0

0.9

194

30.0

15.8

194

Autumn

816

1.0

172

1130

2.0

172

3.2

2.0

172

227.7

86.4

172

697.7

256.5

172

177.2

97.3

172

2.1

0.9

172

22.9

9.9

172

Winter

850

1.0

234

1216

2.3

234

3.4

2.3

234

218.6

64.7

234

630.2

228.5

234

159.6

99.3

234

2.6

1.1

234

15.2

5.8

234

Spring

719

1.1

211

1031

2.2

211

3.2

2.2

211

234.9

73.3

211

674.6

220.6

211

176.4

102.9

211

2.5

1.0

211

23.3

12.7

211

S.D. Standard Duration
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Table 2.3-12:
Distance (Miles)
Direction of
Movement

South Winds

South West Winds

West Winds

North West Winds

North Winds

North East Winds

East Winds

South East Winds

All Directions

Distance (Miles)

(km)

Ranc
1-10

%

64

67

68

4'

21

19

20

20

27

1-10

1.6-
16

e and
11-20

%

24

33

28

43

48

34

30

32

38

11-20

17.6-
32

Direction of
21-30

%

12

4

10

12

15

17

17

13

21-30

33.6-
48

31-40

%

4

8

12

12

8

8

31-40

49.6-
64

Air Movements During Inversions
41-50

%

1

5

9

13

7

6

41-50

65.6-
80

51-60

%

1

5

6

8

3

51-60

81.6-
96

61-70

%

2

2

2

4

2

61-70

97.6-
112

71-80

%

1

2

4

1

71-80

113.6
-128

81-90

%

2

1

1

81-90

129.6
-144

91-100

%

1

1

91-100

145.6
-160

Total

O/

3

2

3

14

27

27

14

10

101-110

161.6-
176

Table 2.3-13: Turbulence Categorisation Using EPA Methods

Data for dates : 050491 to 211098
Stability categorisation scheme : Using USEPA 10m

Frequency
A

7.66
B

3.74
C

8.02
D

45.92
E

24.74
F

9.92
G

0.00
Bad data
13448

Total
251224

Stability categorisation scheme : Using USEPA 49m

Frequency
A

3.15
B

3.94
C

7.25
D

58.70
E

23.69
F

3.27
G

0.00
Bad data

13675
Total

250997

USEPA 10m vs. USEPA 49m (%)
USEPA 49m

A

B

C

D

E

F

G

Total

A

2.83
2.80
1.46
0.58
0.00
0.00
0.00
7.68

B

0.17
0.68
2.02
0.87
0.00
0.00
0.00
3.74

C

0.09
0.34
2.91
4.69
0.00
0.00
0.00
8.03

D
0.06
0.11
0.85

36.72
7.71
0.55
0.00

45.99

E
0.00
0.00
0.00

11.94
11.69

1.10
0.00

24.73

F

0.00
0.00
0.00
3.92
4.30
1.61
0.00

4

G

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

Total
3.15
3.93
7.24

58.72
23.70

3.26
0.00

100.00
no data observed on 14658 (15 minute) occasions, dates : 050491 to 211098

2.3.7 Bushfire weather

The risk of bushfire in the vicinity of the Replacement Reactor site increases during dry
weather and will peak on days of high temperature, low humidity and strong winds. The
management of the bushfire risk during these periods is further described in the DEIS
section 17.2 and section 3.2.4 of this paper.
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2.4. Hydrology

Geophysical and hydrogeological investigations of the proposed Replacement Reactor site
were completed in June 1998. The geophysical study was undertaken to provide
information on the subsurface conditions and any structures which may influence
groundwater in the region of the proposed Replacement Reactor site. The hydrogeological
study comprised drilling at 5 locations on the site to a maximum depth of 45 metres,
lithological logging, installation of deep and shallow piezometers, groundwater sampling,
water analysis and single packer hydraulic parameter testing at three locations. The reports
of these investigations (Coffey, 1998a; 1998b) forms part of this submission as supporting
documents.

The following sections (from HSD, 1997) describe the surface and ground water hydrology of
the LHSTC site generally and do not specifically cover the Replacement Reactor site as
detailed in the aforementioned investigations (Coffey, 1998a; 1998b)

2.4.1 Surface hydrology
The hydrology of the LHSTC is relevant to public safety because radioactive material
deposited in or on the ground may find its way into the ground water or into drainage
channels, creeks or rivers through surface runoff. There are no known private dams which
could be fed by runoff from the area surrounding the LHSTC. The private dams and bores
within a 10 km radius of LHSTC known to and licensed by the Department of Land and
Water Conservation at August 1997 are listed below (Brodrick 1997).

Dam adjacent to Railway line 1 km north of railway station at Heathcote (just east of
line.

Small dam on tributary of Kangaroo Creek 2 km south of Heathcote railway station.

Bore 7704, Portion 396, Parish Holsworthy (121.9 m deep).

Bore 7684, Portion 305, Parish Holsworthy (83.2 m deep).

Bore 10563, Portion 261, Parish Holsworthy (45.7 m deep).

Bore 16096, Portion 140, Parish Sutherland (76.5 m deep).

Bore 18433, Portion 99999, Parish Sutherland (198.1 m deep).

Bore 46782, Portion 124, Parish Holsworthy (30 m deep).

None of the groundwater bores listed is within a groundwater catchment that could be
directly influenced by runoff from LHSTC. Because shallow bores did not have to be
registered prior to 1955 there could be others in the area which are not listed because they
are not known to the Department of Land and Water Conservation. The nearest major dam
owned by a public utility is the Woronora Dam some 7 km south-east of the LHSTC. Water
from the Woronora Dam is consumed by the public.

The general topographic environment is such that no part of the LHSTC is far removed from
a natural drainage channel in the adjacent terrain.

The principal surface stream immediately adjacent to the LHSTC is the Woronora River,
which has incised deeply into the sandstone terrain. It flows in a generally north-easterly
direction from near the Woronora Dam and passes within about 2 km of the east of the site
eventually to meet the Georges River estuary. Even during unusually dry periods, the river
flows at the rate of several hundred thousand litres of water per day, fed by groundwater
except during exceptionally hot periods when stream flow ceases because of evaporation
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losses. The river is tidal in its lower reaches and on either bank has a number of small
tributaries which have steep gradients where they join the river.

The northerly side of the LHSTC, located on a ridge, is drained by Mill and Barden Creeks,
which also empty into the Georges River estuary. The near-surface low-level waste disposal
site, known as the Little Forest Burial Ground, which was operated by the then AAEC
between 1960-68 is located within the surface water catchment of Barden Creek.

An examination of both Barden and Mill Creeks shows that their stream courses have been
actively eroded in recent times, exposing moderately unweathered rock in the creek beds,
except near the discharge point from the LHSTC, where kaolinitic sands are in evidence.
The mean annual runoff draining from the Barden and Mill Creek catchment into the
Georges River estuary (which has an approximate area of 18.6 sq. km) is estimated at 7.7 x
108 litres (Mumme 1972), which amounts to some 37% of the average annual precipitation
falling on this catchment area.

Recent stream discharge data (Petrozzi 1994) for Mill Creek, at the tidal limit point of the
Georges River estuary, indicate a median discharge rate of 0.0216 m3s"1 (6.5 x 108 L y~1)
with a range of 0.0061 - 0.9812 m3 s"1 (1.92 x 108 - 3.1 x 1010 L y"1).

Recent data on flow rates in the Woronora River are available from Australian Water
Technologies Pty. Ltd. (AWT 1997), a trading arm of Sydney Water Corporation. AWT have
had a gauging station on the Woronora River since May 1992 at a locality known as the
Needles, (Station No.213211) which is situated East of LHSTC at a distance of about 1 km
outside the ANSTO buffer Zone boundary and downstream of LHSTC. The AWT data (AWT
1997) show a mean monthly discharge in Megalitres per day for the period from mid 1992 to
August 1997 in the range of 0.822 ML d'1 to 458.113 ML d~1 with an average discharge rate
of 36.8 ML d"1.

2.4.2 Groundwater hydrology
The groundwater hydrology picture is complicated by weathering, jointing and stress fracture
patterns, bedding plane features, and the mineralogy of the Hawkesbury Sandstone. The
unweathered sandstone has a very low primary or intergranular permeability while in a
weathered condition the primary permeability may increase substantially.

The principal water transmitting capability of the Hawkesbury Sandstone is dependent on the
presence of secondary features such as joints and bedding planes. Depending upon local
hydrogeological conditions, aquifers may respond in apparently confined, unconfined or
intermediate conditions, and water-levels measured in boreholes may reflect local conditions
and not give a true indication of regional hydraulic gradients.

Standing groundwater levels are known for the area north of the laboratories in the Lucas
Heights Waste Depot area and at the Little Forest Burial Ground Groundwater levels in the
31 boreholes located in the Waste Depot area range from less than 1 m to 26 m below the
groundsurface (Douglas & Partners, Coffey Partners International 1992). The overall
hydraulic gradient is to the north, although locally the gradient is strongly influenced by
structural and topographic features. The values of hydraulic conductivity (permeability) and
section transmissivity measured by packer tests, pumping tests and flow tests show
considerable variability although a clear pattern was established. Values at the upper end of
the packer test range (about 6 m2 d"1 ) would appear appropriate to assess overall flow
velocities for the fractured zone sandstone. Outside the Mill Creek fracture zone
transmissivities are much lower, in the range 0.1 to 3 m2 d'1 with most below 1 m2 d"1. Based
on tritium isotope concentration testing it has been concluded that deep water in the aquifer
probably originated in rainfall prior to the 1950's i.e. before the testing of thermonuclear
weapons in the early 1960's. Taking this residence time and possible flow paths it is
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calculated that flow velocities within the aquifer must be no greater than 0.035 - 0.14 m d"1

(Douglas & Partners, Coffey Partners International 1992).

Close to the Woronora River, the ground water level will fluctuate sympathetically with the
level of water in the river. This sympathetic variation probably extends some 30 m from the
centre of the river into the jointed sandstone. Further away from the river, the ground water
level should only show a small response to the effects of rainfall. As scattered claystone and
shale bands occur in the Hawkesbury Sandstone formation, there are probably a number of
local sub-surface conditions where a portion of the downward percolating ground waters is
held back by these low permeability barriers.

