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28 September 1998

The Hon John Moore MP
Minister for Industry, Science and Tourism
Parliament House
CANBERRA ACT 2600

Dear Minister

In accordance with Section 63M(1) of the Audit Act 1901, 1 am pleased to present the Annual
Report of the Australian Nuclear Science and Technology Organisation for the period 1 July
1997 to 30 June 1998.

Audited group financial statements for the year ended 30 June 1998 are disclosed in the
Report. Also included in accordance with Section 63M(2) of the Audit Act 1901 is a report by
the Auditor General.

Yours sincerely

S M Richards
Chairman
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A N S T O ' S M I S S I O N

ANSTO's Mission

ANSTO's mission consists of four components:

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

to operate large nuclear science and technology-based facilities in Australia
and overseas for the benefit of industry and the Australian research and
development community, including postgraduate students and staff in higher
education;

to undertake research on specific topics to advance the understanding of
nuclear science and the nuclear fuel cycle and

to apply resulting technologies and other relevant, unique capabilities to
focussed research and development and other scientific activities to increase
the competitiveness of Australian industry and improve the quality of life for
all Australians.

ANSTO is located at
the Lucas Heights

Science and
Technology Centre,

which is 40 km south
west of Sydney city

centre. Sydney can be
seen on the horizon.

Enabling Legislation

The Australian Nuclear Science and Technology Organisation (ANSTO) is a body
corporate established by the Australian Nuclear Science and Technology
Organisation Ad 1987. The functions and general powers of ANSTO are set out
in Part 2, Section 5 and 6 of the Act. See also 'Functions of the Organisation
under the ANSTO Act', Appendix 4 of this Report.

Statement of Compliance

This report is written according to the reporting guidelines provided for
statutory authorities in Requirements for Departmental Annual Reports, published
by the Department of the Prime Minister and Cabinet in 1994 and updated in
April 1998. An index of compliance is provided in Appendix 5.
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C H A I R M A N ' S R E P O R T

CHAIRMAN'S REPORT

This is the 46th Annual Report of ANSTO or its predecessor, the Australian
Atomic Energy Commission.

Parliamentary appropriation for normal ANSTO business was $72.73 million,
compared to $59.79 million for the previous year. The additional
appropriations were for spent fuel shipments ($5,574 million) and for early
stage work on the HIFAR reactor replacement project ($2 million). Operating
revenue from independent sources totalled $30 million, 10% more than in
1996-97. Expenditure to maintain and upgrade capital stock was $11.49
million.

ANSTO's activities are characteristic of one of several research and
development (R8D) models supported by the Commonwealth Government.
The organisation is required to earn approximately 20% of its income
separate from annual appropriations, and to provide services to industry,
government, the research community and the community at large. It does
so on a very different platform from other R&D models such as those
prescribing the activities of Cooperative Research Centres, CSIRO, Australian
Research Council Centres and the Australian Geological Survey Organisation,
for example.
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ANSTO's R&D model is constrained and dominated
by National Facility obligations, which dictate that:

• the facilities are for national use and made
available to researchers according to the merit of
their proposal not according to commercial gain

• the facilities are expected to foster
interdisciplinary research

• the facilities are expected to provide a
technological stimulus to Australian industry, and
to foster development of new Australian
enterprises, and

• the facilities are expected to be a focus for the
training of Australian postgraduates in advanced
techniques for science and technology in the
twenty-first century.

The ANSTO model is supported by specialist nuclear
science and technology capabilities that include:

• the manufacture of radiopharmaceuticals

• occupational health and safety associated with
the nuclear fuel cycle, and

• management of radioactive waste.

ANSTO's principal capital equipment includes the
HIFAR research reactor, the National Medical
Cyclotron and the Australian National Tandem
Accelerator. To deliver the best services for its
customers and stakeholders, ANSTO needs to spend
capital to maintain, keep safe, continuously
improve, and sometimes replace equipment, as is
the case with the HIFAR research reactor.

However, to exploit these facilities effectively to the
economic benefit of Australia, another easily
overlooked expenditure is that needed for
continuous research to develop enabling
technologies such as:

• the application of radioisotopes, neutrons and
radioanalytical techniques

• mineral and chemical processing technologies
such as solvent extraction

• structural integrity assessment, and

• advanced ceramics.

These technologies are usually developed and
improved while solving specific and necessary
research problems pertaining to our nuclear
activities or in association with universities or other

research organisations. In the end, it is the superior
knowledge of these technologies that we offer
customers in the form of a product, a service or as a
research contractor.

ANSTO's direct expenditure on such developments
in 1997-98 was $31.23 million, only 36% of the
organisation's total expenditure. The pressure on
this kind of expenditure is severe, squeezed by the
appropriation limit, the large proportion of
expenditure required as capital and for operating
the National Facilities in accordance with the
obligations mentioned above. Careful selection and
review of projects have improved the effectiveness
of the expenditure and leverage is being obtained
through collaboration with paying partners. There is
in my view a justifiable argument for increasing the
appropriation to expand the research and
development in these enabling technologies to
provide even more effective linkage or glue' with
public and private institutions for the longer-term
national benefit.

Major accomplishments during the year, for which
the Board acknowledges the outstanding effort of
all involved, include:

• the shipment of 240 spent fuel rods without
incident

• the preparation of the Draft Environmental Impact
Statement by PPK Environment 8 Infrastructure
Pty Ltd for the replacement research reactor. The
draft was available for public perusal from mid-
August 1998, and

• a highly successful series of Open Days, which
drew some 4,000 people to the site.

The Board records its appreciation of the leadership
shown by the Executive Director, Professor Helen
Carnett, and the continued dedication and effort of
all staff.

Dr Max Richards
Chairman
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EXECUTIVE DIRECTOR'S REPORT

This year has been exciting and profitable for ANSTO, with the Organisation
focussed on delivering against its Strategic Plan and achieving its vision -
that nuclear science and technology benefit, and be seen to benefit, all
Australians. It was pleasing that the Technical Advisory Committee, a
committee of national and international experts, established by the Board in
1996, reported positively on the focus brought to the Organisation's
activities and on the progress and quality of the outputs. Some of the
highlights of the year are captured below.

Facility development

The core of the Organisation is our nuclear expertise, which depends on a
functional and capable research reactor. The announcement on
3 September by the Federal Government that it would fund ANSTO to
construct a replacement research reactor has been invigorating for the
Organisation. ANSTO appreciates the support from the Academy of Science,
the Academy of Technological Sciences and Engineering, the Institute of
Engineers, the Federation of Australian Science and Technology Societies,
the Australian and New Zealand Association of Physicians in Nuclear
Medicine and the Australian and New Zealand Society of Nuclear Medicine,
all of which acclaimed the announcement of the replacement research
reactor.

For several years Australian scientists have, with great skill, continued to
undertake good science, despite the obsolescence of HIFAR's beams. This
has become more and more difficult to achieve. ANSTO's staff have made a

3
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major effort to keep HI FAR well maintained and
operational, achieving availability of the reactor for
96.9% of its scheduled time this year. This is a
reduction on the availability for 1996-97 and reflects
the increasing effort to maintain the facility.

The vision of a modern research reactor, ranking
with the top national facilities in the world, is
already attracting excellent scientists and engineers
to the Organisation, and offers of support and
collaboration from the international scientific
community. ANSTO staff, together with
representatives of the key interest groups from
academia, government, research organisations and
industry in all mainland States, are actively planning
for the reactor instrumentation. This will provide
exciting possibilities for research into new materials
for applications areas such as the automotive,
biotechnology, nanotechnology, petrochemical,
pharmaceutical, space and telecommunications
fields as well as for the elucidation of processes for
the resource sector, environmental management
and process industries. Another user group has
defined the desired outputs from the irradiation
facilities. ANSTO will continue to work in partnership
with its clients to develop a facility that will deliver
exceptional benefits to Australia.

ANSTO also owns and operates particle accelerators,
which complement the activities on the reactor.
During the year new beam lines were completed on
the National Medical Cyclotron. These will enhance
the reliability of radiopharmaceutical product supply
from that facility. A heavy ion microprobe became
operational on the tandem accelerator, providing
Australia with a unique instrument for specialist
material and environmental research.

Exciting science

ANSTO scientists have continued to team with
national and international colleagues to enhance
our knowledge base using their nuclear science and
technology expertise.

Studies undertaken collaboratively with colleagues
from Germany, Japan, Korea and the United States
on the long-term migration of naturally occurring
radionuclides from the Koongarra uranium deposit
in the Northern Territory have provided the scientific
basis for relating field-based analysis and laboratory
estimates of radionuclide transport retardation
factors. In collaborative work with the Australian

Geological Survey Organisation it has been
demonstrated that the measurement of
radionuclides already present in soils can provide
information on the rate of movement of
radionuclides in soils in arid regions. This
knowledge is potentially useful for assessment of
sites for radioactive waste repositories.

Studies undertaken in collaboration with CSIRO, the
Australian Institute of Marine Science, James Cook
University and Japanese and US research institutions
determined the impact on the Great Barrier Reef of
trace elements carried in the waters and sediments
of tropical rivers, particularly the Fly and Sepik
rivers. In collaboration with the Biodiversity Group
of Environment Australia, staff determined the
bioaccumulation of metals by crocodiles in Kakadu
National Park. This knowledge will prove valuable in
assessing any future impact of land use changes in
the Kakadu region as crocodiles are a major
predator in tropical riverine ecosystems.

ANSTO scientists identified a previously unsuspected
gas transport process that can occur in very large
piles (about 500 million tonnes) of mine wastes and
which can greatly increase pollutant generation
rates. Methods were developed to enable a more
precise description of transport of pollutants in the
ecosystem, particularly in groundwaters, through the
coupling of a three-dimensional mass transport
computer code with a chemical speciation code.

Neutrons from HIFAR were used by ANSTO
scientists, often in collaboration with national and
international colleagues, to address a range of
practical scientific questions. These included:

• the differentiation of materials with superior
capacity to hold electric charge as the basis of
new generation, environmentally-friendly, long life
batteries and electric cells. (Research carried out in
collaboration with Brookhaven National
Laboratory, United States.)

• the potential for neutrons to assess the structure
of thermal coatings and buried metal interfaces,
particularly of coatings for engines used for
aerospace applications. A pilot study with the
Defence Science and Technology Organisation has
identified the value of this approach and further
studies on the composition and performance of
materials considered for thermal barriers and the
processes of their application are planned.
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• a breakthrough in the elastic characterisation of
polycrystalline materials that is beneficial for
understanding many real engineering materials
and new materials under development. (Research
carried out in collaboration with the University of
Newcastle.)

• the determination of the structure of fullerene
solids containing trapped gases. These have
potential as gaseous tracers for determining the
efficiency of numerous industrial processes.

• the atomic structure of a metalloprotein, used
historically in the treatment of a particular
hereditary disorder, which will assist in advancing
knowledge on the structure of organo-metallic
compounds. This information will enable scientists
to develop new pharmaceutical products and
novel non-polluting methods for extracting metals
from effluents. (Research carried out in
collaboration with the University of Sydney.)

• the mineral composition of neutral barrier
materials. These novel sub-surface barriers are
formed in situ and can control water and gas flow
through groundwater aquifers, or mine dumps,
thereby improving management of potential
environmental hazards. (Research carried out in
collaboration with Earth Systems Pty Ltd.)

The use of small angle neutron scattering to
simultaneously monitor sol-gel structure evolution,
and rheology of silica colloids during gelation, has
been demonstrated through a collaborative program
between the US National Institute of Standards
(NIST) and ANSTO, using the unique small-angle
neutron scattering facility at NIST. The ability to
monitor the gelling process of sol-gels and the
possibility of tailoring the final structure of the gel,
and hence its properties, is important in the
fabrication of nanostructured functional devices.

