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Final Guidelines for an Environmental Impact Statement on the Proposed
Construction and Operation of a Replacement Nuclear Research Reactor

Foreword

The Commonwealth Government announced on 3 September 1997 that it had agreed, in-principle,
to the construction and operation of a nuclear research reactor at the Lucas Heights Science and
Technology Centre, to replace the existing High Flux Australian Reactor (HIFAR). HIFAR is nearly 40
years old and will reach the end of its operational life around 2005.

The proposal for construction and operation of a replacement research reactor has been referred for
assessment under the Commonwealth Environment Protection (Impact of Proposals) Act 1974 (the
EPIP Act). The Minister for the Environment has directed the preparation and submission of an
environmental impact statement (EIS) in relation to the proposal. The EIS will be prepared by the
proponent for the proposal, the Australian Nuclear Science and Technology Organisation (ANSTO).
ANSTO operates the HIFAR facility and other national nuclear facilities, and performs associated
research and development activities.

The first step in the EIS process is the preparation of guidelines for the contents of the EIS. Draft
guidelines were prepared by the Environment Protection Group of Environment Australia
(Department of the Environment), which administers the environmental impact assessment process.
The draft guidelines were made available for public review from 8 November to 6 December
1997 to ensure that all relevant issues were identified, and to facilitate public understanding of the
EIS process. Following the close of the public review period, the comments received were analysed
and the guidelines finalised.

The proponent will prepare a Draft EIS and this will be made available for public comment when
completed. The availability of the Draft EIS will be widely publicised. Following public review, the
proponent will prepare a supplement to the Draft EIS (the 'Final' EIS) to address comments and issues
raised. Environment Australia will then prepare an assessment of the Draft EIS, public comments and
'Final' EIS, for submission to the Minister for the Environment. Following this, the Minister will
provide recommendations and advice on environmental aspects of the proposal, to be taken into
account in future decision making in respect to the proposal.
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FINAL GUIDELINES FOR AN ENVIRONMENTAL IMPACT STATEMENT ON THE PROPOSED
CONSTRUCTION AND OPERATION OF A REPLACEMENT NUCLEAR RESEARCH REACTOR AT

THE LUCAS HEIGHTS SCIENCE AND TECHNOLOGY CENTRE, NEW SOUTH WALES

A INTRODUCTION

1 Background

These guidelines are based on the requirements of paragraphs 4.1 and 4.3 of
the Administrative Procedures under the Commonwealth Environment
Protection (Impact of Proposals) Act 1974 (EPIP Act).

The Australian Nuclear Science and Technology Organisation (ANSTO) has
been designated as proponent under the EPIP Act in relation to the proposed
replacement nuclear research reactor at the Lucas Heights Science and
Technology Centre (LHSTC).

The object of the EPIP Act is to ensure that matters affecting the environment to
a significant extent are fully examined and taken into account in decisions by
the Commonwealth Government.

The term 'environment' refers to all aspects of the surroundings of human
beings, whether affecting human beings as individuals or in social groupings. It
includes the natural environment, the built environment, and social aspects of
our surroundings. The definition covers such factors as air, water, soils, flora,
fauna, buildings, roads, employment, hazards and risks, and safety.

In preparing an EIS, to help achieve this objective, the proponent should bear in
mind the following aims of the EIS and public review process:

• to provide a source of information from which interested individuals and
groups may gain an understanding of the proposal, the need for the
proposal, the alternatives, the environment which it would affect, the
impacts that may occur, including on the community and its safety, and the
measures to be taken to minimise these impacts;

• to provide a forum for public consultation and informed comment on the
proposal; and

« to provide a framework in which decision-makers may consider the
environmental aspects of the proposal in parallel with economic, technical
and other factors.

The proponent shouid ensure that the EIS demonstrates compliance with the
goals, objectives and guiding principles of Ecologically Sustainable
Development (ESD) as set out in the National Strategy for Ecologically
Sustainable Development. The EIS should also acknowledge and take into
account the concerns and expectations of the surrounding community.

In accordance with the principles contained in the Intergovernmental
Agreement on the Environment, Environment Australia will consult closely with
the New South Wales Government to ensure that environmental issues of

A3



interest and concern to the State Government are taken into account in the
environmental impact assessment process.

As set out in the following guidelines, the scope of this assessment shall
encompass those issues and alternatives directly related to the construction and
operation of a replacement nuclear research reactor at the LHSTC. The EIS will
need to make clear the site selection criteria used, and the basis, in assessing
Lucas Heights as being suitable for a new reactor.

While the EIS will address all aspects of the construction and operation of a
replacement nuclear research reactor, it will not address issues associated with
the treatment of spent nuclear fuel rods from the existing High Flux Australian
Reactor (HIFAR facility). This issue is subject to separate assessment, including
under the EPIP Act. The EIS will address issues associated with the eventual
decommissioning of the proposed replacement reactor, and eventual
decommissioning of the existing HIFAR facility.

2 General Content, Format and Style

The Administrative Procedures under the EPIP Act provide guidance on the
public review and assessment process. Paragraph 4.1 lists the contents of any
EIS, to the extent appropriate in the circumstances of the proposal (copy at
Appendix A). The following guidelines describe in more detail those matters it
is considered should be addressed in this EIS.

The document should give priority to the major issues associated with the
proposal. Matters of lesser concern should be dealt with only to the extent
required to demonstrate that they have been adequately considered.

It is envisaged that the EIS will be based on the results of available research,
studies and data as appropriate, with further studies being conducted where
necessary and appropriate. The extent to which the limitations, if any, of
available information may influence the conclusions of the environmental
assessment should be discussed.

In these guidelines, the terms 'description' and 'discussion' should be taken to
include both quantitative and qualitative materials as practicable and
meaningful. Similarly, adverse and beneficial effects should be presented in
quantitative and/or qualitative terms as appropriate.

The main text of the EIS should be written in a clear, concise style that is easily
understood by the general reader. Technical jargon should be avoided
wherever possible. Detailed technical information necessary to support the
main text should be included as appendices issued with the EIS so that the EIS is
complete and self-contained. Where appendices include results of studies
conducted in preparing the proposal, the public availability of the studies
should be indicated.

The documentation should include references and a list of individuals and
organisations consulted. Relevant maps and illustrations should also be
included.
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While every attempt has been made to ensure that these guidelines address all
relevant issues associated with this proposal, they are not necessarily exhaustive
and should not be interpreted as excluding from consideration matters deemed
to be significant, but not incorporated in them, or matters (currently unforseen)
that emerge as important or significant from environmental studies or otherwise
during the preparation of the EIS.
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B CONTENTS OF THE EIS

1 Summary

As prescribed by paragraph 5.2 of the Administrative Procedures under the EPIP
Act, the EIS must include a concise summary of the matters discussed in the
main body of the document, to allow the reader to obtain quickly a clear
understanding of the proposal and its environmental implications. The
summary should include:

1.1 • the title of the proposal;

1.2 • name and address of the proponent;

1.3 • a brief discussion of the background to, and need for, the proposal;

1.4 • a brief description of the proposal;

1.5 • a brief discussion of reasons for selecting the preferred option;

1.6 • a brief description of the existing environment;

1.7 • a description of the principal environmental impacts (both adverse and
beneficial);

1.8 • a brief description of issues associated with the eventual decommissioning
and rehabilitation; and

1.9 • a statement of the environmental protection measures and monitoring
procedures proposed.

2 Introduction

2.1 The main body of the Draft EIS should be introduced with a clear definition of
the objectives of the proposal. A brief explanation of the scope and legislative
basis for the EIS should be provided, including the role of the EIS in the
government's decision-making process, and the anticipated timing of the
proposal. A general description of the study area and regional setting for the
proposal, including land use and tenure should be provided.

2-2 The introduction should briefly describe the studies/ surveys/ consultations that
have been conducted in developing the proposal and preparing the Draft EIS.
The results of studies, and comments from any consultations undertaken in
developing the proposal should be included as appendices. The structure of
the document should be briefly explained.
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3 Background

The Draft EIS should discuss the background to the proposal, covering, for
example:

3.1 • general description of the objectives and functions of ANSTO, legislative
basis, and description of activities undertaken at the Lucas Heights Science
and Technology Centre (LHSTC), and other related sites;

3 2 • brief history of HIFAR facility and related nuclear activities;

•3 2 • r ecommenda t i ons and conc lus ions of the Research Reactor Rev iew and any
other re levant rev iews, as relevant to the p roposa l ;

34 • background behind Government's decision for a replacement nuclear
research reactor;

3-5 a timing considerations;

3.6 • outline of various types of research reactors, including that proposed for the
LHSTC, and distinction between nuclear power, or other types of reactors,
and a research reactor;

3.7 • general information on number of research reactors, and reactors with a
similar function to that proposed at the LHSTC, in operation throughout the
world, their use and classification, size range, age, characteristics and safety
and regulatory arrangements;

3.8 • general information on responsibilities and relationships between
Commonwealth and State regulatory agencies on nuclear matters, as relevant
to the proposal;

3.9 . implications, if any, of Government strategies or arrangements for
management of radioactive wastes, proposals for low or intermediate waste
repositories, including status and timetable for Government decisions;

310 • Government decisions in regard to a nuclear fuel reprocessing facility;

311 • consistency of the proposed reactor with Australia's non-proliferation and
related safeguards obligations; and

3 12 • general management of reactor products, nuclear wastes from research
reactor activities at the LHSTC, and regulatory environment.

4 Need for the proposal

The Draft EIS should provide a comprehensive explanation of the need for, and
justification of, the proposal. Costs associated with the proposed reactor (direct
and indirect) should be estimated as far as possible. Issues to be addressed
include:
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4.1 • purpose of the proposed replacement nuclear research reactor;

4.2 • the specific objectives the proposal is intended to meet, including, for

example:

- provision of radiopharmaceuticals for nuclear medicine in Australia;

- current and expected use of medical and industrial radioisotopes;

- research and development for industry, mining, medicine and the
environment;

- university research and education;

- national interest;

43 • summary of environmental, economic and social arguments in regard to the
need for the proposal, including national interest arguments;

4 4 • comparison of expected health benefits of reactor (eg from produced nuclear
medicines) against potential long term risks to human health from radiation
exposures from the reactor;

4.5 • an analysis of expected local, regional, state or national benefits (including
neighbouring countries if appropriate) and costs (including those that cannot

4.6 be adequately described in monetary or physical terms). The projected costs
of the proposed reactor should be estimated, including costs relating to
ongoing operations, new infrastructure, waste management,
decommissioning, security arrangements, transport and storage, and safety
and environmental performance;

4 7 • consequences of not proceeding with the proposal; and

4 g • comparison between the existing HIFAR facility and the proposed
replacement reactor.

5 Description of the proposal

All components of the proposal (including the reactor site, buffer zone,
associated buildings such as the proposed 'Beam Hall', and infrastructure)
should be described in detail. Emphasis should be given to those components
with the most potential for significant environmental impacts. Where
appropriate, technical information should be supported by maps, figures and
diagrams. Detailed technical information should be included in the
appendices. Underlying assumptions and forecast reliability should be
discussed.

The description should include:

5 1 • general description of proposed reactor, associated buildings and
infrastructure;
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5 2 • process and timetable for tender, selection and construction of the proposed
reactor, and anticipated operational life;

5.3 • detailed siting requirements for the proposed replacement reactor, including
any relevant criteria endorsed by the Nuclear Safety Bureau, and whether or
not the chosen site (LHSTC) meets these criteria, as well as other national
and international criteria that may be relevant;

5 4 • siting in the context of strategic planning in NSW, and particularly the
Sydney region, including reference to Cities for the 21st Century (1995),
Botany Bay Regional Policy Guidelines (1992) and applicability of Local
Environmental Plans, Regional Environmental Plans and State Environmental
Planning Policies to the proposal;

5.5 • description of the physical requirements for the proposal, including:

55 I - existing and proposed buffer zones;

5.5.2 - general reactor requirements, including health and safety, nuclear
safeguards and security, supply of fuel, spent fuel management etc;

5.5.3 - infrastructure requirements, including roads and car parking, other
buildings, water (including water and wastewater services), electricity,
gas, telecommunications etc;

5.6 • specific locations of proposed reactor, associated buildings and
infrastructure;

r , • infrastructure requirements and facilities for the production, processing and
national distribution of radiopharmaceuticals and other radioisotopes,
including quantification of existing and expected average annual
movements;

5 8 • performance specifications for the proposed replacement reactor and tender
requirements—design philosophy, reactor type, plant configuration, power,
flux characteristics, fuel element type and fuel enrichment (235U content),
coolant, moderator, number of experimental locations, wastes,
decommissioning characteristics etc;

5.9 • safety characteristics, including containment building, radiation protection
and safety specifications;

5.10 • utilisation of proposed reactor—background, specialised facilities, neutron
guides, cold/hot sources, neutron beam facilities, radioisotopes, silicon
irradiation, neutron activation analysis etc;

,- 1 1 • Description of the construction works required, including:

5 1 1 1 - timing of work program, duration of construction phase, including lead
times;

5.11.2 - whether any work will be undertaken outside of normal working hours,
and if so, the nature of work, machinery etc, that will be required;
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5.11.3 - size of construction workforce;

5.11.4 - extent of earthmoving, building demolition/relocation, vegetation
clearance and other site preparatory works, including arrangements to
minimise unnecessary clearance and disturbance;

5.11.5 - construction standards, techniques and site management arrangements,
including for on-site storage and handling of construction and other (eg
fuel, oil) materials;

5 116 - arrangements for disposal of construction wastes during and following

construction;

5.11 j - arrangements for erosion control and rehabilitation of construction sites;

5.12 • description of any special commissioning or 'start-up' procedures and
requirements;

5.13 • operational workforce, composition of workforce and any infrastructure
requirements;

• waste management and disposal of radioactive wastes arising from use of the
reactor, particularly associated with increased production of
radiopharmaceuticals;

• reactor waste products during operations, including:

- atmospheric emissions;

- aqueous emissions;

- details of proposed storage, treatment and disposal of fuel elements,
including possible sources of fuel elements, and likely transport routes;

- storage, treatment, disposal and categorisation of other radioactive
wastes; and

• any requirements for concurrent operations of the existing HIFAR facility
proposed replacement reactor, and likely duration of dual operations.
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6 Alternatives

6.1 Prudent and feasible alternatives should be discussed in sufficient detail to
make clear the reasons for preferring certain options and rejecting others. In
particular, the EIS should discuss alternative locations for the proposed
replacement reactor within the LHSTC, alternative reactor types, alternatives for
supply of reactor products, and options for treatment and disposal of nuclear
wastes including spent fuel rods. The EIS should discuss, in detail, alternative
means of producing reactor products, including estimates of comparative costs.
The reasons behind the choice of the preferred options should be explained,
including a comparison of the expected adverse and beneficial effects at local,
regional, state and national levels, as relevant, hazards and risks, identification
of groups or communities adversely or beneficially affected, and compliance
with the principles and objectives of ESD.

Alternatives to be discussed should include:

6.3 • alternative locations within the LHSTC for the proposed replacement reactor
and associated infrastructure;

6.4 • alternative reactor types and capacity—description of various reactor designs,
and reasons for selection of preferred type, thermal power levels, reactor flux
requirements (including efficiency, cost, safety, environmental and other
criteria), type of fuel elements etc;

6.5 • refurbishment of the existing HIFAR facility as an alternative to the proposal;

6.6 • alternative techniques for neutron science, including spallation sources and
the use of overseas facilities;

6.7 • alternative technologies, estimates of costs where possible, and sources of

nuclear medical products, including:

6.7.1 - import from overseas;

6.7.2 - use of alternative technologies, such as cyclotrons, spallation techniques,
particle accelerators, liquid fuel reactors, for producing medical products;

6.7.3 - trends towards using alternative technologies, including cyclotron
radioisotopes, and imaging techniques etc;

6.7.4 - research into technologies in both medicine and industry which could
lead to a change in the need for services provided by a proposed
replacement reactor;

6.7.5 - breakdown of those products which could be supplied from alternative
sources;

• use of overseas services as an alternative to a new reactor for industrial/
commercial applications (eg for silicon doping, mineral analysis); and
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6.9 • prudent and feasible alternatives for management of nuclear waste products,
including spent fuel elements (incorporating a 'cradle to grave' approach).

7 Existing environment

A description of the existing and anticipated future environments within the
study area (ie including those areas likely to be affected by the proposed
replacement reactor and associated operations, including emissions) is required
to serve as a baseline against which the impacts of the proposal can be
assessed. The results and conclusions of previous investigations and baseline
studies should be provided where relevant. As a minimum, the following
aspects should be addressed:

7 ^ • physical and biological environments;

7 11 - geology, geomorphology, seismic stability, soil types and permeability;

7.1.2 - topography;

7p1 3 - hydrology (surface and groundwater systems (including potential existing
contamination of groundwater from former industry on the western side
of Illawarra Road), aquifer types, catchments, flows, water quality);

7.1.4 - radiological assessment (background dose rates, concentrations of
radionuclides in air, water, soil etc);

7.1.5 - meteorology of the site, including extreme events that may be relevant to

safety aspects of the proposal;

7.1.6 - incidence of bushfires;

7.1.7 - past use of site;

7.1.8 - flora and fauna, presence of species of local, regional or state significance
including under the Endangered Species Protection Act 1992 and NSW
Threatened Species Conservation Act 1995 potentially affected by the
proposal;

7 -I g - conservation significance of the existing buffer zone at the LHSTC, and
other areas potentially affected by the proposal;

7 2 • socio-economic environment (including trends over the expected operating

life of the reactor, as appropriate);

7 2 1 - ownership of the site and adjoining areas;

7 2 2 "~ zoning, land uses, local government planning of adjacent areas;

7 2 3 - possible future zoning, planning controls, changes in land use, and
developments in adjoining areas (eg proposed change of nearby waste
management site to public recreation);
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7.2.4 - proximity to residential areas or areas routinely used by people;

7.2.5 - proximity to hazardous or other potentially incompatible land uses;

7.2.6 - proximity to airports, flight routes etc;

7.2.7 - demographic characteristics of nearby communities;

7.2.8 - future population growth;

7.2.9 - employment levels and characteristics;

7.2.10 - community views and attitudes towards the existing HIFAR facility;

7.2.11 - local and arterial road networks, traffic flow and capacity, public transport
to and from the site;

j 2 -jo ~ other infrastructure as relevant, including reliable water supply;

7 2 13 - recreational use of surrounding areas;

-j y i 4 - landscape/visual environment; and

-, 2 15 ~ s ' t es listed o n t n e Register of the National Estate, sites of Aboriginal
cultural and/or archaeological significance, and sites of European
historical significance.

8 Environmental impacts

The EIS should discuss the predicted environmental impacts expected to result
from the proposal and any prudent or feasible alternative options considered.
The discussion should cover effects on the biophysical and socio-economic
environment in the study area, and at a local, regional, state and national level
as appropriate. Consideration should be given to the effects during the
construction phase and the ongoing operations of the proposed reactor.
Relevant legislation, standards, codes or policy should be referred to where
applicable (note also Section 10 of these guidelines).

Direct and indirect, short-term and long-term, temporary and irreversible,
adverse and beneficial effects should be described and, where possible,
quantified. The reliability and validity of forecasts and predictions, confidence
limits and margins of error should be indicated as appropriate. Underlying data
and assumptions should be accessible.

Information should be provided in regard to the impacts of the existing HIFAR
facility, as far as appropriate, and comparisons made with expected impacts
from the proposed replacement reactor. In this regard, impacts from the
predicted increase in the production of radioisotopes by the replacement
reactor, such as from increased radioactive discharges, transport and radiation
levels, should be analysed.
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Environmental impacts may be described in terms of the construction phase,
operational phase, emissions and management of reactor products, and hazards
and risks. The following illustrates the type of issues to be considered.

Construction Phase

The impacts of construction works associated with the proposed replacement
reactor and infrastructure (buildings, carparks, roads etc) should be described as
far as practicable, including:

8.1 • effects of dust, vibration, noise;

8.2 • effects of construction, including blasting (if required), heavy earthworks etc
on the existing HIFAR facility and safety;

8.3 • effects on drainage lines and water quality, including drainage to the
Woronora River, and implications of any groundwater contamination for
excavation and dewatering works, if appropriate;

8.4 • effects and extent of earthworks, including potential soil erosion;

8.5 • contamination assessment of soils to be excavated;

8.6 • impacts on flora and fauna (including species under the Endangered Species
Protection Act 1992 and NSW Threatened Species Conservation Act 1995)
and areas of conservation significance;

8.7 • nature and extent of likely construction noise (including construction traffic),
noise impact assessment;

8.8 • impacts of construction activities and workforce on demographic
characteristics, employment and economies at the local, regional, state and
national level, as relevant;

8.9 • impacts on local road networks, traffic and infrastructure (also traffic
implications for nearby public facilities such as schools), including possible
cumulative impacts when combined with traffic utilising the waste
management facility or associated with redevelopment of this facility, or
other anticipated developments;

8.10 • effects of construction activities performed during non-regular work hours on

local residents;

8.11 • transport of materials and disposal of construction wastes;

8.12 • visual and aesthetic impacts of construction works; and
8.13 • effects on National Estate sites, sites of Aboriginal archaeological and/or

cultural significance, and sites of European historical significance.
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Operational phase

The impacts of the operation of the replacement reactor, and associated
infrastructure, should be described, as far as practicable, from initial operation
to decommissioning, including:

8.14 • permanent changes to drainage lines, storm water management etc;

8.15 • impacts on flora and fauna and areas of conservation significance;

8.16 • effects on sites of national estate, Aboriginal archaeological and/or cultural
significance;

8.17 . impacts of operational workforce on demographic characteristics,
employment and and economics at the local, regional, state and national
level, as relevant;

8.18 • implications and impacts for public or other uses of the proposed buffer
zone;

8.19 • implications and impacts for adjoining land uses, including possible land
uses over the anticipated life of the proposal (such as changes in uses of
nearby waste management site etc);

8.20 • impacts of night lighting;

8.21 • potential impacts on local and regional population growth;

8.22 • community attitudes towards the proposal;

8.23 • impacts on local road networks, traffic (including from increased transport of
radiopharmaceuticals) and infrastructure;

8.24 • water requirements, any requirements for upgrade of existing wastewater
pre-treatment plant, use of chemicals in cooling water circuits, sewerage
system upgrade;

8.25 • minimisation of water and energy use;

8.26 • transport oi fuel elements, including likely routes, mode of transport and
expected frequency;

8.27 • transport of reactor products, including mode of transport and expected
frequency;

8.28 • visual impacts of completed facilities, location and elevation of buildings,
landscaping, visual appearance from public roads and other public vantage
points; and

8.29 • implications and requirements for infrastructure during dual operations of
HIFAR and proposed replacement reactor.
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Emissions and management of replacement reactor products

8.30 The impacts of emissions from the proposed replacement reactor and
management of hazardous products from the reactor, including spent fuel
elements, should be discussed. The impacts of emissions from concurrent
operations of HIFAR and the proposal should also be addressed, including
offsite emissions. This section should include consideration of a 'cradle to
grave' approach for solid wastes, as appropriate. Matters to be discussed
include:

8.31 • atmospheric emissions, including intentional and unintentional releases of
radionuclides, argon, tritium etc, and a discussion of these releases in terms
of anticipated volumes, dispersion, existing radiological assessment results,
approved discharge limits and impacts;

8.32 • aqueous emissions, including intentional and unintentional releases directly
to the environment, to the wastewater pre-treatment plant and sewerage
system as trade waste (including fate of discharges to sewerage system and
implications of upgrade of Cronulla Sewage Treatment Plant and proposals
for sewage reuse, if relevant), or for storage and separate disposal:

8.32.1 - anticipated volumes;

8.32.2 - approved discharge limits;

8.32.3 - anticipated impacts on water quality and beneficial uses of discharge
areas;

8.33 • management of solid and liquid radioactive wastes arising from
radiopharmaceutical products;

8.34 • short-term and long-term management of spent fuel elements from the
proposed reactor, including on-site storage at the LHSTC or other locations,
possible use of existing fuel storage facility for proposal;

8.35 • other wastes arising from the operation of the proposal;

8.36 • potential impacts of combined emissions from concurrent operations of the
existing HIFAR facility and the replacement research reactor;

8.37 • risks of leakage and leaching of stored wastes, including from stored waste
areas; and

8.38 • 'greenhouse' gas emissions, including design and procedural measures to
reduce such emissions, as relevant.

A16



Hazards and risks

Hazards and risks associated with the proposal should be analysed and
8 3Q discussed. Sufficient quantitative analysis should be provided to indicate

whether hazards and risks from the proposal are likely to be acceptable when
compared with similar overseas facilities and standards, guidelines for other
hazardous industries in Australia and NSW, and existing operations of the

8 40 HIFAR facility (refer also Section 10 of these guidelines). International
standards and relevant publications or studies pertaining to hazards and risks
associated with such a proposal should be discussed, as relevant. Underlying
data and assumptions used in the analysis should be accessible. Issues to be
addressed include:

8.41 • identification of likely hazards and risks, addressing:

8.41.1 - proposed replacement reactor operations;

8.41.2 - hazardous emissions, including accidental releases or spillages and
environmental risks;

8.41.3 - transport and storage of fuel elements, and risks of contamination;

8.41.4 - other hazardous waste products;

8 4 1 5 - increased processing and transport of radiopharmaceuticals and other
radioisotopes, and other reactor products;

g 41 ^ - external risks to the proposed reactor, including seismic activity, extreme
meteorological events, bushfires, air traffic, nearby Defence facilities,
sabotage etc;

8.42 • risk assessment of reactor operations;

8.43 • preparation of Safety Analysis Report to be developed by ANSTO and the
vendor, including special requirements, if any, for commissioning or 'start-
up' procedures and during 'upset' conditions;

8.44 • international experience, location and safety record in operation of reactors
of a similar proposed design;

8.45 • historical safety arrangements and incidents in the operation of the existing
HIFAR facility, transport and storage of fuel elements, and transport and use
of reactor products, such as radiopharmaceuticals and other radioisotopes,
under ANSTO control;

8.46 • consequences of possible incidents at the replacement reactor on the local
community;

8.47 • design, construction and operational requirements of reactor to satisfy
relevant codes, standards, and dose limits;
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8.48 • environmental pathways for radiation exposure;

8.49 • health and safety, including project site safety and measures to prevent or
ensure radiation exposures are as low as reasonably achievable for
employees (taking into account occupational exposures from any increased
production of radiopharmaceuticals and radioactive emissions);

8.50 • implications of Safety Review Committee recommendations for storage of
spent fuel and other fissile material associated with the proposed reactor;

8.51 • health and safety implications of dual operations of HIFAR and proposed
replacement reactor for operational workforce;

8.52 • combined hazards and risks during dual operations of HIFAR and proposed
replacement reactor;

8.53 • site security implications (particularly for HIFAR) as a result of the presence
of the construction workforce;

8.54 • measures to reduce radiation risks to nearby communities, including along
transport corridors and from reactor emissions;

8.55 • implications of proposal for existing health status of adjoining communities,
review and assessment of health risks, including results of any
epidemiological surveys, and background information on likely effects and
'safe' levels of ionising radiation;

8.56 • perceptions of risk in adjoining communities from the existing HIFAR
facility, and actions aimed at addressing this (including community
consultation and liaison);

8.57 • safety requirements associated with transport of radioactive wastes to any
future national storage/disposal facilities;

8.58 • Commonwealth, State and Local Government involvement and
responsibilities in regard to activities at the LHSTC, and in regard to the
proposed replacement reactor, nuclear products and disposal of wastes (refer
also Section 10 of these guidelines);

8.59 • justification for, and adequacy of, existing 1.6 km radius buffer zone and any
proposals to change this;

8.60 • type of activities and controls applicable in buffer zone;

8.61 • relevant independent assessments and NSW Government actions in regard
to land use restrictions beyond the 1.6 km radius, and likely safety within the
buffer zone;

8.62 • fire precaution and protection, fire fighting measures and equipment at
LHSTC;
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8.63 • development and implementation of emergency management plans,
emergency access routes, provision of emergency services and intervention
requirements, including for external events such as bushfires (including any
lessons learnt or implications from bushfires in December 1997 and in
1994);

8.64 • emergency evacuation procedures and requirements, including of nearby
communities and public institutions (taking into account logistics, road
layout, transport availability etc); and

8.65 • responsibilities and liability in the event of an incident (including
implications for householder insurance).

9 Decommissioning

9.1 This section should address issues associated with the eventual
decommissioning of the proposed replacement reactor, and existing HIFAR
facility. Options for decommissioning, likely timings, and constraints that may
influence the type and extent of decommissioning should be discussed. Where
possible, overseas experiences should be discussed. Any further studies that
may be required prior to determining the final strategy for decommissioning
should be described. Information should be provided on the following:

9.2 • background, including considerations to be taken into account in
decommissioning, and regulatory framework and obligations;

9.3 • likely timings and estimated costs of decommissioning;

9.4 • prudent and feasible options and strategies for decommissioning, including

any staged approaches and design considerations;

9.5 • integrity over time of any proposed entombment measures;

9.6 • overseas experiences in decommissioning similar types of reactors;

9.7 • options for treatment or disposal of radioactive wastes, including removal of
fuel elements, moderators and heavy water coolant, and strategies to
minimise or contain harmful emissions;

9.8 • any additional storage requirements for fuel elements during the
decommissioning process;

9.9 • overall risks to the environment and human health posed by

decommissioning, and measures to reduce these risks;

9.10 • risks to proposed replacement reactor during decommissioning of HIFAR;

9.11 • site contamination risks and remediation;
9.12 > security and maintenance, safety surveillance programs and monitoring;

9.13 • treatment of non-radioactive equipment; and
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9.14 • final use of the site and project area, and any long-term implications in terms
of future land uses.

10 Environmental safeguards, monitoring proposals, environmental
management plans and audit and review

10.1 This section should consolidate information on the regulatory regime which
will apply to the proposal, and draw together specific commitments which the
proponent will make for the protection of the environment. Any actions
required by others to enable the proponent to meet these commitments should
be identified (eg oversight of monitoring, environmental safeguards, penalties

1Q 2 and environmental management). A consolidated list of commitments should
be contained in a separate section of the Draft EIS, and individual commitments
should be indexed and cross referenced to the text.

10.3 A clear analysis should be provided of the likely effectiveness and secondary
effects of environmental safeguards and monitoring programs to be
implemented.

10-4 T n e overall management philosophy to be applied to the replacement reactor
should be enunciated, and an outline of any environmental and safety
management plans for the construction and operational phases should be

^ • ^ presented. Monitoring and quality assurance programs designed to ensure
environmental safeguards are being effectively applied, and to identify and
measure any differences between predicted and actual impacts, should be

10.6 described. Details should be provided of any environmental management
system to be used for the proposed reactor and its facilities.

1 0 7 Reference should be made to relevant legislation, standards, codes and policies.
The bodies responsible for implementing each of the various environmental
safeguards and monitoring programs should be identified, and their roles
explained. Details of proposed arrangements for making public any
environmental management plans and monitoring results should be provided.

Regulatory regime and operator responsibilities

10.8 Relevant legislation, standards, codes and policies should be briefly described,
together with measures proposed to ensure compliance, including to the extent
appropriate with relevant internationally agreed conventions. These may
include:

- Australian Nuclear Science and Technology Organisation Act 1987;

- Nuclear Non-Proliferation (Safeguards) Act 1987;

- Environment Protection (Nuclear Codes) Act 1978;

- Occupational Health and Safety (Commonwealth Employment) Act
1991;

- National Health and Medical Research Council and the National
Occupational Health and Safety Commission recommendations and
standards for limiting exposure to ionising radiation;
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- recommendations and guidelines of the International Commission on
Radiological Protection and the International Atomic Energy Agency,
including Safety Standards and Radioactive Waste Safety Standards;

- NSW Radiation Control Act 1990 and Regulation;

- NSW Clean Waters Regulation 1972;

- Clean Air Act 1961 and Regulations;

- other relevant NSW legislation, guidelines and policies, including
planning requirements and emergency management;

- role and responsibility of NSW agencies;

- Trade Waste Water Agreement between ANSTO and the Sydney Water
Corporation;

- relevant conventions such as the joint Convention on the Safety of Spent
Fuel Management and on the Safety of Radioactive Waste Management;

- ANSTO policies; and

10.9 • overview of regulatory infrastructure to oversee Commonwealth nuclear
activities, including the role of the Australian Radiation Laboratory, Nuclear
Safety Bureau (including current NSB safety policy, authorisations and
requirements), Safety Review Committee and Australian Safeguards Office,
and role and likely requirements of the proposed Australian Radiation
Protection and Nuclear Safety Agency in regulation of the proposed reactor.

Environmental safeguards

Environmental safeguards to avoid and mitigate impacts on the environment
should be discussed, including the following:

10.10 • mitigation of construction impacts, including dust suppression, noise control,
control of erosion and sedimentation, soil and water management plan, site
rehabilitation and landscaping;

10.11 • minimisation of disruptions to traffic during construction;

10.12 • mitigation of any deleterious effects on economic, recreational, and
community activities and resources, including disturbance and perceived
loss of amenity;

10.13 • minimisation of atmospheric and aqueous emissions, and ensuring that
appropriate standards are met and environmental impacts are acceptable;

10.14 • minimisation of waste, including waste avoidance, re-use and recycling, as
appropriate;
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10.15 • minimisation of hazards and risks from replacement reactor operations,
including:

10.15.1 - 'passive' and active design/engineering measures and procedures;

10.15.2 - occupational exposure to radiation and radioactive products, and
radiation protection programs;

10.15.3 - exposure to the general public;

•JQ15 4 - transport of radiopharmaceuticals and other radioisotopes, including
specific requirements to ensure safety during transport (certification,
safeguards, monitoring etc), and State and Local Government
involvement and requirements;

10.15.5 - transport, use, storage and disposal of nuclear fuel elements (including
specific requirements to ensure safety and security), and disposal of
nuclear wastes;

10.15.6 - decommissioning;

10.16 • education of workforce in relation to their environmental protection
obligations, including radiological protection obligations; and

10.17 • provision for adequate arrangements in the event of adverse impacts that
may require compensation associated with remediation.

Monitoring programs and procedures

10.18 Monitoring programs to ensure environment protection measures are applied
effectively should be outlined. Mechanisms for handling pollution incidents
related to the replacement reactor, and associated activities, should also be
discussed. Those responsible for monitoring programs should be identified and
arrangements for making use of outside expertise, as appropriate, should be
described.

10.19 There should also be a description of any provisions made in project planning
for the tightening of initial environmental standards, response mechanisms,
imposition of penalties and further remedial action if monitoring indicates that
the project is causing unexpected environmental degradation or health
concerns.

Examples of matters that should be addressed include:

10.20 • existing monitoring programs run by ANSTO (general environmental,
meteorological, water quality, effluent discharge, radiological etc), including
any legislative, policy or other obligations;

10.21 • monitoring of all discharges to the environment;

10.22 • monitoring of stored wastes and risk of leakage, including public disclosure;
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10.23 • any monitoring by State agencies;

10.24 • independent monitoring, review and audit by regulatory authorities (existing
Australian Radiation Laboratory, Nuclear Safety Bureau and Safety Review
Committee, and proposed Australian Radiation Protection and Nuclear
Safety Agency);

10.25 • monitoring of the adequacy of emergency procedures developed to deal
with accidental release of hazardous substances, fire, explosion, radiation
exposure etc;

10.26 • monitoring of safety and health, including community health;

10.27 • additional monitoring programs proposed by ANSTO as part of the proposal;

10.28 • community attitudes;

10.29 • provision for liaison/consultation with relevant authorities, community and
user groups, including residents, researchers, educational institutions etc;
and

10.30 • potentially incompatible developments, actions or planning activities in the
region.

11 Consultation and studies

11.1 Describe research and investigations undertaken in the development of the EIS,
and cite any sources of information used in preparing the document.

11.2 Describe any consultations undertaken with Commonwealth/State agencies,
Local Government and the community over the proposal and the way in which
concerns raised by these groups are intended to be addressed. Describe any
further studies, investigations and consultations, either proceeding or intended
to be made, in regard to the potential impacts of the proposal.

12 Conclusion

12.1 An overall conclusion as to the environmental acceptability of the proposal
should be provided, including discussion on compliance with ESD objectives
(including benefits and costs for future generations).

13.1 13 Glossary

4.1 14 Appendices
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APPENDIX A

MATTERS TO BE DEALT WITH BY ENVIRONMENTAL IMPACT STATEMENTS *

Contents of environmental impact statement

4.1. To the extent appropriate in the circumstances of the case, an environmental impact
statement shall—

(a) state the objective of the proposed action;

(b) analyse the need for the proposed action;

(c) indicate the consequences of not taking the proposed action;

(d) contain a description of the proposed action;

(e) include information and technical data adequate to permit a careful assessment of the impact
on the environment of the proposed action;

(f) examine any feasible and prudent alternative to the proposed action;

(g) describe the environment that is likely to be affected by the proposed action and by any
feasible alternative to the proposed action;

(h) assess the potential impact on the environment of the proposed action and of any feasible and
prudent alternative to the proposed action, including, in particular, the primary, secondary,
short-term, long-term, adverse and beneficial effects on the environment of the proposed
action and of any feasible and prudent alternative to the proposed action;

(i) outline the reasons for the choice of the proposed action;

(j) describe, and assess the effectiveness of, any safeguards or standard for the protection of the
environment intended to be adopted or applied in respect of the proposed action, including
the means of implementing, and the monitoring arrangements to be adopted in respect of,
such safeguards or standards; and

(k) cite any sources of information relied upon in. and outline any consultations during, the
preparation of the environmental impact statement.