Measurements made at the Replacement Reactor site in June 1998 (Coffey 1998a) reveal a
shallow groundwater zone between 6 m and 10.7 m and a deeper regional zone between
12.4 and 19.7 m below the surface. The shallow aquifer is transient (perched) and the result
of heavy rain prior to water level measurement, with the flow probably toward the west and
southwest to Melinga Molong creek. The deeper groundwater is assessed to flow in a
north-westerly direction and eventually to the Georges River. The mean horizontal flow
velocity ranges from 0.05 m d"1 in the shallow aquifer and from 1.2x10'3 m d"1 to 0.012 m d'1

in the deeper aquifer. Figures 5 and 6 in Coffey 1998a give the groundwater contours at the
site.

2.5. Geology and soils

The regional and local geology of the site of the proposed Replacement Reactor and the
region is discussed in detail in geotechnical and geophysical studies undertaken by Coffey
Partners International (Coffey 1998b; 1998c). Information from these studies on the geology
and soils of the site is summarised in the DEIS Chapter 8. The following sections (from HSD
1997) describe the regional and LHSTC site geology.

2.5.1 Geology
The LHSTC is situated on the dissected Woronora Plateau, a physiographic unit effectively
drained by numerous creeks and rivers, which extends south from Sydney in a ramplike
structure, the dominant rock formation being the Triassic age Hawkesbury Sandstone. The
region forms a part of the Sydney Basin whose physiographic development, tectonic history
and broad structure are summarised elsewhere (Taylor 1923, David 1950, Mumme 1966, J.
Geol. Soc. Aust. 1969). A 1:100,000 scale map of the geology of a southern portion of the
Sydney Basin which includes the area around LHSTC can be found in Sherwin and Holmes
(1986).

The predominant rock formation outcropping at Lucas Heights is medium to coarse
quartzose sandstone, although significant minor components of dark grey shale, siltstone
and fine sandstone/siltstone laminate are also present and make up about 5% of the total
thickness of the formation. These shales and siltstones occur mainly as thin units
interbedded with the sandstone, however there are some thicker units present such as at the
Little Forest area, located at the northern boundary of the ANSTO buffer zone, which have
been quarried for brick and tile making. A near-surface low level waste disposal site used by
the then AAEC between 1960 and 1968 is located in a 5-10 m thick clay/shale lens at Little
Forest.

The sandstone units of the Hawkesbury Sandstone Formation are composed of mainly
medium-coarse quartz grains bound by a secondary quartz-siderite cement with a clay
matrix of variable proportion which can completely infill the intergranular porespace.
Standard (1969) estimated an average clay matrix of 20% and considered that rock
fragments made up about 2% of the sandstone based on a thorough study of the petrology
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of the Hawkesbury Sandstone throughout its outcrop area. Bowman (1974) has noted that
much of the clay matrix within the sandstone is altered rock fragments (clay pellets, siltstone
and claystone) which he estimated formed 30-40 % of the sandstone in the Illawarra area.
The degree of clay matrix infilling is such that the intergranular permeability of the sandstone
is very low. Standard (1969) reported that the clays are approximately 70% kaolinite and
20% illite and 10% mixed layer clays. Bowman (1974) has considered that the matrix is
about 70% illite and 30% kaolinite, the reverse of Standard's figures, for the southern
Sydney Basin which he regards is closer to the source area.

Unconfined compression tests show that the compression strength of the sandstone is 1.7 -
4.1 x 107 Pa with an average value around 2 x 107 Pa. Both massive and strongly
crossbedded units of individual thickness in the range of 1.5 to 3 m are a common feature of
the formation and the low regional dip of the sandstone is believed to be of the order of 19
m per km in a northerly direction. Crossbedding, ripple marks and brecciated zones are all
important structures in the sandstone of the area.

In the Lucas Heights region, the Hawkesbury Sandstone is approximately 192 m thick (see
graphic log of DM Camden 86 bore in HSD Fig. 2.4-1). The drilling information shows that at
the LHSTC the Hawkesbury Sandstone rests on the Gosford formation. Although faulting
was unsuspected in the general area around Lucas Heights because of the nature of the
sandstone terrain and the lack of adequate drilling information in the area, evidence from the
above-mentioned borehole indicates the probable existence of a fault in the immediate
vicinity of the LHSTC, with a throw of some 60 m. The age of the faulting is in doubt but
would appear to antedate the Plateau uplift because no topographic evidence of faulting is
found.

Further south along the coastal scarp, as shown by geological mapping by the NSW
Department of Mines, there is evidence of numerous small faults associated with the coal
measures, and probably formed contemporaneously with the deposition of the coal material.
Thus, various fault zones, undetected to date, probably occur in the Woronora Plateau
region also. (Their location would probably require detailed surface mapping and the
application of seismic techniques.) Major named structural features, including faults,
indicated on the Wollongong-Port Hacking 1:100,000 scale geological sheet are shown in
the HSD Fig. 2.4-2 (HSD 1997; originally from Sherwin & Holmes 1986)

Recently, detailed information on the geology, hydrogeology, geophysical parameters and
groundwater chemistry of the Hawkesbury Sandstone in the northwest sector of the ANSTO
buffer zone has been gathered as a result of a major hydrogeological investigation of land
leased from ANSTO by The Waste Recycling and Processing Service for use as part of the
Lucas Heights Regional Waste Disposal Depot. The investigations included the drilling of 31
cored boreholes, seismic refraction surveys, slug, packer and pump tests, geological
mapping and groundwater analyses. (See Douglas and Partners P/L and Coffey Partners
International P/L 1992).

Several sets of high angle (near vertical) well developed joints are apparent in the area.
These joint sets are parallel and perpendicular to the two main regional fold axes, and are
thus probably tensional features resulting from stress release after folding (Sherwin &
Holmes 1986). Locally these joint sets strike at 030° and 130°, 005° and 110°, true
meridian. Joint spacing is variable, ranging up to 10m, but is commonly 1 - 3 m. Lateral
continuity of joints up to 100 m is common, but vertical continuity rarely exceeds 20 m
(Douglas and Partners P/L, Coffey Partners International P/L 1992).

The Hawkesbury Sandstone has been subjected to laterisation and the depth of weathering
can be highly variable. Weathering effects vary from superficial colour changes due to the
presence of siderite oxidation, with no measurable effects on rock strength or other physical
properties to complete loss of strength and disaggregation to sand. The degree of
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weathering experienced at a particular location is controlled by a number of factors, including
the degree of silicification of the original sandstone, unit thickness and joint development.
Enhanced water access is provided by zones of closely spaced, well developed jointing,
leading to deeper weathering. Weathering can extend to depths of up to 30 m and may take
the form of pronounced "weathering troughs" (Douglas and Partners P/L and Coffey Partners
International P/L 1992).

A narrow doleritic dyke some 4-5 km in length and with a strike of 20° (T), changing to 28°
(T), is shown cropping out in the ANSTO buffer zone on the Wollongong - Port Hacking
1:100,000 scale geological sheet (Sherwin & Holmes 1986). The southern end of the dyke
is shown located immediately west of the laboratories area while its northern extremity is
shown just short of Mill Creek.

An extensive seepage zone adjacent to the surface water discharge point from the northern
end of the LHSTC may represent a crush zone in the sandstone subsequently altered to
seams and irregular masses of sandy clays by circulating waters and may, in fact, be related
to the inferred fault zone located in the DM86 borehole. An alternative interpretation of the
seepage zone is that local subsurface conditions are such that the downward percolation of
meteoric water is hindered by a local retaining barrier of claystone/shale. Because the water
is prevented from joining the main body of ground water, it spreads laterally, to escape at the
surface as a spring which flows into Bardens Creek.

2.5.2 Surface geology

At various stages during the development of the LHSTC site, core drilling has been
undertaken as part of the site investigation. The information available is listed hereunder:

Building 1: 9 bores (Nos.101 to 109) soft sandstone encountered at depths
varying from 20 cm to 70 cm.

Building 2: 19 bores (Nos.201 to 219) sandstone at depths varying from 0.5
m to 1.5 m.

Building 3: 18 bores (Nos.301 to 318) soft sandstone encountered at depths
varying from 0.2 m to 2.7 m plus.

Building 4: 4 bores (Nos.401 to 404) sandstone at depths varying from 0.5
m to 1 m.

Building 5: 4 bores (Nos.501 to 504) sandstone at depths of 87 cm to 90
cm.

Building 7: 4 bores (Nos.701 to 704) sandstone at depths of 50 cm to 90
cm.

Building 53: 5 bores sunk in 1970 to average depth of 3.2 m - sandstone with
soft sandstone lenses and occasional non-continuous clayey
seams.

Storage holes for irradiated fuel elements near Building 27 (4 bores) sandstone at
depths varying from 1 m to 2.4 m.

Depths to rock determined by trenching or probing at various locations - sandstone
depths varied from 0.2 m to 1.2 m.
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Twenty nine bores in drainage depression between fence on northern side of site and
New Illawarra Road - sandstone at depths ranging from 0.9 m to 3 m (Drawing B65
201/1).

Generally the soil cover over rock is very shallow and consists of sandy loam, gravel, clay,
and ironstone. The top layers of sandstone are often soft and underlain by clay seams of
varying thicknesses. Water is often encountered during excavation, the depth depending on
the locality and the prevailing weather conditions. During excavation for column footings for
the Building 42 extension, solid rock was reached approximately 2 m below ground level, but
in one footing the rock had a deep fissure some three inches wide with water 3 m below the
top of the rock. A considerable inflow of water occurred during the excavation for the Co-60
Cell and Irradiation Pond in Building 23. Water also occurs approximately 5 m below ground
level near Building 27.

2.6. Seismology
LHSTC is located on a sandstone plateau in the Sydney Basin. Figure 2.6-1, the current
earthquake hazard map of south-eastern Australia (SAA 1993), shows the Sydney Basin to
lie in a low intensity seismic zone. While there are a number of geological features in the
Sydney Basin indicative of past earthquake activity, no seismically active geological
structures have been identified, and there are no major faults within 35 km of LHSTC.

Seismic hazard is a probabilistic phenomenon (Gutenberg & Richter 1941, Cornell 1968),
and the intensity at any site can vary from negligible to very large. The probability of a given
intensity of ground motion at a site is expressed in terms of its return period or likelihood.
The return period is the average time expected between events which equal or exceed the
specified level. The likelihood, or average expected frequency, is the inverse of return
period. The best estimate of likely return periods for earthquakes of varying magnitudes
follows Corran and Harries' (1990) interpretations of BMR (1989) data;

Return Period (years) = 1.51x106 x {PHGA (g)} 2.80.

The uncertainty associated with the estimation of the return period is also an important part
of the information. BMR (1989) considered the uncertainty estimated for a

Figure 2.6-1 Estimate of Peak Horizontal Ground Acceleration versus Return
Period at the LHSTC Site
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10,000 year return period, expressed as a percentage (i.e. ±35%), to be applicable as a first
approximation at other return periods of interest, and these uncertainty bounds are also
shown in Figure 2.6-2. No confidence levels have been associated with these uncertainty
bounds.