The laboratory development of matched pairs of
radiopharmaceuticals based on dimercaptosuccinic
acid with technetium-99m (for diagnosis) and
rhenium-188 (for therapy) was completed. The
production method minimises activity accumulation
in the kidneys. Patients are being recruited for a
clinical trial of these radiopharmaceuticals for the
diagnosis and treatment of metastatic breast cancer
at a Sydney hospital.

Technology impact

Scientific ideas and discoveries can take decades to
become embodied in technology and yield
innovative solutions to problems of genuine
socioeconomic impact. ANSTO is therefore delighted
that, within 20 years of the synroc idea being
conceived by the late Professor Ted Ringwood, a
synroc-like titanate ceramic has been chosen by the
United States as the wasteform to immobilise excess
weapons-usable plutonium. It is especially pleasing
that the effort on developing the synroc process by
ANSTO and its collaborators will find its first
application in support of a global nuclear weapons
disarmament initiative.

The current expansion of the Olympic Dam copper
and uranium mill in South Australia incorporates
two processes developed and demonstrated by
ANSTO. The first is an improved treatment process
that will allow recycling of neutralised process water
and reduce consumption of bore water from the
Great Artesian Basin. The other is a leaching circuit
to remove radionuclides from smelter dust, allowing
its subsequent recycling and the recovery of
precious metals.

Air pollution regulatory authorities are using data
generated from a study that uses samplers and
nuclear analysis techniques, developed at ANSTO, to
determine a national goal for fine particle
atmospheric pollution. The two-year study,
undertaken collaboratively with CSIRO, measured
the fine particles in the air of Australia's capital
cities. This methodology for fingerprinting sources of
atmospheric fine particle pollution has also been
accepted by the International Energy Agency as a
key tool for analysis of pollution in Europe.

Some 15 million pupae of Queensland fruit fly were
irradiated at ANSTO each week for NSW Agriculture
as part of the Tri State Fruit Fly Eradication program.
In addition, our irradiation facilities were used to
process health care materials, tissue grafts,
biological material and polymers for health care
applications in accordance with Australian and
international regulatory health care standards.

In November ANSTO was granted general
marketing approval by the Therapeutic Goods
Administration for a new palliative
radiopharmaceutical based on samarium-153
(Quadramet). This radiopharmaceutical is used to
relieve bone pain in patients with painful
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osteoblastic skeletal metastases arising from breast,
prostate and lung cancer. ANSTO's sales of
radiopharmaceuticals rose from 12.3 to 13.3 million
dollars.

Safety and environment

ANSTO will be releasing a separate Safety and
Environment Report for the1997-98 financial year.
This is testimony to its commitment to ensuring a
safe and healthy environment at its facilities for
employees, visitors and contractors without
impacting on the external community or
environment. Particular initiatives were taken this
year to improve safety training for contractors and
regular external users of the facilities and to reduce
lost time from occupational injuries.

Effluent discharged into the Sydney Water sewer
system was in compliance with the Sydney Water
Trade Waste Agreement. No staff member was
exposed to a radiation dose greater than 13
millisieverts compared to the internationally agreed
limit of 20 millisieverts, and off-site emissions were
less than 1 % of the public dose limit of 1 millisievert
set by the National Health and Medical Research
Council, in accordance with international standards.

ANSTO's radiation safety expertise is used not only
to sustain our high in-house standards but also to
train staff from external organisations. A total of
496 personnel from 132 organisations in sectors
including farming, manufacturing, mineral
exploration, health and electronics participated in
courses in 1997-98.

Three projects were completed under ANSTO's
Waste Management Action Plan. ANSTO's inventory
of some four tonnes of uranium and thorium
metallic scrap was converted to a stable chemical
form suitable for prolonged storage. The process
developed was derived from ANSTO's experience in
synroc production. Further, a process to solidify
ANSTO's intermediate level liquid waste was
installed in a hot cell and successfully tested.
Laboratory studies have confirmed the feasibility of
further processing this solid material into a highly
durable ceramic material, similar to synroc, suitable
for long-term storage or disposal at a national
repository and storage facility.

Our people

This year's Annual Report features images of our
staff, the most important resource of the
Organisation. During 1997-98 new procedures were
developed for managing staff performance and a
revised personal objective and review process,
linked to the business planning cycle, was
introduced. A new strategy for staff development
was introduced involving program facilitators acting
as mentors/coaches to provide continuing support
to staff while they learn and demonstrate key
competencies.

A Code of Ethics, formally accepted by staff,
management and Board members, was introduced.
This will enhance business interactions, both
internal and external. The staff also embraced new
business guidelines and a new risk management
framework, which will enhance the way we do
things at ANSTO.

The challenge

The challenge for ANSTO is to continue to produce
exciting science and technology applications while
delivering on the replacement reactor project; to
sustain its core nuclear expertise over the coming
years until the replacement reactor is completed; to
train new, young staff to take on the operations and
application of the replacement reactor as well as the
complementary world-class accelerator facilities that
have been developed over recent years; and to
further engage industry so that the benefits of its
nuclear science and technological expertise are
exploited to the maximum now, and the foundation
laid to reap the potential from the replacement
reactor in the future. This requires enthusiasm,
dedication and commitment to excellence, values
that have underpinned ANSTO's activities in
1997-98.

Professor Helen Carnett
Executive Director
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INTERNATIONAL STRATEGIC RELEVANCE OF
NUCLEAR SCIENCE AND TECHNOLOGY
Driver: Government

OBJECTIVES:

(aj To provide government with quality scientific and technical advice on the nuclear

fuel cycle, including reactor operations, reactor safety and safeguarding of nuclear

materials.

(b) To make significant contributions to national and international research and

development in selected fields associated with the nuclear fuel cycle, particularly

reactor and radiation safety and safeguards, and be recognised as a leader in the

application of knowledge in these fields. These activities will be commensurate with

the Government's nuclear non-proliferation and other nuclear-related interests.

OUTCOMES

• Government departments and other agencies benefited from ANSTO-
supplied technical advice and informed assessments on a range of nuclear
issues. These inputs assisted our stakeholders in the national interest area
to respond to international nuclear initiatives and evaluate nuclear
developments in other countries, particularly within the region.

• The international study, organised by the International Atomic Energy
Agency (IAEA), of the radiological situation following cessation of French
nuclear testing at the Mururoa and Fangataufa atolls was satisfactorily
concluded. ANSTO scientists were well represented at a senior level in the
study and were also involved in sampling and analysis of marine samples.
The results of the study were published by the IAEA in a Main Report,
supported by a Technical Report in six volumes. The study found that no
remedial action at the Mururoa and Fangataufa atolls was needed on
radiological protection grounds.

• The overall management arrangements of the IAEA Regional Cooperative
Agreement (RCA) was restructured on the basis of initiatives by ANSTO.
The new structure allows the 17 member states to take more responsibility
and be more involved in making decisions.

• On 20 December Australia announced funding of AS1.633 million over
three years for the RCA/IAEA through a project entitled The application of
radioisotope technology to sustainable development in Asia and the
Pacific'. ANSTO was responsible for the preparation of this successful
project proposal. The project has three sub-projects, two of which will be
managed by ANSTO. One is concerned with sustainable development in
the coastal zone. The second will contribute to the safe application of
nuclear technologies in industry and medicine and to strengthening
national regulatory control of nuclear technologies. Both are components
of a new US$5.25 million United Nations Development Program/RCA/IAEA
project, which commenced in January. ANSTO safety staff continued to
support good radiation protection practice in the Asia/Pacific region by
participating as lecturers or hosts of IAEA/RCA activities.
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• Regular inspections of nuclear materials and
facilities demonstrated that ANSTO had met its
national and international safeguards
commitments. In April, ANSTO was subjected to a
short notice complementary access' inspection
under the Additional Protocol to the Safeguards
Agreement between Australia and the IAEA,
signed by Australia in September. The request was
comfortably achieved by ANSTO well within the
two hours access period requested by the IAEA.

• Monitoring equipment and other health physics
services provided by ANSTO for all nuclear-
powered warships visiting Australian ports helped
to ensure that these visits occurred without any
radiological impact. ANSTO staff continued to
provide technical advice and expertise to the
Visiting Ships Panel (Nuclear), its technical working
groups and the regular emergency exercises. This
contributed to the preparation of updated safety
assessments and emergency plans and to the
demonstration of the effectiveness of these
emergency arrangements.

ACTIVITIES AND OUTPUTS

Services to the Australian Government and
other national stakeholders

During the year,, information on a wide range of
nuclear issues was provided to government
departments and agencies, other organisations, the
media and members of the public. Briefings were
prepared on specific subjects of interest, including
details of nuclear power and fuel cycle facilities,
safety issues and waste management practices.
Other briefings, such as those dealing with the
nuclear power programs in India and Pakistan., were
produced in response to topical events. Briefings
were also prepared for the 1997 bilateral nuclear
consultations, coordinated by the Department of
Foreign Affairs and Trade, with Japan and the
Republic of Korea, countries that are facing
significant changes in their nuclear industries.

Information was provided in response to a number
of questions about research reactors, including
questions on their locations and uses. Particular
interest was shown in multipurpose research
reactors, the 22 research reactors of all types that
have achieved initial criticality in the past decade,

and those under construction, on order or planned.

A major review of developments in overseas nuclear
power and nuclear fuel cycle programs during 1997
was issued by ANSTO in February. Asian countries
continued to be the only ones experiencing growth
in installed nuclear capacity. Two power reactors
were connected to the grid in the Republic of Korea,
where construction has begun on another two units
and orders have been placed for a further four.
Japan announced plans for the fraction of its total
electricity supplied by nuclear power to increase
from the present 35% to 45% by the year 2010.
China concluded a final contract in December with
Russia for the supply of two 950 MWe, pressurised
water reactors. The region's longest-serving power
reactor, Japan's (159 MWe) Tokai 1, was closed
permanently for economic reasons after 32 years in
operation.

The Executive Director continued to be a member of
the Coordination Committee on Science and
Technology.

ANSTO made submissions to the House of
Representatives Standing Committee on Industry,
Science and Technology's inquiry into the effects on
research and development of public policy reform in
the past decade; to the Industry Commission's
inquiry into the export of government services; and
jointly with the Department of Industry, Science and
Tourism, to the Senate Economics References
Committees inquiry into a replacement research
reactor at Lucas Heights.

Cooperative research to enhance safety of
nuclear facilities and safeguards for nuclear
materials

ANSTO continued to work on three major strategic
research projects to advance Australia's ongoing
role in strategic aspects of nuclear science and
technology.

A project on safety culture, launched last year, is
establishing methods for assessing and improving
safety culture at nuclear installations. A method of
assessing attitudes to safety and a proposed set of
performance indicators for safety culture in an
organisation were discussed at the International
Conference on Nuclear Cooperation (ICNCA) in Asia
in Tokyo in March. ANSTO collaborated with the
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University of NSW School of Psychology to develop
an attitudinal assessment method which was trialed
at ANSTO and will be used by four other countries
in the region. A safety culture seminar was also run
for the National Atomic Energy Agency in Indonesia.

A second project Environmental indicators of
nuclear activities' is researching methodologies for
using environmental signatures to identify types of
activities that have been or are being conducted at
nuclear installations. The high sensitivity of ANSTO's
accelerator mass spectrometry (AMS) facility is being
utilised in this work, which is expected to
complement other technologies used in the
international nuclear safeguards system. ANSTO, in
collaboration with the Australian Safeguards Office,
has made a significant investment in equipment to
develop an advanced system to analyse uranium
and plutonium isotopes in environmental samples.