* Extract from the Administrative Procedures under the Environment Protection (Impact of
Proposals) Act 1974
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Table A1: Check list of Matters to be Addressed in the Draft EIS

Appendix A

Section of the
EIS Guidelines

(refer
Environment

Australia
Guidelines)

Issue1 Section of the Draft
EIS

1. Summary

1.1 Title of the proposal

1.2 Name and address of the proponent

1.3 Background to and need for the proposal

1.4 Description of the proposal

1.5 Reasons for selecting the preferred option

1.6 Description of the existing environment

1.7 Description of the environmental impacts

1.8 Description of the issues associated with decommissioning and rehabilitation

1.9 Statement of environmental protection measures and monitoring procedures

2. Introduction

2.1 Objectives of the proposal

Anticipated timing of the proposal

• Scope and legislative basis for EIS

• Role of EIS in Government decision-making process

General description of the study area and regional setting

2.2 Studies, surveys and consultations conducted

Structure of Draft EIS

3. Background

3.1 Objectives and functions of ANSTO; legislative basis for ANSTO; activities
undertaken at Lucas Heights Science and Technology Centre

3.2 History of HIFAR facility and related nuclear activities

3.3 Recommendations of Research Reactor Review and other reviews

3.4 Background to Government decision for replacement reactor

3.5 Timing considerations

3.6 Types of research reactors

3.7 General information on research reactors

3.8 Responsibilities and relationships between Commonwealth and State regulatory
agencies on nuclear matters

3.9 Implications of Government strategies for management of radioactive wastes and
proposals for low or intermediate waste repositories

3.10 Government decisions on a nuclear fuel reprocessing facility

3.11 Consistency of proposal with Australia's non-proliferation and related safeguards
obligations

3.12 Management of reactor products and nuclear wastes at the Lucas Heights
Science and Technology Centre and regulatory environment

4. Need for the Proposal

4.1 Purpose of the proposal

4.2 Objectives of the proposal

Summary

Summary

Summary

Summary

Summary

Summary

Summary

Summary

Summary

1.2

1.2

2.1.1,2.2.1,2.2.2,2.4

2.1.3,2.3.1,2.3.2

1.1,1.3

2.1.4

2.3.3

3.3, 3.4

3.2

3.5

3.5

3.5, 3.8

3.7

3.7

3.6

3.8

3.8

3.6

3.8

4.1

4.1
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Appendix A

Section of the
EIS Guidelines

(refer
Environment

Australia
Guidelines)

Issue1 Section of the Draft
EIS

4.3 Environmental, economic and social arguments

4.4 Comparison of health benefits against long term risks to human health from
radiation exposure

4.5 Analysis of expected benefits and costs

4.6 Projected costs of proposal

4.7 Consequences of not proceeding with the proposal

4.8 Comparison between existing HIFAR facility and proposed reactor

5. Description of the Proposal

5.1 General description of proposed reactor, associated buildings and infrastructure

5.2 Process and timetable for tender, selection, construction and anticipated
operation of the proposed reactor

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

5.4 Siting in context of strategic planning in NSW

5.5 Physical requirements of the proposal

5.5.1 Existing and proposed buffer zones

5.5.2 General reactor requirements

5.5.3 Infrastructure requirements

5.6 Specific locations of proposed reactor, associated buildings and infrastructure

5.7 Infrastructure requirements and facilities for radiopharmaceuticals and other
radioisotopes

5.8 Performance specifications and tender requirements

5.9 Safety characteristics

5.10 Utilisation of proposed reactor

5.11 Description of construction works

5.11.1 Work program and duration of construction

5.11.2 Working hours

5.11.3 Size of construction workforce

5.11.4 Extent of site preparatory works

5.11.5 Construction standards, techniques and materials; site management

5.11.6 Disposal of construction waste

5.11.7 Erosion control and rehabilitation of construction site

5.12 Commissioning (start-up) procedures and requirements

5.13 Operational workforce, composition of workforce and infrastructure
requirements

5.14 Waste management

4.2

21.2

4.2, 4.3

5.9

4.4

4.5

5.3

5.1.4

3.8.1,6.1.2, 6.8,
11.1.2, 11.3.2

13.2

5.3

5.3.3

5.1.2,5.2.1,5.2.2,
5.2.3, 5.4, 5.6

5.3.1,5.3.2,5.7,
15.2 to 15.9

5.3.1,5.3.2

5.3.2

5.1.4,5.2.1,5.2.2,
5.2.3

5.1.2,5.1.3,5.3.1,5.4

5.2.2, 5.2.3

5.7

5.7.1

5.7.7

5.7.9

5.7.2, 5.7.3

5.7.5

5.7.4

5.7.2

5.8

5.3.1,5.3.5

5.5
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Appendix A

Section of the
EIS Guidelines

(refer
Environment

Australia
Guidelines)

Issue1 Section of the Draft
EIS

5.15 Reactor waste products during operation

5.15.1 Atmospheric emissions

5.15.2 Aqueous emissions

5.15.3 Storage, treatment and disposal of fuel elements

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

5.16 Requirements for dual operation of HIFAR and proposed reactor

6. Alternatives

6.1 Description of alternatives:

6.2 Reasons for preference of options; comparison of expected adverse and
beneficial effects, hazards and risks, communities affected, compliance with
ecologically sustainable development

6.3 Alternative locations within Lucas Heights Science and Technology Centre

6.4 Alternative reactor types and capacity

6.5 Refurbishment of existing HIFAR facility

6.6 Alternative techniques for neutron science

6.7 Alternative technologies and sources of medical products

6.7.1 Import from overseas

6.7.2 Alternative technologies

6.7.3 Trends in alternative technologies

6.7.4 Research into alternative technologies

6.7.5 Alternative products and sources

6.8 Use of overseas services

6.9 Management of nuclear waste products

7. Existing Environment

7.1 Physical and biological environments

7.1.1 Geology, geomorphology, seismic stability, soil types and permeability

7.1.2 Topography

7.1.3 Hydrology (including surface and groundwater), potential groundwater
contamination and water quality

7.1.4 Radiological assessment

7.1.5 Meteorology

7.1.6 Bushfires

7.1.7 Past use of the site

7.1.8 Flora and fauna

7.1.9 Conservation significance of the buffer zone

7.2 Socio-economic environment

7.2.1 Ownership of the site and adjoining land

7.2.2 Zoning, land uses and planning of adjacent areas

7.2.3 Future zoning, planning controls, land use and development in adjoining areas

5.5

5.5

5.5

5.6

5.5

5.8.4

Chapter 6

Chapters 6 and 20

6.8.2

6.6

6.7

6.2, 6.5

6.2, 6.3, 6.4, 6.5, 6.6

6.3

6.2, 6.6

6.2

4.2, 6.2

6.2, 6.3, 6.4, 6.5

6.4

6.9

Chapters 8 to 17

8.2.2

8.2.1

8.2.3, 8.2.4, 8.2.5

17.1.3

9.2

17.2.4

17.1

12.2, Appendix H

12.3

7.3, Chapter 16, 17.3

13.4.3

13.2.4, 13.3.1, 13.3.2

13.5
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Appendix A

Section of the
E1S Guidelines

(refer
Environment

Australia
Guidelines)

Issue1 Section of the Draft
EIS

7.2.4 Proximity to residential areas

7.2.5 Proximity to hazardous land uses

7.2.6 Proximity to airports and flight routes

7.2.7 Demographic characteristics of nearby communities

7.2.8 Future population growth

7.2.9 Employment levels and characteristics

7.2.10 Community views and attitudes

7.2.11 Local and arterial road networks, traffic flows and public transport

7.2.12 Other infrastructure

7.2.13 Recreational use of the surrounding areas

7.2.14 Landscape/visual environment

7.2.15 Sites listed on Register of National Estate, Aboriginal Archaeological and
European Historical significance

8. Environmental Impacts

Construction Phase

8.1 Effects of dust, vibration and noise

8.2 Effects of construction (blasting, heavy earthworks, etc) on existing HIFAR facility
and safety

8.3 Effects on drainage lines and water quality; implications of potential
groundwater contamination

8.4 Effects and extent of earthworks including soil erosion

8.5 Contamination assessment of soils

8.6 Impacts on flora and fauna

8.7 Construction noise impacts (including traffic)

8.8 Impacts on demographic characteristics, employment and economics

8.9 Impacts on local road networks, traffic and infrastructure

8.10 Effects of construction activities during non-regular work hours on residents

8.11 Transport of materials and disposal of construction wastes

8.12 Visual and aesthetic impacts

8.13 Effects on National Estate sites, or sites of Aboriginal and European heritage
significance

Operational Phase

8.14 Permanent changes to drainage lines, stormwater management etc

8.15 Impacts on flora and fauna and areas of conservation significance

8.16 Effects on National Estate sites, or sites of Aboriginal and European heritage
significance

8.17 Impacts of operational workforce on demographic characteristics, employment
and economics

8.18 Implications and impacts for public and other uses of the proposed buffer zone

8.19 Impacts and implications for adjoining land uses

13.4.2

13.4

11.4.5,14.2.6

16.2

Chapter 13, 16.3.1

16.2

7.4, Chapter 16

14.2, 14.3, 14.4

15.2, 15.3.1, 15.4,
15.5.1, 15.6.1, 15.7.1

13.4.2

17.4.2

17.5.2, 17.5.3

9.5.1, 17.3.2

17.3.2

8.3.4

8.3

17.1.2,17.1.3

12.4

17.3.2

16.3

14.5.1

9.5.1, 17.3.2, 17.4.3

17.1.4

18.4.3

17.5.4, 17.5.5

8.3, 8.4

12.4

17.5.4, 17.5.5

16.3

13.6

13.6
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Section of the
EIS Guidelines

(refer
Environment

Australia
Guidelines)

Issue

Appendix A

Section of the Draft
EIS

8.20 Impacts of night lighting 17.4.3

8.21 Potential impacts on population growth 13.6

8.22 Community attitudes 7.4,16.3.1

8.23 Impacts on local road networks, traffic and infrastructure 14.5.2

8.24 Water requirements, sewerage system upgrade, upgrade of existing wastewater 15.3
pre-treatment plant

8.25 Minimisation of water and energy use 15.10

8.26 Transport of fuel elements 11.4.4

8.27 Transport of reactor products, modes and frequency 14.4,14.5

8.28 Visual impacts of completed facilities 17.4.3

8.29 Implications and requirements for infrastructure during dual operations of HIFAR 15.8
and proposed reactor

Emissions and Management of Replacement Reactor Products

8.30 'Cradle to Grave" approach to management of wastes 10.4, 10.5

8.31 Atmospheric emissions 10.5

8.32 Aqueous emissions 10.5

8.32.1 Anticipated volumes 10.5

8.32.2 Approved discharge limits 10.5

8.32.3 Impacts on water quality 10.5

8.33 Management of solid and liquid radioactive wastes from radiopharmaceutical 10.2, 10.3, 10.5
products

8.34 Management of spent fuel elements 10.4

8.35 Other wastes 10.6

8.36 Impacts of combined emissions from dual operation of HIFAR and proposed 10.7
reactor

8.37 Risks of leakage and leaching of stored wastes 10.9

8.38 "Greenhouse* gas emissions 9.5.2,10.6

Hazards and Risks

8.39 Comparison of hazards and risks from proposal to overseas facilities and 11.4
standards, guidelines for hazardous industries in Australia and NSW and existing
operations of HIFAR

8.40 International standards and publications relevant to potential hazards and risks of 11.4
proposal; underlying assumptions used in assessment

8.41 Identification of likely hazards and risks 11.2, 11.4

8.41.1 Proposed replacement reactor operations 11.2

8.41.2 Hazardous emissions 11.4

8.41.3 Transport and storage of fuel elements and risks of contamination 11.4

8.41.4 Other hazardous waste products 11.4

8.41.5 Increased processing and transport of radiopharmaceuticals and reactor products 11.2

8.41.6 External risks including seismic activity, meteorological events, bushfires, air 11.4, 17.2.5
traffic, Defence facilities, sabotage, etc
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Australia
Guidelines)

Issue Section of the Draft
EIS

8.42 Risk assessment of reactor operations

8.43 Preparation of Safety Analysis Report

8.44 International experience, location and safety record of research reactors

8.45 Historical arrangements and incidents in the operation of HIFAR; transport and
storage of fuel elements and use of reactor products

8.46 Consequences of possible incidents on local community

8.47 Design, construction and operational requirements to satisfy relevant codes,
standards and dose limits

8.48 Environmental pathways for radiation exposure

8.49 Health and safety of employees

8.50 Implications of Safety Review Committee recommendations for storage of spent
fuel and other fissile material

8.51 Health and safety implications of dual operations of HIFAR and proposed reactor
for operational workforce

8.52 Hazards and risks during dual operations of HIFAR and proposed reactor

8.53 Site security implications as a result of construction workforce

8.54 Measures to reduce radiation risks to nearby communities

8.55 Implications of proposal for existing health status of adjoining communities;
review and assessment of health risks

8.56 Community perceptions of risks from HIFAR facility and actions aimed at
addressing this

8.57 Safety requirements associated with transport of radioactive wastes

8.58 Government involvement and responsibilities at Lucas Heights Science and
Technology Centre and proposed replacement reactor

8.59 Justification for existing 1.6 kilometre radius buffer zone

8.60 Type of activities and controls applicable in buffer zone

8.61 Independent assessments and NSW Government actions in regard to land use
restrictions beyond 1.6 kilometre radius and safety with this zone

8.62 Fire precaution and protection, fire fighting measures and equipment at Lucas
Heights Science and Technology Centre

8.63 Development and implementation of emergency management plans

8.64 Emergency evacuation procedures and requirements

8.65 Responsibilities and liability in the event of an incident

9. Decommissioning

9.1 Further studies required

9.2 Background

9.3 Timings and estimated costs

9.4 Options and strategies

9.5 Integrity over time of any proposed entombment measures

9.6 Overseas experiences with similar types of reactors

9.7 Options for treatment or disposal of radioactive wastes

11.2, 11.4

11.3

11.4

11.4

11.4

11.3, 11.4

11.4

11.4

11.2

11.5

11.5

5.7.8

11.4

11.4

11.8, 16.3.1

11.4

3.6

13.3.1, 13.6

13.3

13.3.2

17.2.3

11.9, 17.2

11.9

11.4

19.1.2, 19.5.1

19.1.1, 19.1.2, 19.1.5

19.2.1, 19.3.2

19.1.2, 19.2.1, 19.3.1,
19.3.2

19.1.1, 19.2.1

19.1.3

19.4
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9.8 Additional storage requirements for fuel elements

9.9 Risks to the environment and human health; measures to reduce these risks

9.10 Risks to proposed reactor during decommissioning of HIFAR

9.11 Site contamination risks and remediation

9.12 Security and maintenance, safety surveillance programs and monitoring

9.13 Treatment of non-radioactive equipment

9.14 Final use of site and long term implications

10. Environmental Safeguards, Monitoring Proposals, Environmental Management

Plans, Audit and Review

10.1 Commitments for protection of the environment

10.2 List of environmental commitments
10.3 Effectiveness and secondary effects of environmental safeguards and monitoring

programs

10.4 Environmental management philosophy; environmental and safety management
plans for construction and operation of the proposal

10.5 Monitoring and quality assurance programs

10.6 Environmental management systems

10.7 Relevant legislation, standards, codes and policies. Identification of bodies and
their roles for implementing environmental safeguards and monitoring programs

Regulatory Regime and Operation Responsibilities

10.8 Relevant legislation, standards, codes, policies with measures proposed to
ensure compliance

10.9 Regulatory infrastructure to oversee Commonwealth nuclear activities

Environmental Safeguards

10.10 Mitigation of construction impacts

10.11 Minimisation of disruptions to traffic during construction

10.12 Mitigation of effects on economic, recreational and community resources,
including disturbances and loss of amenity

10.13 Minimisation of atmospheric and aqueous emissions

10.14 Minimisation of waste

10.15 Minimisation of hazards and risks from replacement reactor operation

10.15.1 'Passive* and active design/engineering measures and procedures

10.15.2 Occupational exposure to radiation and radioactive products, and radiation
protection programs

10.15.3 Exposure to the general public

10.15.4 Transport of radiopharmaceuticals and other radioisotopes

10.15.5 Transport, use, storage and disposal of nuclear fuel elements and disposal of
nuclear wastes

10.15.6 Decommissioning

10.16 Education of workforce

10.17 Provision of compensation in the event of an adverse impact

19.4

19.5.1

19.5.1

19.5.1

19.1.5

19.4.4

19.5.2

18.1.3, Appendix I

Appendix I

Appendix I

18.2.1

18.1.5, 18.1.6, 18.4.2

18.2.1, 18.3.1, 18.4.1

18.1.3, Appendix D

18.1.3, Appendix D

3.6, 18.2.2

9.6, 17.1.4, 17.3.4,
17.4.4

14.6

13.7, 16.4

10.6

10.5, 10.6

11.8

11.8

11.4.2, 11.8

10.5.2, 11.4.3

11.4.4

10.2, 10.4, 10.5, 10.6

19.4

18.3.1

11.4.7
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EIS Guidelines

(refer
Environment

Australia
Guidelines)

Issue1

11.2 Consultations with Commonwealth, State and local government agencies and
the community and how their concerns will be addressed. Further studies,
investigations and consultation

12. Conclusion

12.1 Conclusion on justification for the proposal, compliance with ESD objectives

and benefits and costs

13 Glossary

14 Appendices

Appendix A

Section of the Draft
EIS

18.1, Appendix I

18.2.2, 18.2.3

9.2, 18.1.5

18.1.3, 18.1.5, 18.4.2

18.1.2, 18.1.5, 18.1.6

18.1.3

18.1.3, 18.2.2

Monitoring Programs and Procedures

10.18 Monitoring programs; mechanisms for handling pollution incidents; parties
responsible for monitoring programs

10.19 Provisions for improving environmental standards, response mechanisms,
imposition of penalties and remedial action

10.20 Existing monitoring programs

10.21 Monitoring discharges to the environment

10.22 Monitoring of stored wastes and risks of leakage

10.23 Monitoring by State agencies

10.24 Independent monitoring review and audit

10.25 Monitoring of emergency procedures

10.26 Monitoring of safety and health

10.27 Additional monitoring programs proposed

10.28 Community attitudes

10.29 Consultation and liaison with authorities, community and other parties

10.30 Potentially incompatible developments, actions or planning activities in the
region

11. Consu Itation and Studies

11.1 Research and investigations undertaken

18.1.3, 18.2.2,
Appendix I

18.2.2,18.2.3,
Appendix I

18.4.2

18.3.2, 18.4.3

18.3.2, 18.4.3

13.6,20.1

Methodology sections
of relevant chapters;

References

Throughout Draft EIS,
particularly Appendix

C

Chapters 20 and 21

Glossary of Terms

Volume 2 Appendices

Note 1. For a complete description of the issue refer to the Environment Australia Guidelines.

A8



Appendix B
Study Team



Appendix B Study Team

AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION (ANSTO)

STEERING COMMITTEE AND TASK LEADERS

Steering Committee

Dr Ron Cameron
Mr John Rolland
Mr Ken Horlock
DrWallyZuk

Project Leaders

Dr Ross Jeffree
Mr Ross Miller
Mr Allan Murray
Mr John Mulcair
Mr Mike Watson
Mr Dennis Zines

Director, Safety
Director, Government and Public Affairs
Director, Engineering, A/Director Nuclear Technology
Director, Environment

Environmental Assessment
Reactor Specification
Safety and Licensing
Manager, Communications
Community Liaison
Consultant, ERM Mitchell McCotter

DRAFT EIS STUDY TEAM

This Draft EIS was prepared for ANSTO by PPK Environment & Infrastructure Pty Ltd and several
specialist subconsultants. The following personnel participated in the study:

PPK Environment & Infrastructure Pty Ltd

Mark Keogh

Karen Markwort

Greg Milford

Rowena Lennings

Derek Low

Isabelle Connolly

John Haynes

Marco Morgante

Matthew Jones

Alison Holloway

Susan Calvert

Jeremy Pepper

James Charalombus

Ben Seeto

BTP

BEc, MEnvPl

BTP (Hons)

BA

DipTech, BE(Civil)

BA, MURP

BE(Civil), MEngSc,
DipEnvStud

BE(Civil)

BA(Hons), MA

BSc(Hons)

BSc(Hons), MEnvSc

BSc(Hons)

BE(Hons)

BE (Mechanical), ME
(Mechanical) PhD (Mechanical
Engineer)

Principal Environmental Planner (Project
Director)

Senior Environmental Planner (Project
Manager)

Senior Environmental Planner

Community Consultant

NSW Environment Manager

Environmental Planner

Principal, Transport Infrastructure Planning

Transport Engineer

Transport Economist

Transport Planner

Senior Environmental Scientist

Environmental Scientist

Environmental Engineer

Senior Environmental Consultant

B1



Mark Kunzer

Malcolm Dale

Kevin Brennan

David Thomson

Gavin Kerrison

Matthew Faust

Fiona Court

Dianne Black

David Gamble

Ashton Hincksman

Alistair Moir

Vera Howorka

Christine Chang

Lucita Goyena

Virginia Piper

Josephine Bastion

Nigel Spence

NNC Limited

BSc, MSc

BSc(Hons)

BE(Civil)

BAppSci (Geology), Msc
(Hydrogeology)

BE (ChemKHons)

BE(CivilKHons)

BSc

BSc(Hons)

BE, BEc, MEngSc

BE(Civil)

Dip Graphic Design

BDesign(Hons)

BVisArts, BVisComm

MA(Dist), BA(Hons)

BA(Hons), PhD

Environmental Scientist

MAppSc, Principal Environmental Scientist

Senior Geotechnical Engineer

Senior Hydrogeologist

Environmental Engineer

Civil Engineer

Environmental Planner

Senior Environmental Scientist

Senior Environmental Engineer

Geotechnical Engineer

Graphic Designer

Graphic Designer

Graphic Designer

Graphic Designer

Word Processor

Technical Editor

Editor

Mark Dutton, BSc, PhD, NNC Environmental and Radiological Safety Manager

Howard Thompson, BSc(Hons), MSc, MBA, Principal Senior Consultant Environmental and
Radiological Safety

Stuart Cripps, BSc, NNC Physics Manager

Daniel Clarke, BSc(Hons), MSc, Consultant Nuclear Safety

Dr Robert Moscop, BSc, PhD, Senior Consultant Physicist

Dr Christopher Smedley, BSc (Fuel Eng), PhD, Senior Consultant Nuclear Safety

Dawn Wilcock, BSc, Consultant Environmental Scientist

Robert Major, AdvDipAnalChem(RSC), Senior Consultant Health Physicist

Lesley Sutherland, HNC, Technical Assistant

Helen Brayshaw Heritage Consultants

Helen Brayshaw, DipEd, BA(Hons), MA, PhD, Archaeologist

Robert Junor

RSJunor, BA(EnvSc) HDA, Natural Resources Management Specialist

B2



Appendix C
Consultation Activities and Results



anaultation aeftfvtoims and raautea

Consultation Activities

1.1 Philosophy and Approach

The Consultation Strategy for the proposed replacement research reactor Draft EIS seeks to
encourage community involvement during all phases of the EIS process. It was designed to
accommodate ongoing evaluation of the nature, type and location of consultation activities. The
strategy incorporates two distinct phases. The first, referred to throughout this Appendix as the
preliminary phase, comprises all those consultation activities conducted up to the release of the
Draft EIS for public exhibition. The primary focus of this preliminary phase of consultation has been
to provide information about the EIS process, the proposal and EIS studies in order to encourage
community input throughout the preparation of the Draft EIS. A range of consultation activities
were conducted throughout the preliminary phase and information received as a result of these
activities was considered during preparation of the Draft EIS.

The formal consultation process (Phase 2) has commenced now that the Draft EIS has been placed
on public exhibition. Its primary focus is to provide opportunities for the community to access the
Draft EIS and to increase their understanding of the methodology and content of the EIS studies.

Further identification and refinement of the key issues identified in Section 4 of this Appendix
continues throughout this second phase of consultation. Subsequent issues raised in the submissions
to the exhibition, and any additional relevant information will be included in the Final EIS.

1 .a Objectives

The objectives of the Consultation Strategy are to:

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

• identify key stakeholders, and understand their interest in the proposed replacement reactor;

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

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

• provide opportunities for the community to raise issues for consideration in the EIS process;
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develop appropriate material and aids to adequately communicate the results of the EIS to
all interested audiences; and

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

Stakeholders

The community study area regarding the replacement research reactor proposal has been derived
from an analysis of the place of residence of persons who made a submission to the EIS Guidelines
or made a submission during the preparation of the Draft EIS. It incorporates local, regional and
national "communities of interest".

The population of the local community of interest was identified as approximately 129,000 persons
encompassing the suburbs broadly denned as Alford's Point, Bangor, Barden Ridge, Bonnet Bay,
Como, Engadine, Grays Point, Gymea, Gymea Bay, Heathcote, Illawong, Jannali, Kareela.
Kirrawee, Loftus, Menai, Sandy Point, Sutherland, Waterfall, Woronora, Yarrawarrah.
Approximately 70 percent of all submissions received originated from residents of these suburbs.
The regional community of interest was identified as the Sydney statistical division and the national
community of interest was based on the population of Australia.

A database of stakeholders was developed, incorporating:

• individuals who made submissions to the draft EIS Guidelines;

• progress associations, service dubs, precinct committees, community and environment
groups, particularly in Sutherland Shire;

• metropolitan higher educational institutions;

• national research institutions;

• local schools;

• metropolitan and local industry representatives (contact details supplied by ANSTO); and

• metropolitan local government.

Consultation Activities

3 . 1 Core Consultation Activities

A range of methods were used to disseminate various forms of information and to facilitate public
input into the EIS process. The preliminary consultation phase focused on providing information
about the EIS process and the proposal.

The Consultation Strategy involved:

Project Newsletters

• An initial newsletter introducing the EIS process and oudining the proposal was produced
in February 1998. It included a general description of the proposal, plus information on the
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EIS process such as the assessment of the impacts of the proposal and how to get involved
in the consultation process. This newsletter was distributed to approximately 21,000
households in the Sutherland Shire by letterbox delivery and was also mailed to stakeholders
on the database.

• A second newsletter incorporating an update on the EIS process was produced in June 1998.
It included background information on the proposal and the EIS process, a summary of the
main areas of community comment to date and details of forthcoming consultation
activities. It was distributed to 41,000 households in the Sutherland Shire (the local
"community of interest") by letterbox delivery and mailing.

Advertisements

Advertisements announcing the commencement of the Draft EIS and the consultation process, the
availability of the newsletter and how to participate in the consultation process were placed in:

• Sydney Morning Herald 18.2.98

• The Australian 18.2.98

• Daily Telegraph 18.2.98

• St George and Sutherland Shire Leader 17.2.98

• St George and Sutherland Shire Messenger 18.2.98

• Sutherland Menai Express 17.2.98

• Engadine News 17.2.98

Telephone Information Line

A toll free, dedicated telephone information line was established at die beginning of the Draft EIS
preparation to allow people to make comments and obtain specific information in relation to the
proposal.

The telephone number for the information line was promoted through the newsletter delivered to
local residents, in newspaper advertisements and at face-to-face consultation activities.

The information line was considered an important part of the communications process in that it
allowed the participation of people who may be reluctant to make a written submission and who
may have been unable to participate in other consultation activities.

112 calls were made to the information line from its inception on 16 February until 1 July 1998.
These were recorded on a specially designed Telephone Conversation Report Form to ensure
uniformity of reporting.

Internet Home Page

A worldwide web site and corresponding email address for the EIS was established in February 1998
and linked to the ANSTO website. The website included the following information regarding the
EIS:

• details of the proposal and the EIS process;
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• newsletters and any other material that was released (advertisements);

• contact details for the EIS study team;

• a submission form and email address for comments and/or submissions to the Draft EIS.

The email address was widely advertised in all EIS consultation activities and newsletters. The
response form on the web page linked to the EIS email address provided a direct way of making a
submission. 10 email submissions had been received up until 1 July 1998.

The home page of the EIS web site was accessed 508 times since its establishment on 16 February
until 1 July 1998.

Stakeholder Meetings and ESriefings

A number of local stakeholder groups were identified and specifically targeted for consultation.
These groups were able to provide a range of local perspectives on the proposal and the impacts
they anticipated from it.

"Table C1 : Meeting Dates for Stakeholder Groups

State Stakeholder Srsugi

5.2.98 Sutherland Shire Council

18.2.98 ANSTO-Community Forum

25.2.98 People Against a Nuclear Reactor

23 3.98 Health and Environment Committee of Sutherland Shire Council

These meetings generally incorporated a brief outline of the proposal and an explanation of the EIS
process followed by questions and comments from the participants.

Sfe&fce dovernmsnt Briefing and Site Visit

A briefing and question and answer session on the proposal, the EIS process and the EIS studies was
provided to NSW Government authorities and Sutherland Shire Council by PPK and ANSTO.
Following the briefing, a site visit was undertaken of the Lucas Heights Science and Technology
Centre, including HIFAR and the site of the proposed replacement reactor. Further opportunities
were available during this site visit for questions and discussion about the proposal and the Draft
EIS. State Government authorities that attended were:

• Cabinet Office;

• Department of Land and Water Conservation;

• Environment Protection Authority;

• National Parks and Wildlife Service;

• Department of Urban Affairs and Planning;

• NSW Fire Brigades;

• Department of Public Works and Services; and

• Health Department.

Australian Nuolaar Bcianco and Technology Organisation



Mobile Displays and Information Days

PPK conducted mobile displays and information days to provide detailed information on the
proposal to the community. These allowed direct contact by community members with EIS study
team specialists. The information day format was designed to enable community members to have
control over the amount of time they wished to spend raising issues and discussing their concerns.
This format also allowed the EIS study team to draw qualitative information out of the consultation
process.

Information made available to take away included newsletters and information updates and the EIS
Guidelines prepared by Environment Australia. The information sessions were set out as a series of
displays enabling people to study material and ask questions of the EIS team members.

In general these race-to-face consultation sessions were promoted by:

• advertisements in local and metropolitan newspapers;

• deliveries of flyers to households in surrounding areas; and

• flyer distribution to local, State and Federal Government representatives, community groups
and stakeholders located in the region of the information session venue.

1 . Mobile Display - Menai Marketplace on Saturday 1-4 March, 1998

Approximately 120 people attended a mobile display which was advertised in the following
newspapers:

• Sutherland Menai Express 3.3.98 and 10.3.98

• Engadine District News 3.3.98

• St George and Sutherland Shire Leader 3.3.98 and 10.3.98

• St George and Sutherland Shire Messenger 4.3.98 and 11.3.98

2. Information Day - outside Legends Youth Centre next door to Menai
Marketplace on Saturday 27 March

Representatives of the EIS study team, including a representative from NNC Limited and ANSTO
personnel, attended the Information Day to answer questions relating to the proposal.
Approximately 100 people attended the Information Day.

This activity was advertised in the following newspapers:

• St George and Sutherland Shire Leader 24.3.98

• Sutherland Menai Express 24.3.98

• Engadine District News 24.3.98

• St George and Sutherland Shire Messenger 25.3.98

• Sydney Morning Herald 23.3.98

• Daily Telegraph 23.3.98

In addition, a flyer advertising the Information Day was distributed by letterbox to 21,000
households and mailed to the EIS stakeholder database.
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3. Mobile Dieplay - Engadine Shopping Centre on Saturday 1B April

Approximately 80 people attended the mobile display at Engadine. This activity was advertised in
the following newspapers:

• Sutherland Menai Express 14.4.98

• Engadine District News 14.4.98

• St George and Sutherland Shire Leader 9.4.98 and 14.4.98

• St George and Sutherland Shire Messenger 15.4.98

A. ANSTO Open Day on Saturday 23 May

Approximately 100 people attended the EIS information display area at the Open Day organised by
ANSTO at the Lucas Heights Science and Technology Centre. Representatives of People Against
a Nuclear Reactor were invited to participate in the Open Day and set up a display adjacent to the
Draft EIS display. ANSTO's Open Day was advertised in all local newspapers, local and nearby
cinemas and by direct invitation to 25,000 households in ANSTO's community of interest.

5. Information Day at Coma Markets on Sunday 14 June

This activity was advertised in the following newspapers:

• Engadine District News 2.6.98

• St George and Sutherland Shire Leader 2.6.98 and 9.6.98

• Sutherland Menai Express 2.6.98 and 9.6.98

Approximately 60 people attended the information display stand at Como Markets which was
staffed by representatives of ANSTO and the EIS study team, including NNC Limited.

6. Mobile DiapSey - Sutherland Shopping Centre on Saturday 27 June

Approximately 80 people attended the information display stand outside the Jewel Supermarket in
Eton Street, Sutherland.

This activity was advertised in the following newspapers:

• Engadine District News 23.6.98

• St George and Sutherland Shire Leader 23.6.98

• Sutherland Menai Express 23.6.98

Briefing of ANSTQ Staff

Briefing sessions for ANSTO personnel were conducted at the commencement of the EIS process.
PPK and NNC Limited team members made a short presentation describing the EIS process and
progress and responded to questions from the audience.
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3.S Supplementary Consultation Activities

Workshops

A review of the results of the consultation strategy after the first three months of activities resulted
in a plan to conduct several structured workshops in order to encourage and gather further
community input into the identification and refinement of the key environmental issues regarding
the proposal.

Separate workshops were intended for State and local government authorities, community and
environment groups and industrial and commercial users of ANSTO's products. These workshops
were not conducted in the form originally envisaged. The majority of representatives invited
responded to the invitation in the following ways:

• State Government authorities generally felt that they would not be able to provide any
significant input in addition to that provided at an earlier workshop convened by
Environment Australia as part of the process that led to the development of the Draft EIS
Guidelines.

• The low levels of invitation acceptances from local government made a structured workshop
unfeasible and a more informal discussion took place.

• There was insufficient interest from commercial and industrial users of ANSTO products to
conduct a structured workshop. Additional perspectives from industrial users were obtained
from PPK representatives who attended a meeting of the Institute for Non-Destructive
Testing.

• A low rate of acceptance from community and environment groups resulted in the
postponement of this workshop until the release of the Draft EIS.

Precinct Committee Interviews

Interviews were conducted with representatives of eight Precinct Committees within the
Sutherland Shire as an alternative to the community workshop originally envisaged. These
interviews were intended to provide additional input into clarifying key community values and
environmental issues regarding the proposal. Precinct Committee representatives interviewed
included those from:

• Miranda Precinct Committee;

• Sandy Point Precinct Committee;

• Kurnell Precinct Committee;

• Woodlands Precinct Committee;

• Kirrawee Precinct Committee;

• Jannali Precinct Committee;

• South Caringbah Precinct Committee;

• North Caringbah Precinct Committee; and

• North Cronulla Precinct Committee.
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<4.1 Process Issues

The majority of issues raised during the preliminary phase of consultation related both the EIS
process and the consultation process. These process issues included:

• Public Debate

Community group representatives requested that PPK present the case for the replacement
reactor in a public meeting. This would be alongside speakers invited by community groups
opposing the construction of the replacement reactor who would present their arguments
against die proposal. As PPK's role is to assess the environmental impacts of the proposal
and not to advocate the proposal, participating in such a public debate would not be
appropriate. PPK declined this invitation and, as an alternative, proposed that
representatives of these community groups distribute their information materials expressing
their point of view at Information Days and Mobile Displays organised by PPK throughout
the EIS consultation process.

• Resourcing of Opposition Campaign

The argument has been made that community groups should receive government funding to
help them present their perspective to the community.

• Telephone Information Line

Concern was expressed that ANSTO staff would be directed to call the information line
expressing their approval of the proposal and the EIS process, and hence inflate the belief
that there is widespread support for the proposal. PPK representatives stated that there was
no indication of this occurring. ANSTO advised that no such direction was given. As noted
earlier in this Appendix, 112 calls were made to this line from 16 February to 1 July 1998.

• Extent of Consultation

Concern was expressed that the EIS should seek opinions from national stakeholders in
addition to the views of the local community. It is noted that national advertisements of the
proposal were placed in The Australian newspaper and that Phase 2 of the consultation
process will include further national advertising and national availability of the Draft EIS.

• Requests for Additional Consultation Activities

An Information Day at Como Markets and a Mobile Displays at Sutherland Shopping
Centre were held in response to requests from Sutherland Shire Council for additional
consultation activities. In addition, a brochure providing an update to the community on the
EIS process and progress was distributed to 41,000 residents in Sutherland Shire.

• Auditor

Some community group representatives requested the appointment of an independent
auditor for the EIS process. The Minister for the Environment, as the head of Environment
Australia, announced on 20 July that three independent reviews of aspects of the EIS would
be conducted by internationally recognised experts in nuclear issues. The Minister stated
that the appointment of these reviews will assure the community in and around the
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Sutherland Shire that critical aspects of the EIS will meet international best practice
standards.

Additionally, in response to a request from the Sutherland Shire Council, ANSTO
appointed Twyford Consulting to conduct an evaluation of the community consultation
process in relation to the proposed replacement of the research reactor at Lucas Heights.
This evaluation was to assess the level of community satisfaction with the preliminary phase
consultation process, identify any areas of concern with the consultation process and make
recommendations to strengthen the community consultation process during the second
phase of community and stakeholder consultation.

Using standards based on international best practice, Twyford Consulting will evaluate the
extent to which the community consultation process is transparent, informative, promotes
participation of key stakeholders, recognises and addresses expressed concerns, is flexible,
responsive and effective.

• Role of NNC Limited

Some community groups opposing the reactor have expressed concern about the
involvement of NNC Limited in the EIS study, on the basis that they believe that NNC may
have a vested interest in the EIS outcome. NNC have responded to these concerns with a
public statement that they do not have a vested interest and do not stand to benefit in any
way from die outcome of the EIS.

• Quality of Information

It was stated that information supplied by ANSTO to the EIS study team for preparation of
the Draft EIS will not be trusted by the community and that this information should be
publicly available prior to the release of the Draft EIS in order for independent technical
review and comment prior to the public exhibition. There will be ample opportunity for such
review during the exhibition phase.

4.H OS Scope Issues

The scope of this Draft EIS was described by the Final Guidelines for an EIS for a Replacement
Nuclear Research Reactor at The Lucas Heights Science and Technology Centre (refer Appendix
A). These Final Guidelines were issued by Environment Australia following a public consultation
process that involved distributing a draft version of die Guidelines for public comment. ANSTO's
website contains these Final EIS Guidelines.

Clarification has been requested concerning the scope of the EIS and the extent to which it would
examine the following areas of concern:

• waste management alternatives (refer Section 6.9 and Chapter JO of Draft EIS);

• the Government's site selection process (refer Section 3.8.1 of Draft EIS);

• recommendations regarding the best option for waste storage/disposal (refer Section 6.9 and
Chapter 10 of Draft EIS);

• morbidity (refer Chapters 10 and J J of Draft EIS) ;

• cost/benefit analysis (refer Chapters 4 and 2 J of Draft EIS);

• employment opportunities associated with proposal (refer Chapter 16 of Draft EIS);
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• national security interest (refer Chapter 4 of Draft EIS);

• monitoring of the ANSTO site (refer Chapter 18 of Draft EIS);

• spent fuel - management of spent fuel and risks from the storage of spent fuel (refer Chapters
10 and iJ of Draft EIS); and

• alternative technologies - spallation sources (refer Chapter 6 of Draft EIS).

4.3 Proposal Issues

Issues raised and opinions expressed in regard to the proposal included:

• a desire for HIFAR to be decommissioned and no replacement reactor to be built at Lucas
Heights;

• the need for the EIS to consider alternative sites for the construction of the replacement
reactor, most commonly a remote location;

• support for the construction and operation of the replacement research reactor at Lucas
Heights on the grounds that the existing facility has had a positive impact on the region
rather than a negative impact;

• the need for an extensive health study of past and current residents of Sutherland Shire in
order to set a benchmark for measuring the impact of ANSTO's future activities;

• specific concerns regarding the health, safety and waste management aspects of the
replacement research reactor and the need for independent monitoring of ANSTO's
environmental management activities; and

• doubts about the need for the replacement reactor and concern over the cost of the
technology.

4$.*$ Community Values

Consultation conducted for this Draft EIS, including interviews with precinct committee
representatives, indicates a range of characteristics regarding the local environment that are valued
by the local community. These are described in detail in Chapter 7 of the Draft EIS.

The Natural Environment

The value of the natural environment to local residents emerged consistently as a key community
value. Trees, waterways, and pleasant natural outlooks were top of mind when participants were
asked what they most liked about the physical environment of Sutherland Shire.

Recreational Opportunities

Bushwalking and water sports are popular recreational pursuits and residents enjoy their ability to
simply appreciate the pleasant natural environment, the outlook, the trees, the waterways and the
well maintained urban areas.

Proximity to national parks has also heightened the importance people place on the role of national
parks in providing habitat for flora and fauna. The role of the national parks are also seen in the
context of providing the lungs of the southern and western regions of Sydney.
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Safety

A majority of persons interviewed considered Sutherland to be a safe area. However, the threat of
bushfires were frequently mentioned as a consequence of being close to the natural bushland
environment.

Community Cohesion

A strong sense of community cohesion was expressed within the more well established areas of the
Shire amongst people who settled in the area immediately following World War II. This cohesion
was seen to be derived mostly from the "homogeneous solid middle class" social profile. It was
proposed that the wide range of social, sporting and service clubs reflect a strong sense of
community amongst specific interest groups. For instance, older members of the community are
seen to be more active in Probus and other clubs, and have greater levels of participation than is
typical elsewhere in Sydney.

Change brought about by increasing population, however, is seen as directly contributing to a
decline in the sense of community, especially, it is suggested, in areas where much of the original
housing has been replaced by apartment buildings. People are less inclined to be involved in issues
where a major impact may be experienced in another part of the Shire. Campaigns related to
improving beach water quality and opposing the second Sydney airport at Holsworthy were quoted
as examples.

A large proportion of submissions received by phone, email, mail and in person at consultation
events were requests for specific information regarding the proposal and the EIS process. During the
course of the preliminary phase of the consultation process, from January 1998 to 1 July 1998, a
total of 29 submissions were received by mail and facsimile, 32 submissions were received from
mobile displays and information days and 10 submissions were received by email.

Responses to these submissions (usually in the form of responses to requests for further information)
were provided via telephone, email or written letter, depending upon the requirements of the
submission.

Data from submissions were grouped into issues in a manner similar to the structure of the Draft
EIS and regularly reviewed by the EIS study team.

Amongst the minority of submissions which raised issues and expressed opinions, the issues of
safety, health, waste management and hazards and risks were foremost. The possibility of a major
accident and its perceived impact on the local community was the most frequently raised concern
amongst those who expressed opposition to the proposal. Also of note were concerns regarding
perceived chronic environmental and health impacts resulting from emissions to the environment
from the day to day operations of ANSTO. The issue of the monitoring of ANSTO's current and
future operations and the likely impact of the forthcoming ARPANSA legislation was also raised.

A number of submissions were also received from people in favour of the proposal. They maintain
that the current facility does not pose a significant risk to the community and that its replacement
will provide direct and indirect economic benefits.

The level of response to consultation opportunities supports the findings of past community attitude
surveys which indicate that concern about ANSTO and the current and proposed replacement
reactor is not a prominent consideration for the majority of residents.
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Leglsiafcioii end
Regulatory
Requirements

1.1 ANSTO and Regulatory Authorities - Australian
Nuclear Science and Technology Organisation
Act, 19S7

ANSTO is a body corporate established by the Australian Nuclear Science and Technology
Organisation Act, 1987 ("the ANSTO Act"). ANSTO is required to fulfil its over-riding obligation
for reactor safety through management, assessment and review. The technical requirements and
administrative arrangements for the safe operation of the existing ANSTO reactor are identified in
various authorisations to operate. However, these authorisations do not carry the legal force of a
licence.