Figure 2.6-2 shows that events with PHGA of 0.03 g might be expected at LHSTC every 100
years or so. Records have been taken in the region around LHSTC for about 100 years, and
it has been estimated that the PHGA has never exceeded 0.03 g anywhere in the region in
that time. In the last 40 years there have been two events which might have caused a
PHGA in excess of 0.01 g at LHSTC, the Robertson event of 1961 and the Picton event of
1973 (DTC 1982). According to Figure 2.6-2 such events could be expected every 4 years
(probable range 1.7-13 years). The discrepancy is well outside the range of uncertainty and
suggests there may be significant conservatism in the estimate.

The frequency content and duration of the earthquake ground motions have been estimated.
These depend on the magnitude of the earthquake and its distance from the site. The
earthquakes with a return period of 10,000 years at LHSTC have been estimated to be in the
range of magnitude 5.75 to 6.25 on the Richter scale, with an epicentre about 15-20 km
distant. Since there have been no events of this magnitude in the region since historical
records began Somerville reviewed the catalogue of seismic recordings of the US National
Geophysical Data Center to identify earthquakes of similar magnitude whose motion had
been recorded about 15-20 km away in geological structures similar to that in the vicinity of
Lucas Heights (BMR 1992; Australian Geological Survey Organisation 1994). He identified
eight representative earthquakes, with magnitudes between 5.4 and 6.9. The durations of
these events range from 3 to 20 seconds.

In assessing the seismicity of LHSTC, two important issues have been considered, the choice
of a deterministic or probabilistic estimate of the PHGA, and the use of time series
accelerograms as opposed to response spectra to describe the frequency content of the
motions.
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Australian experts, in particular DTC (1982) and Gaull, Michael-Leiba and Rynn (1990) favour
probabilistic methods. They consider the deterministic method to be unsuitable for use in
Australia, requiring a degree of understanding of regional seismicity which is not available.
However, whilst the IAEA has recognised probabilistic estimation of ground motions for some
time, and this is the method advocated in the Safety Assessment Principles for Nuclear Plants
of the UK Nuclear Installations Inspectorate (Nil 1993), until recently the USNRC has
permitted only deterministic methods (USNRC 1993).

There has been considerable discussion in the US that deterministic methods do not reflect
the state of the art in seismic analysis. In 1997, after several years of discussion during which
draft guides (eg. DG-1032) were released for public comment, the USNRC finalised
Regulatory Guide 1.165 which provides guidance on the performance of probabilistic safety
hazard analysis for reactor sites to determine the safe shutdown earthquake characteristics
(NRC 1997). ANSTO intends to use a probabilistic approach to estimation of the SL-2 PHGA.
As at November 1998, the best estimate for the SL-2 PHGA is 0.17±0.06 g.

Until recently frequency spectra have been the standard way of characterising the vibratory
nature of earthquake ground motions. The US Atomic Energy Commission has issued
Regulatory Guide 1.60 which specifies the design response spectra to be used in the US for
seismic design of nuclear power plants (USAEC 1973). These spectra have a conservative
envelope based on US conditions and are used by some other countries which have not had
the opportunity or data to allow them to develop their own guidelines. However, Somerville has
shown that the set of time series accelerograms he has provided are site-specific and
magnitude-specific to LHSTC (Australian Geological Survey Organisation 1994). He
concludes that use of these accelerograms is valid for design purposes, and that the adoption
of a non-specific broad banded spectrum such as Regulatory Guide 1.60 is neither necessary
nor appropriate. They may be used either as individual time histories, individual spectra, or
merged to form a synthetic response spectrum. To date, they have always been used as time
histories.

The recent Probabilistic Safety Assessment (PSA) of HIFAR (PLG, 1998) included an
assessment of the frequency of damage to the reactor core resulting from seismic events.
The methodology for the probabilistic seismic hazard analysis (PSHA) was based upon that
currently used to evaluate seismic hazards at US nuclear facilities. It took as input the
hazard curve generated by Corran (Corran, 1995) and used previously to evaluate the
seismic safety of HIFAR. It also considered (as a sensitivity case) a hazard curve estimate
based upon current thinking in the US. Following the PSA, further work to reassess the
applicable seismic hazard curve for the LHSTC site was recommended (section 4.3 has
further details). Once this work is completed, ANSTO will specify the method for deriving,
and the value for, the SL-2 safe shutdown earthquake.

2.7. Site Services
There is a range of physical services at the LHSTC site that 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.
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2.7.1 Water Supply

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 requirements during Replacement Reactor 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.

• 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.

2.7.2 Wastewater

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.

2.7.3 Stormwater

Stormwater runoff from the Lucas Heights Science and Technology Centre drains to three
main discharge points and a number of small stormwater drain outlets (see Figure 18.3 of
DEIS Chapter 18; PPK 1998a). 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
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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 the Lucas Heights Science and
Technology Centre is discussed in the draft EIS Chapter 8 and incidents involving
unintentional emissions are discussed in draft EIS Chapter 10.6.

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.

• 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. 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.

2.7.4 Electricity

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.

• Electricity requirements during construction and operation
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.

The capacity of the main electrical substation would be increased, and the distribution
system at the Centre would be augmented (see DEIS Chapter 5.3). The effects of a
complete loss of off site power will be considered as part of the detailed design and the
safety analyses report for the Replacement Reactor.
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2.7.5 Other Infrastructure and Services

• 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. The existing 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.

• 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. 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.

• 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. General computer requirements for the
Replacement Reactor would be met by extending the closest existing Ethernet network
system in the form of underground cables to the Replacement Reactor buildings.

• 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
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would be installed to allow the safe delivery of irradiation target cans from the proposed
Replacement Reactor building to Building 23.

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.

2.8. Nearby Facilities

The proposed Replacement Reactor site is remote from other major industrial plants and is
340 m from the New Illawarra Road, and 600 m from the facilities immediately adjacent to
the site in the Business and Technology Park, the nearest privately operated building. Other
nearby facilities include a communications tower owned by a private company, the Lucas
Heights Waste Management Centre, the Energy Developments Limited landfill gas electricity
generating plant and associated pipeline, and the CRC for Waste Management and Pollution
Control research building and a proposed LHWMC biowaste processing facility. Adjacent to
the site boundary at the south-east over Heathcote Road is the Holsworthy Military Training
Area operated by the Australian Army.

2.8.1 Facilities and activities at the LHSTC site

A wide range of activities take place on the LHSTC site typical of a small industrial facility or
university campus. Some of these activities are potentially capable of releasing minor
quantities of hazardous materials. Such releases could necessitate temporary evacuation of
local areas on site and could lead to temporary shut down of the Replacement Reactor. The
safety of activities at the LHSTC, including those in the Isotope Handling and Rig Assembly
Buildings (Buildings 23 and 42), the High Activity Handling Cells (Building 41) and the Bulk
Store (Building 59), are considered by the Safety Assessment Committee, the Nuclear
Materials Officer, the Area Health Physicist and the responsible Section Head, as required
by ANSTO Safety Directives. The characterisation and management of LHSTC chemical
hazards, including bulk chemical and other hazardous materials storage facilities, is
described by Pegler (Pegler, 1998).

Operations involving conventional industrial activity are subject to the Commonwealth
Occupational Health and Safety Act and Regulations and, where no specific Commonwealth
legislation exists, to the NSW Workcover Occupational Health and Safety requirements in
order to minimise industrial accidents. An industrial accident occurring at the LHSTC site,
outside the proposed Replacement Reactor building, that could significantly damage the
reactor or its safety systems is extremely unlikely. Few operations on site have sufficient
stored energy to penetrate the expected design of the Replacement Reactor building; none
have the energy and proximity to cause an accident at the Replacement Reactor.

2.8.2 Nearby Industrial Facilities
The following describes the types of facilities and activities undertaken in the vicinity of the
LHSTC site. The effect of these nearby facilities is assessed in section 3.3.3.

The ANSTO Business and Technology (BAT) Park is located on the northern side of the
main LHSTC area, some 600 m to the north-east of the Replacement Reactor site. The
companies that lease the buildings in the BAT Park are the Tetley Manufacturing Pty. Ltd.,
ATA Scientic, and Bilyara and Whitesmith Australia Pty. Ltd.

A communications tower is situated some 100 m north of the Replacement Reactor building.
It is a small relay tower designed to provide coverage for the Menai/Engadine area. This
tower may be relocated before the Replacement Reactor is operational.
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The Lucas Heights Waste Management Centre covers some 185 hectares, of which 115 ha
is in the buffer zone. Its nearest boundary to the Replacement Reactor site is approximately
300 m to the north. The centre is a general waste disposal site taking in municipal and
industrial solid waste from the south of Sydney. In order to utilise the methane gas
generated by the Waste Management Centre, Energy Developments Limited operate two
electricity generating plants. The nearest plant, currently rated at 12 MWe, is located some
450 m northwest of the Replacement Reactor site and a second smaller plant, less than 4
MWe, located 3 kilometres northeast. There is an underground 4 kilometre long and 250
mm diameter gas pipeline between the two plants. The effect of these plants and pipeline
on the LHSTC site is discussed in section 3.3.3.

The CRC biowaste research building is currently not in use and the building is planned to be
removed. There are no other proposals (as at December 1998) for additional facilities within
the buffer zone.

There are no major pipelines transporting gas within 10 km of HIFAR (PLG 1998). A review
of the list of sites for storage of dangerous goods licensed under the Dangerous Goods Acts,
1975 within an 8 km radius of Lucas Heights (referenced in PLG 1998) reveals that there are
no oil refineries, chemical plants, plastic manufacturing plants, or any industrial complexes
that handle large quantities of hazardous materials. A paint manufacturing plant is located
within 8 km of HIFAR.

2.8.3 Military facilities

The Holsworthy Training Area is run by the Australian Army and includes an artillery range.
It lies to the north, west and south of Lucas Heights, the boundary following the Heathcote
Road and the Woronora River. The nearest point of the military training area is
approximately 400 m from HIFAR (Army 1968). Artillery practices are controlled by the
Commander, Liverpool Area, whose standing orders invoke standard instructions for practice
artillery training (Army 1965).

The Army takes great care to ensure that all practices using live ammunition at the
Holsworthy Military Training Area are carried out safely (Army 1965); whilst there are two
known cases of shells falling outside a practice impact area (Department of Defence 1979),
the procedures were subsequently reviewed and updated (Army 1995). Administrative
measures include:

• Prior to a practice the unit submits to Headquarters Eastern Command a "range detail" (a
plan for the practice). The plan is scrutinised and if acceptable and safe, it is approved.