A third project, Radiological Consequence Model,
seeks to examine the potential radiological
consequences of any release of radionuclides in our
region. A computer program was created to assess
critical parameters affecting potential exposures of
people. The model was demonstrated at a number
of national and international conferences and
attracted considerable interest and support. It will be
used to guide future research into the critical factors
influencing radiological consequences in tropical
and subtropical regions.

International Atomic Energy Agency activities

Set up in 1957 as a specialised agency within the
United Nations system, the International Atomic
Energy Agency (IAEA) is the worlds main
intergovernmental forum for nuclear scientific and
technical cooperation. As part of its activities, it
makes available the benefits of nuclear science and
technology to its Member States. It also acts as the
international inspectorate, applying and verifying
nuclear safeguards measures for civilian nuclear
programs, and establishes international safety
standards and recommendations in the fields of
nuclear safety and radioactive waste management.
ANSTO, as Australia's national nuclear research
institute, provides the principal national technical
interface with the IAEA and ANSTO's staff participate
in a wide range of IAEA activities. Sixty six missions

were carried out for the IAEA by Australian experts
during the year, and 38 of these were undertaken
by ANSTO staff.

As well as providing experts for the IAEA's Technical
Cooperation Program, Australia assists by hosting
training courses and placing IAEA fellows at suitable
venues to receive specialist training.

ANSTO coordinates the placement and management
of all IAEA fellowship holders undergoing training in
Australia. During the year, 72 fellowship applications
were considered; 34 were able to be placed and 26
were deferred to the next financial year. Twelve
were not able to be accepted for training at the
Australian institute they nominated. ANSTO hosted
IAEA Fellows from China, the Philippines,
Uzbekistan, Malaysia, Kazakstan, Vietnam and Sri
Lanka.

Of the four IAEA training events hosted by Australia,
two were undertaken at ANSTO.

The first event was held in November. ANSTO,
together with CSIRO and Monash University, hosted
the Regional Cooperative Agreement (RCA) Regional
Workshop on Nucleonic Instrumentation. The
workshop, which was held in Melbourne and
Sydney, was attended by 14 participants from 11
RCA Member States. The purpose of the workshop
was to cover both the theoretical and practical
aspects of industrial tomography and on-line
industrial applications of multi-beam and multi-
energy nuclear gauges in mineral ore processing,
petroleum refineries and other fields.

The second was held in February. ANSTO hosted
and participated in this two-week Inter-regional
Model Training Course on Systems for notification,
authorisation (registration and licensing) and,
inspection of radiation sources. It was attended by
24 participants from 14 countries. The training
covered the elements of a regulatory program for
assuring the safety of radiation sources, through a
system of notification, registration and licensing, in
accordance with the IAEA Basic Safety Standards. It
included control of the radiation sources through all
stages of their life cycle, including transportation,
waste, safety and emergency aspects.

In March, ANSTO hosted an RCA Expert Advisory
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Group Meeting to review and develop radiation
protection guidance for naturally occurring
radioactive materials in the oil and gas and other
mineral extraction and processing industries.

In addition to the ANSTO scientists recruited for
expert missions, other scientists were recruited by
the IAEA to present lectures at regional and inter-
regional training events. These were held in
Shanghai, China, in July on radioactive wastes from
non-power sources; at the Argonne National
Laboratory, United States, in September on Particle
Induced X-ray Emission and other accelerator
measurement techniques in environmental research;
and in Manila, the Philippines, in November on
emergency response.

As a member of the Standing Advisory Group on
Technical Assistance and Cooperation (SAGTAC),
which provides advice to the IAEA Director-General
on the Agency's Technical Cooperation Program, the
Director of Government and Public Affairs attended
its November meeting in Vienna. In March he was
reappointed to SAGTAC by the Director-General for a
second term.

Broad technical interaction was maintained with the
IAEA. The Director, Materials, chaired the IAEA
International Radioactive Waste Technology
Advisory Committee (WATAC) in Vienna in
November. ANSTO scientists also participated in an
IAEA Consultants' Meeting on 'MoIybdenum-99 and
technetium-99m technologies' in Cape Town, South
Africa; IAEA Consultants' Meetings in Vienna to draft
an IAEA document on 'Model procedures for
environmental monitoring after a nuclear or
radiological emergency'; an IAEA Advisory Group
Meeting in Vienna on 'Implementation of quality
assurance principles in laboratories using nuclear
techniques'; assisted with the preparation of
guidelines for good radiopharmaceutical practice for
developing countries; and chaired an IAEA Advisory
Group Meeting to prepare a document on
'International requirements for nuclear and
radiological emergency response preparedness'.
ANSTO officers also participated on IAEA technical
committees addressing the derivation of generic
acceptance criteria for disposal of radioactive waste
to near-surface facilities and improving safety
assessment methodologies for near-surface
radioactive waste disposal facilities.

ANSTO scientists continued to participate in the
IAEA Coordinated Research Programs (CRPs)
'Performance of high level waste forms and
packages under repository conditions',
'Improvements of long term safety assessment
methodologies for near surface disposal facilities',
'Application of non-destructive testing and In service
inspection to research reactors', Treatment of liquid
effluent from uranium mines and mills during and
after operation (post decommissioning
/rehabilitation)' and 'Site characterisation techniques
used in environmental restoration activities'.

IAEA expert missions were undertaken to Chengdu
in China to advise on the production of technetium-
99m gel generators, to Morocco to advise on
nuclear gauging of harbour sediment, to Kazakstan
and India to advise on personal dosimetry, to
Vietnam and Indonesia to advise on nuclear
techniques for scanning of distillation columns, and
to Taiyuan in China to prepare for a Regional
Experts Workshop on emergency response to
nuclear accidents or radiological emergencies.

The IAEA's International Nuclear Information System
(INIS) is the only bibliographical database that
covers the broad spectrum of nuclear science
research and development and has a geographic
scope encompassing emerging nuclear countries in
South Asia, South America and Eastern Europe. It is
also a major source of information on economic,
political and environmental aspects of all sources of
energy. ANSTO continued to act as a national centre
for distributing information through IN IS, with 1151
new Australian documents being indexed and
abstracted. ANSTO's INIS Liaison Officer attended a
consultative meeting of the INIS Liaison Officers in
Ottawa, Canada, and participated in an expert
international group to define a new records
structure for searching for and retrieving scientific
information on the Internet.

IAEA Regional Cooperative Agreement activities

In 1997 the IAEA Regional Cooperative Agreement
(RCA) for Research, Development and Training
Related to Nuclear Science and Technology
celebrated its 25th anniversary of establishment.
The RCA consists of 17 countries in our region and
is aimed at promoting and coordinating cooperative
research, development and training projects in
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Mr John Rolland, Director,
Government and Public

Affairs, was reappointed to
the International Atomic

Energy Agency's Standing
Advisory Group on Technical
Assistance and Cooperation
in March. It provides advice

to the IAEA Director-General
on the Agency's Technical

Cooperation Program.

nuclear science and technology. The second five-
year agreement to extend the 1987 Agreement was
signed by Australia on 15 December following
review by the Parliamentary Joint Standing
Committee on Legislation and Treaties.

Over the past 20 years, Australia has provided
substantial financial and technical contributions to
support its RCA membership and has actively
participated in the development and management
of the RCA program through the formal National
RCA Representative and National Coordinators'
networks.

The Director, Government and Public Affairs, is the
National RCA Representative and attended the RCA
General Conference meeting in October and the
RCA Meeting of Representatives in New Zealand in
March. At both meetings Australia took a leading
role with initiatives and proposals to achieve a
process of increased self-reliance. These reforms
strengthen RCA regional management and decision-
making arrangements and reflect the growing
maturity of the program.

The Director, Safety, chairs the Coordination Group
that is providing regional management of the Phase
3 activities of the RCA program in radiation
protection over the period 1998-2002. He
represented Australia at the thematic review
meeting held in Sri Lanka in February. In March,
ANSTO staff also represented Australia at the
thematic meetings for the RCA projects on Energy
planning and research reactor utilisation' in the
Republic of Korea and on Industry and the
environment' in Japan. The thematic review
meetings are a new RCA initiative to assist in the
development of the program and enable a clearer
picture to be established of the priorities and needs
for the region in a particular area of technology.

On 20 December Australia announced a
commitment of A$1.633 million over three years to
support the RCA/IAEA through a project entitled
'The application of radioisotope technology to
sustainable development in Asia and the Pacific'.
ANSTO prepared the project proposal. The project
has three sub-projects. The first is concerned with
sustainable development in the coastal zone. This

11
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will assist in establishing a regional database on
marine radioactivity, investigating the behaviour
and fate of radioactive and non-radioactive
pollutants, applying nuclear and modelling
techniques to sustainable development in the
coastal zone, and applying nuclear techniques to
address harmful algal blooms.

The second sub-project will contribute to the safe
application of nuclear technologies by disseminating
quality training material adapted for specific users of
radioisotopes in industry and medicine. It will also
help to strengthen national regulatory control of
nuclear technologies and facilitate the safe use of
nuclear technologies.

The third sub-project is concerned with the training
of nuclear medicine technologists. Currently, few of
the identified 2000 nuclear medicine technologists
in the RCA region have formal training. While the
outputs from this component will contribute to the
introduction of a standard level of basic skills, the
materials will also assist with the development of
indigenous training schemes and can be adapted to
each country's unique circumstances.

In February and March, ANSTO officers participated
in meetings held to finalise work plans and the
budget for components of a major new RCA/IAEA
project, Better management of the environment,
natural resources and industrial growth through
isotopes and radiation technology'. Two of the
above three Australian sub-projects form part of this
new project, which is also supported by the United
Nations Development Program.

Activities under a previous Australian-sponsored
RCA project, Application of isotopes and radiation
technology to regional development with special
reference to industry and nuclear medicine', were
completed. The final activities, in which the Office of
Atomic Energy for Peace in Thailand collaborated
with ANSTO, involved applying radioisotope
scanning technology to industry in Vietnam and
Indonesia. The nine distance learning modules in
basic science and radiation protection produced as
another output from this project were trialed by 21
students in the Republic of Korea, New Zealand, the
Philippines and Thailand. The material was
evaluated in each country and then finalised at an
IAEA/RCA Expert Advisory Croup Meeting held at

ANSTO in June.

An IAEA/RCA external dosimetry intercomparison, in
which ANSTO has participated, was finalised with an
Expert Advisory Group Meeting in Mumbai, India in
December. Discussions at the meeting confirmed the
effectiveness and accuracy of ANSTO's dosimetry
system for measuring personnel exposure.

OECD Nuclear Energy Agency activities

The Organisation of Economic Co-operation and
Development (OECD) Nuclear Energy Agency (NEA)
has a membership drawn from countries advanced
in nuclear developments. Participation in NEA
activities enables ANSTO to keep abreast of current
trends and developments. ANSTO has direct access
to the OECD document database in Paris and
contributed to OECD/NEA programs on nuclear
safety, radiation protection and public health,
storage of spent fuel, nuclear science and
radioactive waste management. ANSTO's Counsellor
(Nuclear), London, participated in meetings of the
NEA Steering Committee and various NEA Standing
Committees.

The OECD/NEA project Analogue Studies in the
Alligator Rivers Region' (ASARR) was concluded with
the Fourth Joint Technical Committee Meeting
hosted by the Korea Atomic Energy Research
Institute (KAERI) in February. The ASARR participants
were ANSTO (Managing Participant), the German
Institute of Nuclear Safety (GRS), the Japan Atomic
Energy Research Institute (JAERI), KAERI and the
United States Nuclear Regulatory Commission
(USNRC).