The Nuclear Safety Bureau was established by the Act to provide independent review and
monitoring of the safety of any reactor operated by ANSTO. In addition, the Nuclear Safety Bureau
provides technical advice to the Commonwealth on the safety of nuclear plant and related matters.
The independence of the Nuclear Safety Bureau was further institutionalised in the passing of the
ANSTO Amendment Acu 1992 whereby the establishment, functions and powers of the Nuclear
Safety Bureau were documented in Part VII A. The amended legislation allows the Nuclear Safety
Bureau to impose written restrictions or conditions on the operation of the ANSTO nuclear plants.
The Nuclear Safety Bureau is within the Health portfolio.

The Safety Review Committee was also established by the ANSTO Act and functions to review and
assess the effectiveness of the standards, practices and procedures adopted by ANSTO to ensure
the safety of its operation. The Safety Review Committee has taken an interest in the management
of radioactive wastes, including on-going reviews of potential radiological impacts on members of
the general public from effluent discharges and on-site waste storage facilities.

1 .S Australian Radiation Laboratory

The Australian Radiation Laboratory undertakes research and provides services relating to
radiation used for medical purposes, the measurement of radiation and radioactivity, methods of
protection from radiation and the consequences to human health of exposure to radiation. It also
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provides advice to the general community regarding minimising exposure to radiation and on the
substances and devices that emit radiation used in medical diagnosis, treatment and research. An
important role of the Australian Radiation Laboratory is the development and maintenance of
national standards and codes of practice for the control of radiation hazards. The Australian
Radiation Laboratory also audits, in conjunction with the Nuclear Safety Bureau, the quality of
airborne and liquid effluent emissions from the Lucas Heights Science and Technology Centre.

1.3 The Australian Radiation Protection and Nuclear
Safety Agency - ARPANSA

The Australian Radiation Protection and Nuclear Safety Agency Bill, 1998 is currently before the
Federal parliament to establish the Australian Radiation Protection and Nuclear Safety Agency
(ARPANSA) to replace the Nuclear Safety Bureau and the Australian Radiation Laboratory. The
purpose of the Agency is to specify basic 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.

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

The design, construction and operation of the replacement nuclear research reactor would be
reviewed and approved by ARPANSA and must meet essential safety codes and standards.
Preparation of the site, construction, commissioning, operating, maintaining and modifying the
replacement research reactor would be conditional upon ANSTO obtaining a licence for nuclear
installation. ANSTO will be required to demonstrate the acceptability of the reactor's design,
safety features and proposed management procedures. Part of this will be through the development
of comprehensive Safety Analysis Reports by ANSTO and the vendor of the replacement reactor.
The safety assessment process would be modelled on International Atomic Energy Agency
guidelines for research reactor safety assessment.

1.4 Australian Safeguards Office

The Australian Safeguards Office was established by the Nuclear Non-Proliferation (Safeguards) Act,
1987. The Australian Safeguards Office is responsible for establishing a system for the imposition
and maintenance of nuclear safeguards in Australia, and for related matters in accordance with
certain international treaties and agreements to which Australia is a party. It is the Australian point
of contact on safeguard matters with the International Atomic Energy Agency and facilitates the
inspection of nuclear facilities by Agency representatives. The Office is also responsible for
ensuring that appropriate security measures are applied to nuclear items in accordance with
obligations under the Convention on the Physical Protection of Nuclear Material.
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1 .e Commonwealth-State Relationship

Under the Constitution of Australia (Section 52(1)) the Commonwealth has exclusive legislative
power with respect to Commonwealth places, which includes the Lucas Heights Science and
Technology Centre operated by ANSTO. In effect, this legislative power means that State laws
cannot be applied to Commonwealth places. Some State laws have been given application by the
Commonwealth to many Commonwealth places by virtue of the Commonwealth Places (Application
of Laws) Act, 1970. Under Section 7A of the Australian Nuclear Science and Technology Organisation
Act, 1987, however, ANSTO is exempt from the application of NSW laws where those laws relate
to the use of land; environmental consequences of the activities of ANSTO, radioactive materials
and dangerous goods; or certain types of licensing.

Notwithstanding this situation, ANSTO has adopted a policy of ensuring that it meets at least the
standards set in relevant NSW environmental and radiation protection statutes. This is in
accordance with the principles underlying the Inter- Governmental Agreement on the Environment,
1992 and includes consultation with NSW regulatory authorities such as the Environment
Protection Authority and the Department of Urban Affairs and Planning to ensure that all regional
issues are addressed and relevant regulatory requirements are observed.

State legislation relevant to this commitment are:

• NSW Radiation Control Act, 1990;

• NSW Radiation Control Regulation, 1993;

• NSW Clean Waters Act, 1970;

• NSW Clean Waters Regulation, 1972.

Radiation Control Act, 199O

This Act makes provision for the regulation and control of the sale, use, storage and disposal of
radioactive substances and radiation apparatus. The object of the Act is to secure the protection
of persons and the environment from exposure to ionising radiation, and harmful non-ionising
radiation, in context of social and economic factors and recognising the need for the use of radiation
for therapeutic purposes. The Act requires licensing, registration and/or accreditation for
radioactive substances under certain circumstances.

Because the 1990 Act does not include the specific details contained in the NSW Radioactive
Substances Act 1957 and Regulation 1959, the quantitative information from these latter regulations
are also utilised in the formulation of the Trade Waste Agreement with Sydney Water.

Clean Waters Act, 1S7Q

This Act controls the discharge of pollutants in all waters (inland, coastal, surface, underground,
natural and artificial) through the approval of public and private water pollution control systems
and the licensing of discharges. The Act prohibits the pollution of any waters or the permitting of
any waters to be polluted except in accordance with the conditions of a licence issued by the EPA.
The EPA has the power to direct any statutory body or local council to take such action as is
necessary to remove, dispense, destroy or mitigate pollution of any waters. Pollution offences under
this Act are offences of strict liability, meaning that there is no need to prove guilt or negligence in
prosecution for a breach of the Act.
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The main implication of this Act for ANSTO is the potential liability associated with the discharge
(intentional or negligent) of liquid or solid wastes to sewer, stormwater drains, groundwater, and
surface waters.

International Agreements and (Buidelines

Australia is party to a number of international treaties that relate to environmental matters,
including treaties to protect Australia and its neighbours from nuclear activities (for example, South
Pacific Nuclear Free Zone Treaty, 1985), to ensure safe use of nuclear materials (for example,
Convention on Nuclear Safety, 1994) and to provide for proper management of nuclear wastes (for
example, Convention on the Prevention of Marine Pollution by Dumping of Wastes and other Matter,
i 972). The treaties that are outlined in this section are those considered to be most relevant to
ANSTO and the operation of the replacement research nuclear reactor.

Convention to Ban the Importation in Forum Island
Countries of Hazardous and Radioactive Wastes and to
Control the Transboundary Movement and Management of
Hazardous Wastes within the South Pacific Region

The Convention, which is not yet in force, would ban the export of hazardous and radioactive
wastes to South Pacific island countries. It would require that prior consent be obtained for the
transit of hazardous wastes, but not of radioactive wastes. The Convention further contains
provisions which ban dumping of hazardous and radioactive wastes at sea and calls on Contracting
Parties to give active consideration to the implementation of the International Atomic Energy
Agency Cock of Practice on the International Transboundary Movement of Radioactive Wastes and other
similar international and national standards. Australia has signed the Convention and expects to
ratify it during 1998.

Convention for the Protection of Natural Resources and the
Environment of the South Pacific Region

This Convention requires that wastes discharged to the oceans should not exceed the individual or
collective radiation dose limits of the International Atomic Energy Agency's Safety Series 89. In
practice, however, the most restrictive requirement for the discharge of waste water from ANSTO
to the Cronulla Sewage Treatment Plant is the World Health Organisation's Guidelines for
Drinking Water Quality, as described below.

Convention on the Conservation of Nature in the South
Pacific, 1976

This Convention seeks to foster the production of essential renewable natural resources, protect
representative natural ecosystems and the heritage of wildlife and its habitats whilst providing for
customary use of areas and species in accordance with traditional cultural practices. Parties to the
Convention must establish national parks and reserves and co-operate in research, training and
developing programs of education and public awareness.

South Pacific Nuclear Free Zone Treaty, 1885

This Treaty is designed to keep the South Pacific "region free of environmental pollution by
radioactive wastes and other radioactive matter" and to reaffirm the importance of the Treaty on the
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Non-proliferation of Nuclear Weapons in preventing the proliferation of nuclear weapons and in
contributing to world security. Under the Treaty each party agrees to a number of conditions
regarding the manufacture, acquisition, possession and control of nuclear explosive devices but also
to prevent dumping of radioactive wastes or matter in the South Pacific Nuclear Free Zone. This
Treaty also establishes a control system to verify that Parties are complying with their obligations
under the Treaty. This control system includes the application of safeguards as set forth in an
agreement negotiated with International Atomic Energy Agency, to verify the non-diversion of
nuclear material from peaceful nuclear activities to nuclear explosive devices.

Treaty on the Non-Prollferafclon of Nuclear Weapons, 197O

This Treaty is the centrepiece of the national non-proliferation regime. Under the Treaty, non-
nuclear weapons states undertake not to develop or acquire, or assist other states to develop or
acquire, nuclear weapons. They undertake to accept safeguards on all current and future nuclear
activities. Nuclear weapon sates undertake not to assist any other state to acquire or develop
nuclear weapons. They also commit to pursuing negotiations, in good faith, on effective measures
relating to cessation of the nuclear arms race and to nuclear disarmament. All states undertake to
facilitate, and have the right to participate in, scientific and technical cooperation in the peaceful
uses of nuclear energy.

Agreement between Australia and International Atomic
Energy Agency for the application of safeguards In connection
with the Treaty on the Non-Proliferation of Nuclear Weapons

This agreement, as amended by the 1997 Protocol, implements Australia's obligation under Article
III1 of the Treaty on the Non-Proliferation of Nuclear Weapons to enter into an agreement with the
International Atomic Energy Agency. The Agreement provides for the verification of Australia's
commitment under the Treaty that Australia will not receive, manufacture of otherwise acquire
nuclear weapons or other nuclear explosive devices or seek to receive any assistance in the
manufacture of nuclear weapons or other nuclear explosive devices.

Convention on the Control of Transboundary Movements and
Olsposal of Hazardous Wastes, 1989

The primary aim of this convention (otherwise known as the Basel Convention) is to ensure that
hazardous waste generated in a country is not shipped to another country (particularly third world
countries) for disposal. The convention also requires that waste is disposed of within the country
of origin in an environmentally responsible way.

The Basel Convention scheduled a range of hazardous wastes that were to be controlled by the
convention, including industrial wastes, heavy metals, persistent chemicals and hospital or
pharmaceutical wastes. Radioactive wastes are not covered by the convention and the subsequent
Commonwealth legislation enacted in response to the convention (Hazardous Waste (Regulation
of Exports and Imports) Act, 1989).

Convention on the Prevention of Marine Pollution by Dumping
of Wastes and other Matter, 1878

The objective of this Convention is to "prevent the pollution of the sea by the dumping of waste and
other matter that is liable to create hazards to human health, to harm living resources and marine life,
to damage amenities or to interfere with other legitimate uses of the sea". The Convention establishes
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a hierarchy of waste types. Dumping of Annex 1 "highly hazardous wastes" (including all radioactive
wastes) is prohibited except in emergency situations and after consultation with countries which are
likely to be affected and the International Maritime Organisation. Dumping of Annex 2 "special care
substances and wastes" requires a prior "special permit". All other wastes require a general permit for
dumping. Such permits are issued by the relevant national authority where the material to dumped
was loaded subject to certain assessment criteria.

Convention on Nuclear Safety, 1 S9<4

The objectives of this Convention include "to establish and maintain effective defences in nuclear
installations against potential radiological hazards in order to protect individuals, society and the
environment from harmful effects of ionising radiation from such installations". The Convention
defines "a nuclear installation" to mean any land-based civil nuclear power plant, plus storage,
handling and treatment facilities for radioactive materials on the same site which are directly related
to the operation of the nuclear power plant. Key obligations accepted by parties to the Convention
who operate, or plan to operate, nuclear installations are: to have regard to internationally-agreed
fundamental safety principles and guidelines; to establish and maintain a legislative and regulatory
framework; and to have in place tested emergency preparedness and plans.

Convention on the Physical Protection of Nuclear Material

This convention requires parties to establish effective measures for the physical protection of
nuclear material used for peaceful purposes, while being transported, stored or used, against theft,
robbery, fraud, embezzlement, extortion and use as a weapon.

Australia's Bilateral Safeguards Agreements

Australia has in place a network of 14 "bilateral safeguards agreements" which establish safeguards
and physical protection measures to be applied to nuclear material and equipment transferred under
the agreements. Australia has agreements with Canada, Egypt, Finland, France, Japan, Republic of
Korea, Mexico, the Philippines, Russia, Sweden, Switzerland, the United Kingdom and the United
States. An agreement with the European Atomic Energy Community covers a further 11 countries.

International Atomic Energy Agency Codes and Guidelines

The International Atomic Energy Agency has produced safety codes and guides which recommend
objectives, principles and basic requirements to be met to ensure adequate safety in all stages during
the lifetime of the replacement research reactor. The International Atomic Energy Agency Codes
identify such areas as the role of regulatory supervision, the range of regulatory responsibilities, the
requirements for a licence or authorisation and the contents of a Safety Analysis Report.

Nuclear safety and radiation standards are adopted in national legislation/regulation on the basis of
radiation protection recommendations made by the International Commission on Radiological
Protection. The International Atomic Energy Agency has a well developed procedure in which it
transforms recommendations from the International Commission on Radiological Protection into
"Safety Series" documents. These documents currently cover the following areas: uranium mining
and muling; fuel fabrication and storage; nuclear power plants; research reactor safety; radiation
sources and accelerators; transport of radioactive materials; radioactive waste management; waste
repositories; radiation protection; accident response; and safety analysis.

International Atomic Energy Agency Series documents are complemented by non-binding Codes
and Guidelines, including the International Atomic Energy Agency's Code of Practice on the
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International Transboundar} Movement of Radioactive Waste and the Code of Practice for the Safe
Carriage of Irradiated Nuclear Fuel, Plutonium and High level Radioactive Wastes in Flasks on Board
Ships. This last Code and the International Maritime Organisation Dangerous Goods Code (which
incorporates the "Regulations for the Safe Transport of Radioactive Material", an International
Atomic Energy Agency Safety Series document), are currently being redrafted for incorporation
into the Internationa/ Convention for the Safety of Life at Sea, which will give the Codes binding status
in international law.

Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management

The Convention, which is not yet in force, promotes the safe and environmentally sound
management of spent fuel and radioactive waste and covers storage, transport, treatment and
disposal of spent fuel and radioactive waste. Under these, the previous category of low and
intermediate waste (as opposed to exempt waste and high level waste) is divided according to
disposal requirements, namely short lived waste and long lived waste. Despite the fact that most of
the wastes generated by the replacement nuclear research reactor will fall within low and
intermediate waste category, the new classification system will further ensure that radioactive
wastes are disposed of appropriately, in a manner befitting the potential impact on humans and the
environment. It is expected that Australia will sign the Convention in 1998.

Convention on the Early Notification of a Nuclear
Accident, 1BSS

This Convention applies in the event of any nuclear accident and requires notification, directly or
through the International Atomic Energy Agency, of those states which are or may be physically
affected. Details of the accident must be provided, including its nature, time of occurrence, exact
location and such information as relevant to minimise the radiological consequences in those states.
Such information is to be supplemented at suitable intervals by the provision of relevant
information including the foreseeable or actual termination of the emergency situation.

World Health Organisation Guidelines for Orlnking Water
Quality, 1B93

The World Health Organisation issued these Guidelines in 1993 and they are used as one of the
bases for calculating the limits of discharge to sewer from the Lucas Heights Science and
Technology Centre to the Cronulla Sewage Treatment Plant.

Montreal Protocol on Substances that Deplete
the Ozone Layer

The Montreal Protocol followed the Vienna Convention for the Protection of the Ozone Layer, a
convention signed in 1985 by a number of countries and providing a framework for investigation
into depletion of the ozone layer and development of management actions. The Montreal
Protocol, signed by Australia and a number of other countries in 1990, sets control measures,
including targets for reducing or phasing out use of certain ozone depleting substances. As a
signatory to this agreement, Australia is obliged to take steps to implement the targets set in the
protocol, in particular with respect to substances such as chlorofluorocarbons (CFCs),
hydrobromofluorocarbons, halons, methyl chloroform and carbon tetrachloride.

Australia passed the Ozone Protection Act in 1989 (as amended) to control the manufacture and use
of ozone depleting substances. States have also passed legislation to facilitate implementation of the
Montreal Protocol. The phase out of CFC's and halon systems was in response to this requirement.

PPK Environment & Infmatrueeura



Earth Summit [United Nations Conference on Environment
and Development] Agreements

The Earth Summit was held in Rio de Janeiro in June 1992 and was attended by heads of
government from around the world. A number of agreements and conventions were signed,
including one specifically to address the greenhouse effect, the United Nations Framework
Convention on Climate Change. Signatories to this Convention (of which Australia is one) agreed
that climate change due to the build-up of "greenhouse" gases in the troposphere was a serious
environmental problem and that all countries should work towards a better understanding of the
greenhouse effect, and to stabilising emissions of greenhouse gases at a "sustainable" level. This
Convention was subsequently elaborated in the 1997 Kyoto Protocol.

Other instruments to come out of the Earth Summit include:

• the Rio Declaration on Environment and Development, which sets out 27 principles for
appropriate management of the environment and development processes including
ecologically sustainable development and the precautionary principle;

• Agenda 21, which maps out a programme of action for achieving sustainable development
by the 21st Century; and

• the United Nations Convention on Biological Diversity, which sets out principles for
protection of biological diversity throughout the world.

The Convention on Biological Diversity sets out binding provisions for the protection of biological
diversity throughout the world. Australia, as a party to this convention, must act to protect
biological diversity through, for example, protection of habitat and protection of rare and
endangered species.

ComtTionwealth Legislation and Agreemerits

Environment Protection [Impact of Proposals) Act, 1974

The Environment Protection (Impacts of Proposals) Act, 1974 applies to Commonwealth activities such
as new land developments, or activities by organisations that come under Commonwealth control.

The object of the Act is to ensure, to the greatest extent that is practicable, that matters
significantly affecting the environment are fully examined and taken into account in relation to: the
formulation of proposals; the carrying out of works and other projects; negotiation, operation and
enforcement of agreements and arrangements; the making of, or the participation in the making of,
decisions and recommendations; and, the incurring of expenditure. Matters significantly affecting
the environment are defined as those matters that could threaten with extinction, or significantly
impede the recovery of, a listed native species or a listed ecological community in the Endangered
Species Protection Act, 1992. The relationship of this Act to the proposed replacement reactor is
described in Chapter 2.

Environment Protection CNuclear Codes] Act, 1S78

The object of this Act is to make provisions for protecting the health and safety of the people and
environment from possible harmful effects associated with nuclear activities in Australia. The main
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purpose of the Act is to allow for the making of codes of practice for regulating or controlling
nuclear activities in Australia. The International Atomic Energy Agency Regulations for the Safe
Transport of Radioactive Materials have been adopted into the Australian Code of Practice for the
Safe Transport of Nuclear Substances(1990) pursuant to this Act.

Environment Protection (Sea Dumping) Act, 1981

This Act (and subsequent amendments in 1986) translates Australia's international obligations
under the Convention on the Prevention of Marine Pollution by the Dumping of Wastes and Other Matter,
1972 into domestic law (see above). The dumping or incineration of radioactive wastes at sea is
totally prohibited by this Act and other wastes can only be dumped widiin Australian waters with
a permit. This Act applies to all State's and the Northern Territories coastal waters unless the terms
of the Convention are given effect to by local legislation.

Nuclear Non-Proliferation (Safeguards) Act, 1987

This Act (and subsequent Consequential Amendments Act, 1988) establishes a statutory basis for the
Australian Safeguards Office which is in the portfolio of the Department of Foreign Affairs and
Trade. This Act implements Australia's safeguard obligations under the Treaty on the Non-
Proliferation of Nuclear Weapons 1970 and various other international nuclear protection
agreements. The Act also sets standards that must be met for physical protection for preventing
theft or terrorist threats to shipments of nuclear materials. Under the Act, ANSTO is required to
submit monthly reports to the Australian Safeguards Office on its inventory of nuclear material and
associated items and movements of the same. Australian Safeguards OfRct inspectors visit ANSTO
monthly to audit the nuclear material accounts and carry our physical measurements if necessary.

South Pacific Nuclear Free Zone Treaty Act 19BB

This Act implements Australia's obligations under the Soudi Pacific Nuclear Free Zone Treaty,
1985 (see above).

Hazardous Waste (Regulation of Export and
Imports) Act, 1S8B

This Act was enacted primarily to enforce Australia's obligations as a signatory to the Basel
Convention (see above). The types of waste to which the convention and hence the Act applies
are set out in the Schedule. The definitions include industrial wastes, heavy metals, persistent
chemicals but not radioactive wastes and oil, which are covered by other specific legislation.

Inter-Govern mental Agreement on the Environment

The Inter-Governmental Agreement on the Environment was reached in 1992 and resulted in the
Commonwealth, States, Territories and local government agreeing to integrate environmental
considerations into government decision making and pursue the principles of ecologically
sustainable development. This agreement represents an intention by all parties to achieve a more
co-operative approach to environmental management and protection based on agreed principles
and standards. Although not a legally binding document, the Inter-Governmental Agreement on
the Environment recognises that the States have primary responsibility for environmental
management within their jurisdiction and by default, Commonwealth bodies operating within the
jurisdiction are to be guided by state legislation. The agreement also allows the Commonwealth
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Government to grant accreditation to State procedures where a development proposal must secure
approvals from both State and Commonwealth levels of government, hence avoiding duplication.

The main implication of this agreement for ANSTO is that activities within the Lucas Heights Science
and Technology Centre are to be carried out in accordance with the requirements of NSW legislation,
despite the fact that such acts and regulations would not be legally binding.

National Environment Protection Council Act, 1894 and
National Environment Protection Measures

Schedule 4 of the Inter-Governmental Agreement on the Environment provides for the
establishment of the National Environment Protection Authority (subsequently renamed the
National Environment Protection Council), a council of ministers which was given the role of
developing National Environment Protection Measures and monitoring their implementation and
effectiveness. The first draft National Environment Protection Measures have been issued for
public comment, including one on the control and transport of hazardous wastes throughout
Australia. Each National Environment Protection Council member (eg. States) is required to
introduce or amend environment protection legislation to ensure that agreed National
Environment Protection Measures, in particularly mandatory standards, are adopted as a matter of
law within their jurisdiction. The Commonwealth has agreed (7 September 1993) that all
Commonwealth departments, agencies and statutory authorities will submit to State environmental
laws, where this is necessary to implement an National Environment Protection Measures agreed
to by the National Environment Protection Council.

National Model Regulations for the Control of Workplace
Hazardous Substances

The National Model Regulations for the Control of Workplace Hazardous Substances establish
specific requirements for hazardous substances used in the workplace. They apply to all hazardous
substances, to all workplaces in which hazardous substances are used or produced and to all persons
with potential for exposure to hazardous substances in those workplaces. The aims of the
regulations are to protect workers from hazardous substances, to prevent long-term health problems
and minimise health and insurance costs. The national regulations have been progressively adopted
by all Australian States and Territories. The regional equivalents do not override existing dangerous
goods legislation, but focus more closely on workplace safety. The main implications of these
regulations for ANSTO are the requirements for the management of hazardous materials storage.

Occupational Health and Safety (Commonwealth Employment)
Act, 1SS1

The Act lays down general requirements for the health and safety of employers and employees
working for the Commonwealth Government. The requirements of the Act are reflected in
ANSTO's Safety Policy, which defines general obligations of ANSTO (as the employer), employees
and contractors.

Recommendations for Limiting Exposure to Ionising Radiation
and a National Standard for Limiting Occupational Exposure
to Ionising Radiation CNational Health and Medical Research
Council/National Occupational Health and Safety Commission)

These Recommendations and Standard for limiting exposure to ionising radiation are based on the
recommendations of the International Commission on Radiological Protection and are consistent
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with the International Atomic Energy Agency Basic Safety Standards (see above). Radiation
protection practices for the proposed replacement nuclear research reactor would be required to
comply with these standards.

Aboriginal and Torres Strait Islander Heritage Act, 1984

This Act allows for protection of Aboriginal relics and sites. In addition to permanent protection
of sites nominated by local aboriginal groups and declared by the Minister, the Act allows for
emergency or temporary protection for sites under imminent threat, for example, due to
construction work.

Where a temporary or permanent declaration of preservation is made, notice is given and a hearing
held to provide an opportunity for persons affected to make comments. The Minister then decides
whether to make the declaration. This Act applies to any Aboriginal relics and sites, whether on
government or private land.

Australian Heritage Commission Act, 1975

The Australian Heritage Commission Act sets up the Australian Heritage Commission as an authority
to administer the Register of the National Estate. The Act specifies a set of criteria against which
a site may be assessed and, if it satisfies these criteria, it may be placed on the Register of the
National Estate. Once on the register the site is not automatically protected, but other
Commonwealth authorities are required to seek advice from the Australia Heritage Commission if
a Commonwealth proposal will affect any site.

The Register of the National Estate provides a list of important sites, and, while it does not protect
these sites from interference, the register assists decision makers in identifying and assessing the
impacts of a proposal. Any sites, whether on government or private land, may be placed on the
register. Under section 30 of the Act the Commonwealth (Ministers, Departments and authorities)
is constrained from taking any action which may adversely affect a place listed in the Register of the
National Estate unless there is no feasible or prudent alternative.

Endangered Species Protection Act, 1 892

This promotes the recovery and conservation of endangered or vulnerable species and ecological
communities. The Act applies to Commonwealth agencies, activities on Commonwealth owned
and leased land and on water outside the three mile limit. The Act lists endangered species in
Schedule I in three categories (endangered, vulnerable and presumed extinct), endangered
ecological communities in Schedule 2 and key threatening processes in Schedule 3. The Act is
implemented by compulsory recovery plans and other supporting strategies.

National Parks and Wildlife Conservation Act, 1975

This Act provides for the establishment and management of parks and reserves. With a general
objective to conserve the national environment and provide for public recreation, education and
research. The Act makes provision for conservation zones to be declared for the protection of
wildlife. The Director of Australian Nature Conservation Agency may implement programs for
protection, conservation management and control of wildlife.
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National Water Quality Management Strategy, 19SS

This Strategy was prepared by the Australia and New Zealand Environment and Conservation
Council for the purpose of pursuing the sustainable use of the nation's water resources by protecting
and enhancing their quality while maintaining economic and social development. The Australian
Water Quality Guidelines for Fresh and Marine Waters has been prepared pursuant to the Strategy and
any discharges to fresh and marine waters would need to comply with these guidelines.

Ozone Protection Act, 18OB

The Ozone Protection Act applies to the manufacture, import and export of ozone depleting
substances specified in the Montreal Protocol and the Vienna Convention, both by government and
private organisations. The Act aims to:

• institute a system of controls on the manufacture, import and export of substances that
deplete the ozone in the atmosphere;

• institute and provide for specific controls on the manufacture, import, export, distribution
and use of products that contain or use such substances in their operation; and

• encourage industry to replace ozone depleting substances and achieve a faster and greater
reduction in the level of ozone depleting substances produced and used to the extent that
the replacements and achievements are realistically achievable within the limits and
compatible with current available technology.

Substances covered by the Act include Chlorofluorocarbons (CFCs), Halons and other fully
Halogenated CFCs, Carbon tetrachloride, l,l,l-trichloroethane (methyl chloroform),
Hydrochlorofluorocarbons, Hydrobromoflurocarbons and Methyl Bromide.

NSW Legislation

Under Section 7A of the Australian Nuclear Science and Technology Organisation Act, 1987 (refer
Section 1.5), ANSTO is exempt from the application of certain State and Territory laws. The
environment impact assessment of the proposal for this Draft EIS has, however, taken account of
the following State legislation.

Environmental Planning and Assessment Act, 1 O78

The Environmental Planning and Assessment Act, 1979 is essentially a tool for forward planning and
allows for the preparation of Local Environment Plans, Regional Environmental Plans and State
Environmental Planning Policies, and environmental impact assessment provisions under parts 4
and 5 of the Act.

Local and Regional Environmental Plans, and State Environmental Planning Policies, are
Environmental Planning Instruments created under Part 3 of the Act. The aim of these
instruments is to spread responsibility for environmental planning across the State. Under the Act
Environmental Planning Instruments may contain provisions with respect to the following:

• protecting, improving or utilising the environment;

• controlling development, through development standards and other measures;
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• reserving land for public purposes;

• controlling the demolition of buildings or works; and

• protecting and conserving trees, vegetation and native animals.

Environmental Offences and Penalties Act, 1 BBS

This Act supplements other laws which protect the environment from pollution, and provides for
restoration, compensation and the payment of damages. Offences are divided into 3 tiers and Tier
1 offences include wilful or negligent disposal of waste without lawful authority, causing of a
substance to leak, spill or escape and emission of controlled substances (for example, Ozone
depleting gases) to the atmosphere, in a manner which does or is likely to harm the environment.
Pollution offences under this Act are traditional criminal liability offences and there is a requirement
to prove guilt or negligence during prosecution for Tier 1 offences, but not Tier 2 or 3 offences.

Pollution Control Act, 1O7Q

This Act establishes a regime of discharge related licences and approvals issued or given by the EPA
under various Acts, and for other purposes. Licences and pollution control approvals are required
under the Clean Air Act, the Clean Waters Act and the Noise Control Act. Approvals and licences
from the EPA for the activities and facilities for Commonwealth activities are, technically, not
required, however it is ANSTO's policy to observe the general principles of environmental
protection detailed in NSW legislation.

Clean Air Act, 1881

This Act is concerned with the control of air pollution from all public and private premises, mobile
industrial plant or equipment and motor vehicles. Control of air emissions is effected by the
licensing of scheduled premises (which are considered potential "heavy polluters") and local
government regulation of unscheduled premises. The Act specifically prohibits the emission of air
impurities to the atmosphere, including the burning of wastes.

Noise Control Act, 1975

This Act provides for the control of noise that affects the general community which is sourced from
certain facilities which are listed in the Act and are known as "scheduled premises". Such facilities
include, but are not limited to, large industrial sites, mining sites, railways, road construction sites
and some waste treatment plants. Scheduled premises within the Sydney Metropolitan area are
subject to a noise control licence as are any associated construction works. Noise control
equipment and machinery must be operated and maintained on scheduled premises and all
materials must be properly handled, stored or processed.

Dangerous Goods Act, 1875

This Act provides for the control of dangerous goods by means of a system of licences for premises
used to store and sell dangerous goods and vehicles and vessels used to convey dangerous goods.
Dangerous goods include such things as flammable gases, liquids and solids, compressed gases,
acidic and corrosive substances, oxidising agents and poisons. The Act, and associated Regulations,
specify requirements for the storage, handling, classification, signage and packaging and labelling of
these materials.
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Road and Rail Transport; (Dangerous Goods Act, 1 S97

This Act replaces provisions in the Dangerous Goods Act and the Transport Administration Act for
the transport of dangerous goods. The Act introduces the regulation of both rail and road transport
of dangerous goods under one piece of legislation and implements national safety requirements for
such operations.

Waste Minimisation and Management Act, 1S95

This Act and associated Regulations (Waste Minimisation and Management Regulations, J996) are
aimed at minimising environmental impacts from waste generation, storage, transport, reprocessing,
treatment and disposal, through a focused statewide licensing system that will target waste activities
which have the greatest potential to harm the environment. The Regulations detail licensing
provisions and also standard reporting and environment protection requirements for certain non-
licensed activities and facilities.

The Regulations came into full operation on 30 June 1997- Under the regulations, organisations
that did not hold a trade waste generation licence prior to the introduction of these regulations are
not required to hold a licence for liquid waste generation until early 1998. However, a licence is
required for the generation of hazardous solid wastes. The Act and Regulations introduce a greater
emphasis on self regulation and the exercise of due diligence by the managers and staff of
organisations that generate waste, transport waste or dispose of the waste. One of the licence
conditions for all licensed premises is the development of a waste reduction plan.

Pollution Control Amendment (Load Based Licensing) Act,
1897

This Act amends the Pollution Control Act, 1970 to introduce limits on the overall amount of
pollution an organisation can release and the concentration of contaminants in that pollution. The
Load Base Licensing scheme is based on a user-pays system that links license fees to the amount of
pollution an organisation emits.

Protection of the Environment Operations Act, 1997

This Act will replace five of the existing environmental protection acts, namely:

• the Clean Air Act, 1961;

m the Clean Waters Act, 1970;

• the Noise Control Act, 1975;

• the Pollution Control Act, 1970; and

• the Environmental Offences and Penalties Act, 1989.

The Act will also incorporate the major regulatory provisions of the Waste Minimisation and
Management Act, 1995 and some of the provisions of the Ozone Protection Act, 1989. The Act
represents a consolidation of the core pollution control legislation in NSW and the introduction of
a single licensing scheme, increased penalties for some environmental offences and provision for the
development of Protection of the Environment Policies. The Act will come into force in late 1998,
further to the gazetting of several Regulations pursuant to the Act.
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Contaminated Land Management Act, 1 997

This Act introduces a new scheme for the management of contaminated sites in NSW and is
accompanied by a draft State Environmental Planning Policy Remediation of Land and revised
Planning Guidelines for Contaminated Land from the Department of Urban Affairs and Planning.
The Act establishes who is to be held responsible for investing and remediation contaminated land,
namely the person responsible for the contamination in the first instance and if that person cannot
be found, the owner of the land. The Environment Protection Authority also has power under the
Act to order clean up and remediation of contamination.

Bush Fire Act, 1949

Requires landowners to take measures to prevent the escape of fire from bushland and reduce the
risk of bush fire damage to life and property. The Act establishes district Bush Fire Management
Committees to facilitate the preparation of Regional Bush Fire Management Plans.

Catchment Management Act, 1889

This Act establishes the State Catchment Management Co-ordinating Committee and provides for
Catchment Management Committees and Trusts. This enables co-ordinated and sustainable use
and management of land, water, vegetation and other natural resources on a water catchment basis
to balance the utilisation and conservation of resources.

Crown Lands Act, 1988

This Act provides for the administration and management of Crown lands in the Eastern and
Central Divisions of NSW. The principles of crown land management set out in the Act include:

• that environmental protection principles be observed in relation to the management and
administration of Crown land;

• that the natural resources of Crown land, including water, soil, flora, fauna and scenic
quality, be conserved wherever possible; and

• that the public use and enjoyment of appropriate Crown land be encouraged.

Environmentally Hazardous Chemicals Act, 1885

This Act provides for the assessment and control of certain chemicals and chemical wastes
including PCBs, asbestos-containing materials, organo-chlorine pesticides (and their containers),
and CFCs and Halons. These materials may be the subject of a Chemical Control Order which
prohibits certain uses without a licence. Under this Act, the EPA is also able to order clean up of
land contaminated with these materials. These materials should also be stored and handled in such
a manner as to prevent contamination of land due to spills or leaks. Any dumping of these
materials, or waste contaminated with these materials, on Commonwealth land could result in an
order from the Environment Protection Authority to clean up the land and remediate any impacts.

Local Government Act, 1893

This Act provides the legal framework for an effective, efficient, environmentally responsible and
open system of local government in NSW. The Act is designed to assist effective participation of
local community in the affairs of local government. The Act gives councils the ability to provide
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goods, services and facilities and to carry out activities appropriate to the current and future needs
of the local community and of the wider public. The council has the responsibility for the
administration of some regulatory systems under the Act. The Act also gives council a role in the
management, improvement and development of resources of the local area. The Act gives councils
functions under other Acts, including the Bush Fires Act, Clean Air Act, Environmental Offences and
Penalties Act, Environmental Planning and Assessment Act and Noise Control Act.

National Parka and Wildlife Act;, 1 S7<4

The National Parks and WMife Act is both a protection and land management Act administered by
the NSW National Parks and Wildlife Service. The Act contains provisions for the conservation
of cultural heritage values including the ability to declare an area a national park, Aboriginal area,
historic site, Aboriginal place or protected archaeological area; prepare management plans for
national parks, historic sites and Aboriginal areas; impose interim protection orders on Aboriginal
and historic sites that are under threat; Act as the consent authority for the licensed destruction,
disturbance, damage or defacement of Aboriginal Places and relics; and impose penalties for
breaches of the Act such as the damage, destruction, disturbance or defacement of Aboriginal
places and/or relics without consent.

Under Section 90 of the Act it is an offence for any person to knowingly destroy, deface, disturb or
damage, or knowingly cause or permit the destruction, defacement, disturbance or damage to a relic
or Aboriginal place, without the consent of the Director-General of the National Parks and Wildlife
Service, a relic being any deposit, object or material evidence (not being handicraft made for sale)
including Aboriginal remains, relating to Indigenous habitation of NSW It is also an offence to not
report the discovery of an Aboriginal site within a reasonable time period.

Soil Conservation Act, 1S3S

The Act makes provision for the conservation of soil resources, farm water resources and for the
mitigation of erosion. The Act empowers the Commissioner to encourage and guide the
implementation of soil conservation work, protection of proclaimed works in notified catchments,
the preparation of maps of catchment areas, protected lands and areas of erosion hazard, and for
the issue of notices to land owners that are liable to be affected by soil erosion or land degradation
which specify remedial works that must be undertaken.

Threatened Species Conservation Act, 1995

The purpose of this Act is to conserve threatened species, populations and ecological communities
of plants and animals. As denned by the Act, however, fauna currendy excludes fish and many
aquatic invertebrates.

The Act provides a mechanism where threatened species are considered during the planning and
decision making processes by authorities and socio-economic impacts with consideration also
placed on development control and the licensing process. Additionally, the Act aids in the
conservation of threatened species by allowing areas which are identified as vital to the survival of
those species to be declared as "critical habitat" and ensuring that stop work orders, interim
protection orders and conservation agreements are available for conserving threatened species.

The objectives of the Act are as follows:

• to conserve biological diversity and promote ecologically sustainable development;
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• to prevent the extinction and promote the recovery of threatened species, populations and
ecological communities;

• to protect the critical habitat of those threatened species, populations and ecological
communities that are endangered;

• to eliminate or manage certain processes that threaten the survival or evolutionary
development of threatened species, populations and ecological communities;

• to ensure that the impact of any action affecting threatened species, populations and
ecological communities is properly assessed; and

• to encourage the conservation of threatened species, populations and ecological
communities by the adoption of measures involving co-operative management.