. During practice, the unit is accompanied by a "Safety Officer" (appointed by Headquarters
Eastern Command), who carries out an independent check of all aspects of the practice
and has authority to stop it at any time. He is assisted by an Assistant Safety Officer
attached to each gun crew.

Material measures include the delineation of:
. A safe target area (within which all shells should land) to allow for scatter of fall of shot.

. An impact area surrounding the safe target area to allow for ricochets, splinter travel etc.

• The perimeter of the impact area, which is never less than 1,000 metres from the range
boundary.

Firing is prohibited when any part of the trajectory is outside the range boundary. Missiles or
rockets are not normally fired in the training area but are subjected to the same general
rules, which make damage outside the range boundary virtually impossible.
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Military aircraft are subject to the restrictions dictated by the CAA in relation to the restricted
zone R521 (Gilbey 1995).

2.9. Transport routes
Nearby transport accidents have the potential to affect the Replacement Reactor through
overpressure following explosions, fires, generation of missiles, release of toxic material.
The following describes the local and regional characteristics involving air, road, rail and
water transport.

2.9.1 Air transportation

There are two airports in the vicinity of the LHSTC site: Sydney (Kingsford Smith) at Mascot,
and Bankstown. Sydney Airport is 19 km NE of the site and takes all aircraft types including
helicopters. Bankstown Airport is some 13 km N of the site and is used by light aircraft and
helicopters only. Military aircraft also occasionally operate in the vicinity of the site owing to
its proximity to the Holsworthy Army Training Area. The LHSTC site lies within an air traffic
lane in and out of Kingsford Smith Airport.

LHSTC is on the boundary of the Sydney control area where the lower limit of the controlled
air space rises from 500 to 2000 feet above sea level. All civil and military aircraft are
prohibited from entering the restricted airspace above the Lucas Heights Science and
Technology Centre (LHSTC) unless a prior air traffic clearance has been obtained by the
pilot from the Civil Aviation Authority (CAA formerly the Department of Civil Aviation, or
DCA). CAA regulations prohibit aircraft from flying lower than 2000 feet above sea level
within a radius of one nautical mile (1.85 km) from HIFAR unless a CAA Air Traffic Control
Clearance has been obtained by the pilot (DCA 1964, CAA 1995). This restricted region is
known as R521 (CAA Visual Terminal Chart 1994). In 1986, the CAA sought to reduce the
height of the restricted zone R521 (Gorrick 1986), although no change has been made as
yet (Schiemer 1995). ANSTO requires that a formal written request for permission for limited
use of the designated airspace be obtained from the Director, Safety (ANSTO 1998b).
The HIFAR restricted area R521 is significantly overlapped by another restricted area over
the Holsworthy Army Training Area. This second region (called R555, previously R505)
prohibits aircraft from flying lower than 3000 feet above sea level (CAA 1994).

2.9.2 Road transportation
The main road near HIFAR along which hazardous chemical may be transported is
Heathcote Road. Heathcote Road, however, is not a major road for the transportation of
hazardous chemicals between suppliers and their major customers. The Heathcote Road
and the New Illawarra Road are used by suppliers of certain hazardous materials for local
demands, such as those of ANSTO and the Holsworthy military base, as well as a route to
other destinations. The hazardous materials for local demands are primarily petrol and
diesel. ANSTO receives petrol delivery about once every 3 months, and it also gets modest
shipments of bulk carbon dioxide, nitrogen, argon, and LPG. A major supplier of petrol and
diesel, AMPOL oil refinery, uses the Heathcote Road about once every 3 weeks for a maxi
tanker, which holds 40,000 litres petrol or 36,000 litres diesel. Mobil Oil uses the Heathcote
Road at a rate of six petrol trucks (average capacity of 40,000 litres) per day, for 6 days a
week for delivery of the fuel from the company site at Silverwater to Wollongong.

Explosives for the Holsworthy military base are delivered from the Orchard Hills Ammo depot
approximately 3 to 4 times a year. About 10 tonnes of the explosives are shipped each time
in an explosive qualified vehicle or truck. The shipment of the explosives, however, do not
pass through the Heathcote road but instead through Liverpool to the north.
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2.9.3 Rail and water transportation
The Illawarra railway line passing through Engadine and Heathcote is approximately 3 km
from the HIFAR site. The railway companies that use this line are the City Rail, Freight Rail,
and the National Rail. The City Rail is a commuter rail and does not carry hazardous
materials. National Rail cargo can include steel, coal, explosives, and sodium cyanide
pellets on the Illawarra line through Engadine. Ammonia and chlorine may be transported
via this line only if there is a problem in using the normal route, which is the Sydney-to-
Melbourne line. Using the Illawarra line to transport chlorine and ammonia by the National
Rail is, therefore, an infrequent event.

The only significant hazardous material transported on the Illawarra railway line is sodium
cyanide with 0.5 - 2% of caustic soda added. The cyanide is transported in pellet form
stored in containers, each of which is 6.1m in length and weighs about 15 to 20 tonnes. The
cyanide compound when released from the containers in the event of an accident, does not
react with air but dissolves in water. Sodium cyanide does react with acid to form the
hazardous hydrogen cyanide gas. The cyanide compound in pellet form, when transported
by rail, is kept at least 250 meters away from any acid on the train. In addition, when the
railway transports the cyanide pellets, it does not transport any fuels or liquids on the same
train. This practice will preclude the railway accident scenario in which burning fuel (spilled
and then ignited during the accident) comes into contact with the cyanide pellets spilled from
their containers.

Explosives carried on the Illawarra line are the types used for mining. About 15 to 40 tonnes
of explosives are transported once a week through this railway line.

The Woronora River, approximately 2 km to the east of HIFAR, is not a navigable waterway.

2.10. Baseline environmental radioactivity

Information from environmental surveys of baseline, or pre-operational, radioactivity in soils,
water, and biota is identified in this section. The purpose of this information is to enable
comparisons with future environmental radioactivity surveys during the life of the proposed
Replacement Reactor, and also to establish a baseline level for eventual decommissioning.
The categories of information comprise ANSTO environmental surveys, additional material in
the DEIS, and specific studies of the Replacement Reactor site.

Information on measured environmental radiation at the LHSTC site and its vicinity is
reported in the ANSTO annual environmental surveys. The first of such surveys covering
the period 1960-64 was published in 1966 (Giles 1966), and the most recent are given in
Hoffmann et al 1997 and 1998. These surveys provide results of measured radioactivity and
radiation levels for airborne emissions, low-level liquid effluent, and external radiation. All
results are within the relevant discharge authorisations which also specify the standard or
guideline (eg WHO Guidelines for Drinking Water Quality) against which compliance is
assessed. ANSTO is committed to an ongoing monitoring programme for radioactivity in the
environment and effluent discharges for the life of the Replacement Reactor.

The DEIS (PPK 1998a) also contains information, some from sources independent of
ANSTO, on measurements conducted at the proposed Replacement Reactor site for:

• Surface and groundwater quality, including radionuclides (sections 8.2.4, 8.2.5, 8.3.3.
8.3.4 & Table 8.3); and characteristics of existing liquid radioactive emissions (section
10.5.3)

• Soil contamination, including heavy metals, organic chemicals and radionuclides
(section 17.1 & Tables 17.1, 17. 2 & 17.3); and
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• Air quality, including particulates (section 9.3.1) and exisiting radioactive gaseous
emissions from the LHSTC site (section 10.5.2)

Specific studies of the Replacement Reactor Site include some information on radionuclide
concentrations in soil and groundwater (ANSTO, 1998a; PPK 1998b; Coffey 1998a). These
studies are provided with this submission as supporting information for the Site Safety
Assessment.

3. Site Related Design Bases

3.1. Requirements for design bases
This section uses the site characteristics information presented in section 2 to determine the
potential effects of site related events on the design and operation of the Replacement
Reactor, including a description of the limiting external event design bases. The aim is to
consider how these characteristics may affect either the safety of the reactor or the
management of an accident, and ensure that they are taken into account in the design of the
reactor. This results in the specification of the site-related design bases of the plant which
determine the design basis accidents for external events that are to be analysed in the
Safety Analysis Report. The NSB specifies that design basis accidents are 'those that the
facility with its safety systems is designed to accommodate without the design limits being
exceeded.'(NSB 1998a; para 5.8).

The NSB siting criteria (NSB 1998b) requires that "a design basis external event is
determined for each type of event identified from the site characteristics with which
significant radiological risk may be associated' (NSB 1998b; criteria 11). Further, "the
design basis external events are selected such that the radiological risk associated with
those external events do not exceed the range of radiological risks which would be expected
associated with accidents arising from design basis internal events" (NSB 1998b; criteria
12).

Two of the guiding documents used to determine the site related design bases are the IAEA
'Code on the Safety of Nuclear Power Plants: Siting' (ref Safety Series 50-C-S (Rev 1)) and
the 'Code on the Safety of Nuclear Research Reactors: Design' (ref: Safety Series 35-S1).
In particular, the former states (Para 306): 'Design Bases for External Events to be used in
the design of the plant shall be established. For an external event (or combination of events)
the choice of values of the parameters upon which the plant design is based should be such
as to ensure that structures, systems and components important to safety in relation to that
event (or combination of events) will maintain their integrity and will not suffer loss of function
during or after the design basis event.'

In determining those external events for which a design basis needs to be specified for the
Replacement Reactor, use is made of the site characteristics information provided in section
2, the HSD (HSD 1997) and the HIFAR PSA study (PLG 1998). In particular, the latter
performed a review of external events.

Table 3.1-1 shows the set of external natural and human induced site-related events
identified for consideration of the safety of the Replacement Reactor. Some events are
precluded by the specific location of the Replacement Reactor at the LHSTC site. Some
natural events are routinely considered in the detailed design of the reactor. Other events
may determine a design basis parameter because they represent an extreme, or bounding
case, condition. These include seismic activity, extreme wind (eg. tornado) and aircraft
crash onto the reactor building. A set of design bases parameters for these events will be
specified in ANSTO's requirements for the Replacement Reactor.