ANSTO was represented at the fourth and final
meeting of the Neutron Sources Working Group of
the OECD's Megascience Forum in Tokyo. The main
agenda item was to finalise the groups report,
which is to be submitted to the Megascience Forum
by the end of May 1999 for consideration by the
OECD science ministers. The main thrust of the
report is that there will be a serious shortage of
neutron beam facilities for condensed matter
research by the year 2010 and that a coordinated
effort should be made under the auspices of the
OECD to ensure construction of three or four large
regional spallation neutron sources to fill this
'neutron gap'. The report will also highlight the
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Vietnamese scientist Dr
Nguyen Huu Quang (left) and

IAEA expert Mr Siripone
Chueinta (Office of Atomic

Energy for Peace, Thailand)
at an industrial distillation

column at Long Than in
Vietnam. An ANSTO scientist

assisted at Long Than by
providing expert advice on

the use of nuclear techniques
for scanning distillation

columns as part of an IAEA
project on the application of

radioisotope scanning
technology.

importance of national medium flux reactors,
including Australia's proposed replacement reactor.

JAERI Neutron Science Project

In March, ANSTO was an invited participant at the
Advisory Meeting of the JAERI Neutron Science
Project. The aim of this project is to develop a
spallation neutron source in Japan in the next
century to meet the challenges of major problems
in biology, chemistry, physics and materials science
in the Asia-Oceania region. This facility will require
the development of complementary reactor-based
neutron sources such as ANSTO's replacement
reactor. The committee included representatives
from Japan, Indonesia, the Republic of Korea, China
and Thailand.

ANSTO was also invited to join the Asian
Committee for Future Accelerators. The main
objective of the Committee is to strengthen
collaboration in the Asia-Oceania region in
accelerator-based science, including its applications
to medical, environmental and industrial problems.

Bilateral cooperation

In November, as part of the seventh round of the
Australia-Republic of Korea Nuclear Policy
Consultations, a meeting was held at ANSTO to
review the implementation of technical cooperation
activities between the Republic of Korea and
Australia. This meeting represented a broadening of
the previous ANSTO/KAERI cooperation by
including in the agreed program the Korean
Institute of Nuclear Safety, the (Australian) Nuclear
Safety Bureau and the Australian Safeguards Office.

The intergovernmental Australia-Indonesia Nuclear
Science and Technology Cooperation Agreement
was signed on 11 November. This established a
framework for promoting and facilitating
cooperation in nuclear science and technology
between the two countries. A range of nuclear
activities for cooperation has been identified. The
cooperation will take place through exchanges of
scientific and technical personnel, information and
training programs, education, joint research and
development and technical consultations. An initial
project was implemented. Two Indonesian officers,
one from the National Atomic Energy Agency

13
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(BATAN) and one from the Cadjah Mada University,
began working in the safety and reliability section of
ANSTO's Safety Division. Their training involved
work on safety case development and probabilistic
safety assessment, which included involvement in
hazard identification, risk ranking, fault tree analysis
and consequence modelling using dispersion tools
as applied to nuclear facilities and other industrial
plant.

The Third Australia-China Joint Science and
Technology Commission met in Beijing in October.
Following this, ANSTO participated in exploratory
discussions on possible projects of mutual interest
with a number of Chinese institutes and
organisations.

Australia is party to a number of other bilateral
cooperative arrangements, including ones with
nuclear and scientific institutes in France, Japan,
China, Russia, the United States and the United
Kingdom. The arrangements included cooperative
projects involving research and development
activities associated with synroc waste management
technology with research institutions in the United
States, Japan, France and China.

An ANSTO officer received an Australia-France
science fellowship to work at a French institute for
six months on the immobilisation of actinide-rich
waste streams in ceramic and ceramic-glass
composite wasteforms. Another ANSTO officer
began a one-year attachment to the Pacific
Northwest National Laboratory at Richland in the
United States for research and training on radiation
damage effects in radioactive wasteforms.

International study of the Mururoa and
Fangataufa atolls

ANSTO scientists completed their contributions to
the international study of the radiological situation
at the Mururoa and Fangataufa atolls, which were
the sites for 193 nuclear tests by France between
1966 and 1996. The study was organised by the
IAEA under the guidance of an International
Advisory Committee of independent scientists. The
study, which began in 1996 and concluded in May
1998, involved 55 scientists from 18 countries and
was divided into two task groups dealing with the
current and future situations, respectively. ANSTO's

Executive Director was a member of the
International Advisory Committee, a senior ANSTO
scientist chaired the task group dealing with the
future situation, and a number of its scientists were
involved in sampling and analysing samples from
the two atolls.

ANSTO performed iodine-129, chlorine-36 and
carbon-14 analyses from lagoon and underground
waters. The results of these analyses were important
for the validation of the mathematical models used
to predict future releases of radioactivity from the
underground tests. The study found that there
would be no medically-diagnosable radiation health
effects from residual radioactivity at the two atolls
and that no remedial action at Mururoa and
Fangataufa atolls is needed on radiological
protection grounds, either now or in the future'.

A senior ANSTO scientist was a member of the study
team that presented the results of the study to the
South Pacific Forum in Fiji and to other interested
parties in Tahiti. An international conference on the
scientific results of the study was held at the IAEA
Headquarters in Vienna from 30 June to 3 July
1998. Four papers were presented by ANSTO
scientists.

Regional Nuclear Cooperation in Asia

In 1990, Australia was a founder member of
Regional Nuclear Cooperation in Asia (RNCA), which
holds an annual progress conference, the
International Conference on Nuclear Cooperation in
Asia (ICNCA). The other members are Indonesia,
Japan, China, the Republic of Korea, Malaysia, the
Philippines, Thailand and Vietnam, all of whom are
signatories to the Nuclear Non-Proliferation Treaty.
Australia continued to actively participate in and
support the RNCA activities.

Australia hosted the second RNCA Workshop on
Nuclear Safety Culture in Sydney in January, with
representatives attending from all nine RNCA
countries. The focus of the workshop was on the
application of the principles of safety culture to
research reactors. The conclusions of the workshop
underlined the importance of safety culture and
identified a number of practical measures to
enhance it. Participants from the eight regional
countries agreed to take part in a trial of safety
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culture indicators and a smaller group to trial an
attitudinal questionnaire. It was agreed that the next
workshop should be extended to all research
facilities as well as to facilities supporting the
nuclear fuel cycle.

ANSTO presented two papers at the third RNCA
seminar on radioactive waste management, which
was held in Beijing, China, in November. It was
attended by 25 delegates from all nine countries,
plus, for the first time, a representative of the IAEA.
The working group identified the four priority areas
for the future as information exchange, application
of international generic standards, research and
development, and education and training.

The annual 1CNCA meeting was held in Tokyo in
March and the Australian delegation was led by
ANSTO's Executive Director. All nine participating
RNCA countries attended. The meeting had the
theme Toward a New Stage of Regional
Cooperation in Asia' and this foreshadowed the
review and possible future restructuring of the RNCA
and its subordinate activities. Australia made a
number of suggestions on how the RNCA might be
improved and urged avoiding overlap with other
regional initiatives.

The Executive Director was also an invited
participant in the Asia Atomic Energy Forum held in
Tokyo immediately following the 1CNCA meeting.
The Forum, which was organised by the Japan
Council on Nuclear Energy, Environment and
Security, discussed a number of proposals for future
regional nuclear cooperation.

Overseas representation

ANSTO maintains specialised overseas
representation through three Counsellor (Nuclear)
posts located in the Australian diplomatic missions
in Vienna, London and Washington DC. These posts
facilitate technical contacts with the IAEA and
OECD/NEA and provide essential linkages between
ANSTO and those geographical regions most active
in nuclear science and technology. Mr Robert
Godfrey replaced Mr Allan Murray as Counsellor
(Nuclear) in Washington in July and Dr Ron
Hutchings replaced Dr Ross Jeffree as Counsellor
(Nuclear) in London in January. Dr Maurice Ripley
remained Counsellor (Nuclear) in Vienna.

Nuclear conferences

In October, ANSTO helped to organise two major
conferences: the Second Australian Nuclear
Association Conference on Nuclear Science and
Engineering in Australia (ANA97) and the Second
International Conference on Isotopes (2IC1). ANSTO's
Executive Director gave the opening address for the
ANA97, which was attended by 170 delegates from
20 countries. Australian participants included
ANSTO, government departments, Australian
universities, the Australian Radiation Laboratory, the
uranium mining industry, CSIRO, and Australian
hospitals. Similar participation occurred for the 2ICI,
where ANSTO contributed 13 of the 27 Australian
papers out of a total of 109 papers.

Emergency planning

ANSTO safety staff attended meetings in August and
September to help develop the Australian
Contingency Plan for Space Re-Entry Debris
(AUSCONPLAN-SPRED). In April, ANSTO made a
number of presentations at a workshop at Mount
Macedon, Victoria, to explain AUSCONPLAN-SPRED
to State, Territory and Commonwealth organisations.

Nuclear-powered warship visits

ANSTO provided radiation monitoring for five
Nuclear-Powered Warship (NPW) visits involving
seven vessels during the year. Staff attended five
Visiting Ships Panel (Nuclear) (VSP(N)) meetings and
the VSP(N) Working Group made port validation
visits to Hobart, Melbourne, Brisbane and Gladstone.
A talk was given to Brisbane Rail representatives to
explain the NPW arrangements.

Engineering staff completed work on a new
prototype radiation warning system and field trials
were begun in the Port of Brisbane. Additional radio
communication hardware was designed to allow
continuous data transmission from the monitoring
site to a central location, as well as to other health
physics staff within radio range.

An ANSTO officer involved in operational aspects of
NPW visits to Australia attended a nuclear safety
procedures course held by the Royal Navy at
Greenwich, England, in order to become familiar
with Royal Navy port safety arrangements for such
vessels within the United Kingdom.
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Epidemiological study on the effects of low
doses of ionising radiation

ANSTO continued to participate in an international
study of cancer risk among radiation workers in the
nuclear industry. The study is being sponsored by
the International Agency for Research on Cancer at
Lyons, France. Australian input is being coordinated
by the University of NSW. Medical, personnel and
dosimetry data for current and past workers at the
Lucas Heights Science and Technology Centre were
validated prior to merging the databases for follow-
up studies. ANSTO was represented at a meeting of
the dosimetry subcommittee, held in Lyons in
March, at which methods for evaluating errors in
dose estimates were developed.

Nuclear safeguards

The Australian Safeguards Office conducted monthly
inspections and audits of ANSTOs nuclear materials.
IAEA safeguards inspectors conducted four routine,
quarterly inspections and eight monthly inspections
to verify ANSTO'S nuclear materials. IAEA inspectors
carried out monthly inspections of HIFAR fuel
elements in accordance with the IAEA's safeguards
criteria for this class of nuclear material. All
inspections were considered satisfactory.

In September, Australia signed an Additional
Protocol to the agreement between Australia and
the IAEA for the Application of Safeguards in
connection with the Treaty on the Non-Proliferation
of Nuclear Weapons. In relation to inspections at
ANSTO, the Additional Protocol allows IAEA
inspectors access to any building on the site to
confirm the absence of undeclared nuclear material
and nuclear activities, usually within two hours of
advance notice being given to ANSTO. This is
referred to in the Protocol as complementary
access'. To demonstrate these new arrangements,
the IAEA requested complementary access to several
buildings on site in April, which was a world-first for
any country under the Additional Protocol. ANSTO
was able to comply with the request well within the
two-hour period required.

Ministerial and other Commonwealth
Department VIP visitors

During the year, visitors to ANSTO included Senator
the Hon Warwick Parer, Minister for Resources and
Energy; Members of the Joint Parliamentary
Committee on Legislation and Treaties; Members of
the Senate Economics Committee for a Replacement
Research Reactor; and senior staff from the
Department of Primary Industries and Energy, the
Department of Foreign Affairs and Trade, the
Department of Industry, Science and Tourism, the
Department of Defence, and the Department of the
Environment.
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CORE NUCLEAR FACILITIES OPERATION AND
DEVELOPMENT
Drivers: Government, universities (through the Australian Institute of
Nuclear Science and Engineering), other external customers and
ANSTO.