Water Board CCorporatisation) Act, 1 994

This Act regulates sewerage and trade waste in metropolitan Sydney. ANSTO hold a Consent to
Discharge Trade Wastewater (Category 3 Agreement) with the Sydney Water Corporation under
this Act for the discharges to sewer which are ultimately treated at the Cronulla Sewage Treatment
Plant. Under the terms of the Consent ANSTO has agreed to comply with the former NSW
Radioactive Substances Regulations and the World Health Organisation "Guidelines for Drinking
Water Quality"(1993).
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Appendix E Examples of Multi-Purpose Research Reactors (of Five Megawatts Thermal (MWt) Power and Over)

Country Name Power
(MWt)

Age
(Years)

Operator Regulatory Authority Location1

Algeria

Argentina

Australia
Austria
Belgium
Canada

Canada
Chile

China

China

Czech Republic

Denmark

Egypt
European Union

France

France

France2

Germany

Germany
Germany

ES-SALAM

RA-3

HIFAR
ASTRA
BR-2
NRU

MNR
RECH-1

HWRR-2

MJTR

LWR-15REZ

DR-3

ETRR-2
HFR

OSIRIS

ORPHEE

HFR

FRG-1

FRJ-2
BER-2

15

5

10
10
100
135

5
5

15

5

10

10

22
45

70

14

57

5

23
10

6

29

40
37
36
40

38
23

39

7

40

38

36

31

17

26

39

35
24

Centre for Development of Energy Algerian Nuclear Safety Commission Semi-urban, at Ain Oussera near Djelfa
Systems
Comision Naciona! de Energia Nuclear Regulatory Authority Urban, in Buenos Aires
Atomica
ANSTO
Oesterreich Forschungszentrum
SCK/CEN
Atomic Energy of Canada Limited

McMaster University
La Reina Nuclear Centre

Nuclear Safety Bureau
Austrian Government
Ministry of Public Health
Atomic Energy Control Board

Atomic Energy Control Board

Semi-urban, 30 kilometres from Sydney centre
Semi-urban, outskirts of Vienna
Semi-urban, near Mol
Rural, at Chalk River, 40 kilometres from Pembroke

Urban, university campus in Hamilton

Institute of Atomic Energy

Nuclear Power Institute of China

Nuclear Research institute REZ PLC State Office for Nuclear Safety

Risoe National Laboratory Danish Nuclear Inspectorate

Nuclear Energy Commission of Chile Urban, in Santiago

National Nuclear Safety Administration Urban, in Beijing

National Nuclear Safety Administration Urban, in Chendu (Sichuan)

Semi-urban, at Rez, 20 kilometres from Prague

Egyptian Atomic Energy Authority Egyptian Energy Authority
Joint Research Centre European Union Kernfysische Dienst

Commissariat a I'Energie Atomique Ministry of Industry
Saclay
ORPHEE Reactor Service, C.E.N. Ministry of Industry

Institut Laue-Langevin Ministry of Industry

Semi-rural, 6 kilometres from Roskiide, 35
kilometres from Copenhagen
Semi-urban, outskirts of Cairo
Semi-rural, at Petten, 20 kilometres from Alkmaar
(Netherlands)
Semi-urban, at Saclay, 20 kilometres from Paris
centre
Semi-urban, at Saclay, 20 kilometres from Paris
centre
Urban, in the centre of the city of Grenoble

GKSS-Forschungszentrum Geesthacht State Ministry of Finance and Energy Semi-rural, 30 kilometres from Hamburg centre

Greece CRR-1

Forschungszentrum Juelich
Hahn-Meitner Institute

36 Institute of Nuclear Technology

State Ministry of Technology
State Council for Environmental
Protection
Greek Atomic Energy Commission Urban, in Athens

Semi-rural, 20 kilometres from Aachen
Semi-urban, 20 kilometres from Berlin centre

El



Country Name Power Age Operator

(MWt) (Years)

Regulatory Author i ty Location1

Hungary BRR 10 39 KFKI Atomic Energy Research Institute Hungarian Atomic Energy Commission Urban, in Budapest

India

India

Indonesia

CiRUS

DHRUVA

CAS-MPR

40
100
30

37
12
10

Iran TRR

Peru RP-10 10

30

Israel

Japan

japan

Kazahkstan

Kazahkstan

Korea, Democratic

People's Republic

Korea, Republic of

Latvia

Libya

Norway

Pakistan

1RR-1

KUR

JRR-3M

WWR-K

IRC
IRT-DPRK

HANARO

IRT

IRT-1

HBWR

PARR-1

5
5

20
10
10
5

30

5

10
25
9

37
33

8
30
36
32

3

36

16
38
32

Poland

Russian Federation

Russian Federation

Russian Federation

Russian Federation

Russian Federation

MARIA

IR-8

WWR-M

IW-2M

VVWR-TS

IRT-T

30
8

18

15

12

40

23
40

38

32

33

30

Bhabha Atomic Research Centre
Bhabha Atomic Research Centre
PRSG Nationa! Atomic Energy Agency
(BATAN)
Teheran Nuclear Research Centre

Soreq Nuclear Research Centre
Kyoto University Research Reactor
Institute
Tokai Research Establishment
Institute of Nuclear Physics
Institute of Nuclear Physics
State Committee for Atomic Energy

Reactor Safety Committee
Reactor Safety Committee
National Atomic Energy Agency
(BATAN)
Atomic Energy Organization of Iran,
Nuclear Safety Department
Israel Atomic Energy Commission
Science and Technology Agency

Science and Technology Agency
Kazahkstan Atomic Energy Agency
Kazahkstan Atomic Energy Agency
State Committee for Atomic Energy

Korea Atomic Energy Research Institute Ministry of Science and Technology

Latvian Academy of Sciences

Tajoura Nuclear Research Centre
Institutt for Energiteknikk
Pakistan Institute for Nuclear Science
and Technology
Instituto Peruano de Energia Nuclear

Institute of Atomic Energy
Kurchatov institute

Petersburg Nuclear Physics Institute

Radiation and Nuclear Safety
Inspectorate
Tajoura Nuclear Research Centre
Statens Atomilysn
Directorate of Nuciear Safety and
Radiation Protection
National Authority for Safety and
Radiological Protection
National Atomic Energy Agency
Federal Supervisor Nuclear and
Radiation
Cosatomnadzor of Russia

Chemical Engineering Research Cosatomnadzor of Russia
institute
Karpov Institute of Physical Chemistry Gosatomnadzor of Russia

Institute of Theoretical Physics Gosatomnadzor of Russia

Urban, in suburb of Mumbai (Bombay)
Urban, in suburb of Mumbai (Bombay)
Semi-urban, at Serpong, 20 kilometres from Jakarta
centre
Urban, in Teheran

Semi-urban, 25 kilometres from Tel Aviv
Semi-urban, outskirts of Osaka

Semi-rural, 15 kilometres from Mito
Urban, in Alma Alta
Urban, in Alma Alta
Semi-urban, near Pyongyang

Semi-urban, near Taejon

Semi-urban, near Riga

Semi-urban, 20 kilometres from Tripoli centre
Rural, near Halden
Semi-urban, near Islamabad

Semi-urban, near Lima

Semi-urban, at Swierk near Warsaw
Urban, in Moscow

Semi-rural, at Gatchina, 50 kilometres from St
Petersburg
Semi-rural, at Sverdlovsk in the Urals

Semi-urban, at Obninsk, 80 kilometres from
Moscow
Semi-urban, near Tomsk



Country

Russian Federation

Name

SM-2

Power
(MWt)

100

Age
(Years)

36

Operator

Scientific and Research
Atomic Reactors

Institute of

Regulatory Authority

Gosatomnadzor of Russia

Location1

Semi-rural, at Dimitrovgrad

South Africa

Sweden
Ukraine

United States of
America
United States of
America
United States of
America
United States of

America2

Uzbekistan
The Former
Yugoslavia (Serbia)

SAFARI-1

R-2
VVWR-M

M1TR-2

NBSR

MURR

HFBR

WWR-CM
RA

20

50
10

5

20

10

60

10
7

33

37
37

39

30

31

32

38
38

Atomic Energy Corporation of South
Africa
Studsvik Nuclear A.B.
Ukraine National Academy of Science

Massachusetts Institute of Technology

National Institute of Standards and
Technology
University of Missouri

Brookhaven National Laboratory

Uzbekistan Academy of Sciences
Vinca Institute of Nuclear Sciences

Council for Nuclear Safety

Swedish Nuclear Power Inspectorate
Ministry of Environmental Protection
and Nuclear Safety
United States Nuclear Regulatory
Commission
United States Nuclear Regulatory
Commission
United States Nuclear Regulatory
Commission
United States Department of Energy

Cosgoztehnadzoz Uzbekistan
Committee for Health and Social
Affairs

Semi-urban, at Pelindaba near Pretoria

Rural, 20 kilometres from Nykoping
Urban, in Kiev

Urban, university campus in Boston

Urban, suburban area of Washington DC

Urban, university campus in Columbia

Semi rural, at Upton, Long Island, New York

Semi-urban, near Tashkent
Urban, in Belgrade

Source: Based on International Atomic Energy Agency data 1995-1997 and updated by ANSTO

Notes: 1. Locations are in four categories:

Rural - a location in the country, remote from major cities and at least 20 kilometres from the nearest significant township (ignoring dormitory townships which service the site);

Semi-rural - a location remote from major cities but close to one or more townships with significant populations;

Semi-urban - a location within a township or on the fringe of a major city but where the reactor site has open space close to it and substantial sectors around it where there is limited population density; and

Urban - a location in a city or a suburb where there are dwellings within one kilometre of the reactor and without low population density sectors around it.

(The categories sometimes overlap and, in some cases the location has had to be inferred from the addresses given by the operator to the International Atomic Energy Agency. Nevertheless, it is a useful guide to the siting of these

research reactors).

2. These reactors are dedicated to neutron beam research, however have been included because of their important role in this area of research.
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Examples of Multi-Purpose Research Reactors

BEH-S Research Reactor at Hahn-Meitner Institute,
Berlin, Germany

The Hahn-Meitner Institute was established in 1957 as a research centre with a primary emphasis
on basic research in radiation chemistry, although this has now been broadened to include solid
state physics and materials science as well as solar energy research. The principal facilities on the
site are a heavy ion accelerator and the BER-2 research reactor.

About 900 people work on the site which is located in a semi-urban area approximately 20
kilometres from the centre of Berlin. Although there is some open country around the site, over
1,000 people live within 500 metres to one kilometre in a 90 degree sector from the reactor with
approximately 10,000 people between one and two kilometres in two 90 degree sectors.

The reactor is a "pool" type reactor. It achieved criticality in 1973, at which time it had a maximum
power level of five megawatts. It operated in this mode until 1985 when it was shut down for a
major upgrade, including raising the power level to 10 megawatts. At the same time a cold source
was added. High enriched uranium fuel was used until 1997 when low enriched fuel was
introduced. The peak neutron flux is 2 x 1014 neutrons per square centimetre per second.

The reactor's activities include neutron scattering research; production of radioisotopes for research
purposes (but there is no significant commercial use); neutron activation analysis; and neutron
depth profiling.

Nuclear facility regulation in Germany is structured so that the criteria are set Federally, but their
implementation is delegated to the States. Research reactors are required to meet the same safety
goals as power reactors, but more flexibility is given to the methods by which these goals are met.
BER-2 is not required to be protected against aircraft crashes, but it has a high level of physical
security against terrorist activity.

ORPHEE Reactor at Saclay Nuclear Research Centre,
Paris, France

There are two major research reactors operating at the Saclay Nuclear Research Centre in France,
the OSIRIS which is primarily a materials test reactor, and ORPHEE which is a multi-purpose
reactor. The Centre is large with over 8,000 people on site and its programs are wide ranging. The
ORPHEE reactor was established at the beginning of the 1980s with the primary purpose of using
neutron beams in fundamental research.

The site area of the Centre is 220 hectares, located about 20 kilometres from the centre of Paris.
From estimates made in 1993, there would be fewer than 200 people living within a one kilometre
radius, but over 1,000 people between one and two kilometres. These populations are likely to be
higher today. Beyond three kilometres, the population density rises rapidly with the outskirts of
Paris being approximately 10 kilometres away.

ORPHEE is a pool type reactor operating at 14 megawatts thermal power. It first went critical in
1980 and achieved full power some six months later. Although it is a multi-purpose reactor, the
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design is optimised for neutron beam production. The fuel uses high enriched uranium. The
thermal neutron flux peak is around 3 x 10*4 neutrons per square centimetre per second and the
reflector contains two cold sources and one hot source.

Although the reactor is optimised for neutron beam research, provision has been made for other
uses such as for radioisotope production; neutron activation analysis; and transmutation doping of
silicon and a neutron radiography facility is attached to one of the cold neutron guide tubes.

Regulation of nuclear reactors in France, whether research or power reactors, is the responsibility
of the Minister for Industry and the Minister for the Environment, who act through the Nuclear
Installations Safety Directorate. Nuclear Installations Safety Directorate inspectors are responsible
for surveillance of compliance to regulatory conditions.

R-g> Reactor at Studsvik Research Centre, Studsvik,
Sweden

The Studsvik site was established as the centre for Swedish nuclear research during the 1950s and
1960s. Unlike other multi-purpose reactors, R-2 was primarily built as a materials test reactor,
however it is now dependent on income derived from its activities for its continued operation.

Studsvik is situated on a small promontory on the Baltic coast. The site is rural and relatively
remote; it was initially chosen to be a reactor station and not just a research centre. There are a
few farm houses within a five kilometre radius but no villages. The nearest town of significance
(Nykoping) is some 20 kilometres distant.

The R-2 reactor is a tank-in-pool reactor which went critical in 1960, initially operating at 30
megawatts. In 1968 the power level was raised to 50 megawatts. In 1984-85, R-2 was substantially
rebuilt.

The peak thermal neutron flux is around 2 x lO1^ neutrons per square centimetre per second. Until
recently the fuel contained high enriched uranium but it is now converted to less than 20 percent
enrichment. There is no cold source.

Although R-2 is primarily used for experiments involving fuels and other reactor materials, there
are sufficient other activities to justify its inclusion in the multi-purpose category. These include
radioisotope production, neutron activation analysis and the neutron transmutation doping of
silicon. Radioisotopes are produced for medicine, industry and for research.

Regulation of nuclear activities in Sweden, including power reactors, is primarily by the Nuclear
Power Inspectorate with some input from the Radiation Protection Institute. The review of safety
issues is handled by a Safety Committee which is from the parent company Studsvik AB as well as
having representatives from local government. On a day-to-day basis, safety of experiments is
handled by a smaller committee.

MURR Reactor at University of Missouri, Columbia,
Missouri, United States

The University of Missouri Research Reactor (MURR) is located in a research park at the edge of
the Columbia campus. MURR has a three-fold mission of promoting basic and applied research in
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neutron-related science and engineering, providing an educational opportunity for students in
neutron-related fields, and providing radiation and isotope production services for public and
private consumers.

The research park is situated on a site of 220 hectares with the nearest housing about 0.8 kilometres
from the reactor. Within a 1.6 kilometre radius, the estimated residential population, including
university dormitories, is 8,000. A five kilometre radius would include most of the city, with a
population of some 70,000 permanent residents.

The reactor is a light water, tank-in-pool reactor. It first went critical in 1966, and, although
designed for 10 megawatts operation, it was held to five megawatts until 1974 when the power was
raised to 10 megawatts. An upgrade to 30 megawatts is planned. It is fuelled with high enriched
uranium. Currently there is no cold source.

Reactor activities include neutron scattering experiments; neutron activation analysis; neutron
radiography; radioisotope production and processing.

The reactor is licensed and regulated by the Nuclear Regulatory Commission. Major safety matters
are handled by a Safety Advisory Committee, membership of which is drawn from the university.
The level of physical security is relatively low as there are no restrictions on access to the site and
limited control over access to the reactor building.

HANARO Reactor at; Korean Atomic Energy Research
Inetitute, Taejon, Republic of Korea

The Korean Atomic Energy Research Institute was established in the late 1950s at a site in Seoul
to conduct nuclear related research. It had two TRIGA reactors, of 0.25 megawatt and two
megawatts, now both shut down. In the mid 1980s a decision was made to build a new research
reactor with a high neutron flux to support nuclear research and development activities, and the
medical and industrial applications of radioisotopes. Its location is in the provincial city of Taejon,
south of Seoul (population of 1.27 million), at an existing nuclear establishment.

Construction of the reactor commenced in 1989 and first criticality was achieved in 1995. The
reactor is now operational although not all the experimental facilities have been installed. The Hi-
flux Advanced Neutron Application Reactor is an open tank-in-pool type reactor. It uses light
water as coolant and it has a large heavy water reflector around the core. The fuel is low enriched
uranium silicide. It operates at power level of 30 megawatts and the peak neutron flux is 4.5 x 1014

neutrons per square centimetre per second.

The facilities either installed or planned will provide for isotope production, fuels and materials
testing, silicon irradiation, neutron activation analysis and neutron beam applications. Currently
a cold source is being designed.

The structure and administration of nuclear regulation in Korea has arisen from the need to
regulate a substantial nuclear power program, with 14 operating power reactors, two under
construction, four on order and eight planned. From initially using overseas standards and
practices, Korea has developed its own technical expertise in the Korea Institute of Nuclear Safety.
At the national decision making level is the Nuclear Safety Commission, recendy established to
exercise the regulatory powers of the Ministry of Science and Technology, both in relation to reactor
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facilities and for radioactive substances and wastes. The Korea Institute of Nuclear Safety provides
the technical expertise for the Atomic Energy Office.

©A Siwahessy Reactor at PUSPIPTEK Research Centre,
Serpong, Java, Indonesia

The GAS-MPR in Indonesia is a pool reactor of 30 megawatts thermal power. It first achieved
criticality in 1987 but commissioning problems delayed full power operation until 1992. It now
operates routinely with a peak neutron flux of 2.4 x 10*4 neutrons per square centimetre per
second. The reactor is cooled and moderated by light water and has a beryllium block reflector.
The fuel consists of uranium oxide/aluminium MTR-type elements of less than 20 percent
enrichment level.

Reactor activities include fuel technology, materials science, radioisotope production, neutron
activation analysis and the training of reactor personnel. The National Atomic Energy Regulatory
Organisation is responsible for the regulation of all nuclear activities in Indonesia, including
research reactors.
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1. Introduction

Radioactive wastes are produced at ANSTO's Lucas Heights Science and Technology
Centre as a result of operations at that site. The radioactive waste producing operations
that fall within the scope of the replacement reactor Draft EIS are those associated with
reactor operations. These operations are, nuclear research, production of radioisotopes
for medicine and industry and irradiation of silicon for the electronics industry.

A replacement for the High Flux Australian Reactor (HIFAR) is proposed to commence
operation not later than 2005 at the Lucas Heights Science and Technology Centre.
HIFAR is the only reactor currently operated at the Centre and this forty-year-old
reactor is currently authorised to operate until the year 2003 by the Nuclear Safety
Bureau. However, the Nuclear Safety Bureau has indicated that it would allow HIFAR
to operate to 2005 without an upgrade if a replacement reactor was commissioned by
then. The purpose of this appendix is to review the radioactive waste streams produced
from current operations and to use this, together with information concerning the
proposed replacement reactor, as a basis for assessment of the possible environmental
impacts of the proposal.

For the purposes of this appendix, these radioactive waste streams are categorised as:

• solid wastes;
• liquid wastes; and
• airborne emissions.

The radioactivity in each waste stream determines how it is treated, stored, or
discharged, and the possible environmental impacts that could result from these
activities. This appendix details typical waste arisings, including; their production
sources, their activity content, the volumes produced, where they are stored on site or
transported to, and the emission of radioactive gases and liquids.

This appendix sets out the present waste streams, as categorised above, related to
current reactor operations in Section 2. In Section 3 and 4, the impact and significance
of the discharges are discussed. In Section 5, the degree to which these may change if
the replacement reactor proposal were to be adopted is discussed in qualitative terms,
and this leads to the development of a quantified baseline for evaluating future impacts
in Sections 6 and 7.

The assessment of the existing site emissions is based on conservative (that is, tending
to overestimate) assumptions. Conservative assumptions are also made about the
impact of future emissions, should the proposal be adopted.

The overall nature of the operations at the Lucas Heights Science and Technology
Centre would remain essentially unchanged by the proposal. The present reactor,
HIFAR, provides a source of neutrons for research and radioisotope production. The
replacement reactor would be constructed to modern standards, produce radioisotopes
more efficiently and provide scope for carrying out a wider range of scientific
experiments than is possible with HIFAR.
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The emissions from the replacement reactor would depend, to some extent, on its
design. The specification and design process would ensure that modern standards are
upheld, and this would be overseen by an independent regulatory body with full
regulatory powers, the Australian Radiation Protection And Nuclear Safety Agency
(ARPANSA) currently being formed with power to intervene if the interests of safety
and the environment are not properly served.

ANSTO has made a commitment that the maximum dose to any member of the public
will continue to be below 1% of the public dose limit, recommended by the National
Health and Medical Research Council if the replacement reactor is approved.

The impacts of present emissions are currently regularly assessed and subject to
independent validation. Should the proposal be adopted, operational practices and
procedures would be incorporated in the regulatory processes of ARPANSA. During
the detailed design stage of project development, comprehensive assessments of future
emissions would be undertaken and independently reviewed by the regulator before the
reactor was approved to be constructed, and this process would be repeated before the
reactor was licensed for operation.

In order to confirm that emissions do not exceed the authorised values, routine
programmes of sampling and monitoring are undertaken. The arrangements for the
environmental monitoring of emissions at the point of discharge and for monitoring
radioactivity in the environment are presented in Section 7.

2. Solid and Liquid Waste Arisings

This section details the waste arisings from research, irradiation and radioisotope
production activities at the Lucas Heights Science and Technology Centre. Wastes are
classified according to their physical form - solid, liquid or gaseous - as this is the factor
that most influences the ability of the waste to disperse in the environment.

Gaseous wastes are not stored at the Lucas Heights Science and Technology Centre for
any significant period of time. All radioactive airborne emissions with the exception of
tritiated water vapour and krypton-85 are short lived and do not persist in the
environment.

Solid and liquid wastes are also categorised as low, intermediate or high level wastes
depending on their radioactivity content.

There are no high level wastes stored at the Lucas Heights Science and Technology
Centre.

Low level wastes require to be carefully contained, but generally require little or no
radiation shielding during normal handling and transport, while intermediate level
wastes require shielding.

This categorisation of wastes is consistent with that set out by the International Atomic
Energy Agency (IAEA, 1994) as shown in Table 1.1.
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Table 1.1
Typical Characteristics of Waste Classes

Waste Class

1. Exempt waste

2. Low and intermediate
level waste

2.1 Short lived waste

2.2 Long-lived waste

3. High level waste

Typical Characteristics

Activity levels at or below clearance levels which
are based on an annual dose to members of the
public of less than 0.01 millisieverts

Activity levels above clearance levels for exempt
waste and thermal power below about 2 kW m"3

Restricted long-lived radionuclide concentrations
(limitation of long-lived alpha emitting
radioisotopes to 4,000 Bq g'1 in individual waste
packages and to an overall average of 400 Bq g'1

per waste package)

Long lived radionuclide concentrations exceeding
limitations for short lived waste

Both thermal power above 2 kW m'3 and long
lived radionuclide concentrations exceeding
limitations for short lived waste

Disposal Options

No radiological
restrictions

Near surface or
geological disposal
facility

Geological disposal
facility

Geological disposal
facility

Source: International Atomic Energy Agency, 1994.

The existing reactor operations related waste streams are described in the following sub-
sections in the categories and sub-categories specified.

An overview of the reactor related radioactive waste arisings managed by ANSTO at the
Lucas Heights Science and Technology Centre is presented in Table 1, on a building by
building basis.

2.1 Solid Wastes

2.1.1 Low Level Solid Wastes

There are three types of low level solid waste as follows:

• Compactable: produced in many areas of ANSTO, but mainly from the production
of radioisotopes and various support activities, for example, decontamination and
waste processing. The waste consists of cleaning materials, personal protection
consumables such as gloves, overalls etc., and slightly contaminated processing
items (for example, vials, pipettes, plastic tubing, etc.) Around 130 drums are
currently produced annually (ANSTO pers. comm. 1998).

• Sludge: produced in the treatment of wastewaters, as discussed in Section 2.2.1.
The sludge is dried in evaporation ponds and then transferred to plastic-lined 200-
litre steel drums for storage. About 20 drums are currently produced annually
(Levins et al, 1996).

• Non-compactable contaminated items: these are items similar to those that are
compacted but are too large or hard to be compacted, such as pipes, machinery and
parts.
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Solid wastes are sealed into plastic-lined fibreboard drums and transported to storage
areas. They are then either compacted immediately or stored awaiting compaction.
Compaction takes place in the Waste Management Section (Building 57) and involves
the waste initially being shredded in a purpose built enclosure into a steel drum, then
being compacted into the steel drums using a hydraulic ram, after which the drums are
sealed, before being stored. All of the low level solid waste is stored in 200-litre drums
on site, mainly at Building 59.

In the near future, a near-surface repository will be built (Bureau of Resource Sciences
1997; Senate Select Committee, 1996) for the disposal of low-level and short-lived
intermediate level wastes, intended to be operational before the replacement reactor is
commissioned. In February 1998, the Commonwealth Government announced that the
repository would be located within the central north region of South Australia. Studies
are underway to select the most appropriate site within that region.

As of October 1997, there were approximately 4,725 drums of low level waste stored on
the site in Building 59.

To date about two-thirds of ANSTO's drums of low level waste have been scanned by
gamma spectrometry and the results stored in a computerised database. Most of the
drums have relatively low levels of radioactivity and satisfy the criteria for near surface
disposal according to the definition in the National Health and Medical Research
Council's "Code of Practice for the Near Surface Disposal of Radioactive Waste in
Australia". Activity levels of radionuclides in the dried sludge have also been measured
by gamma spectrometry and typical ranges are given in Table 2 (Levins et al, 1996).

Operations associated with the replacement reactor are expected to produce similar
amounts of compactable and non-compactable waste consumables as currently
produced.

The quantity of sludge produced within the liquid waste treatment facility when the
replacement reactor is operational would not be greater than that produced currently.
Indeed, when ANSTO carries out the planned improvements to the wastewater
treatment facility, there would be less sludge produced, although it would contain
similar quantities of radioactivity (Levins, 1997).

2.1.2 Intermediate Level Solid Wastes (ILSW)

Almost all intermediate level solid wastes produced at the Lucas Heights Science and
Technology Centre are from radioisotope production and HIFAR operations. The
wastes consist mainly of metal cans used during irradiation, alumina columns used for
chemical separation, used control arms, aluminium end pieces from HIFAR fuel and
spent ion exchange resins. Many of the waste streams that produce the ILSW contain
very few long-lived radioisotopes.

After they are produced in Radiopharmaceuticals Production (Buildings 23 and 54) or
HIFAR, the wastes are transferred in specially shielded transport flasks to specially
constructed concrete pits in Building 27 for storage and future retrieval.

As of June 1998, 190m3 of ILSW was stored in the older 'A' pits and 12.3m3 in the
newer 'B ' pits. The 'A' pits are full. When required, a suitable method of retrieval will
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be developed to remove the waste from the 'A' pits in a safe manner. The 'B' pits,
however, have been designed such that the waste can easily be retrieved.

Approximately 1.5 m3 of this ILSW is produced annually, this value having reduced in
recent years due to a decrease in generation rates and a volume reduction and
segregation programme carried out by Radiopharmaceuticals Production and the Waste
Management Section to achieve better packing in the primary waste containers (Levins
etal, 1996).

The radioisotopes present in the ILSW are Co-60, Zn-65, Mo-99, Sm-153, Cu-64, Te-
131, Y-90,1-131, Mn-54, Sc-46 and mixed fission products. The majority of these are
short lived. The exact radioactive inventory of individual packages of ILSW will
remain unknown until they are retrieved and the radionuclide content is measured.

The volume of aluminium end pieces from the fuel assemblies for the replacement
reactor is expected to be smaller than current arisings, due to the change in reactor type
from a tank-type to a pool-type reactor, although the reduction cannot, as yet, be
quantified. The volume of other ILSW produced would be comparable with the current
generation, although there would be an extra waste stream from the solidification of
intermediate level liquid waste arising from molybdenum-99 production as described in
Section 2.2.2.

2.1.3 Historical Wastes

There are currently uranium and thorium bearing wastes stored at the Lucas Heights
Science and Technology Centre. This is historic waste which is not associated with
HIFAR.

There are 816 200-litre polythene-lined drums of thorium bearing residues stored in
Building 59. These wastes have been stored for over 26 years, and none of this type of
waste will be generated in the future (Levins et al, 1996).

Until recently, there were four tonnes of thorium and uranium metallic scrap. This has
now been converted to a stable oxide, with a volume of 2 m3 and is stored in Building
27. As the uranium and thorium metallic scrap was not associated with the operation of
HIFAR, none of this type of waste would be produced by the replacement reactor.

There is also a small quantity of historical waste of activated beryllium from operations
at the Centre in the past. There may be an additional waste stream of activated
beryllium in the future, depending on the design of the pool reactor adopted (many
designs would not produce waste of this type). Such wastes, if produced, would only
form a relatively small fraction of the wastes produced at the Centre.

2.1.4 Contaminated Charcoal

Charcoal is used in the hot cell atmosphere filters located in Building 54 to trap iodine
and noble gases from the off-gas during the production of molybdenum-99, reducing the
levels of radioactivity in emissions of contaminated process air from the Building 54/2
stack. This charcoal waste is removed, placed in storage cans and stored in Building 54
to allow the decay of short-lived radioisotopes, before being transported to the Waste
Management Section, Building 57, for long-term storage.
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The following radioactive nuclides are also present in the contaminated charcoal: Ce-
144, Cs-137, Ru-106, Rh-106 and Sr-85. Most of the activity from these elements is
short-lived, the longest lived contributor is Cs-137 (half life 30 years). The exact
activity content of the contaminated charcoal has not been ascertained, but will be
recorded during the existing program of waste characterisation currently being
undertaken by ANSTO. The principal activity in the charcoal rapidly decays so that it
becomes low level waste.

At April 1996, there were 1,600 litres of charcoal in storage and 200 litres are produced
annually (Levins et al, 1996). This value would not be expected to change significantly
as a result of replacement reactor operations.

2.1.5 HEPA Filters

The High Efficiency Particulate Air (HEPA) filters are used to filter ventilation exhausts
from nominally active areas. The filters are removed and are stored in shipping
containers on the northern side of Building 59.

There were 650 filters (100m3 in volume) in storage at April 1996 and 10 to 15 are
generated as waste per year (Levins et al, 1996).

The radionuclides present are mainly short-lived and are those from the buildings which
have an active ventilation system, that is, Buildings 3, 15, 19, 20, 21, 23, 41, 54/2, 56,
57, 64, 76, and HIFAR. The radioactivity in the filters rapidly decays to become low
level waste. The radionuclides include uranium from past operations in Buildings 64
and 2. The filters will be compacted, prior to storage and transportation to the national
low level waste repository.

The annual volume of waste from the HEPA filters is not expected to increase when the
proposed replacement reactor is operational.

2.2 Liquid Wastes

2.2.1 Low Level Liquid Effluents

All low level liquid effluents are wastewaters with little or no radioactivity present.
The main sources of these liquid effluents are (Levins et al, 1996):

• wastewaters from 'active' drains in laboratories where radioactive materials are
routinely handled. This is known as the 'B' line;

• trade waste effluents arising from laboratories and workshops in which radioactive
materials are not routinely handled. This is known as the ' C line; and

• non-radioactive sewage and leachate from the Lucas Heights Waste Management
Centre.

The 'B ' and ' C lines are the only wastewaters which contain radioactivity.
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The low level wastewaters are collected in local catchment tanks inground and pumped
directly via the 'B ' and ' C lines to the mixing and holding tanks, respectively.

Liquids are discharged into the ' C line from Buildings 2, 3, 11, 16, 21, 22, 53 and
HIFAR. Liquids from the ' C line are kept in holding tanks where the waste water is
sampled and analysed. The radioactivity is reduced by one of three options (Levins et
al, 1996). These are:

• circulate and mix with other holding tanks to dilute;
• transfer to other holding tanks and dilute with incoming ' C waters; and
• pump to mixing tanks for chemical treatment.

The major sources of the liquid in the 'B' line are Buildings 11,19 and 23, and typical
activity ranges are shown in Table 3.

Liquids from the 'B ' line may be held in delay tanks if effluents of higher than normal
activity are likely to be discharged from the various generators. These are for storage
and decay of low level radioactive liquids. The liquids are then moved to mixing tanks
where the liquid is analysed before being chemically treated. A centrifuge then
separates the mixing tank contents and the precipitated solid is taken to concrete-lined
solar evaporation ponds, which are protected from the wind and rain by an electrically-
driven mobile roller cover. After drying in these ponds, the dried sludge is transferred
to 200-litre plastic-lined steel drums and stored in Building 59.

Between 2,500 m3 and 6,000 m3 of 'B' line wastewater are treated annually (Levins et
al, 1996).

Some particular low level liquid wastes contain significantly higher activity levels than
'B ' line waste, that is, up to 1M Bq/m3 alpha activity and 400M Bq/m3 beta/gamma
activity. They are produced in Buildings 23 and 54, segregated at source and
transported to Building 57 for storage and chemical treatment by flocculation if
required. After chemical treatment, the supernate and precipitate are taken to solar
ponds for drying and the solid precipitate is then stored in 200-litre plastic-lined steel
drums. The annual volume of this low level liquid waste produced is about 8 m per
year.

Table 4 presents the typical sources, annual volumes and activity levels of the special
low level liquid wastes (Levins et al, 1996). The yearly arisings of low level liquid
wastes from the replacement reactor are expected to remain comparable to the current
arisings from HIFAR, except for a major reduction in tritium.

When the radioactivity has been reduced to below the authorised discharge level the
wastes are discharged into the sewage system. The authorised discharge level, set by
reference to the World Health Organisation (WHO) guidelines, corresponds to twenty-
five times the limiting activity for drinking water which ensures that the dose to a
hypothetical person drinking water at the Cronulla Sewage Treatment Plant could not
exceed 0.1 millisievert per year. The factor of 25 is a conservative allowance for the
considerable measured dilution between the effluent discharge point at the Lucas
Heights Science and Technology Centre and the Cronulla Sewage Treatment Plant (see
Section 4). Sydney Water Corporation has a sampling point in the sewer and the
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activity can also be measured in the sewer outlet at Potter Point. Figure 1 represents the
path of the low level liquid effluent treatment and discharge system.

2.2.2 Intermediate Level Liquid Wastes (ILLW)

The intermediate level liquid waste is produced in the separation of molybdenum-99
from irradiated uranium dioxide pellets. Following irradiation in HIFAR, the cans
containing the pellets are moved to Building 54 where the separation of pellets from
magnesium oxide occurs by sieving. The pellets are then dissolved and the resulting
liquor is passed through a column containing alumina. The liquid removed during
separation is Primary Liquid Waste (PLW). The alumina is then washed and these wash
solutions are collected as Secondary Liquid Waste (SLW).

The molybdenum adheres to the alumina and is removed from the alumina column
using ammonia.

The PLW and SLW waste streams are stored in Building 54 in 50-litre flasks for 10 to
24 months, and then transported to Building 57 in a purpose designed transport flask for
longer-term liquid storage in five shielded tanks.

By April 1996, there was approximately 6.5 m3 of this liquid waste in storage, with
about 0.3 m3 being produced each year (Bureau of Resource Sciences, 1997). Table 6
specifies the sources and activities of these wastes.

The production of radiopharmaceuticals is expected to increase in the future, depending
on supply requirements. However, improved production processes including the use of
more highly enriched uranium pellets, means that the volume of waste that is produced
would not increase significantly, although the activity of the waste would increase
proportionately with the increased production of molybdenum-99.

The solidification process of ILLW by chemical treatment and evaporation will soon be
commissioned. It will take about three years to solidify the existing inventory of ILLW.
Thereafter, the ILLW will be stored for a short period of time before being converted to
solid waste in Building 41 and stored in steel canisters in Building 27.

2.3 Airborne Emissions

All chimney stacks and ventilation exhausts associated with buildings where radioactive
materials are handled may emit small amounts of radioactivity into the atmosphere. All
these stacks and ventilation exhausts have filters to remove airborne particulates. The
exhaust air from some facilities is passed through a set of activated charcoal traps,
which adsorb and retain iodine vapours.

Building 54 also has charcoal traps to adsorb xenon and krypton released during
production of molybdenum-99. These traps hold the gases until the short-lived isotopes
have decayed.

Table 7 outlines the emissions and activities associated with all the relevant stacks.

With the replacement reactor operational, the airborne emissions of argon-41 would
decrease by at least a factor of two compared with that which results from HIFAR
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operations. This is due to the replacement reactor being a pool-type with very few air-
filled cavities. The tritium release would be less because the moderator is light water.
However the replacement reactor would have the capacity to increase molybdenum
production by a factor of four and this could cause discharges to increase unless new
technologies are introduced. The technologies being considered include cryogenic
trapping of noble gases and a new process for iodine retention.

3. Environmental Impact of Current Discharges

3.1 Liquid Discharges

After low level liquid waste has been treated as described in Section 2.2, it is sampled to
ensure that the radioactivity levels are below the specified discharge limits. The effluent
is then discharged into the sewer system under the Sydney Water/ANSTO Trade Water
Agreement of September 1997. This sewer system discharges into the ocean at the
Potter Point outfall on the Kurnell peninsula. To ensure compliance with the limits,
Sydney Water has a sampling point in the sewer outside the fence of the Centre. There
are also monitoring points at the outfall at Potter Point that are used by ANSTO. The
total volume and activity of the effluents that were discharged to the sewer system in the
years 1986-1996 are presented in Table 5.

Low level liquid effluent discharged from the Lucas Heights Science and Technology
Centre passes through the Cronulla Sewage Treatment Plant along with other effluents
from that plant before being discharged at Potter Point. The radioactive component of
the effluent originating from the Lucas Heights Science and Technology Centre is
highly diluted by the time it arrives at the discharge point. The overall dilution factor
between the Lucas Heights Science and Technology Centre and the ocean sampling
point has been measured to vary between 1,500 and 14,000 (Levins et al, 1996).
Discharges from ANSTO are intermittent, so that over the course of a month, the actual
dilution is higher. As a result, by the time it reaches the ocean, even close to the
discharge point, the discharge would result in water concentrations that are far below
those already present from natural radiation in seawater. Possible exposure pathways to
the public would principally be by the ingestion of fish caught around the outfall and
ingestion of seawater by swimmers and surfers around the outfall. However, the
measurements taken by ANSTO and verified by the Australian Radiation Laboratory
show that any possible exposure to environmental contamination would result in doses
that would be several orders of magnitude lower than natural background radiation, such
that liquid wastes from the Lucas Heights Science and Technology Centre do not
produce any significant environmental impacts to the public including employees of
Sydney Water (Safety Review Committee, 1996).

3.2 Atmospheric Discharges

Discharges of air contaminated with radioactivity occur from a number of building
stacks (see Section 2.3) at the Lucas Heights Science and Technology Centre. These
emissions are of short lived isotopes, which are dispersed from the site and through the
surrounding area by the prevailing winds, and are indistinguishable from natural
background. The environmental significance of these impacts is considered in Section
6.
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4. Future Operations and Emissions

If the replacement reactor becomes operational, the waste arisings would change due to
the different reactor type and increased efficiency in the processes. In the main, waste
arisings would be comparable with those produced by present HIFAR operations and
associated processes. The intermediate level liquid waste production rate is not
expected to increase in volume but may increase in activity content depending on the
degree to which there is increased production of radiopharmaceuticals. This waste is
currently stored and none of it is discharged or proposed to be discharged. A project to
solidify this waste is underway.

The replacement reactor's emissions of argon-41 (Ar-41), which is the main contributor
to local doses, are expected to fall significantly. This is because Ar-41 is currently
being produced by the activation of air in the pneumatic conveyor system used to
introduce and remove materials to be irradiated in HIFAR. The replacement reactor
would make much less use of air.

The capacity to increase the production of radioisotopes could lead to an increased
generation of associated solid and liquid wastes, and an increase in emissions. Table 8
gives a general overview of future emission trends for the Lucas Heights Science and
Technology Centre reactor related operations.

Table 9 presents a forecast of aqueous (contaminated water) and airborne discharges for
the Lucas Heights Science and Technology Centre based upon those discharges
presented in Tables 5 and 7. In order to make an assessment of the impact of future
airborne effluents that are likely to be discharged from the Lucas Heights Science and
Technology Centre, an analysis of the historic discharges has been performed (see
Tables 5 and 7). The assessment is based on the worst discharges from individual
facilities over the last three years as if they were all emitted in a single year. Tritiated
water discharges have been assessed for the year 1996/97, rather than the exceptional
values presented for 1995/96, which are not typical of pool reactors. Table 9 also
presents a comparison of the forecast discharges against the current authorisation limits.
It can be seen that discharges from the Lucas Heights Science and Technology Centre
are only a fraction of the authorised limits.

5. Methodology for Assessing the Impact of Gaseous Emissions

It is necessary to use mathematical methods to estimate the doses due to radioactive
emissions from nuclear facilities because the doses involved are so low that it is not
possible to measure them.

The methodology selected for the independent assessment of impacts is embodied in a
computer program known as PC CREAM 97 (PC CREAM, 1997). This program has
been used in calculating the radiological impacts on the environment resulting from the
gaseous emissions given in Table 9. PC CREAM is a suite of models and data for
performing radiological impact assessments of routine and continuous discharges of
radioactivity. The CREAM methodology was developed under European Commission
sponsorship to enable the assessment of environmental impacts from nuclear facilities
throughout Europe. This model is widely used in Europe to calculate radiological
impacts.
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The worst combination of discharges, taken together, form the total 'source term' used
in the CREAM analysis. The analysis modelled the multiple stack emissions from the
site, their dispersion into the atmosphere and deposition onto land, and the resultant
radiation exposure of people. The analysis is detailed in the following sub-sections
concerning; exposure pathways, environmental dispersion, exposure sources and land
use, habitat and occupancy.

5.1 Exposure Pathways for Airborne Effluents

In order to quantify the radiation doses that individuals who may be exposed to
radiation incur, it is necessary to identify the environmental pathways through which
they may be exposed. These pathways broadly fall into two groups. These groups of
pathways reflect two types of exposure, external exposures resulting from radiation
sources external to the body, and internal exposures resulting from intake of
radioactivity into the body.