The remainder of this part discusses the possible events itemised in Table 3.1-1 and where
necessary, determines the site related design bases.
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Table 3.1-1: Screening of Natural and Human Induced Events and Site
Characteristics

Event Screening
Criteria* Remarks

NATURAL EVENTS

Avalanche
Bushfire
Coastal or other erosion
Drought

Flooding - regional

Flooding - local or site
Extreme winds
Landslide
Lightning
Low water supply (from
low lake, dam, or river
level)

Low Winter temperature

High Summer temperature
Intense precipitation
River diversion
Sandstorm
Seiche
Sinkhole
Seismic activity
Snow Storm
Soil shrink-swell
consolidation
Storm surqe
Tsunami
Volcanic activity
Waves

3
1
3
4

3

1
5
3
1

4

1

1
4
3
3
4
3
5
3

1

3
3
3
3

Site location precludes event.
Effects bounded by aircraft crash.
Site location precludes event.
Bounded by loss of cooling.

Site location precludes any direct effects.

Considered in reactor building design.
Requires analysis to determine design basis.
Site location precludes event.
Included in detailed design.

Considered in analysis of loss of heat sink

Included in detailed design.

Included in detailed design; bounded by bushfire.
Included in site flooding analysis.
Site location precludes event.
Site location precludes event.
Site location precludes event.
Site characteristics preclude event.
Requires analysis to determine design basis.
Site location precludes event.

Considered in detailed building design.

Site location precludes event.
Site location precludes event.
Site location precludes event.
Site location precludes event.

HUMAN INDUCED EVENTS

Aircraft crash
Nearby industry - pipeline
Nearby industry - other
Onsite activities
Water supply quality
Ventilation air quality
Military Activities
Missiles from high energy
equipment

Road and rail accidents

5
1
1
1
1
1
2

4

1

Requires analysis to determine design basis.
Effects bounded by aircraft crash.
Effects considered in detailed design
Effects considered in detailed design
Effects considered in detailed design
Effects considered in detailed design
Small likelihood of any effect at LHSTC site

Included in the analysis of onsite activities.

Effects bounded by aircraft crash

# Screening criteria:
1. The event is of equal or lesser damage potential than the events for which the plant has been

designed.
2. The event has a significantly lower frequency of occurrence than other events with similar

consequences.
3. The event cannot occur close enough to the plant to affect it.
4. The event is included in the definition of another event.
5. The event requires analysis to determine the design basis.
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3.2. Design for external natural events

3.2.1 Seismic Activity

A design requirement is that the plant shall be designed to withstand the effects of ground
motions corresponding to the safe shutdown earthquake (SSE) and the reactor shall be
shown capable of being safely shut down and cooled following such an event without
causing an unacceptable release of radioactivity. The SSE ground motions are selected to
correspond to the vibratory motion expected to occur at the site with a probability of
exceedence less than or equal to 10/4 per annum.

Previous work conducted by ANSTO (Corran 1995) determined that the best estimate of the
10,000 year event was 0.17g Peak Horizontal Ground Acceleration (PHGA). Taking into
account uncertainties, the PHGA was increased to 0.23g making it consistent with the NSB's
earlier position that 0.23 g was a conservative estimated for the SSE.

The recent HIFAR PSA used US methods to investigate the seismic safety of HIFAR (PLG
1998). The assessed frequency content and duration of earthquakes applicable to the
LHSTC site are based upon those for Carbon Canyon in the US. The PSA work queried the
uncertainties about the median used for earlier analyses. Further work to re-assess the
magnitude of the likely 10,000 year event is being commissioned by DISR (see section 4.3).

Until the reassessment of the seismic hazard curve is completed, the values currently in use
for the installation of new equipment in HIFAR will be applied as required for the
Replacement Reactor. The design basis value for the safe shutdown earthquake (the SL-2
deterministic event; IAEA 1991) is 0.23 g for a return period of 10,000 year. This is based
on a median PHGA value for the 10,000 year earthquake of 0.17 g with two standard
deviations giving 0.23 g.

3.2.2 Meteorologically extreme events
m Winds
The IAEA suggests that design basis winds and cyclones are evaluated on the basis of the
maximum historical intensity within a radius of about 100 km of the site (IAEA 1987). If there
is insufficient historical data, the maximum historical intensity can be extrapolated by means
of a statistical technique. The HIFAR PSA (PLG 1998) has produced a wind hazard
analysis, including for tornadoes, using an accepted statistical approach for the LHSTC site
based on Sydney (Kingsford Smith) Airport data. The derived frequency exceedence curves
for the fastest-mile wind speed and tornado-type wind, is reproduced as Figure 3.2-1.

For the Replacement Reactor, the design basis for high winds including tornado-type winds
is determined for a likelihood of exceedence of 10"4 per year. On this basis.the HIFAR PSA
determined that the fastest-mile windspeed is 105 mph (170 km per hour) for the LHSTC site
(from Figure 3.2-1). At a similar exceedence level, the highest tornado-type wind speed is
85 mph (135 km per hour). The design basis includes not only the pressure effects
associated with the wind but the gusting effects, and the pressure drop and missile effects in
the case of the tornado-type winds. The impact of tornado-type wind generated missiles on
structures and equipment of the Replacement Reactor facility will be considered in detail in
the detailed design and PSAR.
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• High Summer Temperatures
Prolonged periods of high temperature can be expected in the summer at the LHSTC site.
The design limit for maximum temperature is 50 °C.

• Frost and Low Winter Temperature
Frost and low winter temperatures for prolonged periods are extremely rare at the LHSTC
site. Extreme temperature statistics are available from two sources. Data from 1958 to
1966 (Charash and Bendun 1968) show there were no extreme low temperatures below
freezing recorded at Stevenson Screen level (1.2m) during that 9 year period. More recent
data show that there was one near freezing value recorded in the period 1975 to 1990, and
from 1991 and 1996 the extreme minimum was 1.7°C (Clark 1997). The design basis low
temperature for the reactor building and associated plant is therefore set at 1 °C.

• Intense Precipitation
The layout of the Replacement Reactor plant will be such that the site will be capable of
coping with large rainfall. The potential for local external flooding and stormwater drainage
will be considered as part of the detailed design.

• Fog
Heavy fog is very rare at Lucas Heights. Nevertheless, the effects of heavy fog will be
included in the design for the Replacement Reactor in terms of the atmospheric hydrosol
loading on systems.

• Hail
Hail represents a hazard to the operation of the plant insofar as it generates missiles. There
are other sources of missiles within the envelope of the design basis that impose a greater
challenge on the plant, specifically those arising as a result of aircraft crash and explosions.

• Lightning
Frequent lightning strikes can be expected on the LHSTC site. Their potential effects on
plant and equipment will be considered as part of the detailed design of the Replacement
Reactor.

• Meteorite
Meteorite strikes are considered very unlikely at the LHSTC site. It is generally accepted
that their very low likelihood of occurrence (less than 10"9 per year) places them outside the
design basis.

3.2.3 Hydrological or geological events

• Water supply
The effect of drought, low lake, dam or river water level, will not have any effect on the safety
of the Replacement Reactor which cannot be appropriately managed or planned for in the
design and operation. The Replacement Reactor will receive its secondary side make-up
water from the Sydney main water supply. This system is fed from the Woronora Dam. Any
potential for loss of supply will be known well in advance. The LHSTC site also holds a 1.5
Megalitre supply of stored water. Loss of mains water will be considered in the design of the
Replacement Reactor. The quality of the water will be routinely monitored during the
operation of the Replacement Reactor.

• Soil shrink-swell consolidation
The potential for soil shrink-swell consolidation will be taken into account in the detailed
design of the Replacement Reactor.

Site Characteristics and Site Related Design Bases December 1998



-45-

• Landslide or sinkhole
Geotechnical investigations (Coffey 1998a; 1998b) show there is no potential for a landslide
or a sinkhole at the Replacement Reactor site.

3.2.4 Bushfires
The location of the LHSTC is such that large bushfires can be expected every 8 to 12 years.
These fires have the potential to burn to the site boundary. The fire intensity and duration is
dependent on a number of meteorological factors including prevailing wind strength and
direction, temperature, and humidity. The LHSTC site is on relatively flat ground with sparse
vegetation, which will reduce the intensity of the fire coming over the ridge.

Previous work for HIFAR examined the effect on the containment building of the radiant heat
from bushfires under steady state conditions. It has been shown by Beattie (Beattie, 1998)
that this previous work is highly conservative, requiring 40 hours of assumed typical bushfire
conditions for the temperature of the building to reach significant levels (>150°C). Beattie
has also shown that the radiant heat would be considerably less than solar heating which is
about 800 W m"2. Hence it is considered that the incidence of bushfires near the LHSTC
site does not present any unique effects for consideration in the design and operation of the
Replacement Reactor. Further, because of the short duration of a bushfire event, any
effects imposed by a bushfire on the reactor and associated buildings is bounded by the
effects of an offsite transport accident.

The main design considerations for avoiding or minimising hazards from bushfire include
compliance with relevant Australian building standards; the use of appropriate construction
materials; appropriate design to avoid the collection of combustible material on or near
buildings (eg leaves settling in guttering, roof or eaves); and maintaining recommended fire
hazard reduction distances from bushland as described in the draft EIS section17.2. The
Replacement Reactor will also be required to withstand the smoke and hot debris that may
fall on the building during a bushfire. The smoke effects will be included in the design
analysis associated with atmospheric aerosol that the plant will be designed to cope. The
effects of aircraft crash bound the effects of bushfire in terms of high temperature debris.

3.3. Design for human induced external events

3.3.1 Road and rail transport accident
The only hazardous substances regularly travelling the roads near to the LHSTC site are
petrol and diesel. The sodium cyanide carried by rail is too far away in the event of an
accident. Explosives carried by road take a route which keeps it away from the LHSTC site.
Although no large amounts of pressurised gas or toxic materials currently pass close to the
LHSTC site, it is prudent to consider that such transport might commence at some point in
the future operation of the Replacement Reactor. Accordingly, ANSTO contracted DNV
Consultancy Services to provide an analyses of transport accidents on New Illawarra Road,
at 240 metres, and the nearest railway line at 3,000 metres (DNV, 1998).

Five bounding scenarios have been developed and assessed for road and rail transport
accidents near to the proposed Replacement Reactor site at the Lucas Heights Science and
Technology Centre (LHSTC). These scenarios are:

• Boiling Liquid Expanding Vapour Expansion (BLEVE) of a full road tanker of LPG,
• LPG flash fire and vapour cloud explosion,
• Fire with possible explosion of a full road tanker of petrol,
• Explosion of a full semi-trailer load of ammonium nitrate, and
• Rupture of a full road tanker of chlorine.
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The DNV analysis concluded that the bounding scenarios for LPG BLEVE, petrol fire and
ammonium nitrate explosion would have negligible consequences to people located in the
open at the LHSTC during any incidents and would have no significant impact on buildings,
apart from the possibility of breaking glass windows from the explosion.