OBJECTIVES

To operate core nuclear facilities in Australia and overseas for the benefit of the

Australian research and development community and industry; and to enhance and

improve the efficiency and effectiveness of these core facilities in order to yield high

quality research, products and services. These facilities include the research reactor

HIFAR, the National Medical Cyclotron (NMC), the Australian National Tandem

Accelerator for Applied Research (ANTARES), the Australian National Beamline Facility

on the Photon Factory in Japan and the beamline facilities at the Advanced Photon

Source at the Argonne National Laboratory in the United States.

OUTCOMES

• The Commonwealth Government announced in September its decision to
fund ANSTO to construct and operate a replacement research reactor at
the Lucas Heights Science and Technology Centre. Neutron scattering
facility requirements for the proposed reactor were established following
formal consultation with representatives from academia, research
organisations and industry. Irradiation facility requirements were also
established, enabling ANSTO to provide potential vendors with an
adequate description of required reactor capabilities.

• ANSTO's nuclear facilities continued to be operated safely and efficiently.

• Australia's major national nuclear research facility, the HIFAR research
reactor, was available for 96.9% of its scheduled available time to provide
neutron beams for research, to produce radioisotopes for medicine and
industry and to irradiate materials for researchers and industrial customers.

• Australia's reputation for expertise in the utilisation of neutron sources for
structure analysis was acknowledged by an invitation to an ANSTO
scientist to prepare a chapter on reactor-based neutron sources for the
International Union of Crystallography International Tables for
Crystallography Volume F, Macromolecular Crystallography. These volumes
are standard reference material for all laboratories worldwide involved in
crystallography. This, together with the recent publication by Plenum Press
of Neutrons in Biology, also written by an ANSTO scientist, is testimony to
ANSTO's high profile in neutron scattering science.

• HIFAR's irradiation service for mineral ore samples and silicon generated
an income of $2.2 million. Customer feedback indicated the service was
considered equal to the best available.

• The Small Angle Neutron Scattering (SANS) instrument on HIFAR became
operational, broadening the range of neutron scattering techniques
available to the Australian community. To further expand ANSTO's
expertise on SANS applications an agreement was signed with the US
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National Institute of Standards and Technology.
Research under this agreement is already
benefiting industrial applications. Other HIFAR
instruments such as the Long Wavelength
Polarisation Instrument (LONGPOL) and single
crystal diffractometer (2TANA) were upgraded,
increasing Australia's capabilities in materials
structure research.

A precise timescale for a variety of palaeoclimatic
records, including lake sediments, fossil stick-rat
middens and fish otholites, was calculated using
accelerator mass spectrometry (AMS) analysis
provided by ANSTO. Such studies add to the data
available for detailing the history of the terrestrial
environment in Australia during the Quaternary.

The Heavy Ion Microprobe on ANTARES became
operational, offering world class capabilities to the
Australian materials science community.

An upgrade of the ANTARES tandem accelerator
was completed, enabling the achievement of
higher terminal voltages and more reliable
operating conditions. As a result, the facility can
be used for a much broader range of research
applications, including high-precision radiocarbon
measurements in oceanography and
dendrochronology and high-sensitivity analysis of
chlorine-36 and other long-lived radionuclides.

The Australian Synchrotron Research Program
(ASRP), which is managed by ANSTO, continued to
provide a comprehensive range of Synchrotron X-
ray research capabilities for Australian science in
the fields of physics, chemistry, materials science,
structural biology, polymer research,
environmental science and geophysics. The other
members of the ASRP are the Australian
University, the University of Sydney, the University
of Canberra, the University of NSW, the University
of Melbourne, Monash University, the University
of Queensland and CSIRO.

At ANSTO's National Medical Cyclotron the iodine-
123 manufacturing plant was upgraded to
improve the reliability of supply, and four new hot
cells were installed, increasing manufacturing
capacity.

ACTIVITIES

HIFAR research reactor

Operation and general utilisation

During the year the research reactor operated for
approximately 8,736 hours at an average power of
10.05 MW. There were 13 scheduled shutdowns,
totalling 55 days, for fuel changes.

More than 5,400 targets were irradiated in the
reactor facilities for research and to produce medical
and industrial radioisotopes. The reactor was also
used to irradiate over 880 batches of silicon targets
and some 26,000 mineral and environmental
samples for commercial customers. The irradiated
silicon is used in the manufacture of a wide range of
products for the electrical and electronics industries.
The mineral and environmental samples support
mineral exploration, process development,
characterisation of deposit formations, and mine site
environmental remediation.

University projects funded by the Australian Institute
of Nuclear Science and Engineering (A1NSE) utilised
309 instrument days, and internal ANSTO research
utilised 215 instrument days. ANSTO research
involving collaboration with university groups and
training of PhD students utilised a further 162
instrument days.

The neutron scattering group provided beam time
on five instruments to holders of 31 AINSE Research
and Training grants and to four AINSE postgraduate
award holders, and assisted with data processing
and interpretation (471 instrument days in total).
AINSE work with universities included several
collaborative projects related to materials of high
technological significance such as high temperature
superconductors, giant magneto resistance materials
and catalytically active metal oxides (see also HIFAR
utilisation, neutron scattering developments, p19).

Maintenance and support

Updating of the HIFAR Safety Case documentation
to meet the requirements of the Nuclear Safety
Bureau was completed with the formal re-issue of
the HIFAR Safety Document in December.
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Revision of the HIFAR Operational Limits &
Conditions (OL&Cs) in accordance with the American
National Standards Institute/American Nuclear
Society Standard 15.1, 1990, 'The Development of
Technical Specifications for Research Reactors', and
the IAEA Safety Series No 35, Safe Operation of
Research Reactors and Critical Assemblies', was
completed. The HIFAR OL&Cs set mandatory
requirements on process parameters, operating
conditions, and minimum plant and personnel
availability, which define an envelope for the safe
operation of HIFAR and protect staff and the public
from radiological hazards. The basis of the
prescribed requirements includes the analyses
contained in the HIFAR Safety Case, international
best practice, and Commonwealth and State
requirements, as well as conventions derived from
decades of safe HIFAR operation.

Following certification of the HIFAR quality system
to AS/NZS-ISO 9001 International Standard in
March 1997, the external accreditation body, Quality
Assurance Services Pty Ltd (the commercial arm of
Standards Australia), undertook surveillance audits
in November 1997 and May 1998. In the May audit
reports summary, the auditor commented that the
HIFAR quality system was well maintained.

The fire detection system in the Reactor
Containment Building (RCB) was replaced with a
new, more sophisticated system that allows
extremely quick and accurate location of any fire or
smoke hazard. A remote display and programming
panel for the system was installed in the Reactor
Control Room.

The closed circuit television system in the RCB was
replaced with a colour system consisting of three
cameras, a monitor and a control module. One
camera provides coverage of the reactor control
room instrument panels, while the reactor top plate
and a 5-metre elevation of the RCB can be
monitored with the other two cameras. The monitor
and control module is located in the emergency
control room.

Agreement by the Nuclear Safety Bureau was
obtained to increase the operational life of HIFAR's
europium-tipped coarse control arm blades, which
are used to control the criticality of the reactor. This
will allow HIFAR to operate up to the end of its
proposed life (in the year 2005) with the current

stock of europium blades. As part of this life
extension program, each blade is removed after a
specified time in the reactor and visually inspected
within a hot cell for evidence of corrosion or other
damage. Blades inspected to date have been found
to be in excellent condition.

As part of routine checking of the reactor support
structure, the wall thickness of one of the tubes
embedded in HIFAR's biological shield was
ultrasonically measured. The pipe was found to be
essentially in the as manufactured' condition.

A system for transferring irradiated mineral samples
from HIFAR to Becquerel Laboratories, which is
located about 200 metres from the reactor, was
manufactured and installed.

ANSTO irradiates single crystals of silicon in HIFAR
for overseas customers to enhance the electrical
properties of the silicon. During the year supplies of
aluminium tubing used to manufacture the cans in
which the silicon is irradiated became unavailable.
ANSTO staff developed an alternative process
utilising commercially available aluminium sheet
rolled and seam welded into the required cylinders
prior to metal spinning. Trials of sample cans in
HIFAR were successful and manufacturing of the
new cans was begun.

Reactor analysis

Analysis of major fuel handling procedures were
carried out prior to the loading of fuel transport
flasks for the shipping in April of HIFAR spent fuel
from Lucas Heights to the US Department of
Energy's Savannah River Site in South Carolina,
United States. Criticality control assessments of the
procedures demonstrated that even if a 20-tonne
fuel flask were dropped onto the fuel in the fuel
storage pond, there would be no possibility of
criticality. Analysis also confirmed that fuel damage
which might result from any such extremely unlikely
drop would result in an insignificant release of
radioactivity.

HIFAR utilisation
Neutron scattering developments

Scientists from ANSTO and the University of
Newcastle developed a novel technique to measure
elastic constants of polycrystalline materials. By
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subjecting a polycrystalline sample to uniaxial stress
and using in situ neutron diffraction, the strains that
result can be measured for each Bragg reflection,
thus providing directional information. The theory
for orthogonal lattices was formulated and the
results published in the Journal of the American
Ceramic Society.

ANSTO s single crystal diffractometer, 2TANA,
together with its low temperature attachment,
became fully operational and the number of users
and experiments increased.

A new neutron polariser was installed on the Long
Wavelength Polarisation Instrument (LONCPOL)
using the first of the polarising supermirror' benders
developed by ANSTO scientists in collaboration with
the Hahn Meitner Institute, Berlin. As a result of this
innovation, the spectrometer's performance has
been improved by a factor of two.

ANSTO organised the 22nd annual Condensed
Matter Physics Conference, which was held at
Wagga Wagga.

For the first time in the 40-year history of HIFAR, a
thermal neutron beam has been transported outside
the containment building. The challenge was to
provide an evacuated beamline that permitted the
neutron beam to pass through the HIFAR
containment building wall without compromising
the integrity of the containment. The hardware and
necessary interlocks were installed, a thorough test
program completed, and the associated safety and
operational procedures approved by HIFAR
Operations and the Nuclear Safety Bureau.

Transporting the beam outside the containment
building allowed scientists to develop a laboratory
for the Small Angle Neutron Scattering (SANS)
spectrometer. The initial measurement of the SANS
beam flux at the sample position indicated 1O'r

neutrons/cmVsec at a wavelength of 3.5 angstroms:
a satisfactory flux for a SANS instrument that is
located on a thermal neutron source. This relatively
high flux was made possible, in part, by the SANS
instrument's novel neutron monochromator system,
which provides very high neutron transmission
efficiency at 3.5 angstroms and concomitant very
low transmission of all other wavelengths.

The performance of the SANS two dimensional

detector system, which was constructed at ANSTO,
was compared with that of a similar detector system
(a commercial CERCA model) at the US National
Institute of Standards and Technology. The results
clearly indicated that the ANSTO detector is of a
very high quality.

Several hundred hours of experimental and
calibration data were collected, primarily to evaluate
the detectors performance and guide the final
stages of commissioning. Samples that have been
examined include colloidal silica solutions, cement
pastes, polyelectrolyte gels, coal powders, glassy
carbons, protein solutions, and living vegetation
tissue.

The first paper containing data exclusively collected
on the SANS instrument was presented at a Small
Angle and Surface Scattering workshop at the
Australian National University.