These modes of exposure are sometimes referred to as:

• 'direct radiation' - external radiation resulting from the passage of a plume of
contaminated material mixing with the ambient atmosphere; and

• 'indirect radiation' - internal radiation resulting from the intake of contaminated air
or the ingestion of contaminated food.

The principal exposure pathways for members of the population local to the Lucas
Heights Science and Technology Centre who could be exposed to airborne radioactivity
are as follows.

Direct Radiation:

• external gamma and beta radiation from airborne radionuclides; and
• external gamma and beta radiation from deposited radionuclides.

Indirect Radiation:

• ingestion of ground deposited radionuclides taken up through the food chain;
• inhalation of radionuclides in the passing plume of contaminated air; and
• inhalation of resuspended radionuclides.

Generally, the resuspension pathway does not contribute significantly to doses but is
included for completeness. The pathways analysed are listed in Table 10.

5.2 Environmental Dispersion

As the air discharged from the stacks mixes with the ambient air stream, it is carried by
the wind and diluted as it is progressively distributed into larger volumes of air. As this
plume travels over ground, small amounts of material are deposited onto the ground and
vegetation through the action of dry and, in the case of rainfall, wet deposition.
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Dry deposition occurs where gaseous or particulate material in the lowest layers of the
atmosphere are deposited onto surfaces and vegetation by processes of absorption,
impaction or sedimentation. Wet deposition, as a result of rainfall, is a sporadic event,
however moderate rain will remove more particulate in one hour than dry deposition
processes achieve in several days.

The rates of deposition of radionuclides are dependent on their physico-chemical forms
and the roughness of the surface over which they travel. PC CREAM distinguishes
between the deposition properties of four groups of nuclides, namely noble gases which
do not deposit, aerosols, iodine in its elemental form and organic forms of iodine. Table
11 presents the dry deposition and wet deposition parameters defined in PC CREAM.

The roughness of the ground surface over which the dispersing plume travels creates
ground friction which influences the air velocity profile and turbulence experienced by
the plume. In the case of the Lucas Heights Science and Technology Centre's environs
the parameterisation of roughness corresponds with mixed woodland and suburban
development.

Site specific meteorological data for the Lucas Heights Science and Technology Centre
has been provided by ANSTO (Clark 1998). These data, which were independently
assessed by an expert consultant from the Victoria Environment Protection Agency
(VEPA) for boundary layer categorisation, show that the prevailing winds are from a
westerly direction (see Annex 1). The meteorological dataset also includes rainfall
which occurs about 1.2% of the time when category D (neutral) weather conditions
prevail (Clark 1998), with an average intensity of 2 mm/hour. Thus the input to PC
CREAM was the actual annual meteorological data for the Lucas Heights Science and
Technology Centre.

These meteorological data has been used with PC CREAM to calculate the dispersion of
radioactivity in airborne emissions from the site. The impacts of emissions from the site
have been assessed at a number of target points in the surrounding area.

5.3 Exposure Sources Evaluated

The exposure of the public to radiation arises from emissions to the atmosphere made
from the building ventilation discharge stacks identified in Table 7.

From Table 7, it is evident that the most important stacks in terms of emissions are 15A
(HTFAR), 54/2, 20, 23, 41 and 57. These stacks produce the greatest discharges of
radioactivity and represent more than 99% of the total airborne discharge from the
Centre. The stacks are listed in Table Al/2 of Annex 1, together with their heights. The
analysis considers that the emissions are all of a passive nature with no reduction in air
concentration arising through emissions, momentum or buoyancy effects.

Table Al/1 in Annex 1 presents the emissions used to calculate doses to individuals
using the PC CREAM program.
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5.4 Land Use, Habit and Occupancy

There is no residency inside a zone of 1.6 kilometres around the reactor building,
although there are a variety of land uses within this zone. These include municipal
waste, industrial, recreational and commercial facilities and open space.

The municipal waste facilities within the buffer area are at the Lucas Heights Waste
Management Centre to the north-west of HIFAR. These facilities are manned daily, and
an occupancy of 10 hrs per day is assumed (Levins et al, 1996). The recreational
facility within the 1.6 kilometre buffer zone is a bike track used by the Sutherland Shire
Police Boys Club Mini Bike Group. The assumed occupancy for the track of 10 hours
per weekend day is conservatively high (Levins et al, 1996).

The open space (NSW Crown Land) surrounding the Lucas Heights Science and
Technology Centre contains walking trails to the eastern extremity of the buffer zone.
These trails are frequented by the local population, particularly children and teenagers.
If a person were to walk the whole length of the trails, they would be inside the buffer
zone for less than three hours. These trails are only 300 metres from the nearest
residential area, and the doses calculated for the westerly edge of Engadine are
applicable to those for the trails.

The PC CREAM program has been used to estimate the radiation exposure of
individuals at nine key locations in the vicinity of the Lucas Heights Science and
Technology Centre. These are:

1. The bike track: 400 metres north-west of the Centre.
2. The Lucas Heights Waste Management Depot, north-west of the Centre.
3. Engadine West Primary School, south-east of the Centre.
4. Westerly edge of Engadine, east of the Centre
5. Westerly edge of Sutherland, north-east of the Centre.
6. Playing fields, Sutherland, north-east of the Centre.
7. Lucas Heights Primary and High Schools, north-east of the Centre.
8. Southern edge of Lucas Heights, north-east of the Centre.
9. Campbelltown, west of the Centre.

These locations are shown on Figure 2. Campbelltown is 13 kilometres to the west of
the Centre, and for the case of the PC CREAM dose estimates, the most easterly point
of Campbelltown was taken.

Estimates of the maximum possible doses were made at each of the above sites for the
hypothetical case of 100% occupancy by an individual at each location throughout the
year. This information was used to derive more realistic, but conservative estimates of
the maximum dose that could be incurred by the most exposed individual. A number of
model scenarios were constructed, on the basis of pessimistic assumptions concerning
the possible activities of individuals living near the Lucas Heights Science and
Technology Centre, that would result in their incurring exposure to radioactivity
dispersed into the environment from the Lucas Heights Science and Technology Centre
emissions. The detailed definitions of these scenarios, are set out in Table 13, and the
relevant occupancy data used in the analysis, is presented in Table Al/5 of Annex 1.
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The possibility that indirect exposures could arise through the intake of contaminated
foodstuffs is considered in terms of where foodstuffs may be produced in relation to the
Lucas Heights Science and Technology Centre. No substantial commercial production
of foodstuffs has been identified in the vicinity of the Lucas Heights Science and
Technology Centre, and the consideration is that unidentified small local sources of
foodstuffs from back yards etc, in the environs of the Lucas Heights Science and
Technology Centre, may contribute to individual total doses through the ingestion
pathways.

For the purpose of assessing the maximum potential dose to the most exposed
individuals the relevant ingestion pathways concern the consumption of food grown or
produced relatively close to the site, as the potential for the uptake of activity falls off
rapidly with distance. Within a few kilometres radius from the proposed reactor, there
is no significant food production either to the west of the Lucas Heights Science and
Technology Centre, where the large Holsworthy Military Area meets the buffer zone
boundary, or south of the Lucas Heights Science and Technology Centre, in the
Heathcote National Park.

The possible local food production areas are those areas east of the Lucas Heights
Science and Technology Centre. Three sites have been chosen to represent local food
production areas. These are in Barden Ridge, North Engadine and Engadine. No
evidence for any significant food production in these areas (relatively close to the
proposed replacement reactor site) has been found, consistent with the urban character of
these areas. It has been assumed that no meat or dairy products are produced at these
sites. However, in order to allow for garden produce and domestic production on any
small holdings, it has been conservatively assumed that 25% of an individual's diet is
derived from foodstuffs grown locally; the foodstuffs and consumption rates derived for
the assessment, are presented in Annex 1.

Ingestion doses to each of the most exposed groups have been analysed on the basis of
potentially contaminated foodstuffs being grown in the three areas identified and the
food affected being consumed by the individuals who incur the largest doses through the
other dose pathways.

6. Estimated Doses

Estimates of the maximum hypothetical annual doses (for 100% occupancy) at each
chosen receptor point are presented in Table 12. The highest of these annual non-
ingestion doses, 9.8 microsieverts, would be received at the bike track. This dose would
only be achieved, however, if the infant or child were to remain at the bike track
constantly for a full year.

More realistic scenarios are given in Table 13, and the corresponding dose estimates are
presented in Table 14. The highest calculated annual non-ingestion doses to adults,
children and infants are 2.6 microsieverts, 2.3 microsieverts and 2.0 microsieverts
respectively, and represent scenarios 1,2 and 4 in Table 13.

The above dose estimates for the scenarios do not include the possibility that the
individual engaged in the defined activity may also ingest foodstuffs that are
contaminated by the emissions.
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Allowing for this possibility, the assessed doses increase by 8% in the case of adults and
children and 43% in the case of infants, see Table 14. The maximum dose to the most
exposed individual, an adult living at the western edge of the Engadine community and
working at the Lucas Heights Waste Management Centre (scenario 1), is 2.8
microsieverts.

The breakdown of doses to each individual in terms of occupancy and pathway is
presented in Tables 15 and 16. Figures 3 to 13 show the breakdown of the maximum
individual adult, child and infant doses by leisure activity, pathway, nuclide and
foodstuff. Nuclides contributing greater than 1% of the total dose are presented in the
nuclide breakdown figures. The total contribution to dose from those nuclides not
presented is less than 1%.

In order to understand the significance of a dose of 2.8 microsieverts it is useful to draw
a comparison with the naturally occurring levels of background radiation to which all
people are exposed. The natural background radiation level in Australia is about 1800
microsieverts per year (Solomon, 1997). Thus, the maximum assessed dose is rather
less than 1% of this unavoidable dose. In addition to the natural background dose, many
individuals will receive additional dose from routine and medical activities that are not
associated with the Lucas Heights Science and Technology Centre operations.

The assessed maximum dose of 2.8 microsieverts can be compared with ANSTOs
estimates for site emission impacts. The results of the ANSTO assessment are set out in
the 1996/97 Annual Report of the Safety Review Committee (Safety Review
Committee, 1997). This committee is an independent body which annually reviews all
aspects of safety for which ANSTO are responsible, and reports to the Department of
Industry, Science and Tourism. ANSTO assesses public dose using a computer
program known as ADDCOR. This is used to calculate the doses that an individual
would incur if located 1.6 kilometres from HIFAR, with 100% occupancy for a year, at
any one of the 16 points of the compass.

The ANSTO analysis considers each of the 16 compass points and the results are
reported as ranging from 3.0 to 8.6 microsieverts. These results compare well with
NNC's independent baseline assessment, since ANSTO used different calculational
methods and more conservative assumptions.

7. Effluent and Environmental Monitoring

Building ventilation stack discharges are sampled using equipment that is designed to
detect the specific radioisotopes that could potentially be emitted. The radioactive
emissions from the stacks are measured by having a fixed, known proportion of the
stack discharge drawn through a sampler device, either a Maypack, Bubbler or Flask on
a continuous basis.

The sampling devices work on the following principles:

• Maypack: A proportion of the stack air is drawn through a combination particulate
filter and charcoal trap. The charcoal trap absorbs non-particulate species of iodine.
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• Bubbler: A proportion of the stack air is drawn through a set of bubblers containing
water which trap any tritiated water present in the exhaust system.

• Flask: A proportion of the stack air is continuously drawn through a specially shaped
glass flask located in a shielded space containing a gamma-ray detection and
counting system to quantify the amount of noble gas emissions.

Monitoring of environmental samples is undertaken on a routine basis. Creeks and
rivers around the site are monitored as are stack discharges, various biota, ocean water,
and external gamma radiation levels at the site boundary and at identified points in the
adjacent area. The results of these assessments are publicly reported annually (Hoffman
etal, 1993,1995,1996,1997).

Discharges into the sewer system and the sea at Potter Point are randomly measured and
evaluated (also see Section 3). Limits on these discharges to the sewers are in place and
set by the Sydney Water Corporation (Safety Review Committee, 1996). There are also
monitoring points at the Potter Point outfall, used by ANSTO. There are continuous air
sampling points on the Lucas Heights Science and Technology Centre, shown in Figure
14. ANSTO also carries out year-round sampling of its environment, including creeks
on the site. Some of these sampling points are also shown on Figure 14.

Fish, barnacles and green algae around the Potter Point outfall are also checked for a, P
and y-emitting isotopes to determine if there is any increase above normal background
levels.

Table 17 presents the collection schedule for environmental samples. The Australian
Radiation Laboratory provides independent surveillance of the effluent releases from the
Lucas Heights Science and Technology Centre. ANSTO provides the Australian
Radiation Laboratory with regular reports of its measured emissions and these are
checked periodically by confirmatory measurements made by the Australian Radiation
Laboratory. Comparisons between the Australian Radiation Laboratory and ANSTO
measurements suggest no major disagreements and the Australian Radiation Laboratory
has confirmed that the ANSTO releases do not exceed the standards authorised by the
NSW authorities (Safety Review Committee, 1996).

The whole process of sampling and checking is overseen by the Safety Review
Committee who are an independent expert body established to review and assess the
effectiveness of the standards, practices and procedures adopted by ANSTO to ensure
the safety of its operations. This activity will be carried out by ARPANSA in the future.

8. Conclusions

This appendix has detailed the radioactive waste streams that are currently produced by
HEFAR and the associated operations at the Lucas Heights Science and Technology
Centre. There would be no additional waste streams from the proposed replacement
research reactor. Emissions of argon-41, which is the principal contributor to the doses
that are presently incurred near the site, would be expected to reduce. Emissions from
radiopharmaceutical production would be expected to remain at the current level. In the
event that radioisotope production capability is increased, improved treatment
technologies would be introduced to reduce airborne emissions.
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Calculations presented in this appendix indicate that the most exposed individuals living
near to the site do not currently receive doses of greater than 3 microsieverts per year.
This dose is 0.17% of the dose rate due to background radiation from the natural
environment of 1,800 microsieverts per year (Solomon, 1997).

This maximum assessed radiation dose (3 microsieverts per year), has been calculated
on a conservative basis, which includes a pessimistic assumption that 25% of an
individuals food is derived locally. It would be unlikely that a typical individual, in the
most exposed groups, would have a diet which included as much as 25% of locally
produced foodstuffs.

The National Health and Medical Research Council have adopted an annual dose limit
for members of the public of 1 milli-Sievert (1,000 microsieverts) per year. In addition
a site dose constraint has been adopted for the Lucas Heights Science and Technology
Centre of 300 microsieverts per year. The calculated maximum dose is less than 1% of
this constraint, which itself is a third of the NHMRC limit.

ANSTO are implementing a waste management policy which is consistent with their
commitment that the maximum dose to any member of the public would remain below
1% of the National Health and Medical Research Council limit.
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Table 1: Main Solid and Liquid Waste Arisings

Building

54/2

3

11

15A&B

16

Title

High Activity
Handling Cells

Advanced
materials and
engineering

Waste I
management - j
effluent control
labs

HIFAR

Applications of
nuclear physics

Function

Pellets
separated

Waste In
Building

Intermediate
level liquid
waste (PLW &
SLW from
separation)

Waste Out

Charcoal from gas
traps

Liquids to Bldg 57
after 10-12 mths

ILSW to Building 27

Solid waste to Bldg
27

Special low level
liquid waste to Bldg
57

Low level liquids
into 'B ' line to Bldg
57

Ventilation system
filter to Bldg 59

ILSW to Building 27

Waste Stored / Discharged

Stored short-term

Stored long term

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Activity

Total = 35,000.2 MBq/litre

not yet determined

8050 kBq/3

1-4 kBq/m3 a-activity

10-500 kBq/m3 Inactivity

67-1225 kBq/ m3 y-activity
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Table 1 (continued)

Building

19

21

22

23

Title

Biomedicine and
health program

Environmental
science and
health

Applications of
nuclear physics

Australian
Radioisotopes

Function j Waste In
Building

Waste Out

Ventilation system
filter to Bldg 59

LLLW to Bldg 57 via
'B ' line

Ventilation system
filter to Bldg 59

LLLW to Bldg 57 via
'B ' line

Special low level
liquid waste to Bldg
57

ILSW to Building 27

Ventilation system
filter to Bldg 59

Waste Stored / Discharged

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Low level liquids into sewage
system after treatment

Activity

1-10 kBq/m3 a-activity

5-200 kBq/m3 (3-activity

3-37 kBq/ m3 y-activity

2-20 kBq/m3 a-activity

50-1000 kBq/m3 (3-activity

155-10630 kBq/ m3 y-activity

1200 kBq/1
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Table 1 (continued)

Building

27

| 41

56

57

59

Title

Radioactive
waste store

High activity
handling cells

Nuclear
materials
fabrication lab.

Medium high
level treatment

PLW and SLW

Bulk Store

Function

Storage

Storage

Waste
treatment

Separation

Storage

Storage

Storage

Waste In
Building

Solid waste
fromBldgs4I,
23, 54 and
HIFAR

ILLW from
Bldg 57

Low level
liquid waste
from 23 and 54

Low level
liquid waste
from 'B ' line

From Bldg 57

Low level
solid waste
from all Bldgs

Waste Out

Transfer to Bldg 27
as Solid Waste

Ventilation system
filter to Bldg 59

Ventilation system
filter to Bldg 59

To Bldg 41

To Building 59

Waste Stored / Discharged

Stored

Charcoal from Bldg 54

Stored short-term in Bldg 57.
Low level liquids into sewage .
system after treatment

Low level liquids into sewage
system after treatment

Stored long-term

Stored long-term

Stored long-term

Activity

34 GBq/1
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Table 2: Typical Activity Ranges of Dried Sludge from Treatment of Liquid Effluents

Nuclide

Cs-137

Cs-134

Ce-144

Co-60

Rh-106

Am-241

U-238

Gd-153

Zn-65

Cr-51

Ra-224

Ra-226

Activity

7 to 270 Bq/g

0.05 to 30 Bq/g

1 to 34 Bq/g

0.3 to 11 Bq/g

0.3 to 40 Bq/g

0.2 to 10 Bq/g

0 to 4 Bq/g

0 to 1 Bq/g

0 to 1 Bq/g

0 to 0.5 Bq/g

0 to 0.3 Bq/g

0 to 0.2 Bq/g
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Table 3: Typical Sources and Activities of Liquid Effluents in the 'B' Line

Building

11

19

23

Annual
Volume

(m3)

1200-1500

300-600

1500-1800

ct-activity
(kBq/m3)

1-4

1-10

2-20

Peaks up to 100

P-activity
(kBq/m3)

10-500

5-200

50-1000

Peaks up to 10,000

y-activity
(kBq/nO

Ru-106 = 5-50

Co-60 = 5 - 3 0 0

Cs-137 = 2 -30

Cr-51 =50-800

1-131 = 5 - 7 5

Cs-137 = 3-12

Mo-99 = 0 - 1 2

Zn-69 = 0 - 6

Ga-67 = 0 - 7

Gd-153 = 50-1800

Cr-51 =50-4000

Co-60 =20-200

Ru-103 = 5-30

Mo-99 =20-4500

Ce-144 =10-100
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Table 4: Typical Sources and Activities of Special Low Level Liquid Wastes

Building

23

54

Annual Volume
(litres)

4100

3900

Typical Activity
Level

(kBq/1)

1200

8050

Commonly found
radioisotopes

Ce-144

Cr-51

Cs-137

Mo-99

Nb-95

Ru-103

Ru-106

Tc-99m

Zr-95

Zn-65

Ce-144

Cs-137

1-131

Nb-95

Ru-103

Ru/Rh-106

Zr-95
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Table 5: Annual Radioactive

Year

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Volume
(m3)

95,617

87,627

93,158

92,064

121,680

93,726

99,790

89,462

82,978

94,580

84,212

Liquid Effluent Discharges 1986-1996

Total Alpha
(MBq)

92.0

72.2

80.6

131.7

161.9

28.9

58.9

87.1

47.4

62.0

51.5

Total Beta
(MBq)

2,990

1,722

1,962

1,942

1,511

1,717

1,719

2,233

795

1,430

1,499

Appendix F

Total Tritium
(GBq)

2,271

1,717

1,942

3,016

3,700

6,172

4,860

648

571

680

544

Source: Hoffman et al, (1993, 1995, 1996, 1997).
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Table 6: Typical Sources and Activities of Stored Intermediate Level Liquid Wastes
(as at May 1996)

Tank No.

1

2

3

4

Category

PLW

PLW

SLW

SLW

Volume
(m3)

847

761

1772

1827

Nu elide

Ce-144

Cs-137

Co-60

Nb-95

Ru/Rh-106

Zr-95

Ce-141

Ce-144

Cs-134

Cs-137

Co-60

Eu-155

Nb-95

Ru-103

Ru/Rh-106

Y-91

Zr-95

Ce-141

Ce-144

Cs-134

Cs-137

Co-60

Eu-155

Nb-95

Ru/Rh-106

Zr-95

Ce-144

Cs-137

Co-60

Nb-95

Ru/Rh-106

Zr-95

Activities
(MBq/1)

2000

4400

0.6

42

170

22

0.3

10200

7.9

8100

1.3

93

79

1.5

970

125

50

0.8

680

0.5

860

0.2

5.5

23

62

16

500

1550

0.1

16

55

9.5
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Table 6 (continued)

Tank No.

13

Category

SLW

Volume
(m3)

859

Nuclide

Ce-141

Ce-144

Cs-134

Cs-137

Co-60

Eu-155

Nb-95

Ru-103

Ru/Rh-106

Y-91

Zr-95

Activities
(MBq/1)

9.3

2125

1.0

1500

1.0

10.9

375

13.8

150

163

213

Source: Levins et al, 1996.
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Table 7: Discharge Stacks and Emissions

Building

15A
(HIFAR)

54/2

3

19

20

21A

21B

Nu elide

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Ar-41 (TBq)

H3 (GBq)

Other nuclides (MBcj]

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Noble gases (Xe, Kr)
(TBq)

Other nuclides (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Other nuclides (MBq2_^

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

H-3 (GBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

1993/41

8

7

2.1

97

1,555

271

32

36,814

0.9

504

300,185

20

1

0.46

56

13

1.77

2,093

32

6

0.63

436

8

0

0.39

0

0

0.04

1994/51

10

7

2.24

112

2,895

279

38

6,573

1.13

480

49,093

24

4

0.58

87

22

2.8

485

30

6

1.44

949

8

1.45

0.54

0.35

0.17

0.04

1995/61

9

9

1.86

123

13,641

242

38

8,261

1.21

431

61,401

28

7

0.71

43

13

1.52

0

38

8

1.06

1,589

8

2.1

0.56

0.52

0.32

0.04

1996/71

4

10

2.02

150

4,320

312

21

15,300

0.63

682

108,350

29

6.8

0.36

4

0

0.08

0

33

15

1.16

528

4

2.22

0.51

0.57

0.34

0

1997/82

0

14

1.32

164

4,258

286

0

12,428

0

572

66,798

10

7.78

0

0

0

0

0

6.8

336

0.46

64

0

3.54

0

0

0.44

0
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Table 7 (continued)

Building

23A

23B

41

56

57

Nuclide

Gross alpha (kBq)

1-131 (MBq)

Sr-9O (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBg)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

H3 (GBq)

1993/41

51

21,288

3.03

3

2.93

0.41

5,842

6

0.6

45

14

1.38

8

2

0.25

421

1994/51

54

14,952

3.40

3.15

2.15

0.13

103

125

1.09

49

8

1.55

10

3

0.34

756

1995/61

52

27,069

3.53

3.74

3.74

0.16

34

25

1.18

51

14

1.79

11

41

0.37

432

1996/71

27

18,913

3.05

4.2

6.63

0.09

32

79

0.61

29

18

1.04

4

4.73

0.17

292

1997/82

0

29,854

17.34

0

12.84

0

0

54

0

0

28

0

0

4.52

0

452

Note: 1. Hoffmann et al, (1993, 1995, 1996, 1997); Levins et al, (1996)
2. ANSTO Safety Division data reports to Nuclear Safety Bureau and Australian Radiation

Laboratory for July to December 1997 doubled.
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Table 8: Future Discharge Trends Relative To Present Emissions

Facility

Reactor

Building
20

Building
23

Building
57

Building
54

Nuclides
present

Tritium

AR-41

Other minor
activities

Iodine

Non-specific
beta

Tritium

Iodine

Iodine

Non-specific
beta

Tritium

Iodine

Xenon

Krypton

Qualitative

Significant
decrease

Reduced

Similar

Similar

Similar

Decreased to
negligible

levels

Increased

Similar

Similar

Decreased

Increased
generation

Increased
generation

Increased
generation

Quantitative

Negligible in routine
operation

Varies with rig
volumes and air flow

- not feasible now

Radiologically
insignificant

As current

Negligible or zero

Zero

Not feasible now -
depends on process

See current amounts

Zero or negligible

Zero or negligible

Awaits process
details

Awaits process
details

Awaits process
details

Comments

Less use of heavy water and
closed circuit

Depends on number of
pneumatic rigs

Only small amounts from
equipment decontamination

activities

Only very small quantities
released, therefore increase

not significant

No significant change

Currently zero

Less use of heavy water and
closed circuit

Depends on the process
adopted and technology used
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Table 9: Aqueous and Airborne Discharges from the Lucas Heights Science and
Technology Centre (used for this assessment)

LIQUID DISCHARGES

Overall Discharge
Volume (m3)

90,000 m3 alpha

beta

tritium

Authorised Limits
for Aqueous

Discharges (Bq/m3)

10,000

100,000

4xlO 9

Specific Activity of
Aqueous Discharges

(Bq/m3)

850.6

23016

9.9xlO 6

Discharges /
allowed level

(%)

8.5

23.0

0.25

AIRBORNE DISCHARGES

Nuclide

Ar-41

H-3

1-131

1-133

Sr-90

Xe-133

Xe-135

Xe-135m

Kr-85m

Kr-87

Kr-88

Proposed annual
discharge

authorisation (Bq)
[41

7.50 xlO14

2.00 x 1014

1.11 xlO 1 2

1.00 xlO 1 2

1.10 xlO 1 0

5.00 xlO15

5.00 x 1015

5.00 xlO15

1.00 xlO15

1.00 xlO12

1.00 xlO12

Discharge (Bq)

1.64 xlO14

5.94 xlO12

3.46 xlO10

5.95 xlO10

9.26 x 106

1.54 xlO14

2.08 x 1014

3.12 xlO14

7.10xl012

8.00 xlO9

2.00 xlO11

Discharges /
allowed level

(%)

22

3

3

6

0.08

3

4

6

0.7

0.8

20
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Table 10: Exposure Pathways

Inhalation of radionuclides in the plume

External gamma from airborne radionuclides

External beta from airborne radionuclides

External beta from deposited radionuclides

External gamma from deposited radionuclides

Inhalation of resuspended radionuclides

Consumption of green vegetables

Consumption of root vegetables

Consumption of fruit

Consumption of grain

Table 11: PC CREAM Deposition Parameters

Noble gases

Aerosol

Iodine (elemental)

Iodine (organic)

Deposition Velocity
(103 ms "*)

0

1

10

0.01

Washout
(io -V1)

0

1

1

1
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Table 12: Maximum Possible Annual Doses (for 100% Occupancy) at each Receptor
Point

Receptor Point

Bike track

Waste Management
Centre

Engadine West
Primary

Westerly edge of
Engadine

Westerly edge of
Sutherland

Playing fields,
Sutherland

Lucas Heights
Primary/High School

South Lucas Heights

Campbelltown

Dose (no ingestion)
(microsieverts)1

Infant

9.80

1.24

0.55

0.98

0.30

0.93

0.65

0.59

0.02

Child

9.76

1.23

0.54

0.97

0.30

0.93

0.64

0.58

0.02

Adult

9.70

1.21

0.53

0.94

0.29

0.92

0.63

0.56

0.02

Dose (with ingestion)
(microsieverts)

Infant

10.43

1.87

1.18

1.61

0.93

1.56

1.28

1.22

0.65

Child

10.06

1.53

0.84

1.27

0.60

1.23

0.94

0.88

0.32

Adult

9.90

1.41

0.73

1.14

0.49

1.12

0.83

0.76

0.22

Note: 1. Based upon the cloud beta/gamma, ground beta/gamma and inhalation pathways only
2. Based upon typical consumption of 25% of diet from locally produced foodstuffs, (excludes meat and

dairy product)
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Table 13: Occupancy Pattern Definitions

Scenario 1: Adult

Scenario 2: Child

Scenario 3: Infant

Scenario 4: Child

Scenario 5: Infant

Scenario 6: Adult

Receptor Point

Works at Waste Management Centre

Uses bike track

Lives at Western edge of Engadine community

Attends Engadine West Primary School

Uses bike track

Lives at Western edge of Engadine community

Lives at Western edge of Engadine community

Attends Lucas Heights Primary School

Uses bike track

Uses playing fields

Lives at southerly edge of Lucas Heights

Lives at southerly edge of Lucas Heights

Works at sanitary depot

Goes to playing fields

Lives at western edge of Sutherland
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Table 14: Maximum Annual Individual Doses

Scenario

1 (adult)

2 (child)

3 (infant)

4 (infant)

5 (child)

6 (adult)

Dose
(without ingestion)

(microsieverts)

2.64

2.35

1.48

1.99

0.59

1.48

Dose
(with ingestion)

Typical case
(microsieverts)

2.84

2.65

2.11

2.62

0.90

1.68

Note 1. Based on typical consumption of 25% of diet from locally produced foodstuffs, (excludes meat and dairy products)
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Table 15: Breakdown of Annual Individual Dose by Site (excluding ingestion)

Scenario 1
(adult)

Scenario 2
(child)

Scenario 3
(infant)

Site

Waste Management Centre

Bike track

West Engadine

Engadine West Primary

Bike track

West Engadine

West Engadine

Dose (microsieverts)1

0.77

1.17

0.70

0.17

1.18

1.00

1.48

Note: 1. Based on the cloud beta/gamma, ground beta/gamma and inhalation pathways only.
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Table 16: Breakdown of Annual Individual Doses by Pathway
(including typical ingestion)

Pathway

Inhalation

Cloud gamma

Deposited gamma

Resuspension

Cloud beta

Deposited beta

Green vegetables

Grain

Root vegetables

Fruit

Dose by Pathway (microsieverts)

Adult1

0.06

2.45

0.03

0

0.03

0.07

0.02

0.001

0.03

0.15

Child2

0.08

2.14

0.02

0

0.03

0.07

0.04

0.001

0.04

0.23

Infant3

0.09

1.30

0.02

0

0.03

0.04

0.08

0.002

0.08

0.47

Note: 1: For Scenario 1
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Table 17: Sample Collection Schedule

Sample

Stormwater

Estuary water
(Woronora River)

Creek water

Groundwater

Marine Biological
Samples

Dust on air filters

Station

MDP+60m (60m
downstream of

stormwater outlet No.l
MDP creek)

Stormwater Bunds

E5.9 (Jannali Park boat
ramp)

Bardens Creek Weir

3 SPCC Weirs: on
Bardens Creek; MDP
creek; and Strassman

creek

Forbes Creek

Bardens & Mill Creeks
(above junction - station

T2)

Little Forest Burial
Ground (LFBG)

Potter Point Ocean
Outfall

Little Forest Burial
Ground

Frequency

Weekly

Monthly

Weekly until end
of May 1996.

Monthly thereafter

Weekly

Monthly

Monthly

Yearly

Twice yearly

Twice yearly

Quarterly

Collection Details

3 litre, sampled with polythene
bottle

1 litre sampled with polythene
bottle

250ml, sampled by polythene
bottle at surface

250ml sampled from weir
overflow

1 litre sampled after rain

1 litre sampled after rain

5 litres of surface water

MB series bore holes; pumped
dry, allowed to refill and sampled

from the bottom of the bore

Barnacles, algae & fish, near the
outfall

Duplicate samples collected on
0.8jim aerosol filters, triggered by

wind speeds of 3ms* or greater

Sample Preparation and Analysis

Weekly samples evaporated to dryness, the
residue combined into a monthly composite
tablet for a,p,y counting. 250ml collected
weekly and distilled for tritium analysis

Distilled for tritium analysis

Distilled for tritium analysis

Distilled for tritium analysis

Gross a,(3 according to Clean Waters Act
Regulations: AS 3550.0 (1990)

Distilled for tritium analysis

Evaporated to dryness and residue counted for
a,p,y. 250ml distilled for tritium analysis

Tablet method: lOlitre sample evaporated to
dryness & the residue counted for a,P,y. 250ml

distilled for tritium analysis

Gamma spectrometry of dried homogenised
samples

A yearly composite made up of 4 quarterly
samples is analysed for 2i Pu. The duplicate
sample is analysed for beryllium each quarter
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Table 17 (continued)

Sample

Ambient iodine-
131 in air

Soil/sediment

Gamma dose rate
survey

External gamma
radiation

Station

Stations 1,2,3,4 along the
eastern boundary of the

site

Stormwater bounds

Little Forest Burial
Ground

Effluent pipeline

T2: Hardens and Mill
Creeks

Effluent pipeline

Little Forest Burial
Ground

15sitesatLHSTC,3
sites in local suburbs

Frequency

Weekly

Yearly, or
whenever bunds

are emptied

If indicated by
annual dose rate

survey

If indicated by six-
monthly dose rate

survey

Yearly

Twice yearly

Yearly

Quarterly

Collection Details

Collected on Maypacks (activated
charcoal filters)

Bund is drained. 1kg sampled
randomly from accumulated

sediments

1kg from surface

1 kg from surface

From creek bed (above junction of
two creeks)

Pipe joints and ground surveyed.
Soil is sampled if indicated by

dose rate survey

Burial trench system surveyed in
1m wide sweeps. Soil is sampled
if indicated by dose rate survey

Personal & Environmental
Thermoluminescent Dosimeter

(TLD) badges, exposed to ambient
gamma radiation

Sample Preparation and Analysis

Gamma spectrometry of Maypacks

Soils sediments are dried, ashed and sieved,
then counted for a,{3,y activity

As above

As above

As above

If collected, soils are sieved and ashed, then
counted for cc,P,y activity

As above

Personal TLDs sent to ARL for analysis,
Environmental TLDs analysed at ANSTO.

Results reported as absorbed dose in mSv/year
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Figure 1
Qenaral Schematic Diagram of Waste Water
Collection and Treatment System
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f.v'Wor.ohora' I
X Heights

Sutherland

J ' Aoftus

Figure 2

Key Locations Used to
Estimate Radiation Exposure

O Bike track: 4OO metres north-west of the Centre

^ Lucas Heights Waste Management Depot, north-west of the Centre

@ Engadine West Primary School, south-east of the Centre

© Westerly edge of Engadine, east of the Centre

@ Westerly edge of Sutherland, north-east of the Centre

© Playing fields. Sutherland, north-east of the Centre

Q Lucas Heights Primary and High Schools, north-east of the Centre

© Southern edge of Lucas Heights, north-east of the Centre

© Campbelltown, west of the Centre
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Figure 3: Scenario 1 Adult Dose: Breakdown by Work and Leisure Activity

West Engadine
26%

Bike track
45%

Waste Management
Centre
29%

Figure 4: Scenario 1 Adult Dose: Breakdown by Nuclide

1-131
9%

XE-133
1%
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Figure 5: Scenario I Adult Dose: Breakdown by Pathway

Cloud
Beta/Gamma

88%

Ground
Beta/Gamma

3%

Ingestion
7%

Inhalation
2%

Figure 6: Scenario 1 Adult Ingestion Dose: Breakdown by Foodstuff

Fruit
73%

i Green vegetables

12%

Grain
1%

Root vegetables
14%
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Figure 7: Scenario 2 Child Dose: Breakdown by Work and Leisure Activity

West Engadine
43%

Bike track

Engadine West
Primary

7%

Figure 8: Scenario 2 Child Dose: Breakdown by Nuclide

H-3
1%

XE-135M
20%
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Figure 9: Scenario 2 Child Dose: Breakdown by Pathway

Ground
Beta/Gamma

3%

Cloud
Beta/Gammd

82%

Ingestion
12%

7* Inhalation
3%

Figure 10: Scenario 2 Child Ingestion Dose: Breakdown by Foodstuff

Fruit
75%

Green vegetables
12%

Grain
0%

Root vegetables
13%
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Figure 11: Scenario 3 Infant Dose: Breakdown by Nudide

1-131
33%

1-133
XE-133

Figure 12: Scenario 3 Infant Dose: Breakdown by Pathway

Cloud Beta/Gamma
63%

Inhalation
4%

Ground
Beta/Gamma

3%

digestion
30%
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Figure 13: Scenario 3 Infant Ingestion Dose: Breakdown by Foodstuff

Green vegetables
12%

Root vegetables
13%
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Figure 1 ̂
Environmental Monitoring Locations at
Lucas Heights Science and Technology Centra

Q External Radiation Dosimeter

HB Meteorological Tower

# Airborne Effluent Release Stacks

a Continuous Air Sampling Station

_ _ . Effluent Disposal Pipeline

^ Stormwater Retention Dams

— — Storm\A/ater Drain Outlets
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Source: Hoffman ec al. 1997
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ANNEX 1

ASSESSMENT INPUT DATA
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ANNEX 1 - ASSESSMENT INPUT DATA

The data input to PC CREAM for the purposes of calculating the radiological consequences of
emissions consisted of; emission activities, stack heights, local meteorological data and
occupancy parameters.

Table Al/1 details the stack emission input data. The emission data used was that for the
highest emission in the last three years, excluding the tritium release from HIFAR in 1995/6,
as described in Section 5. The emission data for the six most highly emitting stacks was used
in PC CREAM as a likely representation of the overall discharges. The stack heights are
presented in Table Al/2.

The local meteorological data for the site is Clark (1998), and is presented in Table A1/3.

Nine different sites were chosen as described in Section 6. The distances to these sites from
the replacement reactor, together with their angular position relative to HIFAR, were defined
for CREAM; these inputs are presented in Table Al/4.

To make a reasonably realistic assessment of the maximum dose to the most exposed
individual, six different candidate scenarios were constructed, as outlined in section 7 of the
main text. These scenarios were modelled using the occupancy data presented in Table A1/5.

The possibility of radiation exposure arising from the intake of contaminated foodstuffs is
discussed in section 6 of the text. The food consumption rates for infants, children and adults,
as discussed in the text, are presented in Table Al/6. The rates are for the total dietary intake
of the stated foodstuffs per annum. The rates are adjusted to allow for variation in individual
dietary intakes, and reflect high consumers in the age ranges; infants (persons less than one
year old), children older than one year, and adults (persons greater than 18 years of age).
These consumption rates are just over double the average rates. The adoption of these higher
consumption rates result in 4%, 7% and 20% increases in the assessed doses to adults,
children and infants respectively, compared with those which would obtain if average rates
were adopted.
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Table A l / 1 : Stack Emission Data

Building

15A(HIFAR)

54/2

20

23A

41

57

Isotope

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Ar-41 (TBq)

H3(TBq)

Gross alpha (kBq)

1-131 (GBq)

1-133 (GBq)

Sr-90 (MBq)

Xe-133 (TBq)

Xe-135 (TBq)

Xe-135m(TBq)

Kr-85m (TBq)

Kr-87 (GBq)

___J^-88jTBq)

Gross alpha (kBcf)

1-131 (MBq)

Sr-90 (MBq)

H3 (GBq)

Gross alpha (kBq)

1-131 (GBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

Gross alpha (kBq)

1-131 (MBq)

Sr-90 (MBq)

H3 (TBq)

Emission

9

14

2.03

164

4.32

38

15.3

59.5

1.21

154

208

312

7.10

8.00

0.2

38

336

1.16

527

52

18.9

3.53

34

25

1.18

11

41

0.18

1.09
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Table Ml 2: Stack Heights

Stack

20

23

41

54/2

57

HIFAR

Height (metres)

8

26

26

40

8.5

23
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Table AI/ 3: Meteorological Data

Frequency of Pasquil Weather Category and Average Wind Speed Measured at 10 metres

Wind
Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

(%)

Cat A

Freq.

0.784

1.03

0.816

0.231

0.146

0.154

0.159

0.151

0.137

0.125

0.143

0.181

0.257

0.529

1.472

1.21

7.525

Uav

2

2

2.1

1.8

1.7

1.7

1.8

1.8

1.6

1.6

1.7

1.8

1.8

2

2.2

2
i

CatB

Freq.

0.081

0.203

0.39

0.139

0.139

0.172

0.198

0.203

0.148

0.091

0.107

0.158

0.234

0.392

0.841

0.228

3.724

Uav

3

2.7

2.7

2.5

2.4

2.5

2.6

2.5

2.4

2.3

2.3

2.5

2.5

2.6

2.8

2.9

CatC

Freq.