The rupture of a LPG road tanker and subsequent formation of a gas cloud could cause a
flash fire killing people within the gas cloud up to 285 metres from the site of the rupture.
There is a possibility of this gas cloud exploding in the bush surrounding the LHSTC. This
would result in significant overpressure that could cause injury to people in the open and
damage to unprotected structures. However, the design and construction of the
Replacement Reactor building would ensure that, in the unlikely event of a rupture of an
LPG tanker within 285 metres, there would be no effect on reactor operations or safety.

The worst consequences from a major leak of chlorine could lead to fatalities to people at
240m from the rupture, unless they could shelter inside a sealed building with air not
contaminated by the chlorine. At 3000m from the leak there is a low likelihood of fatalities to
people who remain outside during the incident, however this is considered to be a
conservative estimate. However, at present there is no chlorine transported along the roads
near the Lucas Heights Scientific and Technology Centre, and no such transport is planned
by NSW authorities. Even if such transport occurred, the likelihood of a major road accident
on the stretch of road near the LHSTC would be low. Nevertheless road transport will be
kept under review during the life of the Replacement Reactor (see section 4.3 Ongoing site
evaluation).

3.3.2 Aircraft crash

The HIFAR PSA (PLG 1988; section 6.2.3) determined that the likelihood of a crash of a
commercial jet or general aviation aircraft on HIFAR is approximately 2x107 per year. For
the Replacement Reactor, the likelihood of an aircraft crash is similarly low. In deriving the
likelihood of aircraft crash, the only parameter to alter is the effective area presented by the
Replacement Reactor building which will be similar in size to HIFAR. The effects of aircraft
crash on the neutron guide hall and adjacent buildings, which may affect the safety of the
reactor building (eg cooling towers), also need to be determined in the design of these
buildings.

Notwithstanding the low likelihood of a general aviation crash, the Replacement Reactor will
be capable of being safely shutdown in the event of impact by a light aircraft, such as a
Cessna. The parameters associated with the crash of a Cessna on the Replacement
Reactor building and adjacent structures, notably the impact loading, debris spread, amount
of burning fuel etc, will be specified at the detailed design and PSAR preparation stage.
IAEA guidance (eg IAEA 1996, Annex 1) will be used. It is expected that the impact loading
associated with the crashing small plane will provide a bounding localised loading on the
plant while the burning fuel will provide a bounding localised temperature on the plant. The
debris associated with the impact will provide a bounding missile loading on the plant.

3.3.3 Nearby industrial activities

Off site accidents at nearby industrial facilities have the potential to affect the Replacement
Reactor through overpressure following explosions, fires, generation of missiles, or release
of toxic material. The potential effect of a nearby industrial accident on the Replacement
Reactor is similar to that of transport accidents involving hazardous materials near the
LHSTC site and onsite activities.

The inventory of hazardous materials, and the nature of activities in the buildings leased by
companies at the ANSTO Business and Technology (BAT) Park, show that the amounts of
hazardous material are very small and the activities do not have any potential to impact the
operation of the Replacement Reactor. This is confirmed by a recent independent review of
the LHSTC Dangerous Goods Inventory List which indicated that there are no potential
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threats to the habitability of the HIFAR control room from the hazardous materials store at
the BAT (PLG 1998; reference 6.2-22). A similar situation would prevail for the Replacement
Reactor; this will be kept under review for the life of the reactor.

The nearest pipeline to the LHSTC site is that providing landfill gas to the EDL electricity
generating plants described in section 3.3.3. Failure of this underground pipeline has the
potential to release methane, a flammable gas. A hazard assessment of the 12 MW landfill
gas electricity generation plant and the associated underground gas pipeline concludes that
the EDL facility does not present a hazard to the LHSTC site, including the operation of
HIFAR or the proposed Replacement Reactor (Barton 1998). The total mass of methane is
very small and the effects of an explosion or fire would be negligible at the 450 m distance
between the plant and the Replacement Reactor site. Also, the effects of burning of the
released methane gas are bounded by aircraft crash effects. There are no other pipelines
nearby which could impact the LHSTC site.

A review of the list of sites for storage of dangerous goods licensed under the Dangerous
Goods Acts, 1975 within an 8 km radius of Lucas Heights reveals that there are no oil
refineries, chemical plants, plastic manufacturing plants, or any industrial complexes that
handle large quantities of hazardous materials. However, a paint manufacturing plant is
located within 8 km of HIFAR. The types and quantity of the hazardous materials stored in
that location are considered to pose no threat to the Replacement Reactor.

3.3.4 Military Activities
The HIFAR PSA (PLG 1988; section 6.2.4) considered the likelihood of the HIFAR reactor
being hit by a stray artillery shell from the Holsworthy Military Area. It concluded that the
likelihood is very low, less than 1 in 10 million years (10~7 per year). A similar likelihood
exists for the Replacement Reactor when built. The event is considered beyond the design
basis and does not need to be taken into account in the design of the Replacement Reactor.

3.4. Effect of onsite activities and dual operation

3.4.1 Activities in other site buildings
Onsite activities have the potential to affect the Replacement Reactor through: overpressure
following explosions, fires, generation of missiles, and releases of toxic material, cryogenic
or radioactive material. The characterisation and management of LHSTC chemical hazards,
including bulk chemical and other hazardous materials storage facilities, has recently been
described by Pegler (Pegler, 1998). The location of the chemical storage facilities in
relation to the Replacement Reactor site is such that, for all cases, the hazards presented by
the type and quantity of chemicals and their distance from the reactor are bounded by the
hazards presented by a road transport accident as described in section 3.3.1.

The potential for an accident leading to an uncontrolled release of radioactive material from
any LHSTC building is small and, further, the potential effect on the Replacement Reactor of
such an on-site accident is also small. Appropriate measures such as ventilation systems
shutdown and evacuation will be implemented as necessary. A complete inventory of
radioactive materials at the LHSTC site will be provided in the relevant ANSTO Licence
application to ARPANSA.

There are no large, high energy rotating machines or large, high pressure machines on the
LHSTC site. There is therefore no need to consider missiles arising from this source. The
effect of generation of missiles by other means is bounded by an aircraft crash.

In considering the range of postulated initiating events arising from activities at the LHSTC
site:
• for explosions, the effects of overpressure and the effects of missile generation are

bounded by light aircraft crash;
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• the effects of onsite fires and bushfires are bounded by light aircraft crash; and

• the effects of a release of airborne material affecting the ventilation and habitability of the
reactor building are taken into account in the design of the Replacement Reactor and in
site emergency management plans.

3.4.2 Site requirements during dual operation
• Services
Infrastructure requirements would be reviewed and temporary arrangements made to ensure
compliance with all essential support facilities during the approximately six month period of
dual operation. These requirements would address the features of both reactors and the
conditions given in the Facility Licence. Once HIFAR is permanently shutdown, the
decommissioning process would commence and the existing infrastructure and services
would be utilised as required.

• Water Supply
As indicated in section 2.7.1, the existing site distribution system would be extended to the
site of the Replacement Reactor. The system would be designed to satisfy water supply
demands during dual operation of HIFAR and the Replacement Reactor. 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.

• Wastewater
The existing sewage treatment system would accommodate the relatively small increase in
demand during dual operation. 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. Stormwater control during dual operation would be
accommodated by the existing stormwater system and by proposed extensions to the
system (see DEIS Section 15.5).

• Electricity
Likely energy usage during dual operation is outlined in DEIS 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
DEIS Section 15.6.

4. Compliance with Regulatory Assessment Requirements

4.1. Radiological impact

There are no identified site characteristics which adversely potential transfer pathways of
radiological releases to humans. There are also no identified site characteristics affecting
the implementation of mitigatory measures should they be necessary after accidents.

Environmental measurements of radioactivity have been published since the 1960s. Recent
environmental surveys (PPK 1988a; Hoffmann et al, 1997; 1996) reveal no significant levels
of radioactivity in air, soil or water at the LHSTC site including the Replacement Reactor site.
For routine authorised releases, the main environmental pathway contributing to dose is
external irradiation from airborne releases which comprise more than 80% of the total
effective dose to members of the public (NNC 1998). Liquid effluent dose pathways make
negligible contributions to public dose (NNC 1998).

Site Characteristics and Site Related Design Bases December 1998



-49-

4.2. Ongoing site evaluation

ANSTO, as the Facility Licence holder for the Replacement Reactor, is committed to
ongoing site evaluation during the life of the reactor. The objective of these future
evaluations is to determine any changes that occur so as to identify those which may affect
safety aspects of the Replacement Reactor. The possible changes include:

• Nearby industrial, transport and military facilities;
• Nearby institutional, recreational, and residential structures;
• Radiological impact due to an increase in the local population distribution;
• Site seismology because of new information;
• The construction of new buildings and structures at the LHSTC site;
• Site micro-meteorology due to new buildings and structures;
• The size and management of the buffer zone controlled by ANSTO;
• HIFAR decommissioning activities.

4.3. Further work

Further work is being undertaken to further characterise the seismic hazard. The
Department of Industry, Science and Resources (DISR) will commission in December 1998
a reassessment of the seismic hazard curve applicable to the LHSTC site. The work will
review the information applicable to the site, update the hazard curve in the light of the best
available data, and employ current international thinking regarding uncertainty. The results
will be available by mid-1999. The scope of the work includes:

• A review of international and US practice in generating hazard curves.

• The review of earthquake source zonation models for the Lucas Heights site.

• The development of earthquake recurrence relationships and maximum magnitudes for
each earthquake source zone.

• The development and/or selection of appropriate strong-motion attenuation relationships.

• The explicit incorporation of input data uncertainties and modelling uncertainties into the
PSHA calculations.

• The incorporation of local site conditions, and

• The generation of an applicable set of frequency spectra for use in structural analysis of
the nuclear reactor structures at the Lucas Heights site.

As required by the NSB, the criteria or parameters for Design Basis External Events that
affect the design of the Replacement Reactor will be specified before or at the detailed
design stage and in the Preliminary Safety Analysis Report. These DBEEs include seismic,
aircraft crash and high wind.