Neutron scattering applications

Neutron diffraction was used to characterise the
structure of novel fullerene solids synthesised at
ANSTO. The most recent of these was C-60 fullerene
containing molecular CO, trapped in the interstices
between the C-60 molecules. ANSTO scientists also
successfully trapped argon gas inside hollow micron-
length carbon tubes of 20-150 nanometres diameter
and with pressures inside as high as 600
atmospheres. The research was published in the
journal Science. The trapping of the gas atoms inside
the fullerene cages was confirmed by high pressure
liquid chromatography following neutron irradiation.
These materials can be used in preparing new
radiopharmaceuticals and industrial radiotracers.

In collaboration with the University of Sydney,
ANSTO scientists determined the atomic structure of
the metallo-protein, alaninato-copper, using single-
crystal neutron diffraction. This chemical has been
used in the past to treat Menke's disease, which is
caused by copper deficiency. Although it was
known that the amino acid molecules surround and
grab' a central copper atom, this study was the first
to accurately determine the lengths of the important
hydrogen-bonds. This research is part of an ongoing
study into understanding more complex organo-
metallic compounds which have varied applications,
including new pharmaceutical products and non-
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Technical Officer John Barry
working on the detector

signal amplifiers on the Small
Angle Neutron Scattering
(SANS) instrument. The
SANS instrument, which

became operational for the
first time during the year,

uses a neutron beam
transported outside the

HIFAR containment building
into a special laboratory. The

instrument is used to examine
the molecular structure of a
wide range of materials. So

far it has been used to
provide information on the
structure of colloidal silica

solutions and living
vegetation tissue.

polluting methods of extracting metals from mining
ore.

The development of rechargeable electric cells is
seen as a key technology for the replacement of
combustion engine vehicles. Nickel metal hydride
batteries are superior to nickel-cadmium batteries
due to their superior charging capacity and a
benign environmental impact. Unfortunately, the
parent compound, LaNi, needs to be heavily doped
with expensive metals to achieve the desired
charging capabilities. Effective structural
characterisation for these compounds includes
accurate determination of the concentration and
location of dopants. Neutron diffraction at the US
Brookhaven National Laboratories (BNL) has been
shown to be the only method that can deliver this
information. In a collaborative study with BNL,
neutron powder diffraction at ANSTO was used to
differentiate the structures of specimens with
excellent electrolytic properties from some with
poor properties.

Zeolites are widely used in the chemical industry for
their catalytic properties. Transition metal polymeric
complexes with cavities have been found to

possess similar properties and therefore offer an
alternative medium for catalytic conversion.
Construction of these complexes using organic
components is attractive because the size, shape
and function can be tailored for specific
applications. Structural characterisation of these
materials, which is crucial for effective molecular
design, is notoriously difficult due to their
insolubility. Powder neutron diffraction studies at
ANSTO have demonstrated the power of this
technique to provide structural information on this
class of compounds.

Spray coated thermal barriers find wide use in the
aerospace industry for engine protection, but the
properties of the coating materials vary greatly with
process, composition and structure. In a
collaborative pilot study between the Defence
Science and Technology Organisation and ANSTO,
neutron diffraction was used to determine the
atomic structure of protective thermal barriers on
metal surfaces and of the interfaces between them.
Structural information on the coating and buried
interfaces is not normally accessible without
destructively removing the coating from the metal
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substrate. A new technique for randomly orienting
specimens on a neutron diffractometer, which was
developed at the US Brookhaven National
Laboratories, was used in studies of these thermal
barriers at ANSTO. The results indicated that this
method could be used to help improve the
performance of thermal barriers and further
experiments are planned.

Probabilistic Safety Assessment and
Remaining Life Study

The Probabilistic Safety Assessment (PSA) and
Remaining Life Study (RLS) of the HIFAR research
reactor was completed during the year and both
technical and non-technical versions of the
assessment were published.

The study was commissioned by the Department of
Industry, Science and Tourism (DIST) following a
recommendation of the Research Reactor Review in
1993. Carried out over some 18 months by a US
consultant, PLG, the PSA was the most extensive
ever conducted on a research reactor. The study
considered the likelihood of events occurring that
could lead to damage to fuel or the cooling circuit.
The process was subjected to detailed examination
by an expert committee appointed by DIST and, for
the first time with a research reactor, to peer review
by international experts.

This independent study of the HIFAR research
reactor found that the plant safety status has been
shown to be generally good with no evidence of
major safety-related problems from its operation'.
The RLS concluded that, overall, HIFAR was in good
condition with no obvious evidence of major
damage or age-related degradation.

The PSA recommended a number of minor changes
to HIFARs design and procedures and some
additional work to ensure that all safety objectives
were met. All the recommended actions and
additional work have been completed, except for a
new analysis of the seismic risk, which was
commissioned by the Department of Industry,
Science and Tourism.

Replacement research reactor

On 3 September 1997, the Government announced
that it had agreed, in principle, to fund ANSTO to

construct a replacement research reactor located at
the Lucas Heights Science and Technology Centre.
The multi-purpose replacement reactor will provide
Australian stakeholders with access to a state-of-the-
art facility that provides the high degree of research
and isotope production flexibility necessary to meet
Australia's requirements in the 21 st century. The
replacement reactor will enable a national centre to
be established for world class research in neutron
science, and will enhance and expand the wide
range of other activities presently supported by
HIFAR.

The specific objectives of the proposal are to:

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

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

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

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

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

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

ANSTO responded to the announcement by setting
up a Replacement Research Reactor project,
consisting of three phases.

In Phase 1, the emphasis is on the development of
an Environmental Impact Statement (EIS). ANSTO
engaged PPK Environment & Infrastructure Pty Ltd,
in collaboration with a UK company, NNC Ltd, to
assist with the production of the EIS. The first
milestone is the production of a Draft EIS, which is
scheduled for August 1998. The Draft EIS is being
prepared in line with guidelines that were issued by
Environment Australia following public comment.
The draft EIS will be made publicly available for 12
weeks to allow public submissions to be made.
Following this period, a final EIS will be produced,
taking into account the comments that have been
received. The EIS will then go to the Minister for the
Environment, who will make a recommendation to
the action Minister, the Minister for Industry, Science
and Tourism.

In addition, in Phase 1, there are a number of other
projects, including the development of the reactor
specification and the pre-qualification of reactor
vendors. This is a staged process, which will be
completed by the end of 1998. ANSTO has engaged
Sinclair Knight Merz and AEA Technology to assist
with the specification process. Because the
specification for the reactor will be based on
required performance, two consultative groups have
been discussing, with potential users, their
requirements for beams and irradiation facilities.

A Beam Facilities Consultative Croup (BFCC) was
formed with the task of defining the neutron
scattering facilities to be installed on the proposed
replacement reactor. The BFCG comprised
representatives of the key Australian interest groups
from academia, government, research organisations
and industry and covered all mainland States. These
included AINSE representatives, representatives
from the Australian Institute of Physics, the Royal
Australian Chemical Institute, the Australian
Academy of Science, the Australian Academy of
Technological Science and Engineering, the Defence
Science and Technology Organisation and CSIRO.

The BFCG discussed specific issues relating to the
scientific and industrial areas to be supported by the
new facility and assessed the need for thermal
neutron guides, a hot neutron source and a neutron
radiography facility.

Materials are irradiated in HIFAR to produce
radioisotopes for use in research, medicine and
industry, the neutron activation analysis of samples,
mainly for the mining industry but also for forensic
purposes, and to modify the electronic properties of
silicon crystals by transmuting silicon atoms into
phosphorus to suit the needs of electronic
component manufacturers. Discussions were held
with representatives of significant end user groups
to forecast future needs well into the next century
and ensure that the capability of meeting those
needs would be built into the specifications for the
replacement reactor.

The other main project of the first phase is the
development of an application for a siting approval
licence from the Nuclear Safety Bureau and its
successor, the Australian Radiation Protection and
Nuclear Safety Agency.

Following the approval of the environmental
assessment process, a submission will be made to
the Parliamentary Public Works Committee for its
approval of the project.

Phase 2 will begin with the issuing of the tender
documents to all pre-qualified reactor vendors for
the supply of the reactor as a turn-key project. The
tendering process, assessment and negotiation is
expected to take around one year, with the award
of the contract in 2000.

Phase 3 will consist of the design, construction and
commissioning of the research reactor by the end of
2005.

Moata

The Moata research reactor was shut down in 1995,
when fuel was removed and the coolant drained.
During the year a project management plan and
schedule for further decommissioning was submitted
to the Nuclear Safety Bureau. A revised
authorisation, quality manual, procedures and
instructions documentation, and a radioactive
materials inventory, were submitted for review to
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A radiopharmaceutical
chemist working at one of

the new autochemistry hot
cells that were installed

during the year in the sterile
production area at the

National Medical Cyclotron.
The hot cells, which are

used to produce Positron
Emission Tomography (PET)
radiopharmaceuticals, were

installed to handle increased
production of these

products.

the Nuclear Safety Unit prior to being sent for
endorsement by the Nuclear Safety Bureau. The
documents, together with an options study, will
provide the basis for detailed decommissioning
plans to be prepared next year.

Accelerators for medical products and
scientific and industrial research

National Medical Cyclotron

The National Medical Cyclotron (NMC) is a major
national facility that provides isotopes for research.,
clinical evaluations and routine nuclear medicine
procedures. It is owned and operated by ANSTO
and located adjacent to Sydney's Royal Prince
Alfred Hospital, which it supplies with very short-
lived radiopharmaceuticals such as fluorine-18
fluorodeoxy-glucose and nitrogen-13 ammonia
compounds.

The NMCs two major commercial products, gallium-
67, and thallium-201, are sold under the Australian
Radioisotopes (ARI) trademark to public and private
nuclear medicine centres throughout Australia and

overseas. ANSTO continued to meet market
demand for these two products. Increasing interest
in iodinated radiopharmaceuticals led to an
examination of the NMCs iodine-123 processing
plant with a view to improving the process
reliability. The plant was modified to enable easier
maintenance of equipment in the hot cells. A major
upgrade of the air conditioning system for the
manufacturing areas was also begun.

The installation of a new beam line for the
production of single photon emission computed
tomography (SPECT) radioisotopes was completed.
An important spin-off of the design work involved
was the development of a permanent magnet
focussing element, which will overcome operational
limitations of the original beam line.

Four new autochemistry hot cells for positron
emission tomography (PET) dedicated
radiopharmaceuticals were installed in the sterile
production area to handle increased production
from the cyclotron. Product irradiations will be done
on a new PET-dedicated beam line, which was
commissioned during the year. The line has a
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Dr Geraldine Jacobson
beside the ion detector at the

end of the accelerator mass
spectrometry beamline on

ANTARES. Almost 1000
radiocarbon samples

associated with Ouarternary.
global climate change,

environmental and
archaeological studies were
measured during the year to

support ANSTO's core
activities and research
programs at Australian

universities and other
research institutions.

vertical target rack system that offers eight targets,
double the number previously available. It also
provides additional back-up in the event of target
failure. The rack design allows targets to be easily
removed for maintenance away from the beam
room, reducing the risk of radiation exposure to
staff during this procedure.

ANTARES tandem accelerator

The Australian National Tandem Accelerator for
Applied Research (ANTARES) accelerator was
operated to terminal voltages of 8.5 MV during the
year. Installation of a Pelletron charging system,
together with other modifications to the high
voltage generator, has improved the terminal
voltage stability by a factor of ten. This has
enhanced the precision and sensitivity of the
analytical system and will benefit the heavy ion
microprobe and the Accelerator Mass Spectrometry
(AMS)/Actinide System. An electrostatic quadrupole
focussing lens was fitted to the end of the final
accelerating tube inside the pressure tank. This lens
will supplement the existing magnetic quadrupole
and be used to enhance the beam transport of

heavy ions.