0.01

0.079

0.355

0.385

0.461

0.577

0.863

1.159

0.744

0.334

0.289

0.505

0.603

0.662

0.837

0.078

7.942

Uav

2.4

2.4

2.8

2.7

2.9

3.1

3.3

3.3

3.3

3
2.9

3.2

3.2

2.9

3.1

2.2

CatD

Freq.

0.098

0.615

2.316

3.321

1.572

1.838

3.789

5.861

7.826

3.613

2.451

3.317

3.472

2.487

2.328

0.326

45.23

Uav

1.2

2.2

3.1

3.1

2.6

3

3.3

3.5

3.6

3

2.8

3.4

3.8

3.4

3

1.7

i

CatE

Freq.

0.137

0.873

1.855

1.049

0.406

0.329

0.79

1.704

3.788

2.666

3.366

3.358

2.013

1.03

1.307

0.425

25.096

Uav

1

1.6

2.2

2.1

1.5

1.7

2

1.9

2

1.9

2.4

2.8

2.5

2.3

2.1

1.5

CatF

Freq.

0.646

0.976

0.633

0.271

0.287

0.275

0.289

0.536

1.264

0.641

0.583

0.381

0.364

0.483

1.18

1.128

9.937

Uav

1.1

1.2

1.4

1.2

1.1

1.2

1.1

1.3

1.6

1.3

1.4

1.4

1.4

1.5

1.7

1.3

CatD
(rain)

Freq.

0.001

0.007

0.028

0.040

0.019

0.022

0.046

0.071

0.094

0.044

0.030

0.040

0.042

0.030

0.028

0.004

0.546

Uav

1.2

2.2

3.1

3.1

2.6

3

3.3

3.5

3.6

3

2.8

3.4

3.8

3.4

3

1.7

Total

(%)

1.76

3.78

6.39

5.44

3.03

3.37

6.13

9.69

14

7.52

6.97

7.94

6.99

5.61

7.99

3.4

100
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Table Al/ 4:Representative Receptor Locations

Site

Bike Track

Waste Management Centre

Engadine West Primary School

West Engadine

West Sutherland

Playing fields, Willaroo Ave,
Sutherland

Lucas Heights Primary and High
School

South Lucas Heights

Campbelltown (Airds)

Distance
(km)

0.4

1

2.2

1.7

4.4

4.7

2.9

2.9

13.5

Direction
(degrees from north)

322

329

111

99

68

64

51

60

257
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Table Al/ 5: Occupancy

Scenario 1: Adult

Scenario 2: Child

Scenario 3: Infant

Scenario 4: Child

Scenario 5: Infant

Scenario 6: Adult

Receptor Point

Works at Waste
Management Centre

Uses bike track

Lives at Western edge
ofEngadine
community

Attends Engadine
West Primary School

Uses bike track

Lives at Western edge
ofEngadine
community

Lives at Western edge
ofEngadine
community

Attends Lucas
Heights Primary

School

Uses bike track

Uses playing fields

Lives at southerly
edge of Lucas Heights

Lives at southerly
edge of Lucas Heights

Works at Waste
Management Centre

Goes to playing fields

Lives at western edge
of Sutherland

Occupancy
hrs/week

50

20

98

35

20

113

168

35

20

10

103

168

50

10

108

Time spent
indoors

(fraction)

0.5

0

0.8

0.7

0

0.7

0.7

0.7

0

0

0.7

0.7

0.5

0

0.7

Occupancy
(hrs/yr)

2600

1040

5120

1820

1040

5900

8760

1820

1040

520

5380

8760

2600

520

5640
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Table Al/ 6: Consumption Data

Food

Fresh fruit

Root vegetables

Green vegetables

Grain

Appendix F

Consumption (kg/yr)

Adult1

247

154

31

139

Child2

169

101

21

94

Infant

104

62

12

52

Note: 1. Adult data from ABS Catalogue No. 4306.0 (ABS 1994).

2. Child and infant data derived with reference to Harrison and Simmonds (1980).
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1. Introduction

This appendix presents a detailed assessment of the nuclear hazard associated with the
proposed replacement reactor at the Lucas Heights Science and Technology Centre. The
hazard is assessed in terms of the potential radiological impact on the environment resulting
from the release and subsequent dispersion into the environment of radioactivity following
the "reference accident" for the reactor.

Section 2 describes the reference accident and the release of radioactivity to the environment,
that is, the source term. Sections 3 and 4 describe the nature of the radiological hazards and
the methodology which is applied to quantify these hazards. The results of the analysis in
terms of the fate of the released activity in the local environment and the consequences of
public exposure are described in Section 5. Section 6 considers the risks to the population
which could be exposed to the radiation.

2. Reactor Accidents

2.1 Reactor Accident Hazards

An accident associated with the replacement reactor could occur in principle as a result of a
fault at the reactor facility, such as a major equipment breakdown or malfunction, an internal
hazard at the plant, such as fire, or an external hazard such as an earthquake, aircraft crash or
bush fire.

To estimate the potential environmental consequences of these accidents for the purposes of
the Draft EIS, a reference accident has been selected which bounds any credible accident and
is worse than any design basis accident in terms of the radiological consequences. In this
context, an incredible accident is one which would not occur more often than once in one
million years.

In Chapter 11 of the Draft EIS, the hazards and risks that would arise from reactor operations
are considered. It is assessed that of the major external accident hazards (aircraft crash, bush
fire and earthquake), the bush fire hazard is of low significance, and an aircraft crash (other
than for light aircraft, which the reactor would withstand) is incredible, in that its probability
of occurring is less than once in one million years.

In the case of an earthquake, the reactor would be designed to withstand the effects of the
Safe Shutdown Earthquake, so a major radiological release could only occur for a larger
earthquake and/or if there are a series of consequential events following the Safe Shutdown
Earthquake which lead to a failure or a malfunction of reactor equipment. The Safe
Shutdown Earthquake is defined to occur once in ten thousand years.

The breakdown or malfunction of reactor equipment may result in a severe mismatch between
the heat generated in the core and the heat removed by the coolant such that the fuel overheats
and some degree of core damage occurs. The potential faults that could lead to core damage
are those associated with a reduction in the coolant flow, a partial loss of coolant due to a
rupture in the reactor cooling system or a reactivity insertion fault in which the power
produced in the core increases suddenly. For modern pool type reactors, a major loss of
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coolant accident is considered to be incredible because of the design and construction of the
reactor pool and its pipework and penetrations.

Thus, the credible accidents are due to faults or hazards on the plant or credible external
hazards such as an earthquake. The reference accident, which provides an upper bound of the
worst sequence of events that could credibly occur, is described below. A quantitative safety
analysis performed when the detailed reactor design is known, would be expected to show
that the likelihood of the reference accident occuring is less than about once in a million
years.

2.2 The Reference Accident

The choice of the scenario for the reference accident is discussed in more detail in Chapter 11
of the Draft EIS. Of the various possible events, the reactivity insertion accident is the worst
case.

2.2.1 Accident Definition

The reference accident is one where the rate at which nuclear fission occurs in the core
increases in a way which exceeds the design bases of the plant, and leads to a very rapid
increase in the power, which is assumed not to be terminated because of some unspecified
failure of the reactor control system. The power excursion would be experienced by a small
number of fuel assemblies, the temperatures of which are assumed to increase to the melting
point of the fuel. The heat removal capacity provided by the coolant is assumed to be
insufficient to prevent boiling so that a steam bubble would rapidly form around the affected
fuel elements. This bubble would rise to the surface of the pool, pass into the atmosphere of
the reactor building and carry with it a small quantity of pool water. Because of the rapid
power increase and the subsequent fuel damage, the core would become sub-critical and the
reactor would shut down.

The extent of core damage in such faults has been investigated in experiments, for example,
the SPERT-1 test (Smith, 1981) which resulted in eight percent of the core melting. For the
purposes of analysis of the reference accident, it is assumed that 25 percent of the core melts
which, compared to the results of this and other experiments, is a conservative value
(ANSTO, 1998a). Fission products in the molten fuel would be released into the pool water
and some fraction would be transferred into the reactor building atmosphere and eventually to
the environment.

The release of fission products to the environment in this fault bounds that from other
accidents which may result in core damage, for example, accidents associated with a
reduction of coolant flow (ANSTO, 1998a).

2.2.2 Fission Product Release from the Fuel

The detailed design of the fuel for the replacement reactor has not been determined but it
would be a metallic fuel. This differs from the fuel used in nuclear power reactors which is
an oxide of uranium in ceramic form. The behaviour of metallic fuel and the release of
fission products has been investigated in several experiments, summarised by ANSTO
(ANSTO, 1998a). In the reactivity fault, it is conservatively assumed that the fuel overheats,
melts and releases the fission products within a few seconds. The molten fuel is rapidly
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dispersed and solidifies in the pool water preventing further fission product release from the
fuel. The fractional release of the radiologically significant fission products from the molten
fuel into the pool is conservatively derived from experimental data, for example as reviewed
by Taleyarkhan (Taleyarkhan, 1992) and the IAEA (IAEA, 1997). The releases used for the
accident analysis are as follows:

• noble gases (krypton and xenon) - 100%;

• iodine -30%;

• caesium and rubidium - 30% ; and

• tellurium and ruthenium - 1%.

2.2.3 Fission Product Retention by the Pool

Compared to other pool reactor faults associated with a core melt, the reactivity fault is a very
energetic event in that the rapid power excursion results in the expulsion of steam and water
from the pool into the reactor building. This occurs one or two seconds after the rapid
increase in power and before the majority of the fission products have been released from the
molten fuel. For a reduction of flow fault, bubbles of steam containing small quantities of
fission products would form and break away from the melt site to rise through the pool water.
During this rise time, a significant fraction of the fission products would be transferred into
the pool water by the process of pool scrubbing, a common process used in chemical
engineering for cleaning gases. Experimental results for these conditions (de Montaignac,
1973), show that the fraction of iodine nuclides which is released from the water is less than 1
x 10"4 and for all other fission products (except the noble gases) is less than 1 x 10"6. In the
case of noble gases, the release fraction is much larger due to their inert nature. For the
reactivity fault, the release fractions are expected to be higher as a result of the initial
expulsion of steam and water and, also, because the molten fuel is expected to be rapidly
dispersed in the water. Based on analyses for reactivity faults at pool reactors (Muck and
Nedelik, 1989), the release fractions assumed by ANSTO (ANSTO, 1998a) are 5 x 10'3 for
iodine and 1 x 10"4 for other fission products except for noble gases for which a value of 1 is
assumed.

In the longer term, partially soluble fission products in the pool water, such as iodine, may
transfer to the reactor building atmosphere by partitioning and evaporation until their
concentration in the atmosphere and in the pool water reaches an equilibrium. Based on
conservative evaporation rates and partition coefficients, the fractional transfer rate is
estimated to be 1.25 x 10"4 per day (ANSTO, 1998a).

2.2.4 Fission Product Retention in the Reactor Building

For the purpose of analysing the reference accident, it is conservatively assumed that the
normal ventilation system of the reactor building is shutdown to isolate the building, after
which fission product release occurs by leakage through the structure of the building. A
conservatively high leakage rate of 3% volume per day is assumed which is a factor of 3
times higher than a typical design leak rate for a modern reactor design. The ventilation
system would be designed to shutdown before a release of radioactivity occurs into the
reactor building, using signals provided by the radiation detection instrumentation within the
reactor. For the reference accident, the conservative assumption is made that the shutdown of
the ventilation system is delayed by two minutes after the release of fission products into the
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reactor building atmosphere and the ventilation system exhausts directly to the atmosphere at
10 metres above ground level, with no credit taken for the operation of any filtration system.
The fission product content of the leakage flow is dependent on the concentration of fission
products in the reactor building atmosphere which changes with time as a result of radioactive
decay and removal processes as summarised below.

Fission products are released into the reactor building atmosphere in the form of aerosols,
gases and vapours and may be permanently removed from the atmosphere by several natural
processes or, depending on the design, by engineered systems. Aerosol behaviour in the
reactor building is complex but generally involves growth by condensation and
agglomeration, deposition onto surfaces under the action of gravity and diffusion or as a
result of thermal and concentration gradients. Other than noble gases, gaseous fission
products such as iodine may become bound with surfaces or aerosols by chemical reaction or
absorption, whereas, the noble gas fission products are unreactive and would remain airborne.
For the analysis of the reference accident, a conservatively low removal rate corresponding
to a half-life of 5 hours is assumed for elemental iodine, which represents physical processes
and radioactive decay. For iodine and other fission products in the form of an aerosol, a
conservatively low removal rate corresponding to a half-life of 50 hours was assumed. For
noble gases and organic iodide, no removal is assumed other than radioactive decay. Organic
iodide is continuously formed in the reactor building as a result of the reaction between
elemental iodine and organic materials (for example, paints). The rate of production is
dependent on the nature of the organic substance and the radiation level. For the reference
accident, it is assumed that 5% of the iodine which is released from the pool is converted into
the organic form and is not removed from the atmosphere except by leakage and by
radioactive decay. This bounds all estimates and measurements of the production of organic
iodide, for example as reported in NUREG 0772 (1981).

2.3 Releases to the Environment

The quantity of radioactivity released in the reference accident (referred to as the 'source
term' for nuclear analysis purposes) was calculated by ANSTO (ANSTO, 1998a),
independently reviewed by NNC as being consistent with the accident description, and
acknowledged as being suitable for the reference accident by the NSB (NSB, 1998). The
calculation takes into account the reactor building leakage and fission product behaviour
described in Section 2.2. The calculated quantities of the radiologically important nuclides
released from the reactor building over time in the reference accident scenario are shown in
Table 1 (ANSTO, 1998a). The releases are evaluated in time periods up to 100 days after the
commencement of the reference accident.

Section 4.1 of this appendix details the method used to model the releases into the
environment associated with the reference accident.
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3. Radiological Hazards

The initial airborne activity concentration would be rapidly reduced as the plume of airborne
radioactivity is dispersed from the Lucas Heights Science and Technology Centre by the
prevailing winds. The scope of the present investigation extends out to 25 kilometres from
the Centre. This distance was selected as it was found to be well beyond the distances at
which individual doses would be likely to exceed 0.01 millisievert, a level of dose which is
generally considered to represent an insignificant individual risk (IAEA, 1996).

A number of potential routes of exposure to the released activity are assessed. The most
significant pathways are:

• direct exposure to radiation emitted by radioactive material within the plume;

• inhalation of radioactive materials whilst immersed in the plume;

• direct radiation exposure, both during and subsequent to the passage of the plume, from
material deposited on the ground;

• ingestion of ground deposited radioactive materials through the foodchain;

• inhalation of resuspended radionuclides; and

• direct radiation to the skin from radionuclides that can only emit beta particles and are
deposited on the skin.

The intake of radioactivity by inhalation of material in a plume could only affect those people
who are exposed to the plume as it passes by. This gives rise to a dose internal to the body.
Direct external irradiation by this passing plume would also occur while an individual is in
the vicinity of the plume which would result in a dose to the whole body.

As the plume travels over the ground, small amounts of material would be deposited onto the
ground and vegetation. In dry conditions, this is termed dry deposition. The deposition rate
is increased in the presence of rain due to the wash-out effect and this is termed wet
deposition.

The direct irradiation from ground deposited material and the ingestion of ground deposited
material through the foodchain could result in radiation exposure over longer periods of time.

The consequences of public exposure have been calculated for a number of weather
conditions and are presented in terms of:

• the maximum radiation dose to a typical member of the public who lives at the edge of the
1.6 kilometre buffer zone;

• the dose to someone who carried out a number of activities which maximises the dose that
would be received. This person is referred to as the maximum exposed individual;

• the collective dose to each local population in sixteen sectors at varying distances; and

• the collective dose to everyone who lives within 25 kilometres of the Lucas Heights
Science and Technology Centre.

The risk of contracting a latent fatal cancer as a consequence of radiation exposure for the
maximum exposed individual and the potential number of additional latent deaths (from the
induction of cancers) in the exposed population as a whole are also presented.
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4. Methodology

4.1 Introduction

The computer code PC COSYMA version 2.01 (NRPB, 1996) has been used to calculate the
radiological consequences of the reference accident. PC COSYMA is an integrated
atmospheric dispersion and consequence assessment code whose development was sponsored
by the European Commission for safety assessment and emergency planning relating to
nuclear sites. The COSYMA code has been the subject of successful international validation
and intercomparison exercises and is used by European Commission countries for accident
consequence analyses.

PC COSYMA is the realisation of the MARIA programme (Methods for Assessing the
Radiological Impact of Accidents) which was initiated in 1982 to review and build on the
nuclear accident consequence assessment methods in use within the European Commission.
The most recent version of PC COSYMA is used.

PC COSYMA calculates individual and collective doses at a number of receptor points,
taking account of individual and collective behaviour, as described in Section 4.6. The code
reports total doses but also provides a breakdown of the dose by significant (contributing
greater than 1% to the total dose) routes of exposure and radionuclide.

For calculating doses from each route of exposure, a library of radiological data is included in
the COSYMA package. These data have been developed for the European Commission by
the UK National Radiological Protection Board and the Forschungszentrum fur Umwelt und
Gesundheit, in Germany. The libraries contain adult dose response data for 197 nuclides and
10 organs.

4.2 Environmental Source Term

The calculated source term for the reference accident results in releases of radionuclides
occurring over a period of 100 days.

The reference accident release is modelled in PC COSYMA as a five phase release. The
initial release over 2 minutes, prior to reactor building isolation, is modelled as a 1 hour
release as this is the minimum period considered by COSYMA. This is followed by an 11
hour release and three 12 hour releases. The release duration is, therefore, modelled to occur
over 48 hours, with the release that would occur between 48 hours and 100 days modelled as
if it occurred in the last time period. The extension of the initial release to 1 hour will
underestimate the dose slightly, but compared to the large degree of conservatism in the
assumptions used to derive the source term, this would have a negligible impact. A release
height of 10 metres has been assumed in the calculation. This is lower than the current stack
heights at the Lucas Heights Science and Technology Centre and has been chosen to represent
the release of activity due to reactor building leakage rather than stack discharge.

The radionuclides are grouped by atomic number and the activity fraction of each group
released during each phase is included in the model. This fraction is evaluated for the most
radiologically important isotope of each group, identified from previous calculations. The
assumption is made that the fractional release of all isotopes in the group is the same. Table 2
shows the release fractions for each group in each time interval. Additionally, the relative

G6



NNC Limited Append G

fractions of organic and inorganic species of iodine during each phase are taken into account
to enable the behaviour of these different forms of iodine to be modelled. A sensitivity study
in which 88% of all the iodine was assumed to be released in the first two minutes, as for the
short lived iodine isotopes, showed no significant change in the radiological consequences.

4.3 Modelling of Atmospheric Dispersion

Site specific meteorological data for the Lucas Heights Science and Technology Centre have
been obtained from the Lucas Heights meteorological station. The average frequency of
occurrence of wind speed, weather category and direction into each of 16 sectors is provided
in Table 3 (ANSTO, 1998b) in terms of the Pasquil weather categories as derived using
United States Environment Protection Agency methods (USEPA, 1987).

The dispersion of radioactivity has been calculated assuming that the prevailing wind heads
into each of the 16 compass directions. For each case, three weather conditions have been
assessed. These represent:

a) neutral weather conditions, which are the most frequent weather conditions observed at
the site (Category D in Table 3);

b) unstable weather conditions likely to occur with a frequency greater than 5% in a year,
which would result in the greatest lateral spread of airborne radioactivity in the
environment due to mixing, or dispersion, of the plume in the surrounding air (Category
A in Table 3); and

c) stable weather conditions likely to occur with a frequency greater than 5% in a year,
which, because of the low mixing rate (compared to Category A conditions) would result
in the greatest airborne activity along the centreline of the plume (Category F in Table 3).

The average windspeed and the frequency of occurrence in each of 16 sectors is shown in
Table 3 (ANSTO, 1998b) in terms of the Pasquil weather categories. For example, the wind
blows in the southerly direction for 14% of the time, during which the average windspeed
under Category D conditions is 3.6 metres per second which occurs for 7.92% of the time. In
Category A conditions, the average windspeed is 1.6 metres per second which occurs for
0.137% of the time.

In all cases, it is assumed that the wind direction remains constant over the full 48 hour
release duration. In the case of weather Categories A and D, it is assumed that the
atmospheric conditions remain constant over the full 48 hour release duration. This is
pessimistic as it leads to an overestimate of the total dose within the relevant sector.
However, the atmospheric conditions required for weather Category F (stable) to persist,
generally only occur at night. It is therefore assumed that category F weather conditions
would not persist for any period greater than 12 hours. A more realistic assumption has been
adopted in which the weather conditions cycle between Categories F and D every twelve
hours over the duration of the release. This leads to the definition of two possible exposure
scenarios in which the accident is assumed to occur at night in one case and during the day in
the other. These are described in detail in Section 4.6.2.
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In the case of the calculation of individual doses, the lowest windspeed for each weather
category in Table 3 has been taken. This also results in a pessimistic estimate of the dose
because, at low windspeeds, the airborne activity is more slowly dispersed in the atmosphere.

In the case of the calculation of collective dose, the windspeeds presented in Table 3 have
been used for each direction.

The effect of rain has been assessed in a model which repeats the Category D calculation with
the addition of intermittent rainfall. Rainfall in other weather categories is very unlikely and
has not been considered. For the purposes of the analysis, it is assumed that rain falls at an
average 2.5 mm per hour for the first 12 hours following the onset of the accident. Rainfall
stops for the subsequent 12 hours and resumes for 12 hours in the period 24 to 36 hours
following onset of the accident.

In summary, the dispersion of radioactivity has been calculated in each of the 16 compass
directions for each weather condition defined above. These weather conditions are
summarised in Table 4. The calculations have been extended up to a radius of 25 kilometres
from HIFAR. Dispersion of the plume beyond 25 kilometres has not been calculated as the
potential dose to any individual member of the public drops below 0.01 millisievert well
within this distance. For routine exposures, the International Atomic Energy Agency
recommends that doses below 0.01 millisievert can be regarded as being too low to be of
regulatory concern (IAEA, 1996).

Table 5 shows the dispersion factors calculated using PC-COSYMA for a non- depositing
gas, xenon-133, as a function of distance and weather category. The dispersion factor is
defined as the ratio of the time integrated airborne activity concentration at each distance
along the plume centreline to the total activity released. The dispersion factor is a measure of
the dilution occurring in the plume as a result of mixing in the atmosphere. The plume is
diluted by a factor of about one million in the first 1.6 kilometres.

The dispersion factors do not account for the removal of radionuclides from the plume by
depletion processes. Plume depletion occurs as aerosols and particulate settle and deposit on
surfaces and hence are removed from the travelling plume. Parameters are included in PC
COSYMA to model plume depletion through these deposition processes.

Dry deposition occurs where gaseous or particulate material in the lowest layers of the
atmosphere are deposited onto surfaces and vegetation by processes of absorption, impaction
or sedimentation. Wet deposition, as a result of rainfall, is a sporadic event, however,
moderate rain would remove more particulate in one hour than dry deposition processes
achieve in several days.

The rates of deposition of radionuclides are dependent on their physio-chemical forms. PC
COSYMA distinguishes between the deposition properties of four groups of nuclides, namely
noble gases (which do not deposit), aerosols, iodine in its elemental form and organic form.
The later is taken to be 5% of the total iodine inventory. Iodine in aerosol form is assumed to
behave as other aerosols. Table 6 presents the dry deposition and wet deposition parameters
defined in PC COSYMA.
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4.4 Population and Land Use

The projected populations for the years 2006 and 2016 around the Lucas Heights Science and
Technology Centre have been derived from 1996 Census data by PPK Environment &
Infrastructure. The methodology used for these projections is provided in Annex 1. The
radiological impact of the reference accident for the year 2006 has been assessed as this is
proposed to be the time of commissioning of the replacement reactor. The impact for the
year 2016 has been assessed as this is when the furthest population projections are able to be
reasonably estimated (based on NSW Department of Urban Affairs and Planning projections)
and represents a time when full operation of the replacement reactor has occurred for a
number of years. Table 7 provides the forecast population distribution up to 25 kilometres
from the Lucas Heights Science and Technology Centre in 2006 and 2016. Figure 1 shows
this population distribution in relation to the Lucas Heights Science and Technology Centre in
2016.

A 1.6 kilometre buffer zone exists around the Lucas Heights Science and Technology Centre
which is centred on HIFAR. As stated in paragraph 35 of the Department of Industry,
Science and Tourism and ANSTO submission to the 1998 Senate Inquiry "the proposed site
for the replacement reactor is some 150 metres further away from the closest housing than is
HIFAR. As the same sized buffer zone will be installed around the replacement reactor, no
residence will be permitted closer to it than is presently the case with HIFAR"
(DIST/ANSTO, 1998). Within the buffer zone, the use of land for the construction of
permanent residential properties and production of foodstuffs is not permitted. Public access,
however, is not restricted and several leisure activities take place in the vicinity of the Lucas
Heights Science and Technology Centre. The nearest location with possible prolonged
occupancy is the trail bike track located near New Illawarra Road approximately 0.4
kilometres north-west of HIFAR and 0.4 kilometres north of proposed replacement reactor.

Land uses around the Lucas Heights Science and Technology Centre are varied, with urban
areas, bushland and market gardens, together with the Holsworthy Military Area and the
Woronora Reservoir, all within 25 kilometres.

The only commercial food production regions are 20 to 25 kilometres from the site and are
relatively small producers of foodstuffs. They are predominantly fruit and vegetables from
market gardens in the rural areas of Liverpool, Campbelltown and Camden, and poultry
production in the rural areas of Liverpool. In addition, it is possible that individuals close to
the Centre may produce some of their own food or, at some time in the future, there may be
commercial food production within the 20 kilometre radius.

With the exception of the poultry identified above, there is little, if any, livestock or dairy
farming within 25 kilometres of the Centre. Due to commercial poultry fanning methods,
with chickens reared on bulk feeds, it is considered that poultry and eggs would not form a
significant contribution to dose through the food chain.

A simple, conservative model for food production and consumption has been adopted which
is described in Annex 2. This model is based on the food consumption data for Australia
which is provided in Table 8 for a typical adult, child and infant. These data are derived from
the Australian Bureau of Statistics (ABS, 1994) using a method similar to that used in the
United Kingdom (NRPB, 1980). From the discussion on land use above, the only food stuffs
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that are assumed to be contaminated by the passing plume are root crops, green vegetables,
fruit, grain products and pork.

It is conservatively assumed that a quarter of all these foods that are consumed by the local
population are produced locally. The rest are produced elsewhere.

The doses to individuals are calculated assuming that he or she is at the inner radius of each
distance band and that all locally produced food is produced at the inner radius of the distance
band.

In calculating the dose to a population, it is assumed that the quarter of these foods that are
produced locally are produced within an annulus of 1.6 to 10 kilometres from the Lucas
Heights Science and Technology Centre. This annulus encompasses much of the local
populations of western Sutherland and southern Bankstown and takes account of food
produced by individuals close to the site. The Farmland model is employed in COSYMA to
calculate nuclide uptake following the ingestion of contaminated foodstuffs. Figure 2
presents the location of the commercial farming regions and the assumed food producing
region used in this assessment in relation to the Lucas Heights Science and Technology
Centre.

4.5 Occupancy

In normal day to day activities, individual members of the public spend a proportion of their
time within their own homes and places of work. By their nature, buildings provide a degree
of protection from a passing plume and the residual contamination. Within PC COSYMA,
this fractional occupancy of buildings, during and after exposure to the passing plume, is
taken into account by the use of dose reduction factors specific to each exposure pathway.
These factors reflect the radiation shielding provided by a building and the fraction of time a
typical individual would spend in that building.

Table 9 presents the dose reduction factors used in PC COSYMA to reflect the typical
occupancy of buildings, and the radiation shielding afforded by those buildings, within
Australia. These are greater than the equivalent factors used in European assessments
because of the differing climate and lifestyle. The NSW region of Australia affords a warmer
climate than that typically observed in much of Europe. As a consequence of this, regional
lifestyles have significant differences. The fraction of time spent outdoors by individuals
tends to be greater in NSW than in much of Europe and buildings are more often single storey
weatherboard constructions, or brick veneer, which afford less radiation shielding (Hambley,
1997).

4.6 Dose Calculations

4.6.1 Overview

From the results of the dispersion calculations described in Section 4.3, the radiological
consequences of the plume heading into any sector have been calculated for exposed
population groups near the Lucas Heights Science and Technology Centre. The consequences
are defined in terms of the committed dose. This is expressed as the total dose received as a
consequence of exposure to, and uptake of, radionuclides over a defined period which, for
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this assessment, has been taken to be 50 years for an adult, 60 years for a child and 70 years
for an infant.

For direct exposure to radiation from the passage of the plume, the committed dose is
determined by the release duration only.

For the inhalation of airborne activity and the ingestion of ground deposited activity, the
calculation of the committed dose takes account of the build-up of daughter materials after
material is deposited in the body and the removal of radioactivity by both radioactive decay
and biological removal mechanisms. Daughter materials are new radioactive materials
produced as a result of radioactive decay

For direct exposure from deposited activity on the ground and other surfaces, the calculation
of the committed dose takes account of both the build-up of daughter activity, after the initial
material is deposited, and the removal of radioactivity by radioactive decay, weathering and
migration deeper into the surface soils.

4.6.2 Dose to an Individual

Individual doses have been calculated at the inner distance of each band as illustrated in
Figure 1, for adults, ten year old children and infants who are less than one year old who are
exposed to the passing plume as a consequence of their normal activities.

Since the airborne activity concentration at the plume centreline is inversely proportional to
the windspeed, individual doses have been calculated using the lowest sector average wind
speed for each weather category, taken from Table 3.

4.6.3 Dose to the Maximum Exposed Individual

In order to establish the likely maximum dose that could be incurred, taking account of
normal activities undertaken close to the Centre, an additional series of calculations were
performed for a hypothetical individual, defined as the maximum exposed individual, whose
residence is on the perimeter of the buffer zone and who may use the recreational facilities
local to the Lucas Heights Science and Technology Centre.

There are a number of recreational facilities within and around the Lucas Heights Science and
Technology Centre. The most significant, because of its proximity to the proposed
replacement reactor, is the trail bike track adjacent to New Illawarra Road, approximately 400
metres north-west of the Centre.

Other recreational and leisure amenities accessible to the public are situated at the north-east
of the Centre next to the Lucas Heights Motel, at a distance of approximately 800 metres
from the proposed replacement reactor.

There are also a number of bushwalking tracks for public use within the buffer zone. The
significant tracks have been identified from maps of the area and it is believed that there are
no tracks in close proximity to the proposed replacement reactor.

The closest access to the proposed reactor would be approximately 100 metres, adjacent to
the perimeter fence of the Lucas Heights Science and Technology Centre. However, as there
is no direct route to the fence at this location, and the nearest significant bushwalking tracks
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are to the south, it is considered highly unlikely that an individual would be present at the
fence at the time of the accident for a prolonged period.

For the purposes of this analysis, prolonged occupancy at the trail bike track is considered to
be the most likely source of exposure for a hypothetical, maximum exposed individual. This
takes no credit for evacuating the bike track after the accident.

A simple occupancy model has been adopted, in which an individual is at the trail bike track
at the time of the accident and remains in that vicinity for the subsequent 12 hours following
the release of any radioactivity from the damaged reactor. It is assumed that such an
individual would return home, assumed to be 1.6 kilometres from the HIFAR, adjacent to the
boundary of the buffer zone and undertake normal activities during the remainder of the
release, and would be subsequently exposed to residual contamination deposited in the area
local to the Lucas Heights Science and Technology Centre.

In order to calculate the maximum dose to this individual, a simple set of assumptions to
represent such an occupancy pattern has been made as follows:

• the individual dose from the direct exposure to radioactive material in the plume and the
inhalation of radioactive material due to immersion in the plume is calculated at 0.4
kilometres from the source. No dose reduction factors are applied to account for the direct
exposure to the radioactive plume; and

• the individual dose from the direct exposure to ground deposited radionuclides and the
ingestion of ground deposited radionuclides is calculated at 1.6 kilometres, with dose
reduction factors applied to represent normal daily activity.

In the case of the unstable weather (Category A) and neutral (weather Category D) (with and
without rain) weather conditions, this simple model is sufficient. However, in the case of the
stable/neutral cycle of weather conditions (weather Category F/weather Category D), two
occupancy models have been defined, as follows:

i. The accident occurs during the evening, under stable weather conditions. The maximum
exposed individual is assumed to be at his or her home. The individual is assumed to
spend the following daytime at the bike track, under neutral weather conditions, before
returning home for the remainder of the release duration.

ii. The accident occurs during the morning, under neutral weather conditions. The maximum
exposed individual is assumed to be present at the bike track and is exposed for the first
twelve hours of the release, prior to returning home and undergoing normal activities for
the remainder of the release duration.

This second scenario allows the individual to receive a maximum exposure to the large, early
phase of the release.

4.6.4 Calculations of Collective Dose to a Population

The collective dose is the sum over the exposed population of the individual doses within that
population. The individual dose at the midpoint of each sector and distance band is taken to
be indicative of the dose across the population in that sector.
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This is conservative in that it does not take account of the variation in airborne activity
concentration across the profile of the plume. The concentration is largest at the plume
centreline and reduces at increasing distances from the centreline.

A practice frequently undertaken in assessments of this type is to apply a cut-off dose, below
which individual dose contributions are not counted in the total collective dose. This is done
to prevent the artificial numerical inflation of risk by the addition of quantities that are so
small as to represent no actual practical risk. A conservative cut-off dose would be 0.01
millisievert, a level consistent with that promulgated by the International Atomic Energy
Agency (IAEA, 1996) as a level below which there need be no regulatory concern.

This level has been applied in this assessment and collective doses to populations have not
been calculated for those instances where the plume centreline individual dose, at the mid-
distance of the population, is less than 0.01 millisievert.

4.6.5 Total Collective Dose for Plume Travel into each Specific Sector

The total collective dose is the sum of the collective doses over all exposed populations for
each successive sector in any of the directions of plume travel considered. This is calculated
to take account of the spread of the plume into the adjacent sectors at the same radial distance
from the reactor. The plume spread has been calculated from the concentration in air at the
midpoint of each sector and distance band.

5. Radiological Impacts

5.1 Individual Dose Calculations

Doses have been calculated for typical individual adult, child and infant members of the
population who may be present at the inner distance of each distance band during the
reference accident. These individual doses have been calculated, as detailed in Section 4.6.2,
for a range of weather conditions and are presented in Tables 10 to 12.

From the COSYMA code output, examination of the breakdown of the dose by exposure
route shows that, under dry weather conditions, the dose is dominated by direct radiation
from airborne activity and inhalation of airborne activity in the plume. Under unstable
weather conditions (Category A), the calculated doses are very small and mostly below the
level of 0.01 millisievert. This results from the rapid dispersion of the plume in the
atmosphere. For the most frequent, neutral weather conditions (Category D), the maximum
dose to an adult individual (who is at the edge of the buffer zone, that is 1.6 kilometres from
the Lucas Heights Science and Technology Centre) is 0.23 millisievert, with direct radiation
and inhalation contributing 0.19 millisievert. The dose resulting from the ingestion of
contaminated food amounts to 0.008 millisievert.

Intermittent rainfall with neutral weather conditions over the duration of the release results in
a 2.5 times increase in the dose to an adult. This is because of the increased local deposition
of radioactive material, compared to dry conditions, which potentially contaminates
foodstuffs to a greater extent leading to an increase in the dose due to ingestion. The
maximum dose to an adult individual, occurring at 1.6 kilometres from the Lucas Heights
Science and Technology Centre, is 0.51 millisievert, with the ingestion and inhalation
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exposure routes contributing 0.22 millisievert (40%) and 0.17 millisievert (30%) respectively.
The breakdown of the dose by exposure route is shown in Figure 3 and Figure 4 shows the
breakdown by radionuclide. The latter shows that the most significant radionuclide is iodine-
131.

In the case of weather conditions which cycle between categories F and D, the worst case
scenario is Scenario 1 defined in Table 4. The maximum dose to an adult individual
(occurring at 1.6 kilometres from the Lucas Heights Science and Technology Centre) is 0.46
millisievert, the dominant exposure routes being direct radiation from the cloud of 0.32
millisievert (70% of the dose) and inhalation of 0.09 millisievert (20%). The dose resulting
from the ingestion of contaminated food is 0.03 millisievert (7%).

Doses to a child (Table 11) and to an infant (Table 12) are higher than for an adult, because
of the age dependence of metabolism and the effects of radiation on the human body. In the
case of the child, the maximum dose (0.77 millisievert) is calculated to be received in
Category D weather with rainfall (as for the adult). The breakdown of dose to a child by
exposure route and radionuclide is very similar to that for an adult shown in Figures 3 and 4.

In the case of the infant, the maximum dose (1.8 millisievert) is received in dry weather
conditions which cycle between categories F and D. The dominant contributors are
inhalation of radionuclides and direct radiation from the plume. The contribution of the dose
resulting from the ingestion of contaminated foods is 0.1 millisievert (5%). This is because
of the larger effect of the radionuclides, iodine-131 and rubidium-88, on the human body for
an infant. The breakdown of the dose to an infant by exposure route and nuclide are shown in
Figures 5 and 6 respectively.

5.2 Dose to the Maximum Exposed Individual

Doses received for the maximum exposed individual have been calculated for adults and
children present at the trail bike track during the release, as described in Section 4.5.3. The
results are included in Tables 10 and 11.

The maximum individual dose has been calculated to be 2.3 millisievert (adult) and 3.4
millisievert (child). These doses would result from direct exposure to the first phases of the
travelling plume under neutral weather conditions with rainfall. The main contributors to the
dose are direct radiation from the cloud (77%) and ingestion of ground deposited
radionuclides (11%). Calculations were not undertaken for categories A and D weather
conditions since these would be smaller than for categories D with rain and F/D cycling. The
breakdown of dose in terms of exposure route and radionuclide is shown in Figures 7 and 8
respectively.

5.3 Collective Dose to a Population

The collective dose to each population group identified in Table 7 has been calculated for the
years 2006 and 2016, for each of the four weather conditions considered. The results are
given in Tables 13 to 18 for scenarios with weather categories D, D with rainfall and F/D
cycling and represent the sum of the collective doses to the adult, child and infant local
populations. The collective doses calculated for weather category A are not reported as all
individual doses are below 0.01 millisievert.
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As for the individual case, under dry weather conditions, the dominant contributors to dose
are direct radiation from airborne activity and inhalation of airborne activity within the
plume. Under conditions of intermittent rainfall, the collective dose is dominated by the
ingestion of ground deposited radionuclides through the foodchain.

The largest collective doses are in the north-north-east direction under cycling Category F/D
conditions. The value for the band 20 to 25 kilometres in the year 2016 is shown in Table 18
to be 4.8 person-sieverts. At the other extreme, Table 16 shows that no band beyond 4.8
kilometres experiences individual doses above 0.01 millisievert under dry Category D
conditions.

5.4 Total Collective Dose for Plume Travel into each Sector

The total collective dose to the population for the years 2006 and 2016 has also been
calculated for each of the weather conditions. The total collective dose takes account of all of
the populations exposed to the plume travelling into any given sector and is the sum of the
collective doses to each population within the sector in which the plume is centred and the
populations adjacent to that sector due to lateral spread of the plume.

The total collective doses to the population for the years 2006 and 2016 are presented in
Tables 19 and 20 respectively. The maximum total collective dose is 14,000 person-sieverts
for the year 2006 and 15,000 person-sieverts for the year 2016, for a plume travelling into the
NNE sector under weather conditions which cycle between stable and neutral conditions. The
contribution to the total collective dose from the ingestion of contaminated food is about 1%.
Category D weather with rainfall results in significantly lower total collective doses with
ingestion accounting for approximately 10% of the total. The lower total collective dose
results from the individual doses reducing to below the 0.01 millisievert level at around 15
kilometres and, therefore, not contributing to the collective dose. In the case of Category
F/D cycling, individual doses are above the 0.01 millisievert level at these distances and,
because of the large population in the 15-25 kilometre annulus, the effect on the collective
dose is large.

5.5 Land Contamination and Intervention Levels

The contamination of land surrounding the Lucas Heights Science and Technology Centre
would produce a maximum direct radiation dose rate of 0.094 millisievert, at the boundary of
the buffer zone, in the first year and very much lower values in subsequent years. This is
equivalent to 16% of the average annual direct radiation dose rate from terrestrial sources in
Australia or 4% of the total background population dose rate (including medical diagnostic
and therapeutic irradiation) in Australia (Solomon, 1997).