4.4. Regulatory compliance

The regulatory requirements of the NSB for siting assessment (NSB 1998a; 1998b) and the
IAEA requirements for the parts of a Safety Analysis Report covering site characteristics
(IAEA 1994) are indicated in Table 4.4-1. Also indicated in this Table are the sections of this
submission, supporting documents and the draft EIS which demonstrate that all relevant
matters required by the NSB or IAEA are appropriately considered.
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Table 4.4-1: International and Australian Research Reactor Siting Requirements

NUCLEAR REGULATORY REQUIREMENT

TOPIC

General site
description

External effects

Geology and
seismology

Meteorology

Hydrology

Nearby industrial,
transport & military
facilities

Radiological impact

Population
distribution

IAEA
from IAEA 1994

A304-305

A306-307

A308-309

A310

A311-314

A315-316

A317-318

A319

NSB
from NSB 1998b

2.5

C1.C2, C3

2.12,2.13

2.8, 2.9

2.10, 2.11

2.16 to 2.19

2.4, 5.1, 5.2
C16, C17

2.6, 2.7

ANSTO APPLICATION

DEIS sections
from PPK 1998

5.3, Ch 7

17.2 for bushfire
Ch 11 generally

Ch 8 for geology
Ch 11 for seismic

9.2

8.3

Ch 13 and 14

Ch 10 and App F
normal operation
Ch 11 App E for
accident

Ch 11, App E

Other ANSTO sources

HSD2.1

HSD 2.7.1,7.8.2 bushfire
HSD 2.7.2, 7.8.3 aircraft
HSD 2.3, PSA 6.3 wind
HSD 2.4 geology,
HSD 2.5, 7.8., PSA 6.2
earthquakes

HSD 2.3

HSD 2.6

HSD 2.7.3, 7.8.4 military
HSD 2.7.5, 7.8.6 industrial
HSD 2.7.2, 7.8.3 aircraft

HSD 6 normal operation
HSD 8 accidents
ANSTO 1998a for Reference
Accident

HSD 2.2

Section of this
document

2.1

3.2, 3.3

2.5, 2.6, 3.2

2.3, 3.2.2

2.4, 3.2.3

2.8,2.9

2.10, 4.1

2.2
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NUCLEAR REGULATORY REQUIREMENT

TOPIC

Natural
environment, land
& water usage

Baseline
radiological levels

Atmospheric
dispersion

Water dispersion

Accident Mitigation

Summary &
Conclusions

Reference
Accident
Design Basis
Events
Operational
(HIFAR) Radiation
Doses
Validation of Siting
Assessment

IAEA
from IAEA 1994

A320

A321

A322-323

A324-325

A326-327

A328

~

-

A317-318

—

NSB
from NSB 1998b

2.5, 2.15

2.4

2.9

2.11

3

-

3, C4 to C9

4, C10toC15

5, C16.C17

6, C18toC21

ANSTO APPLICATION

DEIS sections
from PPK 1998

Ch12, 13, 17

10.4 and App F;
8.3,17.1,

9.2, 11.4, App E&
F

8.2.3, 8.3.2

11,App E

Ch 21, 22, App I

11,App E

--

11.4

—

Other ANSTO sources

HSD2

ANSTO Environmental
Survey Reports; HSD 6

HSD2.6, 8.1

HSD 2.6

HSD 9
ANSTO 1998a

ANSTO 1998a

ANSTO 1998a

PLG 1998 (PSA)

ANSTO Annual Reports
SRC Annual Reports

At the PSAR stage

Section of this
document

2.1,2.7

2.10

2.3

2.4

in ANSTO 1998a

4, 5

in ANSTO 1998a

3

4.1

At the PSAR
stage
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5. Conclusions
On the basis of the site characteristics information (section 2) and the specific site related
design basis considerations (section 3), it is concluded that the proposed site for the
Replacement Reactor, within the LHSTC site, does not have any negative features which
cannot be overcome by the high standard and quality of engineering design and construction
which are required by ANSTO.

The safety assessments for the Replacement Reactor require the effects of some site
related characteristics to be considered in analysing hypothetical accidents. These events,
called Design Basis External Events (DBEEs) are identified in this submission as including
earthquake, extreme winds, and light aircraft crash. These DBEEs bound the effects of all
other natural or human induced external events. The effect of these events will be analysed
at the stage of the detailed design of the Replacement Reactor and reported in the
Preliminary Safety Analysis Report to the nuclear regulatory authority prior to Construction
Authorisation.

6. Supporting Documents and References

6.1. Supporting Documents
The following documents provide detailed site investigation information and analysis for the
Replacement Reactor site. They are part of this submission.

• Australian Nuclear Science and Technology Organisation, 1998, Radiological Soil
Assessment at the Proposed Replacement Reactor Site, ANSTO, Sydney.

• PPK Environment & Infrastructure, September 1998, Environmental Site Assessment,
Proposed Replacement Nuclear Research Reactor Site, Lucas Heights Science and
Technology Centre, prepared for Australian Nuclear Science and Technology
Organisation, Sydney.

• Coffey Partners International P/L, report G459/1-AG Replacement Reactor Site, Lucas
Heights, Hydrogeological and Hydrochemical Study, August 1998.

• Coffey Partners International Pty Ltd, Replacement Research Reactor, Lucas Heights,
Geophysical Study, April 1998, report no. GY617/1-AC.

• Coffey Partners International Pty Ltd, Replacement Research Reactor, Lucas Heights,
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Appendix D

Draft EIS Erratum

Volume 1

Summary

Page XVII: In the first paragraph (under "Risks to the Public ...") the first three
sentences should be deleted and replaced with: "The maximum dose to any member
of the public due to the normal operation of HIFAR, radiopharmaceutical operations
and other site activities has been independently assessed for this Draft EIS to be
0.003 millisieverts per year, which is 0.15 percent of natural background radiation
levels or less than that received from flying in a commercial aeroplane for one hour."

Page XVII: The second paragraph (under "Risks to the Public ...") should be deleted
and replaced with: "For the replacement reactor, gaseous emissions from the reactor
will be much less and therefore the worst case exposure will be less than 0.003
millisieverts per year for the same level of radiopharmaceutical production. If the
anticipated increase in the processing of molybdenum-99 and iodine-131 occurs,
emissions from these processes 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 of one millisievert per
year 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.
Thus no impact from the replacement reactor would be expected to be detected in
studies of people around the Lucas Heights Science and Technology Centre."

Chapter 3

• Page 3-22: In the first sentence under Section 3.6.4, the year in "Australian Nuclear
Science and Technology Organisation Act 1997" should be 1987.

Chapter 5

• Page 5-12: The proposed fuel reduction zone in Figure 5.3 is incorrectly shown
inside the security fence. The zone is not applicable to this figure. The figure
should be as in the amended Figure 5.3 in this erratum appendix.

• Page 5-26: In the third sentence of the third paragraph under Section 5.3.4, the
words "for nuclear non-proliferation and safeguards reasons" should be inserted after
"would not be necessary".

Chapter 10

• Page 10-30: The radioisotope names in Figure 10.12 should be as in the amended
Figure 10.12 in this erratum appendix. The radioisotope names are amended such
that "iodine-135m" becomes "xenon-135m" and "xenon-135m" becomes "xenon-
135".

• Page 10-36: In the third dot point under "ANSTO's Waste Management Action
Plan", after "molybdenum-99," add "the overall impact of the site's".

PPK Environment & Infrastructure Pty Ltd
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ChapterU

Page 11-11: In Table 11.3, the comment for Building 54 (molybdenum-99
production) should be "Charcoal and particulate filters are used to trap noble gases,
iodine and particles." and the comment for Building 23 (iodine-131 production)
should be changed to "As for Building 54.".

Page 11-17: In the first sentence of the first paragraph, delete the first line, start the
sentence with "ANSTO ... and 0.02 millisieverts per year" should be replaced by
"0.01 millisieverts per year". The second sentence should be deleted and replaced
by "This is half the value that would be required to demonstrate the "As Low as
Reasonably Achievable" objective under ANSTO policy."

Page 11-17: In Table 11.4, the entry under "Safety Limit" for 1-10 millisievert dose
should be "one in 10" not "one in 100".

Page 11-20: In the paragraph under "The European Union", replace the first
sentence with "The European Commission adopted on 23 February 1998 a
Communication concerning the implementation of Council Directive 96/29/Euratom
of 13 May 1996 laying down basic safety standards for the protection of the health of
the workers and the general public against the dangers arising from ionising
radiation. This Directive repeals, with effect from 13 May 2000, the previously
established Basic Safety Standards Directives."

Page 11-29: In the third and fourth paragraphs, replace "outcomes" with
"conditions" and "likely" with "frequent".

Page 11-43: The second sentence of the first paragraph under "Land Contamination
and Intervention Levels" the percentage "30 percent" should be "five percent".

Page 11-44: In Table 11.6, add "Limit" to the end of the far-right heading
"International Commission on Radiological Protection Recommended Dose".

Page 11-62: In the third dot point under Section 11.8: "Australian Radiation
Protection and Nuclear Safety Agency Act 1998" should be replaced with
"Australian Radiation Protection and Nuclear Safety Act 1998".

Page 11-62: In Section 11.9.1 the third sentence of paragraph one should read "The
reactor has the capacity to increase the production of some radioisotopes by a factor
of up to four, but individual doses would not increase significantly because of the
way these doses are tightly controlled. The collective doses would also not
significantly increase since only a small number of staff are involved in the process
and automation of generator production and transfer would be implemented to
remove the need for the current level of manual handling."

Page 11-63: In the final sentence of Section 11.9.2, "which is" should be replaced
with "or, expressed in other terms, is approximately".
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ChapteM7:

• Page 17-19: The proposed fuel reduction zone in Figure 17.3 is outside the
proposed security fence. The figure should be as in the amended Figure 17.3 in this
erratum appendix.

" Page 17-22: The following table should replace the information under the heading
"Table 1 7.5: Measured Noise Levels in the vicinity of the Lucas Heights Science and
Technology Centre":

Table 17.5 (Amended): Measured Noise Levels in the Vicinity of the Lucas Heights
Science and Technology Centre

Measured Noise Levels dBA'

41 Thomas Mitchell
Drive, Barden Ridge

33 Barnes Crescent,
Menai

23 Chullora Crescent,
North Engadine

23 Abbott Road,
Heathcote

7am
to

7pm

55

52

52

49

LA

7pm
to

10pm

50

45

42

42

2
eq

10pm
to

6am

43

41

45

44

6am
to

7am

43

47

53

50

7am
to

7pm

34

35

41

35

LA

7pm
to

10pm

31

31

36

32

3
90

10pm
to

6am

31

30

39

28

6am
to

7am

33

35

43

35

Source: Wilkinson Murray/PPK Environment & Infrastructure, 1997.
Notes: 1. The measured noise levels are based on noise surveys conducted over a period of three months to

January 1997.
2. The L̂ e, level is 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 LA90 description is the noise level exceeded for 90 percent of the time, normally taken as the

background noise level.

Chapter 18

• Page 18-9: In Table 18.2, all references to "alpha/beta activity" should be replaced
with "gross alpha/beta activity".

Glossary of Terms

• Page G-8: In the definition of "conditioning" the last sentence should be deleted.