Work progressed on the development of the
Actinides Beamline on the tandem accelerator and
included the installation of a large 12'electrostatic
deflector manufactured at ANSTO. This deflector
can divert the positive ion beam at the exit of the
accelerator tank into the Actinides Beamline. All
other components of this AMS beamline have now
been delivered or manufactured.

Accelerator mass spectrometry

The ANTARES Accelerator Mass Spectrometry (AMS)
facility performs analysis of the long-lived
radioisotopes carbon-14, beryllium-10, aluminium-
26, chlorine-36 and iodine-129. A number of
technical improvements were implemented during
the year and valuable experience gained in
measuring beryllium-10 and chlorine-36 in a variety
of natural sample types including ice, groundwaters
and rocks. Sensitivity for these radionuclides
corresponds to isotope ratios lower than one part in
104, which is comparable to results obtained at AMS
laboratories overseas.
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A new geochemistry laboratory for processing
beryllium-10, chlorine-36 and iodine-129 samples in
water, ice, sediment and rock was completed. A
dedicated sample loading room was established
with specific equipment purchased for preparing
targets for the ANTARES accelerator.

As a result of ANSTO's success in achieving
excellent results with beryllium-10 and chlorine-36,
a number of projects funded by the Australian
Institute of Nuclear Science and Engineering (AINSE)
were completed. These projects involved ANTARES
personnel actively collaborating with researchers at
Australian universities. All samples were processed
and measured at ANSTO. Projects included the
analysis of beryllium-10 samples from coastal
regolith escarpments near Perth, in collaboration
with Murdoch University; chlorine-36 groundwater
samples for hydrology, with Queensland University;
chlorine-36 from brine and halite, with the
University of Technology, Sydney; and chlorine-36
in-situ dating of tsunami events on the eastern
Australian coastline, with the University of
Wollongong.

Iodine-129 measurements were performed on a
range of samples from projects including the IAEA
Mururoa study and for clients such as Westlakes
Scientific Consulting in the United Kingdom.

Nearly 1,000 carbon-14 samples were measured.
ANSTO scientists also contributed to the application
of AIMS in the Australian quaternary science
program funded by the Australian Research Council
and AINSE. Carbon-14, beryllium-10 and other long-
lived cosmogenic radionuclides were used for
research in Australian archaeology, environmental
change at global and local scales, vegetation
dynamics and landscape process studies. Some of
these results were presented at the Sixth
Australasian Archaeometry Conference, which was
organised jointly by ANSTO, AINSE and the
Australian Museum.

A collaboration with the Marine Environment
Division of the Japanese National Institute of
Resources and Environment was established to
perform AMS radiocarbon measurements on
oceanic sediment trap samples. Such samples are
indicators of the radiocarbon content of the upper
ocean.

Three ANSTO scientists and a scientist from Rutgers
University, New Jersey, United States, co-authored
the first book to be published on Accelerator Mass
Spectrometry. The book was published by CRC Press
(United States).

Ion beam analysis

ANSTO's 3 MV Van de Graaff accelerator was used
to measure over 400 obsidian samples for the
departments of archaeology at the University of
Sydney, the Australian National University (ANU)
and the University of Auckland, as part of the AINSE
program tracking ancient trade patterns and
identifying the source of obsidian in the Pacific
region. Archaeological samples of copper and tin
originating in the South Pacific area were measured
for the University of Sydney and UWS Nepean as
part of a study of ancient manufacturing techniques.
Particle Induced X-ray Emission (PIXE) and Proton
Induced Gamma-ray Emission (PIGME) were used to
measure the principal elements in early ceramic
pottery for the University of Sydney.

Ion beam analysis techniques were also used to
characterise ochre samples taken from rock art
paintings and nearby ochres in the Selwyn Ranges
in North West Queensland. The work was part of a
major study being carried out through AINSE by
archaeological and palaeoanthropological
researchers from the University of New England,
Armidale and the University of Sydney.
Characterisation by PIXE and PIGME for up to 30
elements revealed much about the movements of
these people and their trade patterns.

The analytical capabilities of the heavy ion time-of-
flight recoil spectrometer continued to be developed
through collaborative work by ANSTO, the Royal
Melbourne Institute of Technology, the University of
Lund (Sweden) and the Royal Institute of Technology
in Stockholm. This collaboration is developing tools
for analysing and characterising surface and thin
film structures.

High energy heavy ion microprobe

A quadrupole triplet of the high energy heavy ion
microprobe was installed on one of the beamlines
of the tandem accelerator. Spot sizes of 7 microns to
12 microns were measured using 20 MeV carbon
and 40 MeV chlorine beams. This system can be
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ANSTO's decommissioned
1 MV electron Van de Graaff

accelerator, modified for public
viewing by having the moving

parts enclosed in perspex,
was a popular Open Day

attraction. The accelerator
was used for many years for

pulsed radiolysis work before
it became part of ANSTO's

exhibition centre.

used for ion beam analysis in materials and
environmental applications that use heavy ion
Rutherford backscattering and X-ray analysis.

In March a paper detailing the accelerator-based
systems contributing to ANSTO's new analytical
techniques was presented at the First Asian Particle
Accelerator Conference, which was held in Tsukuba,
Japan.

Australian Synchrotron Research Program

The Australian Synchrotron Research Program
(ASRP), which was formally established in December
1996, provides Australian researchers with access to
state-of-the art synchrotron radiation research
capabilities at overseas synchrotron light source
facilities. These are the Australian National Beamline
Facility (ANBF) at the Photon Factory, Tsukuba
Science City, Japan, and the Advanced Photon
Source (APS) at the Argonne National Laboratory
near Chicago in the United States. The ASRP has
been funded for five years under the Major National
Research Facilities program and is staffed by ANSTO
employees.

The ASRP is managed by ANSTO under the
direction of a Policy and Review Board made up of
representatives of member institutions. These
comprise ANSTO, CSIRO, the Australian National
University, the University of NSW, the University of
Sydney, the University of Melbourne, the University
of Queensland, the University of Canberra and
Monash University.

Three more ASRP-funded research scientists were
appointed during the year, bringing the total to six.
ANSTO now has five staff based overseas dedicated
to the ASRP: two at the Photon Factory and three at
the APS.

Another highlight was the awarding of the first two
ASRP post-doctoral fellowships. The successful
candidates will work at the ANU and Sydney
University on X-ray surface scattering and protein
crystallography and utilise the overseas facilities
through ASRP-arranged access.

Australian National Beamline Facility

The Australian National Beamline Facility (ANBF) at
the Photon Factory, Tsukuba Science City, Japan,
was unavailable from December 1996 until
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November 1997 during the upgrading of the Photon
Factory. This upgrading increased the brightness of
the storage ring by a factor of five. The ANBF
returned to operation on November 18. Forty four
experiments were carried out by Australian research
groups during the remainder of the year, including
10 by ANSTO staff.

The Extended X-ray-Absorption Fine Structure
(EXAFS) facilities of the ANBF were significantly
upgraded with the addition of a helium refrigerator
cryo-sample stage in May. This device, which allows
EXAFS data to be measured at temperatures as low
as 10 Kelvin, will allow much higher quality data to
be acquired, particularly from solution samples, as
thermal vibrations can be greatly reduced or
eliminated.

The Advanced Photon Source, Argonne National
Laboratory

A number of facilities at the Advanced Photon
Source (APS) in Chicago, associated with the
Australian Synchrotron Research Program, became
operational. They included the Synchrotron
Radiation Instrumentation Collaborative Access
Teams (SRI-CAT) beamlines, which are available to
Australian users. Six of the 12 Australian proposals
accepted for beamtime on the SRI-CAT beamlines
were completed. The accepted proposals included
five from ANSTO to use the fluorescence microprobe
facility to obtain elemental maps with sub-micron
spatial resolution.

The first test experiments were successfully
performed on the Biological Consortium for
Advanced Radiation Sources (BioCARS) protein
crystallography beamlines.

Work on the design of the Chemical Consortium for
Advanced Radiation Sources (ChemMatCARS)
facilities neared completion. The experimental
stations have been built and many major beamline
components delivered, with the remainder on order.
The first beam has been scheduled for September
1998, and the first experiments are expected in
early 1999.
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APPLICATION OF NUCLEAR SCIENCE AND
TECHNOLOGY TO THE UNDERSTANDING OF
NATURAL PROCESSES
Drivers: Government, other science organisations such as the
Australian Antarctic Division, the Bureau of Meteorology, the
Australian Geological Survey Organisation, and the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), universities
and industry.

OBJECTIVES

To apply nuclear-based techniques to research projects in support of national and

international programs such as investigations of global climate change and

environmental pathway analysis, and to applied studies driven by industry and

government.

OUTCOMES

• Data collected by ANSTO showed that more than 40% of fine particles in
air sampled at the Cape Grim Baseline Air Pollution Station in Tasmania
are anthropogenic (from man-made sources). The data was collected as
part of ANSTO's global baseline air pollution project, which aims to
improve the prediction of future climate change through the study of
baseline atmospheres.

• Access to ANSTO's uranium-series geochronology and Accelerator Mass
Spectrometry (AMS) laboratories enabled Australian universities to
establish time-frames for climate and environmental change in the
Australasian region over the past 200 000 years. This research enables
scientists to better assess the possible effects of future climate change,
especially the dynamic relationship between temperature change and
precipitation.

• Monitoring of levels of the naturally occurring radioactive gas radon over
a wider range of latitudes was made possible by the installation by ANSTO

of a radon monitor at the Mawson base in Antarctica. This enables
scientists to collect more extensive radon data on global air masses, which
will allow a better understanding of global climate change.

• Personal dosimeters will be introduced for use by cave guides and workers
at the Jenolan Caves near Sydney following the estimation by ANSTO of
an effective dose from exposure to radon and radon progeny, based on
one year's monitoring of radon levels in the caves.

• ANSTO's expertise in the use of natural isotopes as environmental
markers was used to quantify the inventories of trace elements in water
and sediments of tropical rivers that impact on the Great Barrier Reef.

• A joint program with CSIRO, funded by Environment Australia, was
developed to measure, with ion beam analysis, micron-size particles,
which constitute the major source of air pollution in metropolitan areas.
These results are being used by Australian air pollution regulatory
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authorities to help set a national goal for fine
particle atmospheric pollution.

• The nuclear analyses of radon and fine particles
from air samples collected at Cape Grim in
Tasmania were used to improve the precision of
CSIRO atmospheric transport models.

ACTIVITIES AND OUTPUTS

Environmental dynamics -
application of nuclear techniques

Work continued on a research project using
radiotracers produced by the HIFAR research reactor
to investigate the impact on the coastal zone of
effluent release into the ocean. Theoretical,
laboratory and field investigations continued on
particle aggregation that occurs when sewage
sludge is released into the marine environment.
Field studies were carried out in collaboration with
Unisearch Water Research Laboratory and the
Hunter Water Corporation. Experimental studies of
sand transport continued to be made off Bondi to
determine whether transport is dominated by
isolated storm events or by the cumulative effects of
normal waves and currents over long periods.

Global climate change -
application of nuclear techniques

Using its nuclear analytical techniques, ANSTO is
coordinating and participating in four strategic
research projects aimed at contributing to the
knowledge of climate change over the past 500 000
years and at providing a basis for predicting future
changes. The projects were launched in 1996-97
and are of three-year duration.

Studies of high resolution terrestrial sediment
records to determine paleoclimatic conditions

For this project, samples of lake sediments
containing information of past vegetation and
climate were collected from three sites of a transect
stretching from northern Australia to Antarctica. A
detailed dating program using natural radioactivity
at these sites is being undertaken, and the results
will be used to correlate regional vegetation
changes with global climate fluctuations. The project
team, in collaboration with Monash University, was
able to reconstruct major rainfall changes for south

eastern Australia over the past 200,000 years, using
modern vegetation and rainfall patterns as an
analogue. In addition, vegetation changes in south
eastern Australia over the past 125,000 years were
correlated with those that occurred in northern
Queensland.