The radionuclides which contribute to this dose have short lifetimes, and through the
processes of radioactive decay and weathering, the direct radiation dose rate in subsequent
years would reduce to the level of natural background.

Intervention levels for relocation due to deposited radionuclides are specified by the National
Health and Medical Research Council as shown in Table 21 (NHMRC, 1990). From this
analysis, ground contamination levels at 0.4 kilometres and 1.6 kilometres have been
estimated and, for iodine-131, the levels are 0.4% and 0.1% of the criteria. In the case of
ruthenium isotopes, the ground contamination levels at these distances are about 0.001% of
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the criteria. Beyond 1.6 kilometres, the contamination levels would be reduced. These
results show that there would be no disruption to land use within the buffer zone and beyond
following the reference accident.

6. Risks

6.1 Risk Estimates

This appendix presents an assessment of the nuclear hazard associated with the reference
accident for the proposed replacement reactor. The maximum assessed potential individual
dose from this accident is the dose incurred by a child present at the trail bike track during the
first hours of the accident and experiencing a prolonged exposure to the passing plume. This
is provided in Section 5.2 as 3.4 millisieverts. The International Commission on Radiological
Production has recommended (ICRP, 1991) that the following values are used to calculate the
risk of harmful effects from radiation:

Effect Rate Per Millisievert

Latent Fatal Cancer 0.000050

Non Fatal Cancer 0.000010

Hereditary Effects 0.000013

Thus, a dose of 3.4 millisieverts corresponds to a risk of 1.7 x 10"4 for the induction of a fatal
cancer. This is less than a 1 in 6,000 chance that one individual in the population considered
would contract a latent fatal cancer following the occurrence of the reference accident which,
in itself, would not be expected to occur more frequently than once in one million years. The
total risk of any harmful effect, including non-fatal cancer and hereditary effects is one in
4,000 if the accident were to occur.

In the case of an individual outside the buffer zone, the maximum dose is assessed to be 1.8
millisieverts for an infant who lives at the edge of the buffer zone (Table 12). The
corresponding risk would be 9 x 10'5, or a less than 1 in 10,000 chance of the induction of
fatal cancer.

However, the overall risk of a health effect arising from the reference accident not only
depends on the risk from these doses, but also the likelihood of occurrence of the reference
accident. The likelihood of the reference accident has not been quantitatively assessed to date
as the detailed quantitative safety analysis for the replacement reactor will not be performed
until a detailed design is chosen. However, it is expected that the chance of the reference
accident occurring would be less than about once in a million years.

Using these values of likelihood as an example for estimating overall risk, the maximum risk
of an individual developing a fatal cancer is calculated to be less than one in six thousand
million (1 in 6,000,000,000) per year. The maximum risk of any harmful health effect is less
than one in four thousand million (1 in 4,000,000,000) per year.

The largest total collective dose is for the plume travelling into the NNE sector under weather
conditions cycling between categories F and D. This is shown in Section 5.4 to be 14,000
person-sieverts (2006) and 15,000 person-sieverts (2016). Using the International
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Commission on Radiological Protection risk coefficient, these doses would result in a risk of
no more than one fatality in the population around the Lucas Heights Science and Technology
Centre if reference accident were to occur.

The recommendation of the US National Council on Radiation Protection (NCRP 1995) is
that when the collective dose is smaller than the reciprocal of the relevant risk co-efficient,
the risk assessment should note that the most likely number of excess cancer deaths is zero".
The relevant risk coefficient used in this assessment is 0.00005 risk of cancer fatality per
millisievert effective dose (ICRP, 1991), or expressed another way, five cancer fatalities per
100,000 person-sieverts. The reciprocal is therefore 20,000 person-sieverts, a population
does for which the most likely number of excess cancer fatalities is zero. On this basis, the
maximum collective does of 15,000 person-sieverts from the most severe accident for the
replacement reactor is not expected to produce any cancer fatality.

6.2 Significance of Dose Estimates

The calculated doses may be compared with those received by the public from other sources.
Some of these are shown below:

Radiation Source Dose

Natural radiation - terrestrial sources in Australia 1.5 millisieverts per year

Natural radiation - cosmic rays 0.3 millisievert per year

Air travel (10 hour international flight) 0.04 millisievert

Bone scan 4.8 millisieverts

Lung scan 1.6 millisieverts

Chest X-ray 0.03 millisievert

Barium meal 2.5 millisieverts

From the above, it can be seen that the dose received by an infant who lives on the edge of
the buffer zone as a result of exposure to radiation following the reference accident would be
comparable to that normally received from background radiation from terrestrial sources in
Australia in a year. It would also be similar to the dose received by some forms of medical
diagnostics. In the case of adults and children, the dose received as a result of the accident
would be around one half of the normal background radiation levels.

In the case of the maximum exposed individual (defined as an individual who spends 12
hours at the bike track near the Lucas Heights Science and Technology Centre), the dose
received following the reference accident would be less than twice that received from all
sources of background radiation in a year (Solomon, 1997).

The assumptions made in this assessment have been deliberately chosen to be conservative in
the estimation of radiation exposure. The main areas where a significant degree of
conservatism exist are:

• the radioactive source term released from the reactor building to the environment;
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• the choice of scenarios of weather conditions which range from conditions of high plume
dispersion, with the result that the plume spreads into adjacent sectors, to low plume
dispersion which maximises the radioactivity concentration in the plume;

• occupancy assumptions, especially for the definition of the maximum exposed individual,
where it is assumed that the individual spends 12 hours at the bike track. A duration of 6
hours would be more realistic, even if no credit is taken for evacuating the bike track after
the accident;

• land use and food contamination. Best estimate data are used but the conservative
assumption is made that 25% of the dietary requirements of some foodstuffs is produced
locally.

In summary, it is expected that, due to the degree of conservatism in this assessment, the
calculated doses to individuals and the worst case individual, are significantly higher than
would be received in the event that such an accident were to occur which has the low
probability of less than once in a million years. Actual doses would be indistinguishable from
doses received in everyday life.

6.3 Significance of Risk Estimates

The assessed risk of fatalities resulting from the calculated levels of exposure (1 in 6,000 to 1
in 10,000, depending on the occupancy scenario), represents the risk of death following the
accident, which itself has a very low probability of occurrence (of the order of 1 in a million
years). The absolute risk of death due to the worst case accident occurring at the replacement
reactor would therefore be around 1 in six thousand million.

This level of risk may be compared to other risks to which members of the public are
exposed. Some examples are given below.

Risks Averaged over the Whole Population

Cancels from all causes

Accidents at home

Accidental falls

Pedestrians struck by motor vehicles

Homicide

Accidental poisoning

Fires and accidental bums

Electrocution (non-industrial)

Falling objects

Therapeutic use of drugs

Cataclysmic storms and storm floods

Lightning strikes

Meteorite strikes

Chances of Fatality per Person per Year

1,800 chances in a million

110 chances in a million

60 chances in a million

35 chances in a million

20 chances in a million

18 chances in a million

10 chances in a million

3 chances in a million

3 chances in a million

2 chances in a million

0.2 chances in a million

0.1 chances in a million

0.001 chances in a million

Source: Department of Planning, 1990
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7. Impact of An Accident Dur ing Radioisotope Product ion

A report by ICI Australia Engineering (Coraford and Rosen, 1989) was commissioned by the
NSW Government in relation to consideration of proposed housing developments in West
Menai. The report not only assessed the hazards and risks arising from HIFAR operation, but
the radiological hazard presented by other activities conducted at the Lucas Heights Science
and Technology Centre. The only activities identified with potential off-site consequences
were HEFAR operation and radioisotope production in Buildings 23 and 54. The report states
that "other activities involving nuclear and non-nuclear hazardous materials were reviewed
and judged to not pose any risk beyond the site boundary".

The "major accidental potential" described (Comford and Rosen, 1989) for the radioisotope
production activities in Buildings 23 and 54 involves:

• operator error involving spill of volatile or gaseous radioactive material in a handling cell;

• failure of the primary and secondary high efficiency paniculate air (HEP A) filters and/or
failure of manual isolation;

• failure of SIAM Filters (HEPA filters and charcoal beds designed to prevent the escape of
radioactive iodine and noble gases);

• failure of on-line monitors; and

• failure to automatically or manually isolate the ventilation system.

Cornford and Rosen (1989) conducted a fault tree analysis of this accident and determined
that the likelihood of a release of radioactive material was approximately 6 per 100,000 years
(0.00006 per year). The maximum quantities of material released to the environment via a 40
metre tall stack in this hypothetical accident are shown in Table 22, where they are compared
to the release quantities derived for the replacement reactor hypothetical reference accident in
Table 1. The reference accident also releases varying quantities of other radioisotopes. The
quantities of iodine-131 that are released in the two accidents are similar but, for the reference
accident, the contribution of iodine to the most exposed individual is only 5% of the total
quantity of all radioactivity released. Thus, even if the volume were to increase as a result of
increased medical radioisotope production, the dose would be less than that due to the
reference accident.

As reported in the Safety Review Committee's Annual Report 1991 - 1992 (SRC 1993),
ANSTO has refurbished the filter system for the radioisotope production buildings by
providing a new shielded room, an extra charcoal filter bank, and a water spray fire
suppression system. The refurbishment has reduced both the likelihood of an accidental
release and the maximum quantity that could be accidentally released.

8. Conclusion

This appendix presents a detailed assessment of the impact, in terms of potential doses and
risks, that could arise in the event of an accident at the proposed replacement reactor. The
assessment considers a reference accident, which is worse than any credible accident in terms
of radiological consequence.
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It is concluded that:

• the additional risk to the population that could arise as a consequence of the reference
accident would result in one or zero latent deaths due to induced fatal cancer;

• the risk of death to individuals is considerably less than everyday risks to which members
of the public are exposed. This results from a combination of the risk of death given that
the accident occurs and the probability of the accident occurring; and

• the consequential contamination of land would be significantly below the intervention
levels and would reduce rapidly. This contamination would produce a maximum external
radiation dose rate of 0.094 millisievert, at the boundary of the buffer zone, in the first
year. This is comparable with 16% of the direct radiation background dose rate from
terrestrial sources, or 4% of the total background population dose (including medical
diagnostic and therapeutic irradiation) in Australia (Solomon, 1997).
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Table 1: Release of Radioactivity Following the Reference Accident

Isotope

Xel31m

Xel33m

Xel33

Xel35m

Xel35

Xel38

Kr83m

Kr85m

Kr85

Kr87

Kr88

1130

1131

1132

1133

1134

1135

Tel25m

Tel27m

Tel27

Tel29m

Tel29

Tel 31m

Tel 31

Tel 32

Tel33m

Tel33

Tel34

Csl34m

Csl34

Csl36

Csl37

Csl38

Rb86

Rb88

Kb89

Rul03

Rul05

Rul06

Half-life

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

12.4 hr

193.0 hr

137.0 min

20.8 hr

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

174.6 min

753.1 day

13.2 day

30.0 yr

32.2 min

18.6 Day

17.8 min

15.2 min

39.3 day

4.4 hour

368 day

20 MW
Thermal Pool
Reactor
Inventory

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

1.40E+14

1.82E+16

2.68E+16

4.07E+16

4.71E+16

3.79E+16

1.94E+16

2.25E+16

4.06E+16

1.16E+11

2.11E+14

1.44E+14

3.42E+14

3.98E+16

9.49E+12

2.04E+16

2.71E+16

1.83E+16

7.92E+15

7.99E+14

3.42E+14

3.98E+16

9.49E+12

2.04E+16

2.71E+16

1.83E+16

7.92E+15

7.99E+14

Release in Bq( l>

0-2
minutes

3.48E+12

2.13E+13

7.20E+14

1.27E+14

7.16E+13

6.25E+14

5.54E+13

1.31E+14

7.92E+11

2.60E+14

3.54E+14

3.70E4O9

4.94E+11

7.08E+11

1.40E+12

1.24E+12

1.00E+12

4.36E+04

1.59E-KJ6

1.55E-KJ7

1.45E+07

7.85E-K)7

4.73E-K)7

2.76E-KJ8

4.68E-KJ8

3.41E+08

3.96E-K)8

7.15E-KJ8

6.12E-KM

1.11E-H58

7.60E+07

1.81E+08

2.10E+10

5.01E-K)6

1.08E+10

1.43E+10

3.22E-H)8

1.39E4O8

1.41E-K)7

Period 1
12 hours

7.49E+11

4.27E+12

1.52E+14

8.35E+11

1.06E+13

4.11E+12

2.92E+12

1.40E+13

1.73E+11

1.37E+13

3.78E+13

4.08E+O8

5.54E+1O

3.73E+10

1.54E+11

3.27E+10

1.09E+11

8.75E+03

3.18E+05

2.28E+06

2.91E+06

2.07E4O6

9.49E+06

7.27E-K)6

9.38E-K)7

8.99E4O6

2.61E4O6

1.88E-K)7

6.54E-KB

2.23E-K)7

1.52E-K)7

3.62E-K)7

5.53E+O8

1.00E406

7.O9E-K37

9.42E-H)7

6.45E-K)7

1.49E+07

2.82E4O6

Period 2
12-24
hours

7.14E+11

3.58E+12

1.40E+14

-

4.50E+12

-

-

2.50E+12

1.69E+11

-

6.73E+12

8.81E-KJ7

1.39E+1O

-

3.33E+1O

-

2.12E+10

7.34E+O3

2.67E+O5

9.72E+O5

2.45E+06

-

7.96E-K)6

-

7.87E4O7

-

-

-

1.16E-KB

1.87E-K)7

1.28E+O7

3.04E+O7

-

8.43E-K)5

-

-

5.40E-K)7

2.65E-K)6

2.37E+O6

Period 3
24-36
hours

6.88E+11

2.96E+12

1.28E+14

-

1.99E+12

-

-

5.76E+11

1.67E+11

-

1.55E+12

2.92E+07

6.75E+09

-

1.10E+10

-

5.56E-K)9

6.06E+O3

2.20E-K)5

4.29E-K)5

2.02E-K)6

-

6.58E+06

-

6.50E-KJ7

-

-

-

2.69E-KJ2

1.55E-K)7

1.06E+O7

2.51E+07

-

6.96E-K)5

-

-

4.47E+07

6.12E05

1.95E+O6

Period 4
36 hours

to 100
days

1.57E+13

1.49E+13

1.62E+15

-

1.47E+12

-

-

-

1.05E+13

-

-

5.19E+O8

4.10E+11

-

9.18E-K)9

-

1.02E-K)9

3.06E-KM

1.11E-K)6

3.16E+05

1.02E-K)7

-

3.32E-K)7

-

3.29E-KJ8

-

-

-

-

7.82E-K)7

5.34E4O7

1.27E4O8

-

3.52E+06

-

-

2.26E-K)8

-

9.87E+06

Total
Release

(Bq)

2.14E+13

4.71E+13

2.76E+15

1.28E+14

9.02E+13

6.29E+14

5.84E+13

1.48E+14

1.18E+13

2.74E+14

4.00E+14

4.74E+O9

9.80E+11

7.45E+11

1.61E+12

1.28E+12

1.14E+12

9.64E4O4

3.50E-K)6

1.95E+07

3.21E+07

8.06E+07

1.05E+O8

2.84E+08

1.03E+O9

3.50E+O8

3.99E+08

7.33E-K)8

6.92E+04

2.46E+08

1.68E+08

3.99E-K)8

2.16E+10

1.11E+07

1.08E+10

1.44E+10

7.12E+O8

1.58E+O8

3.11E+O7

Note 1: Activity releases are given in units of Becquerels. Scientific nomenclature is used where, for example, 3.48 E+12 = 3.48 x 10 '

Source: ANSTO (1998a)
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Table 2: Nuclide Groups and Release Fractions

Nuclide Group

Xe

Kr

I

Te

Cs

Rb

Ru

Fraction
released in 0-

2 minutes

0.26

0.89

0.50

0.98

0.97

1

0.88

Fraction
released in
period 1

0.06

0.09

0.06

0.02

0.03

-

0.09

Fraction
released in
period 2

0.05

0.02

0.01

-

-

-

0.02

Fraction
released in
period 3

0.05

-

0.01

-

-

-

0.01

Fraction
released in
period 4

.-.•l-.-.'.-;-.-J'.-.*.-.-.i-.p.-Af;'~--»
l
 •'• - • -' ; | ••?

0.58

-

0.42

-

-

-

-
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Table 3: Frequency of PasquiJ Weather Category and Average Wind Speed (u10

Wind

Direction to

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

w
WNW

NW

NNW

(%)

Cat A

Freq

0.784

1.03

0.816

0.231

0.146

0.154

0.159

0.151

0.137

0.125

0.143

0.181

0.257

0.529

1.472

1.21

7.525

Uav

2

2

2.1

1.8

1.7

1.7

1.8

1.8

1.6

1.6

1.7

1.8

1.8

2

2.2

2

CatB

Freq

0.081

0.203

0.39

0.139

0.139

0.172

0.198

0.203

0.148

0.091

0.107

0.158

0.234

0.392

0.841

0.228

3.724

Uav

3

2.7

2.7

2.5

2.4

2.5

2.6

2.5

2.4

2.3

2.3

2.5

2.5

2.6

2.8

2.9

CatC

Freq

0.01

0.079

0.355

0.385

0.461

0.577

0.863

1.159

0.744

0.334

0.289

0.505

0.603

0.662

0.837

0.078

7.942

Uav

2.4

2.4

2.8

2.7

2.9

3.1

3.3

3.3

3.3

3

2.9

3.2

3.2

2.9

3.1

2.2

CatD

Freq

0.099

0.622

2.344

3.361

1.591

1.86

3.835

5.932

7.92

3.657

2.481

3.357

3.514

2.517

2.356

0.33

45.776

ms1)

Uav

1.2

2.2

3.1

3.1

2.6

3

3.3

3.5

3.6

3

2.8

3.4

3.8

3.4

3

1.7

CatE

Freq

0.137

0.873

1.855

1.049

0.406

0.329

0.79

1.704

3.788

2.666

3.366

3.358

2.013

1.03

1.307

0.425

25.096

Uav

1

1.6

2.2

2.1

1.5

1.7

2

1.9

2

1.9

2.4

2.8

2.5

2.3

2.1

1.5

CatF

Freq

0.646

0.976

0.633

0.271

0.287

0.275

0.289

0.536

1.264

0.641

0.583

0.381

0.364

0.483

1.18

1.128

9.937

Appendix G

Uav

1.1

1.2

1.4

1.2

1.1

1.2

1.1

1.3

1.6

1.3

1.4

1.4

1.4

1.5

1.7

1.3

Total

(%)

1.76

3.78

6.39

5.44

3.03

3.37

6.13

9.69

14

7.52

6.97

7.94

6.99

5.61

7.99

3.4

100

Note 1: Measured at 10 metres.

Source: ANSTO (1998b)

C,71



NNC Limited Appendix G

Table 4: Summary of Weather Conditions Assumed for Dispersion Calculations

Assessment

Category A

Category D

Category D with
rainfall

Category F/D

(Scenario 1)

Category F/D

(Scenario2)

Release Phase

Full duration of the release

Full duration of the release

0 - 12 hours

12-24 hours

24 - 36 hours

36 - 48 hours

0 - 12 hours

12-24 hours

24-36 hours

36 - 48 hours

0 - 12 hours

12-24 hours

24 - 36 hours

36 - 48 hours

Weather category

Category A

Category D

Category D
2.5mm/hr rainfall

Category D

Category D
2.5mm/hr rainfall

Category D

Category F

Category D

Category F

Category D

Category D

Category F

Category D

Category F

Average
Windspeed
ms1

1.99

3.27

3.27

3.27

3.27

3.27

1.38

3.27

1.38

3.27

3.27

1.38

3.27

1.38

Lowest
windspeed
ms

1.6

1.20

1.20

1.20

1.20

1.20

1.10

1.20

1.10

1.20

1.20

1.10

1.20

1.10
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Table 5 : Dispersion Factors along Plume Centreline for Weather Categories A, D and F

Distance
(km)

0-1.6

1.6-3.2

3.2-4.8

4.8-10

10-15

15-20

20-25

Dispersion Factor s/m3

Category A

3.07E-06

2.09E-07

1.21E-07

8.44E-08

4.42E-08

3.24E-08

2.54E-08

Dispersion Factor s/m3

Category D

6.37E-05

6.61E-06

2.09E-06

1.06E-06

3.55E-07

2.6E-07

2.05E-07

Dispersion Factor s/m3

Category F

8.54E-05

1.34E-05

5.05E-06

2.77E-06

1.27E-06

9.37E-07

7.63E-07

Table 6: Dry and Wet Deposition Parameters

Noble Gases

Aerosols

Elemental Iodine

Organic Iodine

Dry Deposition
Velocity m/s

0

0.001

0.01

5X10"4

Wet Deposition Coefficient = Arb (Notel)

A B

0

8xl0'5

8xl0"5

8x10~7

0

0.8

0.6

0.6

Note 1: The wet deposition coefficient is defined by the equation AR , where A and b are parameters specific to each
physical form, and R is the rainfall rate in mm per hour.
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Table 7 : Forecast Population Distribution u (2006 and 2016)

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

2006

1.6 - 3.2
kilometres

-

-

500

1,600

3,800

1,900

600

-

-

-

-

-

-

-

-

-

3.2 - 4.8
kilometres

-

2,900

4,000

3,800

4,600

2,900

3,200

-

-

-

-

-

-

-

-

-

4.8 -10
kilometres

8,800

19,500

26,300

25,900

3,800

700

1,600

800

-

-

-

200

600

5,700

-

1,400

10-15
kilometres

49,000

66,500

52,100

48,900

13,700

-

-

1,600

100

-

-

26,500

30,400

21,900

32,700

29,900

15-20
kilometres

82,200

134,500

101,300

10,500

10,500

100

-

1,500

600

-

3,800

40,400

20,600

13,500

79,500

93,700

20-25
kilometres

101,000

178,000

53,500

3,400

-

-

-

400

700

800

1,200

16,700

13,100

5,400

44,200

93,900

2016

1.6 - 3.2
kilometres

-

-

300

1,700

3,900

2,000

600

-

-

-

-

-

-

-

-

-

3.2 - 4.8
kilometres

-

2,600

3,700

4,000

4,800

3,100

3,400

-

-

-

-

-

-

-

-

-

4.8 -10
kilometres

9,300

19,300

26,800

27,200

4,000

800

1,700

900

-

-

-

200

600

5,200

-

3,300

10-15
kilometres

51,700

69,900

54,500

51,400

14,400

-

-

1,700

100

-

-

5,000

28,300

24,700

26,900

29,800

15-20
kilometres

87,000

141,000

104,400

11,000

11,000

100

-

1,600

700

-

6,300

31,200

17,300

15,900

82,200

96,600

20-25
kilometres

107,900

184,400

54,100

3,600

-

-

-

400

700

900

1,300

38,000

13,800

5,200

43,400

96,000

Notes: 3. Estimated by PPK Environment & Infrastructure based on 1996 census data and the methodology described in Annex 1.

2. Figures have been rounded to the nearest 100
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Table 8: Typical Foodstuff Consumption Data for Australia

Foodstuff

Milk

Milk products

Eggs

Beef and veal

Mutton and lamb

Poik

Oflal

Chicken

Root crops

Green vegetables

Fruit

Grain products

Consumption rates (kg/y) (unprepared carcass weights)

Average
Adult

103

24

8

39

20

20

2

30

85

21

124

95

Average
Child

103

17

5

26

14

15

1

20

56

14

87

64

Average
Infant

176

21

2

11

9

6

1

8

35

8

50

35

High
Consumer
Adult

155

55

15

98

64

45

15

84

154

31

247

139

High
Consumer
Child

^ _ 1 5 5

38

10

65

46

33

10

56

101

21

169

94

Source: Derived from ABS, 1994.

Table 9: Dose Reduction Factors used in PC COSYMA to Represent Normal Activity

Direct exposure to airborne radiation

Direct exposure to ground deposited radiation

Inhalation of airborne activity

Inhalation of resuspended activity

Skin deposition

0.43

0.33

0.81

0.81

0.81

Source: (Hambley, 1997)
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Table 10: Adult Individual Effective Dose

Distance (km)

Maximum
exposed adult

1.6

3.2

4.8

10

15

20

Plume Centreline Individual Dose (Millisieverts)

Category A

not calculated

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

Category D

not calculated

0.23

0.08

0.04

0.01

0.01

<0.01

Category D
with rainfall

2.3

0.51

0.21

0.12

0.03

0.01

0.01

Category F/D
cycling

2.1

0.46

0.21

0.12

0.06

0.04

0.03

Table 11: Child Individual Effective Dose

Distance (km)

Maximum exposed
child

1.6

3.2

4.8

10

15

20

Plume Centreline Individual Dose (Millisieverts)

Category A

not calculated

0.01

<0.01

<0.01

<0.01

<0.01

<0.01

Category D

not calculated

0.3

0.1

0.05

0.02

0.01

0.01

Category D

with rain

3.4

0.77

0.32

0.18

0.05

0.02

0.01

Category F/D
cycling

3.0

0.74

0.33

0.19

0.09

0.06

0.04

Table 12: Infant Individual Effective Dose

Distance (km)

1.6

3.2

4.8

10

15

20

Plume Centreline Individual Dose (Millisieverts)

Category A

0.02

0.01

0.01

<0.01

<0.01

<0.01

Category D

0.6

0.21

0.11

0.03

0.02

0.01

Category D
with rain

1.4

0.57

0.32

0.09

0.04

0.02

Category F/D

cycling

1.8

0.78

0.44

0.21

0.14

0.1
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Table 13: Collective Dose to Each

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Local Dose
person - mSv

1.6 - 3.2 km

-

-

30

70

160

90

30

-

-

-

-

-

-

-

-

-

Local Population, Category D (2006)1

Local Dose
person - mSv

3.2 - 4.8 km

-

70

110

80

90

60

80

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 - 10m

a

a

a

a

a

a

a

a

-

-

-

a

a

a

-

a

Local Dose
person - mSv

10-15m

a

a

a

a

a

-

-

a

a

-

-

a

a

a

a

a

Local Dose
person - mSv

15 - 20 km

a

a

a

a

a

a

-

a

a

-

a

a

a

a

a

a

Appendix G

Local Dose
person - mSv

20 - 25 km

a

a

a

a

-

-

-

a

a

a

a

a

a

a

a

a

Note 1: - Means not calculated as no population identified in Table 7.
a Means not calculated as individual dose at the mid-point of the population is calculated to be less than 0.01 millisievert
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Table 14: Collective Dose to Each Local Population, Category D with Rainfall (2006)1

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Local Dose
person - mSv

1.6 - 3.2 km

-

-

50

120

250

140

50

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

3.2 - 4.8 km

-

140

210

160

170

120

150

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 -10 km

160

450

630

500

70

10

40

33

-

-

-

0

20

130

-

20

Local Dose
person - mSv

10-15 km

510

830

690

530

140

-

-

40

0

-

-

330

470

280

380

330

Local Dose
person - mSv

15 - 20 km

a

a

a

a

a

a

-

a

a

-

a

a

a

a

a

a

Local Dose
person - mSv

20 - 25 km

a

a

a

a

-

-

a

a

a

a

a

a

a

a

a

Note I: - Means not calculated as no population identified in Table 7.
a Means not calculated as individual dose at the mid point of the population is calculated to be less than 0.01 millisievert
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Table 15: Collective Dose to Each

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Local Dose
person - mSv

1.6 - 3.2 km

-

-

150

420

990

480

130

-

-

-

-

-

-

-

-

-

Local Population, Category F/D Cycling

Local Dose
person - mSv

3.2 - 4.8 km

-

460

610

550

650

380

380

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 - 10m

580

1700

2000

200

300

50

100

70

-

-

-

10

60

550

-

100

(2006)1

Local Dose
person - mSv

10-!5m

2000

3300

2400

2200

620

-

-

80

10

-

-

1500

1900

1200

1900

1500

Local Dose
person - mSv

15 -20 km

2100

4300

2900

300

300

0

-

50

20

-

120

1500

850

400

3100

3000

Appendix G

Local Dose
person - mSv

20 - 25 km

2200

4600

1300

90

-

-

-

10

20

30

30

520

430

160

1500

2600

Note 1: - Means not calculated as no population identified in Table 7.
a Means not calculated as individual dose at the mid point of the population is calculated to be less than 0.01 millisievert
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Table 16: Collective Dose to Each

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Loca! Dose
person - mSv

1.6 - 3.2 km

-

-

20

80

170

100

30

-

-

-

-

-

-

-

-

-

LocaJ Population, Category D (2016)1

Local Dose
person - mSv

3.2 - 4.8 km

-

70

110

90

90

70

80

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 - 10m

a

a

a

a

a

a

a

a

-

-

-

a

a

a

-

a

Loca! Dose
person - mSv

10-15m

a

a

a

a

a

-

-

a

a

-

-

a

a

a

a

a

Local Dose
person - mSv

15-20 km

a

a

a

a

a

a

-

a

a

-

a

a

a

a

a

a

Appendix G

Local Dose
person - mSv

20 - 25 km

a

a

a

a

-

-

-

a

a

a

a

a

a

a

a

a

Note 1: - Means not calculated as no population identified in Table 7.
a Means not calculated as individual dose at the mid point of the population is calculated to be less than 0.01 millisievert
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Table 17: Collective Dose to Each

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Local Dose
person - mSv

1.6 - 3.2 km

-

-

30

120

260

150

50

-

-

-

-

-

-

-

-

-

Local Population, Category D with rainfall (2016)1

Local Dose
person - mSv

3.2 - 4.8 km

-

120

200

160

180

320

160

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 -10 km

170

440

640

520

70

20

40

40

-

-

-

0

10

120

-

60

Local Dose
person - mSv

10-15 km

540

870

720

560

140

-

-

40

0

-

-

310

430

320

310

330

Local Dose
person - mSv

15 - 20 km

a

a

a

a

a

a

-

a

a

-

a

a

a

a

a

a

Appendix G

Local Dose
person - mSv

20 - 25 km

a

a

a

a

-

-

-

a

a

a

a

a

a

a

a

a

Note 1: - Means not calculated as no population identified in Table 7.
a Means not calculated as individual dose at the mid point of the population is calculated to be less than 0.01 millisievert
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Table 18: Collective Dose to Each

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

sw
wsw

w
WNW

NW

NNW

Local Dose
person - mSv

1.6 - 3.2 km

-

-

100

440

1000

500

130

-

-

-

-

-

-

-

-

-

Local Population, Category F/D Cycling (2016)1

Local Dose
person - mSv

3.2 - 4.8 km

-

410

570

570

690

400

400

-

-

-

-

-

-

-

-

-

Local Dose
person - mSv

4.8 - 10m

620

1700

2100

2100

310

60

310

70

-

-

-

10

60

500

-

240

Local Dose
person - mSv

10 -15m

2100

3400

2500

2300

650

-

-

90

10

-

-

1400

1800

1400

1600

1500

Local Dose
person - mSv

15 -20 km

2300

4500

3000

310

310

0

-

60

30

-

200

1100

720

550

3200

3100

Appendix G

Local Dose
person - mSv

20 - 25 km

2400

4800

1300

90

-

-

-

10

20

30

30

1200

450

150

1400

2600

Note 1: - Means not calculated as no population identified in Table 7.
a means not calculated as individual dose at the mid point of the population is calculated to be less than 0.01 miOisievert
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Table 19: Total Collective Dose for Plume Travel into each Sector for the Year 2006

Total Collective Dose person-Sv

Sector

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw
sw

wsw
w

WNW

NW

NNW

Category D

0

70

140

160

250

150

110

0

0

0

0

0

0

0

0

0

Category D with Rainfall

670

1400

1600

1300

620

270

230

70

0

0

0

340

480

420

380

350

Category F/D Cycling

6900

14000

9400

5500

2900

950

620

220

50

20

150

3500

3000

2000

6600

7000

Table 20: Total Collective Dose for Plume Travel Into Each Sector for the Year 2016

Total Collective Dose person-Sv

Sector

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

sw
wsw

w
WNW

NW

NNW

Category D

0

70

130

170

260

160

120

0

0

0

0

0

0

0

0

0

Category D with Rainfall

710

1400

1600

1400

650

290

240

70

0

0

0

320

450

440

310

380

Category F/D Cycling

7300

15000

10000

5800

3000

1000

650

240

60

30

240

3700

3000

2600

6300

7500
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Table 21: NHMRC Intervention Links for Relocation

Radioisotope

1-131

1-133

Ru-103

Ru-106

Appendix G

Criterion for Relocation
(Bqm2)

1.5 xlO8

8.0 x 108

2.5 x 107

1.5 x 107

Table 22: Radioactivity Released from an Accident During Radioisotope Production
Compared to Reference Accident (Bq)

Isotope

Xe-133/135

Kr-85/88

1-131

Total Activity Release of These
Isotopes

Isotope Production Accident

8E+13

2E+11

3E+12

8.32E+13

Reference Accident

3E+15

1E+14

1E+12

310E+ 13
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Figure 3: Adult Individual Dose at 1.6km: Breakdown of the 0.51 millisievert Dose
by Exposure Route (Category D weather with rainfall)

Ingestion 43% Cloud 33%

• cloud

g ground

• Inhal.

• Ingestion

Inhalation 5% Ground 19%

Figure 4: Adult Individual Dose at 1.6km: Breakdown of the 0.51 millisievert Dose
by Nuclide (Category D weather with rainfall)

Note 1: Breakdown of adult dose:

Kr87 4.6 %
Kr88 18 2 %
Rb88 7.6%
Xel33 1.6%
Xel38 1 6 %

Csl37 0.4%
Csl38 7.1 %
1131 53 9 %
1133 2.4%
1135 1.0%

(Ml
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Figure 5: Infant Individual Dose at 1.6km: Breakdown of the 1.4 millisievert Dose
by Exposure Route (Category D weather with rainfall)

Ingestion 6% Cloud 27%

Ground 1%

g Cloud

p ground

D Inhal.

• Ingestion

Inhalation 66%

Figure 6: Infant Individual Dose at 1.6km: Breakdown of the 1.4 millisievert Dose
by Nuclide (Category D weather with rainfall)

m
m
a

D

•
a
•
o
•
•

Kr87

Kr88

Rb88

Xe133

Xe138

Cs138

1131

1133

1135

Cs137

Note 1: Breakdown of adult dose:

Kr87 3.7%
Kr88 15.0%
Rb88 19.1%
Xel33 1.1%
Xel38 1.3%

Csl37 0.0%
Csl38 7.7%
1131 35.3%
1133 12.7%
1135 0.7%
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Figure 7: Maximum Exposed Individual: Breakdown of the 2.3 millisievert
Adult Dose and 3.4 millisievert Child Dose by Exposure Route
(Category D weather with rainfall)

Ingestion 11%

Inhalation 8%

Ground 4%

Cloud 77%

Figure 8: Maximum Exposed Individual: Breakdown of the 2.3 millisievert Adult
Dose and 3.4 millisievert Child Dose by Nuclide (Category D weather with
rainfall)

Note 1: Breakdown of adult dose:

Kr87 11.6%
Kr88 44.7%
Rb88 5.1%
Xel33 3.9%
Xel38 8.5%

Csl37 0.1%
Csl38 5.5%
1131 16.4%
1133 1.6%
1135 0.4%

a
•
D

Kr87

Kr88

Rb88

D Xe133

•
B

B

a
•
•

Xe138

Cs138

1131

1133

1135

Cs137
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ANNEXES
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Annex 1 Population Projection Methodology

Al.l Introduction

To calculate the radiological consequences of the reference accident it is necessary to
determine the distribution of population around the proposed replacement research reactor.
Population projections have been made for the year 2006, the first full year of reactor
operation following commissioning, and 2016, the furthest year for which reliable population
projections are available from the Department of Urban Affairs and Planning. This annex
describes the methodology used to determine the projected population in each of these areas
to a radial distance of 25 kilometres from the centre of the site of the proposed replacement
research reactor.

The methodology used to determine the population in study area zones as required by NNC is
described below. The maximum residential population in each of the 96 study zones has been
estimated for 1996, 2006 and 2016.

A1.2 Area for the Population Projections

To assist in the calculation of radiological doses it is necessary to divide the area extending 25
kilometres radially from the site of the proposed replacement research reactor into individual
zones. The boundaries of these zones were determined by:

• overlaying six radial zones at specified distances from the proposed reactor at the
following distances:

A 1.6 kilometres to 3.2 kilometres;
B 3.2 kilometres to 4.8 kilometres;
C 4.8 kilometres to 10 kilometres;
D 10 kilometres to 15 kilometres;
E 15 kilometres to 20 kilometres;
F 20 kilometres to 25 kilometres; and

• further dividing the six radial zones into 16 sectors relating to the following compass
directions:

1.
2.
3.
4.
5.
6.
7.
8.

N
NE
E
SE
S

sw
w
NW

9.
10.
11.
12.
13.
14.
15.
16.

NNE
ENE
ESE
SSE
SSW
WSW
WNW
NNW

The area over which populations are to be projected (the "study area" for the purpose of this
annex) consists of a total of 96 individual zones, as shown in Figure J, and include extensive
areas of urban development in Sydney's south-west, including the rapidly developing urban
fringe areas, large areas of National Park and some rural areas.
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A1.3 Census Data

CensusView96 was used to determine and analyse the population of the area depicted in
Figure Al. CensusView96 is a desktop mapping and geographic information system (GIS)
package that integrates the census data (aspatial) and the geographic boundary data (spatial)
for all of NSW. The data is able to be analysed and displayed using ArcView, a desktop GIS
package with the capability to perform mapping, charting and spatial analysis.

The population at the time of the 1996 Australian Bureau of Statistics Census of Population
and Housing were extracted from the Basic Community Profile data set in CensusView96 for
each census collection district within or partially within the study area. Census collection
districts are the smallest geographic level available from the census, representing
approximately 200 households.

The six radial zones and 16 sectors described above were digitised into ArcView and
overlayered onto the census collector district boundaries. Where a census collector district
was bisected by a boundary of one of the 96 individual zones, the population of the census
collector district was allocated according to the proportion of the area of the census collection
district in the zone. For example, if 50 percent of a census collection district was located in
zone 5C, 50 percent of the population of the census collection district was allocated to zone
5C. A further manual check was undertaken on the data to verify that population was only
attributed to areas containing urban development.

The total population of the whole area extending 25 kilometres from the site of the proposal
in 1996, based on place of enumeration, approximately is 1,481,000 as shown in Table 1.1.
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Table 1.1: Population, 1996

Sector

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Total

Appendix G

Zone

A

-

-

321

1,529

3,621

1,865

555

-

-

-

-

-

-

-

-

-

7,890

B

-

2,357

3,433

3,682

4,448

2,839

3,123

-

-

-

-

-

-

-

-

-

19,880

C

8,260

17,692

24,641

25,035

3,680

715

1,517

808

-

-

-

164

616

5,658

-

517

89,303

D

45,798

63,997

51,210

47,224

13,199

-

-

1,453

108

-

-

27,214

30,906

21,040

26,307

28,243

356,747

E

76,321

128,611

99,808

10,161

10,107

118

-

1,414

581

-

3,255

35,221

19,034

4,671

63,983

87,617

539,901

F

91,960

173,114

53,755

3,369

-

-

-

362

^ 643

678

1,012

9,522

4,740

5,237

35,622

87,457

467,470

Total

222,338

385,770

233,167

91,000

35,054

5,537

5,195

4,036

1,332

678

4,267

71,122

55,295

36,655

125,912

203,835

1,481,192

Source: Australian Bureau of Statistics (1997) Census of Population and Housing, 1996.

A further verification check was also undertaken. There are nine Local Government Areas
that are completely contained within a 25 kilometre radius of the site of the proposal;
Bankstown, Burwood, Campbelltown, Canterbury, Hurstville, Kogarah, Rockdale, Strathfield
and Sutherland. Based on published Australian Bureau of Statistics Census data, these Local
Government Areas make up 59 percent of the total population. Over 95 percent of Fairfield
and Auburn Local Government Areas are also in the study area. Taken together these 11
Local Government Areas comprise 75 percent of the total study area. The totals for these
Local Government Areas, from the Australian Bureau of Statistics publication of estimated
residential population, were compared with the aggregated census collectors districts in each
Local Government Area. Based on the Australian Bureau of Statistics tables, the total
population in 1996 was 1,114,000, which is within one half of one percent of the residential
population for 1996 for those Local Government Areas set out in Table 1.1.

The number of persons within each of three age group categories were also determined
directly from the 1996 Census data. The groups were:
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• infant - 0 years;

• child - 1 to 17 years; and

• adult - 18 years and over.

The results compare favourably with the Australian Bureau of Statistics Local Government
Area tables, overall the estimates are within two percent of the Australian Bureau of Statistics
figures.