Volume 2

Appendix F

• Page F-7: In the first sentence of the paragraph commencing with "Some particular
low ....", replace "M Bq/m3" with " MBq/m3" twice to correct the placement of the
space.

• Page F-27: In Table 6 the volume should be in "litres" not "m3".

• Page F-38: In Table 16, add "2: For Scenario 2" and "3: For Scenario 3" under the
existing footnote.

PPK Environment & Infrastructure Pty ltd Page D-3
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Appendix G

• An error occurs in the collective dose unit where "person-sieverts" is used instead of

"person millisieverts" or "person-mSv". The units should be adjusted as specified

below:

* Page G15, fourth paragraph: The second sentence should be "The maximum

total collective dose is 14,000 person millisieverts for the year 2006 and 15,000

person millisieverts (2016)";

> Page C16 last paragraph: The second sentence should be "This is shown in

Section 5.4 to be 14,000 person millisieverts for the year 2006 and 15,000

person millisieverts (2016)";

* Page G17 second paragraph: The second, third and fourth sentences should

be: "The relevant risk co-efficient used in this assessment is 0.00005 risk of

cancer fatality per millisievert effective dose (International Commission on

Radiological Protection, 1990), or expressed another way, five cancer fatalities

per 100,000 person millisieverts. The reciprocal is therefore 20,000 person

millisieverts, a population dose for which the most likely number of excess

cancer fatalities is zero. On this basis, the maximum collective dose of 15,000

person millisieverts from the most severe accident for the replacement reactor is

not expected to produce any cancer fatality."; and

* Page G39: Tables 19 and 20 should be headed "Total Collective Dose Person

Millisieverts".

> Page C-25: In Table 7, additional and amended information as shown in the

Amended Table G-1 in this errata appendix. Appendix G reference "ANSTO

1998a" and main EIS reference "ANSTO 1998f" should be amended to read:

"ANSTO replacement nuclear research reactor Project, Siting Safety Assessment

Stage 1 Submission", 30 April 1998; amended 24 July 1998 as revision 1;

ANSTO, Lucas Heights, Sydney.

Table G-1 (Amended): Amendments (in bold italics) to Appendix G ; Table 1

Isotope Half-life
20 MW the Pool

Reactor Inventory
Reference Accident
Inventory (+10%)1

Xenon-131m
Xenon-133m
Xenon-133
Xenon-135m
Xenon-1 35
Xenon-138
Krypton-83m
Krypton-85m
Krypton-85
Krypton-87
Krypton-88
Krypton-89
Krypton-90
Krypton-91
lodine-130
lodine-131
lodine-1 32
lodine-1 33

11.9 day
52.6 hr
125.8 hr
15.3 min

548.4 min
14.1 min
109.8 min
268.8 min

10.7 yr
76.3 min
170.4 min

190 sec
32.3 sec
8.6 sec
12.4 hr
193.0 hr

137.0 min
20.8 hr

1.98E+14
1.21E+15
4.09E + 16
7.21E + 15
4.07E + 15
3.55E+16
3.15E+15
7.46E+15
4.50E+13
1.48E + 16
2.01E+16
2.10E+16
7.69E+15
1.53E+14
1.40E + 14
1.82E+16
2.68E + 16
4.07E + 16

2.18E+14
1.33E+ 15
4.50E+ 16
7.93E+ 15
4.48E+ 15
3.91E+16
3.47E+ 15
8.21E+ 15
4.95E+ 13
1.63E+ 16
2.21E+16
2.31E+16
8.46E+ 15
1.68E+ 14
1.54E+14
2.00E+ 16
2.95E+16
4.48E+16
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Isotope

lodine-134
lodine-135
Tellurium-125m
Tellurium-127m
Tellurium-1 27
Tellurium-129m
Tellurium-129
Tellurium-131m

Tellurium-131

Tellurium-132
Tellurium-133m
Tellurium-133
Tellurium-1 34
Caesium-134m
Caesium-134
Caesium-136
Caesium-137
Caesium-138
Rubidium-86
Rubidium-88
Rubidium-89
Rubidium-90m
Rubidium-90
Strontium-89
Strontium-90
Strontium-91
Ruthenium-103
Ruthenium-105
Ruthenium-106

Half-life
52.6 min
394.2 min
58.0 day
109.0 day
561.0 min
33.6 day
69.6 min
30.0 hr

25.0 min

78.2 hr
55.4 min
12.5 min
41.8 min
1 74.6 min
753.1 day
13.2 day
30.0 yr

32.2 min
18.6 day
17.8 min
15.2 min
258 sec
153 sec
50.5 day

29 yr
9.52 hr

39.3 day
4.44 hr
368 day

20 MW the Pool
Reactor Inventory

4.71E + 16

3.79E + 16

2.48 E+12
9.01 E+ 13
8.78 E+14
8.26 E+ 14
4.46 f + 15
2.69 E+ 15

1.57 E+ 16

2.66 E+ 76
1.94 E+ 16
2.25 E+16
4.06 E+ 16
1.16 £+76
2.11 E+14
1.44 E+14
3.42E + 14

3.98E + 16

9.49E + 12

2.04E + 16

2.71E + 16

6.7E15

2.3E + 16

2.3E+16

3.3E + 14

3.3E+16

1.83E+16

7.92 E + 15

7.99 E+14

Reference Accident
Inventory (+10%) '

5.18E+16
4.17E+16
2.73 E+ 12
9.91 E+ 13
9.66 E +14
9.09 E + 14
4.91 E+15
2.96 E+15

1.73 E+ 16

2.93 E+ 16
2.13 E+16
2.48 E+ 16
4.47 E+ 16
1.28 E+16
2.32 E+ 14
1.58 E+14
3.76 E+ 14
4.38 E+ 16
1.14E+13
2.24 E+ 76
3.00 £+76
7.35E+ 15
2.48E+16
2.5E+ 76
3.6f+74
3.6f + 76

2.07 £+ 76
8.71 E+ 15
8.79 £+ 14

Note: 1. The calculated fission product inventory for a generic pool reactor operating at 20 MWth has been
increased by 10 percent as a further conservatism in deriving the released activity values for each
time period.

" Page G-49: In Table 1.3 the annual population growth for Campbelltown should
read -0.26 percent for the period 1996 to 2006; and -0.60 percent for the period
2006 to 2016.

Page G-50: In Table 1.4 the population for C1 should be "8,000" not "18,800", the
total for Sector 1 should be "240,200" not "251,000" and the total for Zone C
should be "94,500" not "105,300". The population for E16 should be "93,600" not
"93,700", the total for Sector 16 should be "218,800" not "218,900" and the total
for Zone E should be "590,600" not "590,700". The total population should be
"1,601,300" not "1,611,400". These corrections do not significantly affect Table 7
of Appendix C which was used by NNC for the dose calculation as the correct
information was used in all calculations.

Page G-51: In Table 1.5 the population for C2 should be "19,300" not "9,300". The
population for D12 should be "25,000" not "5,000", the total for Sector 12 should
be "94,400" not "74,400" and the total for Zone D should be "378,400" not
"358,400". The total population should be "1,663,800" not "1,643,800". These
corrections do not affect Table 7 of Appendix C which was used by NNC for the
dose calculation as the correct information was used in all calculations.
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Glossary of Terms

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.

Part 1: Radiation and Radioactivity

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. 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 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 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 are 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.

The passage of these radiations through a material cause 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
a 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 to decay to Vi, VA, C and so
on, of its initial radioactivity.

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 by the naturally occurring
radioactive substances that are consumed in food and drink (refer Table C.I). The
average annual radiation dose to humans from natural background radiation is shown in
Figure C.2).

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
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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 made-made sources is far smaller than natural
background radiation.

Table G.I Natural Levels of Radioactivity in Selected Materials (alpha, beta and
gamma)

FOOD STUFFS

<400Bq/Kg

Cereals

Meat

Poultry

Fish

Fruit

Green vegetables

Root Vegetables

>400Bq/Kg

Some nuts

Some shellfish

Tea

Coffee

Some drinking water

OTHER

<400 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.

Part 2: Risks From Radiation

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 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 breathe, 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,
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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.

Part 3: Terms and Abbreviations

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.
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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.

actinide: Any of the series of elements with atomic numbers between 89 and 105.

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.

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)

APTCARE: "A Plan To Cope with Accidents at the Research Establishment"; ANSTO's
former emergency plan, produced by a local working party consisting of officers from
various emergency or associated State services, local authorities and AN5TO.

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 /).
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atomic energy: Energy associated with nuclear transformations, including fission in
nuclear reactors.

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 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.

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 ten times more
susceptible to radiation than healthy cells. The treatment is mainly used for brain
tumours.

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.
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burn-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, who 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-live 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 waste: 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 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 that 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 ior 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 fission
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.
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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.

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 tube 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 reactor 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.

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 some radioisotopes.

daughter product: A nuclide formed from the radioactive decay of another (called the
parent).

de minimis: Part of the maxim de m/nimis 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
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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.

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.
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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 7).

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: 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 licence.

epithermal neutron radiation: Radiation by neutrons which are slightly more energetic
than slow (thermal) neutrons).

equivalent dose: A measure of radiation dose in organs and tissues which takes into
account the type of radiation involved (refer Part 1).
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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) neutrons,
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 than can be loaded into a
reactor.

fuller enes: A class of discrete molecules which are soccer ball shaped forms of carbon
with extraordinary stability.

gamma radiation: Gamma radioactivity (refer Part 7).

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 7).

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/m3). 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.
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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 7.

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.
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megawatt, electrical (MW(e)): 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 (H2O), heavy water (D2O) or graphite,
used in a reactor to slow down high velocity neutrons, thus increasing the likelihood of
further fission.

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 1.

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:
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start-up; 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.

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.

personsievert: 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.
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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 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 only be a little above
that found in the natural environment.

radioactivity: Refer Part 1.

radiography: The practice of making radiographs, that is, pictures on photographic
plates, using some from of radiation other than light, generally X-rays, gamma-rays or
neutrons.

radioisotope: Refer isotope.

radionudide: Refer isotope.

radiopharmaceuticals: 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.
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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 that 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 fissile material 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.

sealed source: Radioactive material that is permanently sealed in a capsule or closely
bonded in a solid form.

sensitivity analysis: Calculation performed to determine which parameter values have
most influence on the overall result.

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 1.8 millisieverts
(refer person-sievert).

slow neutrons: Refer thermal neutrons.

spallation: 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.
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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 in 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.

swarf: Chips of metal, plastic, etc., removed by a cutting tool during machining and
grinding.

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.

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.
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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, pre-treatment, 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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