A1.4 Projections

Population projections for the study area were then estimated for 2006 and 2016 based on
annual growth rates for each Local Government Area published by the Department of Urban
Affairs and Planning (Department of Urban Affairs and Planning, 1995).

The Urban Development Program (Department of Urban Affairs and Planning, 1996) was
also used to identify the location and quantity of new residential housing lots proposed to be
released in the study area. Urban development program areas were identified in Camden,
Campbelltown, Fairfield, Liverpool and Sutherland Local Government Areas. Projected
occupancy ratios were used (Department of Urban Affairs and Planning, 1995) to estimate the
population which each urban development program area would contribute in 2006 and 2016,
as shown in Table 1.2.

Table 1.2: Lot Production and Estimated Population for Urban Development
Program Areas within the Study Area

Local Government
Area

Camden

Campbelltown

Fairfield

Liverpool

Sutherland

Projected Lot Production

1996-2006

2,460

495

480

2,510

145

2006-2016

7,480

4,000

150

7,570

-

Occupancy Rate

2006

3.02

3.39

3.69

2.98

3.02

2016

2.92

3.33

3.74

2.79

2.94

Estimated Population

2006

7,429

1678

1,771

7,480

438

2016

21,842

13,320

561

21,120

-

Source. Department of Urban Affairs and Planning, 1995 and 1996.

The annual growth rates for each Local Government Area were adjusted to exclude the
growth in the Urban Development Program areas. The populations contained in the Urban
Development Program areas defined above for 2006 and 2016 were added to the appropriate
zones after the growth rates had been applied. Population growth rates for each Local
Government Area (excluding the Urban Development Program areas) are shown in Table 1.3.

G48



NNC Limited Appendix G

Table 1.3: Annual Population Growth Rates (excluding Urban Development
Program Areas)

Ashfield

Auburn

Bankstown

Botany

Burwood

Camden

Campbelltown

Canterbury

Concord

Drummoyne

Fairfield

Holroyd

Hurstville

Kogarah

Leichhardt

Liverpool

Marrickville

Parramatta

Penrith

Randwick

Rockdale

South Sydney

Strathfield

Sutherland

WoUondilly

Wollongong

1996-2006

0.06%

1.61%

0.67%

-0.01%

0.40%

0.46%

0.00%

0.43%

1.40%

-0.21%

0.70%

0.38%

0.30%

0.05%

0.30%

0.29%

-0.14%

0.12%

1.10%

-0.03%

0.16%

-0.13%

0.55%

0.36%

1.78%

0.69%

2006-2016

0.09%

0.87%

0.54%

0.14%

0.38%

-2.37%

0.00%

0.47%

1.60%

0.06%

0.35%

0.36%

0.48%

0.41%

0.17%

0.19%

-0.03%

0.42%

0.75%

0.22%

0.25%

1.06%

0.51%

0.49%

1.14%

0.77%

Source: Department of Urban Affairs and Planning, 1995.

The residential population for the whole study area in 2006 is projected to be 1,611,400 and
in 2016 is projected to be 1,643,800. The population within each zone is shown in Tables 1.4
and 1.5.
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Table 1.4: Estimated Residential Population, 2006

Sector

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Total

Zone

A

500

1,600

3,800

1,900

600

8,400

B

-

2,900

4,000

3,800

4,600

2,900

3,200

21,400

C

18,800

19,500

26,300

25,900

3,800

700

1,600

800

200

600

5,700

1,400

105,300

D

49,000

66,500

52,100

48,900

13,700

-

-

1,600

100

26,500

30,400

21,900

32,700

29,900

373,300

E

82,200

134,500

101,300

10,500

10,500

100

-

1,500

600

3,800

40,400

20,600

11,500

79,500

93,700

590,700

F

101,000

178,000

53,500

3,400

-

-

-

400

700

800

1,200

16,700

13,100

5,400

44,200

93,900

512,300

Total

251,000

401,400

237,700

94,100

36,400

5,600

5,400

4,300

1,400

800

5,000

83,800

64,700

44,500

156,400

218,900

1,611,400
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Table 1.5: Estimated Residential Population, 2016

Sector

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Total

Zone

A

300

1,700

3,900

2,000

600

8,500

B

2,600

3,700

4,000

4,800

3,100

3,400

21,600

C

9,300

9,300

26,800

27,200

4,000

800

1,700

900

200

600

5,200

3,300

99,300

D

51,700

69,900

54,500

51,400

14,400

1,700

100

5,000

28,300

24,700

26,900

29,800

358,400

E

87,000

141,000

104,400

11,000

11,000

100

1,600

700

6,300

31,200

17,300

15,900

82,200

96,600

606,300

F

107,900

184,400

54,100

3,600

400

700

900

1,300

38,000

13,800

5,200

43,400

96,000

549,700

Total

255,900

417,200

243,800

98,900

38,100

6,000

5,700

4,600

1,500

900

7,600

74,400

60,000

51,000

152,500

225,700

1,643,800

The Local Government Areas that are totally contained within the study area were again
aggregated and checked against the Local Government Area population projections provided
by the Department of Urban Affairs and Planning to validate the data. The results compared
favourably with the Department of Urban Affairs and Planning's projections. The same age
distribution as 1996 was assumed for 2006 and 2016.

A 1.5 Limitations of the Data

Overseas Visitors

The number of overseas visitors in the study area have not been included in the totals shown
above. Table 1.6 shows the number of overseas visitors in each zone at the time of the 1996
Census. The same growth rates described above were applied to the 1996 estimates for 2006
and 2016.
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Table 1.6:

Sector

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Total

Overseas Visitors, 1996

Appendix G

Zone

A

2

10

5

0

16

B

16

14

3

11

10

18

71

C

25

63

89

85

12

1

1

-

-

-

0

3

12

291

D

113

279

236

194

65

77

87

43

82

90

1,265

E

344

663

617

53

51

3

6

87

49

6

201

336

2,414

F

471

1,309

476

7

3

2

0

16

10

4

111

199

2,608

Total

954

2,329

1,431

343

148

18

19

4

2

6

180

148

64

394

624

6,665

Source: Australian Bureau of Statistics (1997) Census of Population and Housing, 1996.

Other Persons

An estimate has not been made of the business population, the population in non-private
dwellings such as hospitals, motels, nursing homes or the temporary population (Australian
Visitors). Adjusting the population from place of enumeration to estimated residential
population would partially make allowance for this under remuneration. As the study area
extends to 25 kilometres from the site, it would be reasonable to assume that much a large
proportion of the persons working in the area would also be residents within the study area.

The population levels described above for 1996, 2006 and 2016 plus the number of overseas
visitors are assumed to represent the maximum number of persons within each zone at any
one time.
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Annex 2: Food Consumption

Per capita food consumption data for Australia have been obtained from the Australian
Bureau of Statistics (ABS, 1994). These are the apparent annual food consumption rates for a
typical individual and do not take account of either preparation losses or wastage. This
Australian data has been compared with contemporary UK and European consumption rates
obtained from the National Radiological Protection Board (NRPB, 1980) and KFK (1995).

Generally, food consumption in Australia appears greater than that in Europe. In particular,
the consumption of fresh fruit is over five times greater in Australia than in the UK.

Per capita consumption data is not considered the most appropriate for calculating the
individual dose due to ingestion following a nuclear accident because it does not allow for
individual variation in food intake.

An estimate has been made of average child and infant consumption rates based upon the
work of NRPB (NRPB, 1980). Where data on a particular foodstuff has not been available,
an estimate has been made based upon the relative consumption rates of similar foodstuffs.

Commercial food production within 25 kilometres of the site is predominantly fruit and
vegetables from market gardens in the rural areas of Liverpool, Campbelltown and Camden,
and poultry production in the rural areas of Liverpool. These commercial food production
regions are 20 to 25 kilometres from the site and are relatively small producers of foodstuffs.
It is believed that individuals close to the site may have small vegetable plots, producing
green vegetables for their own consumption.

An ingestion model has been produced for PC COSYMA which excludes the consumption of
locally produced beef, dairy products, mutton and lamb, eggs and offal. In the COSYMA
model, it is assumed that all food is consumed fresh and the delay between harvesting and
consumption is presented in Table 1.1. The consumption of white meat is included in the
assessment. As stated in Section 4.3, commercially farmed poultry will not form a significant
exposure route to man. The consumption of white meat has, therefore, been modelled as pork
only. It is considered that this assumption is sufficient to account for any individuals raising
poultry close to the site.

The COSYMA model also does not consider the consumption of fruit as an independent
pathway to man because the pathway has little significance in Europe. However, as larger
quantities of fruit are consumed in NSW, this pathway may be more significant and the input
to COSYMA has been adjusted to take this into account.

A different dose assessment code, PC CREAM (NRPB, 1997), developed to assess the
consequences of long term discharges, has been employed to assess the relative importance of
the fruit pathway compared with vegetables. For each of the nuclides of interest, a uniform
air activity concentration, at the candidate sites of food production, was assumed. The dose
received from the consumption of a unit mass of green vegetables was computed and found to
be comparable to, and not less than, the dose received from the consumption of the same
quantity of fruit. It is considered, therefore, suitable to model fruit consumption as an
additional consumption of green vegetables.
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From this information, an adjusted COSYMA input has been developed. The carcass weights
for white meat consumed is reduced by 25% to account for the fat and bone content of the
carcass, vegetable weights are reduced by 20% to account for preparation losses from
washing and peeling (KfK, 1995). Further reduction factors are included in COSYMA to
take account of the reduction in mass of foods during cooking. No reduction factors are
included to take account of the fraction of food prepared which is not consumed, as this
information is difficult to quantify and no reliable estimates are available. Table 1.2 presents
the derived COSYMA input data for the average adult, child and infant.

Table 2.1: Food Production and Consumption

Food stuff

Pork

Root crops

Potatoes

Green vegetables

Fruit

Grain products

Production location

1.6- 10km

1.6- 10km

1.6- 10km

1.6- 10km

1.6- 10 km

1.6- 10km

Fraction consumed
fresh

1

1

1

1

1

1

Delay between harvest
and consumption

2 days

14 days

14 days

2 days

2 days

60 days

Table 2.2: COSYMA Input Data for Adults, Children and Infants1

Product

Pork

Root crops

Potatoes

Green vegetables

Fruit

Grain products

Average Adult
(kg per year)

15

17

52

150

Average Child
(kg per year)

11

11

34

101

Average Infant
(kg per year)

2

7

21

58

Included in Green Vegetables

95 64 35

Note 1: These data include a preparation loss of 20%. Only 25% of the above intake is assumed
to be produced locally.
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Appendix H Flora and Fauna Species Lists

Table H1 Flora Species Recorded at the Site of the Proposed Replacement Reactor and Within
Proposed Fuel-Reduced Zone During Field Survey

Species Name1

Agavaceae

Doryanthes excelsa2

Apiaceae

Hélianthes minor

Casaurinaceae

Allocasaurina littoralis

Dennstaedtiaceae

Pteridium esculentum

Dicksoniaceae

Calochlaena dubia

Epacridaceae

Epacris pulchella

Iradaceae

Patersonia sericea

Mimosaceae

Acacia parramattensis

Acacia stricta

Myrtaceae

Angophora costata

Angophora hispida

Eucalyptus gummifera

Eucalyptus haemostoma

Eucalyptus punctata

Leptospermum trinervium (previously
L attenuatum)

Proteaceae

Banksia ericifolia

Banksia marginata

Banksia serrata

Conospermum longifolium ssp.
angustifolium

Dillwynia floribunda var. floribunda

Hakea sericea

Isopogon anemonifolius

Crevillea sericea

Lambertia formosa

Common Name

Gymea Lily

Dwarf Flannel Flower

Black She Oak

Bracken

False Bracken Fern

NSW Coral Heath

Silky Purple Flag

Parramatta Green Wattle

Straight Wattle

Smooth-barked Apple

Dwarf Apple

Red Bloodwood

Scribbly Gum

Grey Gum

Paperbark Tea Tree

Heath-leaved Banksia

Silver Banksia

Old Man Banksia

Cone seed, Smoke Bush

Bushy Needlebush

Drum-sticks

Pink Spider Flower

Mountain Devil

Proposal

•

•

•

•
•

•
•
•
•
•

•
•
•
•

•
•

•

Location

Site Fuel-Reduced
Zone

•

•

•

•

•

•

•

•
•
•

•

•
•
•

•
•

•
•
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Species Name1

Lomatia silaifolia

Persoonia levis

Petrophile sessilis

Xanthorrhoeaceae

Lomandra longifolia

Xanthorrhoea arborea

Xanthorrhoea resinosa

ssp. resinosa

Introduced Species

Lolium rigidum

Axonopus affinis

Trifolium repens

Ageratina adenophora

Andropogon virginicas

Cynodon daetylon

Lolium perenne

Paspalum dilatatum

Bidens pilosa

Conyza albida

Coreopsis lanceolata

Cirsium vulgäre

Portasparagus aethiopicus

Pennisetum clandestinum

Stenotaphrum secondatum

Common Name

Crinkle Bush

Smooth Geebung

Cone-sticks

Mat Rush

Broad leaf Grass Tree

Grass Tree

Annual Rye Grass

Narrowleaf Carpet Grass

White Clover

Crofton Weed

Whisky Grass

Couch Grass

Perennial Rye Grass

Paspalum

Cobblers Peg

Fleabane

Coreopsis

Spear Thistle

Asparagus Fern

Kykuyu

Buffalo Grass

Proposal

•
•
•

•

•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Location

Site Fuel-Reduced
Zone

•
•
•

•
•
•

Notes: 1 : Family names shown in bold type.
2: Species of Regional Conservation Significance.
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Table H2: Flora Species of National and State Conservation Significance Recorded Within or Adjacent to the Buffer Zone

Species Conservation Status Preferred Habitat Probability of Occurrence on
Proposal Site

Reference/
Source

Acacia bynoeana

Acacia pubescens

Allocasaurina glareicola

Darwinia diminuta

Darwinia grandiflora

Eucalyptus camfieldii

Eucalyptus
luehmanniana

(Yellow-top Ash)

Genoplesium plumosum

Crev/7/ea longifolia

Hibbertia nitida

(Shiny Guinea Flower)

Leucopogon exolasius

Lomandra fluviatilis

Melaleuca deanei

(Dean's Honeymyrtle)

Monotoca ledifolia

Pultanaea aristata

Persoonia nutans

Pterostylis sp. E

Tetratheca neglecta

Vulnerable (national, NSW);

3VC-

Vulnerabie (national, NSW);

2VCa

Vulnerable (national);

Endangered (NSW);

2E

3RCi

2RCi

Vulnerable (national, NSW)

2VG;

2RCa

Endangered (NSW)

2RC-

2RC-

2VC- Vulnerable (NSW)

3RCa

3RC-

3RC-

2VC- Vulnerable (national, NSW)

3RC- Endangered (national, NSW)

to be announced as 2E

SRC-

health and woodland on sandy soils; low

found along upper reaches of Mill Creek specimen found recently beside
Heathcote Rd, very uncommon

found in open forest on clay soils; restricted to a few locations in inner very low
western Sydney

shale/sandstone forest; restricted to Castlereagh woodlands very low

heathland to open woodland on poorly drained sandy soil or laterites low

open woodland on rocky sections; open moist heath low

found in Royal National Park with Angophora hispida (Dwarf Apple), low
Eucalyptus haemastoma (Scribbly Gum); and f. oblonga (Narrow-leaved
Stringy Bark)

heath/woodland on upper escarpments of Hawkesbury sandstone low

creek lines and lower slopes on sandstone

found in sandstone gullies, near streams

heathland on Hawkesbury sandstone

dry rocky creek beds

marshy heath on coastal sandstone plateaus

open heath

sedgeland and heathland

woodland understorey

sparse litter and grass cover; discontinuous shrub layer; gullies, rocky
creeks, banks.

heath and woodland in Royal and Heathcote national parks low

very
very

low

very

very

low

low

low

very

low
low

low

low

low

1,2,3,4,5

2,5

6

6

6

2,5

5,6

5

6

3,6

6

3,6

1,2,3,4

6

6

6

6

1,2,3,4
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Species Conservation Status Preferred Habitat Probability of Occurrence on
Proposal Site

Reference/
Source

Thysanotus virgatus

(Fringe Lily)

3RC- found only on lateritic tops in Royal National Park very low 2,5

Notes: Conservation status:
Endangered (national) - nationally endangered, listed on Schedule 1 of Endangered Species Protection Act, 1992;
Vulnerable (national) - nationally vulnerable, listed on Schedule 2 of Endangered Species Protection Act, 1992;
Endangered (NSW) - endangered in NSW, listed on Schedule 2 of Threatened Species Conservation Act, 1995;
Vulnerable (NSW) - vulnerable in NSW, listed on Schedule 2 of Threatened Species Conservation Act, 1995;
ROTAP status (from Briggs and Leigh, 1995):
2 - geographic range < 100 kilometres;
3 - geographic range > 100 kilometres;
E - endangered - species at risk of becoming extinct within 1 or 2 decades;
V - vulnerable - species not endangered but at risk of becoming extinct over 20 to 50 years;
R - rare - rare in Australia but not endangered or vulnerable
C - population reserved;
a - adequately reserved;
I - inadequately reserved;
- - adequacy of reservation unknown

Sources: 1. Australian National Parks and Wildlife Service (1986)
2. Robinson (1994)
3. Bannister (1993)
4. Neil Bird and Associated Consultants (1984)
5. NSW National Parks and Wildlife Service (1998)
6. Biosis/PPK Environment & Infrastrucutre (1997)
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Table H3: Plant Species of Regional Conservation Significance Within the Buffer Zone

Plant Name

Acacia rubida

Actinotus helianthii

Adiantum aethiopicum

Allocasuahna paludosa

Angophora hispida'

Blandifordia nobilis

Blechnum ambiguum

Boronia ledi folia

Caustis flexuosa

Caustis pentandra

Ceratopeta/um gummiferum

Cyathea austral is

Cymbidium suave

Dendrobium lingiuforme

Dendrobium speciosum var. speciosum

Dillwymia floribunda

Dipodium punctatum

Doryanthes excelsa

Eriestemon australasius

Eriosternon scaber

Eucalyptus paniculata

Eucalyptus squamosa

Exocarpos strictus

Galeola cassythoides

Grevillea diffusa ssp diffusa

Hibbertia riparia

Leucopogon amplexicaulis

Leucopogon juniperinus

Liparis reflexa

Lomandra micrantha

Persoonia pinifolia

Prosanthera saxicola var. saxicola

Schizaea bifida

Telopea speciosissima

Todea barbara

Tricoryne simplex
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Plant Name

Tristaniopsis laurina

Wahlenbergia stricta

Xylomelum pyriforme

Sources: 1. Biosis/PPK Environment & Infrastructure (1997)
2. Bannister (1993)
3. Sutherland Shire Council (1995).

Note: 1. Found within site of proposed replacement reactor and within proposed fuel-reduced zone.
2. Found within proposed fuel-reduced zone.
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Table H4: Fauna Species Recorded at the Site of the Proposed Replacement Reactor and Within
the Proposed Fuel-Reduced Zone During Field Survey

Species Name Common Name

Birds

Artamus personatus

Cacatua galerita

Corvus coronoides

Dacelo novaeguineae

Gymnorhina tibicen

Manorina melanocephala

Phylidonrys nigra

Platycercus e/egans

Rhippidura leucophrys

Strepera graculina

White-breasted Woodswallow

Sulphur-crested Cockatoo

Australian Raven

Laughing Kookaburra

Australian Magpie

Noisy Miner

White-cheeked Honey Eater

Crimson Rosella

Willie Wagtail

Pied Currawong

Mammals

Oryctolagus cuniculus Rabbit

Reptiles

Lampropholis guichenoti Garden Skink
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Table H5: Fauna Species of National and State Conservation Significance Recorded Within the Buffer Zone and Adjacent Areas and Probability of
Occurrence on the Site of the Proposed Replacement Reactor

Species Conservation Status Preferred Habitat4 Probability of Occurrence on Proposal Site Reference/
Source

Birds

Botaurus piciloptilus

(Australasian Bittern)

Burhinus magnirostris

(Bush Stone-curlew)

Calyptorhynchus lathami

(Glossy Black Cockatoo)

Dasyornis brachypterus

(Eastern Bristle Bird)

Dupetor flavicollis

(Black Bittern)

Crantiella picta

(Painted Honeyeater)

Haliaeetus leucogaster

(White-bellied Sea Eagle)

Hirundapus caudacutus

(White-throated Needletail)

Lathamus discolor

(Swift Parrot)

Neophima pulchella

(Turquoise Parrot)

Petroica rodinogaster

(Pink Robin)

Pezoporus wallicus

(Ground Parrot)

Ptilinopus superbus

(Superb Fruit-Dove)

Ninox strenua

(Powerful owl)

Vulnerable (NSW)

Endangered (NSW)

Vulnerable (NSW)

Vulnerable (national,
NSW)

Vulnerable (NSW)

Vulnerable (NSW)

CAMBA

JAMBA; CAMBA

Vulnerable (national,
NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Permanent, shallow, vegetated freshwater or brackish very low
swamps dominated by reeds or sedges; ephemeral wetlands

Open forest and woodlands with grassy understoreys; short,
sparse ground cover, abundant leaf litter and fallen timber.

Variety of communities with Allocasuarina spp. Trees;
hollow branches for nesting

Heathland, coastal and mountain environments; woodland
with tussock understorey; dense ground cover

Coastal wetlands and littoral zones; freshwater wetlands

Dry open forest and woodland; mistletoe berries

large rivers, fresh and saline lakes, reservoirs, estuaries,
coastal seas.

aerial; coastal and mountain regions

box-ironbark open forests (particularly Forest Red Gum)
containing lerp

Edges of eucalypt woodland/forest adjoining clearing; seeds low to moderate
of grass

One record from Little Forest low

Coastal heaths, estuarine flats and swamps; heathlands and low
sedgelands with very dense cover (> 80 percent)

rainforests, and adjacent mangroves; also eucalypt forests low
and heathlands with native fruits

Dry eucalypt/old growth forest; dense vegetation in gullies low

low

A. littoralis present at site therefore potential
feeding sites; no nesting/breeding sites

low;

no dense ground cover present

very low

low

low

low

very low

4

4

4

4

4

4

4,5

3,4,5

4

4

1

4

2,5

2
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Species Conservation Status Preferred Habitat4 Probability of Occurrence on Proposal Site Reference/
Source

Tyto novaeholiandiae

(Masked Owl)

Tyto tenebricosa

(Sooty Owl)

Xanthomyza phrygia

(Regent Honeyeater)

Mammals

Chalinolobis dwyeri

(Large Pied Bat)

Dasyurus maculatus

(Tiger QuoII)

Fahistrellis tasmaniensis

(Eastern False Pipistreile)

Miniopterus schreibersii

(Common Bent-wing Bat)

Mormopterus norfolkensis

(Eastern Little Mastiff Bat)

Myotis adversus

(Large-footed Myotis)

Petaurus australis

(Yellow-bellied Glider)

Petaurus norfolcensus

(Squirrel Glider)

Petrogale pencillata

(Brush-tailed Rock Wallaby)

Phascolarctos cinereus

(Koala)

Potorous tridactylus

(Long-nosed Potoroo)

Saccolaimus flaviventris

(Yellow-bellied Sheathtail Bat)

Vulnerable (NSW)

Vulnerable (NSW)

Endangered (national,
NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (national,
NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Dense undergrowth and hollow branches within dry forest low
and woodland with adjoining cleared trees

Tall, wet old growth forest with dense understorey very low

Box-ironbark open forests (particularly old growth) on moist, very low
fertile soils

Tall dry and wet forests; sandstone caves; mine tunnels, tree low
hollows

Continual riparian habitat corridors; caves, hollow logs very low

Dry woodland to wet sclerophyll forest; moist forest, caves, low
abandoned buildings, tree hollows

Well-timbered valleys; wet and dry sclerophyll forest, caves,
old mines, rock shelters, sandstone caves, fissures,
overhands

Sclerophyll forest and woodlands in sub-tropical areas;
unclear

Permanent, slow-flowing water bodies; caves, mines,
disused railwaytunnels; dense foliage

Forests on high nutrient soils; large tree hollows; old growth very low
forest

Mature forests and woodlands of more than one eucalypt low
species; gum bark, high nectar plants; tree hollows; prefers
old growth

Rocky areas in sclerophyll forests with grass cover; cave very low
sites with ledges, cracks, crevices; prefer north aspect

Grey gum and blue-leaved stringy bark open forest,
woodland

low;

potential feeding habitat

low;

limited woodland for foraging

very low

Dense ground cover and light sandy soil in woodland with
dry heath understorey to wet heath;

Tree hollows; wet and dry sclerophyll forests and woodland low

Few isolated Grey Gums present but not
considered habitat for this species;

therefore very low

low

2,4

4A

4

4

4
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Species Conservation Status Preferred Habitat4 Probability of Occurrence on Proposal Site Reference/
Source

Scoteanax rueppellii

(Greater Broadnosed Bat)

Vespedelus troughtoni

(Eastern Cave Bat)

Amphibians

Heleioporus australiacus

(Giant Burrowing Frog)

Litoria aurea

(Green and Golden Bell Frog)

Psuedophryne austral is

(Red-crowned toadleO

Reptiles

Hoplocephalus bungaroides

(Broad-headed Snake)

Varanus rosenbergi

(Heath Monitor)

Vulnerable (NSW)

Vulnerable (NSW)

Vulnerable (NSW)

Endangered (NSW)

Vulnerable (NSW)

Vulnerable (national);
Endangered (NSW)

Vulnerable (NSW)

Moist forests and riparian habitats; dry forests and low
woodlands; prefers mature forest on high fertility soils;
sparse understorey, tree hollows, brick buildings

Dry to wet sclerophyll forest, caves, rock overhangs low

Hanging swamps, perched wetlands and perennial, non- very low
shading creeks within a variety of forest types

Permanent water bodies, free of mosquito fish, open, sunny very low
sites

Dry sclerophyl! forest on sandstone; leaf litter, grass beside very low
ephemeral creeks

north-facing sandstone escarpments, containing exfoliating low
rock in unshaded areas

Heathland containing termite mounds low

2

4

2

2,3

4

Notes:

Sources:

Conservation status:
Endangered (national) - nationally endangered, listed on Schedule 1 of Endangered Species Protection Act, 1992;
Vulnerable (national) - nationally vulnerable, listed on Schedule 2 of Endangered Species Protection Act, 1992;
Endangered (NSW) - endangered in NSW, listed on Schedule 1 of Threatened Species Conservation Act, 1995;
Vulnerable (NSW) - vulnerable in NSW, listed on Schedule 2 of Threatened Species Conservation Aa, 1995;
A - unconfirmed;
JAMBA - Japan /Australian Migratory Birds Agreement;
CAMBA - China/Australia Migratory Birds Agreement

1. Australian National Parks and Wildlife Service (1986)
2. NSW National Parks and Wildlife Service (1998)
3. Bannister (1993)
4. Biosis/PPK Environment & Infrastructure (1997)
5. Simpson and Day (1993)
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Table H6: Fauna Species of Regional Conservation Significance Recorded Within the Buffer Zone

Common Name Scientific Name

Reptiles

Bearded Dragon

Lace Monitor

Birds

Brush Cuckoo

Buff-rumped Thombill

Chestnut-rumped Heathwren

Fuscous Honeyeater

Little Eagle

Peaceful Dove

Restless Flycatcher

Rockwarbler

Southern Emu-wren

Tawny-crowned Honeyeater

Wedge-tailed Eagle

Weebill

Yellow-rumped Thornbill

Mammals

Brown Antechinus

Long-noised Bandicoot

Water Rat

Pogona barbata

Varanus varius

Cuculus variolosus

Acanthiza reguloides

Hylacola pyrrhopygia

Lichenostomus flavescens

Hieraaetus morphnoides

Ceopelia placida

Myiagra inquieta

Origma solitaria

Stipiturus malachurus

Phylidonyris melanops

Aquila audax

Smicromis brevirostris

Acanthiza chrysorrhea

Antechinus stuartii

Peramdes nasuta

Hydromys chrysogaster

Source: 1. Bannister (1993)
2. Biosis/PPK Environment & Infrastructure (1997)
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Appendix I
Summary of Environmental Commitments and Management Measures

Table 11 - Environmental Management - Construction

EIS Reference Environmental Commitments and Management Measures
During Construction

Predicted Outcome

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 runoff; and

regularly maintaining all erosion, sedimentation and
pollution devices to ensure effective operation,
particularly after heavy rainfall.

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.

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 fill;

• 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 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.
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EIS Reference Environmental Commitments and Management Measures
During Construction

Predicted Outcome

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 management measures would include:

• 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.

Production of waste during construction
is unavoidable. However,
implementation of waste minimisation
strategies would assist in reducing
quantities generated.

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.

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.
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EIS Reference Environmental Commitments and Management Measures
During Construction

Predicted Outcome

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

installation of a seagull intersection at the intersection of
the entrance to the Lucas Heights Science and
Technology Centre and New Illawarra Road.

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.

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.

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 of the proposal during
construction;

augmentation of some existing services
required during construction, including
additional stormwater retention ponds.

Social and Economic Impacts (Chapter 16 of Draft EIS)

Ensure ongoing monitoring of the implementation of the
environmental management measures during
construction;

Release information about the performance of the
environmental management measures to the community
during the process of developing and implementing the
replacement reactor.

Impacts would occur within the local
community of interest and would be
limited to the duration of construction.

Land Contamination (Chapter 17.1 of Draft EIS)

Prepare a Remedial Action Plan for on-site remediation
of identified hydrocarbon impacted soil in accordance
with NSW Environment Protection Authority
requirements;

Conduct additional sampling and analysis for heavy
metals arising from excavation of the southern section of
the site of the replacement reactor.

Incorporate strategies to deal with contaminated soils,
including the Remedial Action Plan as part of the
Construction Environmental Management Plan.

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.

13



EIS Reference Environmental Commitments and Management Measures
During Construction

Predicted Outcome

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 -17 metres;

0 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.

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.

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.

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.

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

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.

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 runoff around the deposit

• No adverse impact is predicted.

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 the Health, Safety and Environment Policy, the
Occupational Health and Safety Policy and the
associated safety directives. These would continue to
provide the basis for managing ongoing activities at the
Lucas Heights Science and Technology Centre during
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.
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EIS Reference Environmental Commitments and Management Measures
During Construction

Predicted Outcome

preparing an environmental management plan for
construction;

undertaking a program of community consultation and
reporting, managed by a community liaison manager
designated byANSTO;

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 byANSTO,
responsible for monitoring and auditing the
implementation of the vendors environmental
management plan;

a workplace procedures manual would be developed
and implemented byANSTO as a principal reference for
personnel working at the site; and

an induction training program would be implemented
for all new personnel.

Decommissioning (Chapter 19 of Draft EIS)

Prepare an options study, an overall decommissioning
plan and a comprehensive Stage 1 decommissioning
plan at least one year before HIFAR is shutdown

Remove 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.

Cumulative Impacts and Ecologically Sustainable Development (Chapter 20 of Draft EIS)

Concept and The following initiatives would be implemented:
Detailed Design

incorporate a requirement by the vendor to demonstrate
solutions for the ultimate disposal of spent fuel in the
tender specifications;

undertake a life cycle assessment of all building
materials to be used in structures constructed as part of
the proposal;

avoid the use of non-sustainable materials such as
polyvinylchloride and use, wherever practical,
alternatives;

use recycled or recycled content products as
construction materials wherever practical;

reuse all excavated soil on site for use in landscaping
works.

The initiatives would contribute to the
achievement of the principles of
ecologically sustainable development.
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Table 12 - Environmental Management - Operation

EIS Environmental Commitments and Management Measures
Reference During Operation

Predicted Outcome

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 100 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.

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.

Air Quality (Chapter 9 of Draft EIS)

No mitigative measure is required for non-radioactive
releases to the atmosphere during operation.

No non-fadiological impacts on air
quality are predicted during operation.

Management of Reactor Products, Spent Fuel and Wastes (Chapter 10 of Draft EIS)

Reactor
Products

Spent Fuel

Ensure 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

ensure all reactor products transported from the Lucas
Heights Science and Technology Centre comply with the
requirements of national standards and the International
Atomic Energy Agency regulations for the safe transport of
radioactive materials.

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 storage facility, for long-lived intermediate level
waste;

Continued compliance with relevant
national and international standards
would ensure potential impacts are
minimised or avoided.

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 waste storage
facility.
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EIS Environmental Commitments and Management Measures
Reference During Operation

Predicted Outcome

• maximum advantage would be taken of waste minimisation
opportunities in relation to the waste form resulting from
reprocessing/ conditioning whi le 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.

Emissions • Comply wi th all relevant legislative and regulatory
and requirements, in particular, ensuring that all discharges are
Radioactive wi th in authorised limits, regular radioactive releases to the
Waste environment are monitored and reported;

• ensure that radiation exposures would be kept "as low 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 public
dose l imit recommended by the National Health and
Medical Research Council of one millisievert;

• ensure that comprehensive assessments of future emissions
would be undertaken and independently reviewed by the
regulatory authority (ARPANSA) as part of the approval
process before construction;

• minimise production and volume of future wastes, taking
into account economic and social factors;

• implement 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

• transport all low level and short-lived intermediate level
radioactive waste to the national waste repository, when it
becomes operational, and transport all long-lived
intermediate level radioactive waste to the national storage
facility when it becomes operational.

Non- • Ensure that the current system of processing non-radioactive
Radioactive wastes, treatment and disposal continues to be within all
Waste regulatory guidelines and generally moves towards the

reduction of waste quantities and recycling of materials
generated.

Impacts would be localised to the area
of the buffer zone and l imited to one
per cent of the public dose l imit.
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.

Hazards and Risks (Chapter 11 of Draft EIS)

Conduct 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, ARPANSA.

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 ARPANSA
and the requirements of the
International Atomic Energy Agency;
and keeping occupational and public
radiation doses As Low As Reasonably
Achievable.
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EIS Environmental Commitments and Management Measures
Reference During Operation

Predicted Outcome

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.

Comply with the forthcoming ARPANSA Act, 1998 and
Regulations, as well as all relevant licence conditions,
ARPANSA principles and guidelines, including:

ensuring that the safety assessment of the reactor meets
the Nuclear Safety Bureau's and ARPANSA's criteria;

ensuring 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.

Maintain the existing f.6 kilometre buffer zone.

Ensure that all packages containing radioisotopes, spent fuel
or waste, which are transported from the Lucas Heights
Science and Technology Centre, would comply with the
transport regulations of ARPANSA and the International
Atomic Energy Agency.

The environmental management
commitments for the design,
constructor, operation and utilisation
of the replacement reactor would be
capable of being achieved.

Flora and Fauna (Chapter 12 of Draft EIS)

Specific management measures would include:

• Monitoring of erosion and sedimentation control measures;

• monitoring of 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.

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 the ANSTO Board 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.

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.
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EIS Environmental Commitments and Management Measures
Reference During Operation

Predicted Outcome

Infrastructure and Services (Chapter 15 of Draft EIS)

Minimisation of water and energy use (refer ecologically
sustainable development below).

Existing infrastructure and services,
wi th proposed augmentations, would
meet the needs of the proposed reactor
during operation

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 wi th in the local
community of interest and could be
expected for the life of the reactor.

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.

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 proposed
replacement research reactor

Noise (Chapter 17.3 of Draft EIS)

• No specific management measures are necessary. 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.

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.
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EIS Environmental Commitments and Management Measures
Reference During Operation

Predicted Outcome

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
proposed 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 HI FAR 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
ARPANSA, and applied to the
operation of the proposed
replacement reactor.

Decommissioning (Chapter 19 of Draft EIS)

• All hazards and risks associated with decommissioning
would be addressed in detail in a Decommissioning Plan.

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
proposed 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.

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 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.

The initiatives would contribute to the
achievement of the principles of
ecologically sustainable development.
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Overview of Environmental Impacts and Management Measures

Construction of the proposal would take approximately three years and directly affect an area of
approximately four hectares. This construction period is considered to be typical of a major
infrastructure development and represents a relatively short time scale, in terms of environmental
processes, human life spans and the operational life of the reactor (at least 40 years). With the
implementation of environmental management measures listed in Table 11 and the continuation and
augmentation of existing environmental management systems at the Lucas Heights Science and
Technology Centre, the overall environmental impact of the construction of the proposal would be
relatively minor.

In general, construction of the proposed replacement reactor would result in direct, short-term, localised
and small scale impacts to soils, surface water and groundwater quality, air quality, waste management,
flora and fauna, traffic and transport, infrastructure and services, bush fire, noise and visual and
landscape. A small area of soil contaminated with hydrocarbons would require on-site remediation.
Management measures proposed in Table II are suitable for the scale of impact associated with the
proposal and are considered to have a high level of reliability.

There would be no impacts on Aboriginal and non-Aboriginal cultural heritage or planning and land
use as a result of the proposal.

The environmental issues associated with operation of the proposed replacement reactor arise mainly
from waste management, hazards and risks and decommissioning. The scale of potential impacts in
these areas would be small, however, they may apply over long time frames. In response to the
potential impacts identified in this Draft EIS, ANSTO has made commitments to reduce, reuse and
recycle waste wherever possible; to comply with all relevant legislative and regulatory requirements; to
ensure all radiation exposures and hazards and risks are kept As Low As Reasonably Achievable; and to
ensure a high level of community consultation is maintained, both during construction and operation of
the proposal. In addition, all activities associated with the proposed replacement reactor would be
licensed, monitored and regulated by ARPANSA.
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Appendix J Outline of Construction Environmental Management Plan

1. Overview

The detailed design of a number of items of individual plant and equipment for the proposed
replacement research reactor would only be finalised during the period of construction. The
environmental management plan for construction of the reactor would be prepared in parallel with the
detailed design. Key elements of the environmental management plan are:

• clear environmental objectives;

• a commitment to sound environmental practices;

• a management structure which includes the assignment of responsibilities for environmental
protection and management;

• unambiguous procedures for managing potential environmental impacts;

• a system to ensure that guidelines are followed and objectives achieved, including systems for
training and quality control;

• an administrative system for documenting and reporting key issues and community complaints; and

• a system for monitoring environmental impacts and reviewing the environmental management
plan.

2. Outline

An outline of a construction environmental management plan is set out in Table J1.

Table )1: Outline of a Construction Environmental Management Plan

Title Scope

1. Overview

2. Construction Activities

3. Relevant Environmental Legislation

This section would

• explain the scope and objectives of the EMP;

• describe the relationship of the EMP to the project; and

• outline how the EMP fits into the selected vendors contract with ANSTO.

This section would:

• identify the construction sites;

• identify the phases of construction;

• describe the methods of construction;

" outline the characteristics of the proposal which have the potential to affect
the environment; and

• highlight constraints and sensitive issues for construction.

This section would:

• outline the relevant Commonwealth and NSW legislation which would
apply to the project; and

• identify all necessary approvals and licences which would be required prior
to the commencement of any works.
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Title Scope

4. Environmental Management This section would:

• state the environmental policy for the construction of the project based on
the principles of ecologically sustainable development;

" identify environmental objectives and targets;

• describe the project management structure;

• identify monitoring and reporting requirements, including provision for
periodic compliance audits and amendments or variations to the
environmental management plan;

• identify staff induction and environmental training procedures and programs;
and

• describe procedures for community liaison and complaints protocols.

5. Management Procedures This section would:

• identify the environmental management procedures which would be
implemented to ensure compliance with relevant legislation and to manage
potential impacts in a manner which will minimise the potential impact to
the environment and the community; and

• incorporate the environmental management measures and safeguards
identified in Appendix I of this EIS and the conditions of approval for the
project.

3. Example of an Environmental Management Procedure

An example of an environmental management procedure in relation to management and minimisation
of non-radioactive waste is set out below.

Objective: To adopt a "cradle to grave" approach to manage waste generated during construction,
in accordance with the preferred hierarchy of minimisation, reuse, recycling and final
disposal.

Strategy: Avoid waste production through waste conscious design and planning during the
concept design phase.

Actions Responsibility1

Order only the required amount of materials needed for construction work.

Order standard sized materials to meet design specifications where possible.

Plan for reuse of scaffolding and temporary structures.

Plan for a balance of cut and fill to eliminate the need for off site disposal of spoil.

Arrange for recycling and disposal of wastes to licensed landfill.

Provide a conveniently located area for recycling of materials and provide colour-coded
bins for metal, timber and glass.

Note: 1. To be determined.

Performance Indicator: No excess materials ordered or disposed of in landfills off-site.

Monitoring: Checking of quantities of materials ordered against quantities required.

Reporting: Monthly review of quantities of materials ordered/ removed and associated costs.
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