Global baseline pollution

The aim of the global baseline air pollution project
is to improve the prediction of future climate change
through the study of baseline atmospheres. Aerosols
were collected from air sampled at the Cape Grim
Baseline Air Pollution Station in Tasmania under
selected conditions to evaluate the effect of fine
particles on global temperatures. Annual and
seasonal variations in the fine particle elemental
concentrations were evaluated using accelerator-
based analysis to determine whether there are
correlations with global climate change effects.
ANSTOs data showed that more than 40% of fine
particles are anthropogenic (from man-made
sources).

Radon levels were also measured at Cape Grim to
characterise air samples. By correlating radon with
ozone under various meteorological conditions,
estimates were made of tropospheric sources and
sinks of ozone. The concentration of radon was
compared to the values calculated by atmospheric
transport models in order to test the models. A
survey of the radon source from Tasmania was used
in a high precision test of a computer model created
and managed by the CSIRO Division of Atmospheric
Research as part of this project.

Long-lived radionuclides in Antarctic ice cores as
tracers and chronometers in global climate
change studies

This is a collaborative project between ANSTO,
CSIRO and the Australian Antarctic Division (AAD). It
combines ANSTOs capabilities for AMS studies with
the extensive knowledge of the Antarctic ice sheet
and of atmospheric trace gas histories acquired by
AAD and CSIRO. The broad objectives of the project
are to refine knowledge of the trapping and
diffusional processes involved, to determine the
global atmospheric methane budget and to correlate
the variability in solar activity and historical climate
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change in the Southern Hemisphere.

An ANSTO scientist participated in a joint
ANSTO/CSIRO/AAD expedition to Law Dome,
Antarctica, to obtain the samples for the project.
ANSTO's AMS group began examining carbon-14
concentrations in carbon dioxide and methane
contained in air extracted from the porous firn layer
overlying the ice and from bubbles trapped within
the ice. The beryllium-10 concentration in the ice is
also being measured.

Southern Hemisphere glaciation studies

In this project the Southern Hemisphere chronology
of glacial episodes during the Quaternary period is
being determined using long-lived cosmogenic
radionuclides beryllium-10 and chlorine-36
produced in exposed rocks and landforms at the
earth's surface. The emphasis of the project, a
collaborative effort involving several Australian and
New Zealand universities, is to conduct a unified
and comprehensive investigation of selected glacial
deposits and landforms within Tasmania, New
Zealand and Antarctica to date radiometrically,

for the first time, glacial cycles over the past million
years. This chronology will support glacial modelling
for climate change studies.

Atmospheric fine particle aerosol research

Multi-elemental fine particle characterisation
techniques and samplers developed at ANSTO were
used for a national pilot study of fine particles in air
in Australian capital cities. This two-year study,
begun in 1996, was funded by Environment
Australia and is being run jointly by ANSTO's
Physics Division and the CSIRO Division of
Atmospheric Research.

A major study of chemical species in atmospheric
fine particles less than 10 urn and less than 2.5 ûm
in Brisbane air was completed and some of the
results published in the international journal
Atmospheric Environment. The study was performed
in collaboration with researchers from Griffith
University, Queensland, and the Queensland
Department of Environment and Heritage. Aerosol
samples were collected at five sites throughout the
greater Brisbane metropolitan area over a year.
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Their compositions are consistent with
anthropogenic components from combustion
processes, such as those in motor vehicles, which
will have a significant effect on human health. The
results are currently being assessed by the
Queensland Department of Environment and
Heritage.

ANSTO began a two-year joint consultancy with
commercial consultants CMPSF (Joint Venture
Croup), AusAID and the CSIRO Division of
Atmospheric Research to determine the
contributions of different natural and anthropogenic
sources to the fine particulate content of air in and
around the Jakarta region. Sampling and data
taking was carried out through a wet and a dry
season. It was found that anthropogenic sources
contributed around 97% of the fine particle mass
with about 75% coming directly from diesel and
two-stroke engine powered vehicles. Further work
in Eastern Java is being considered in collaboration
with the Indonesian Environment Protection Agency
(BAPEDAL)and CMPSF.

Radon flux measurements at caves and mines

Data acquired by monitoring radon levels at the
Jenolan Caves, near Sydney, for one year, was used
to derive a dose conversion factor from radon
concentration to radiation dose. The scientific
collaborators in this work - the University of Sydney,
the Australian Radiation Laboratory and the
University of Auckland - recommended the use of

personal dosimeters by cave guides and workers.
This was accepted by the Jenolan Caves Reserve
Trust.

As part of an Australian Institute of Nuclear Science
and Engineering (AINSE)-supported collaborative
project with the University of Sydney, a technique
was developed for measuring radon fluxes from
rock in the Jenolan Caves, where ambient radon
levels are high. The flux measurements will support
a project aimed at understanding the sources and
transport of radon in the caves.

As part of a sponsored program of research by BHP
Coal to assess the environmental impact of long
wall mining, ANSTO measured radon flux at the
surface and radon concentrations in bore holes
above a long wall coal mining operation.

Natural analogue studies for understanding
radionuclide migration

The Analogue Study of the Alligator Rivers Region
(ASARR) project, begun in 1994, was completed. The
aim of the project was to develop an understanding
of the long-term migration of radionuclides from the
Koongarra uranium deposit in the Northern
Territory. This knowledge is designed to be used in
assessing sites for radioactive waste repositories.
The ASARR project had three major outputs:

• direct measurements were made of the
distribution of uranium series nuclides on
geographical samples. Measurements were made
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in collaboration with the Australian National
University on the university's Sensitive High
Resolution Ion Microprobe. A complementary
investigation was made on the Advanced Photon
Source at the Argonne National Laboratory in the
United States

modelling, using the widely used groundwater
computer codes, MODFLOW and MT3D, of the
cumulative effect of the movement of uranium in
the vicinity of the Koongarra deposit over millions
of years. Further collaborative work was
undertaken between ANSTO and the German
Institute of Nuclear Safety (CRS) involving ion
microprobe studies and intercomparison of
modelling software

the development of a scientific basis for relating
In situ field-based and laboratory estimates of
radionuclide transport retardation factors.
Progress in addressing this important issue was
made possible by the existence of the wide range
of data from Koongarra

Bioaccumulation of environmental
contaminants

A cooperative study investigating bioaccumulation
of environmental contaminants by crocodiles in
Kakadu National Park was undertaken by scientists
from ANSTO and the Biodiversity Croup of
Environment Australia. The study successfully
derived baseline data on metal content in
crocodiles' bones and flesh. This will prove valuable
in assessing any future impact of land use change
on the Kakadu region, as crocodiles are a major
predator in tropical riverine ecosystems.

Coastal and marine chemistry

ANSTO scientists contributed to an international
research project, Tropical River Ocean Processes in
Coastal Settings', by participating in a scientific
expedition to collect sediment samples from the Fly
and Sepik River estuaries in Papua New Guinea.
Other researchers came from the Australian Institute
of Marine Science, CSIRO, James Cook University,
and Japanese and US research institutions. Using
the natural radioisotopes of the uranium decay
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series, ANSTO assisted in quantifying the water

column and sediment inventories of these river

systems, which impact on the Great Barrier Reef.

Secondary Ion Mass Spectrometry (SIMS)

The SIMS facility is used to determine the
composition of materials at the micro scale. It
provides information on elemental and isotopic
structure. It is used at ANSTO to study natural
variations in isotopic composition in minerals as
markers of past events, the uptake of pollutants by
animals as environmental monitors and archival
records, and the structure of novel materials such as
ceramics. The facility is made available to Australian
universities through the Australian Institute of
Nuclear Science and Engineering (AINSE) funding
and to industry on a collaborative or commercial
basis. The instrument is the only one of its kind in
Australia.

Special emphasis was placed on developing skills in
measuring natural variations in the isotopic
composition of oxygen to a precision of 1-2 parts
per million. The facility can now achieve high spatial
resolution analysis of oxygen-18 in carbonates to a
precision of approximately 1 part in 1000. This
provides a valuable tool in studies of paleoclimate
and global climatic change.

During the university year (the 1997 calendar year),
ANSTO managed an Australian Research Council
infrastructure grant for the SIMS facility on behalf of
AINSE. Sixteen AINSE member universities used the
SIMS facility during 1997, and the time requested by
universities for access in 1998 doubled. University
work covered a broad range of topics including the
use of semiconductors as solar collectors and micro-
electronic components, mineral processing,
environmental monitors, and material surfaces such
as nitriding of steels and ion implantation. The
majority of this work has been or is being reported
in papers by the university workers.
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TREATMENT AND MANAGEMENT OF MAN-MADE
AND NATURALLY OCCURRING RADIOACTIVE
SUBSTANCES
Drivers: Government, ANSTO and industry

O B J E C T I V E S

(a) To provide government with expert scientific and technical advice on nuclear

waste management, including environmental impacts of uranium mining.

(b) To refine or develop new technological approaches for immobilisation and

disposal of radioactive waste and minimisation of environmental contamination from

the nuclear and mining industries.

(c) To provide environmentally sensitive and cost-effective waste management in

accordance with relevant standards and appropriate risk management strategies.

OUTCOMES

• Two processes developed and demonstrated by ANSTO were used in the
expansion of the Olympic Dam copper and uranium mill in South Australia.

• Metallurgical studies demonstrated that the uranium extraction from
lateritic ores stockpiled at the Ranger uranium mine in the Northern
Territory can be significantly increased by leaching in a dedicated circuit.

• A survey of polonium concentrations in metallurgical circuits provided
valuable scientific data on the aqueous chemistry of polonium. This
information can be used to modify the metallurgical process so that
polonium is directed into the waste material rather than into the metal
product.

• ANSTO, in collaboration with the Australian Geological Survey
Organisation, demonstrated that the measurement of radionuclides already
present in soils can provide information on the rate of movement of
radionuclides in soils in arid regions.

• ANSTO's inventory of four tonnes of uranium and thorium metallic scrap
was converted to a stable chemical form suitable for prolonged storage.

• A process to solidify ANSTO's intermediate-level liquid waste was installed
in a hot cell and successfully tested. Laboratory-scale testing confirmed the
feasibility of further processing this waste into a highly durable ceramic
material, similar to synroc, suitable for long-term storage or disposal.

• Approximately two-thirds of ANSTO's drums of radioactive waste were
scanned to determine the levels of radioactivity. The majority of the drums
had low levels of radioactivity and almost all were deemed suitable for
disposal by shallow land burial at a low level waste repository.

• Following comprehensive technical reviews, the US Department of Energy
(USDOE) selected a synroc-like titanate ceramic as the wasteform to
immobilise excess weapons-usable plutonium. ANSTO provided input to
the selection process. In choosing ceramic over glass, the USDOE noted
that the ceramic form offers advantages in the areas of proliferation
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resistance, repository durability, lower radiation
exposure and cost effectiveness. ANSTO is pleased
that its work on the development of synroc will
find its first application in global nuclear weapons
disarmament initiatives, which are strongly
supported by Australia.

ACTIVITIES AND OUTPUTS

Synroc-based wasteforms

Work continued on developing the synroc process
for immobilising high-level radioactive waste of
various origins. ANSTO maintained links with key
organisations involved in high-level radioactive
waste management in all countries pursuing
commercial reprocessing of spent fuel. Such links
provide the basis for cooperation in potential
commercial waste remediation and provide ANSTO
with access to research facilities unavailable in
Australia, in particular for accelerated testing of the
resistance of synroc to radiation damage from
alpha-decay of long-lived radionuclides. The results
of joint research continued to provide independent
confirmation of synroc as tin advanced second
generation wasteform.

A synroc-based pyrochlorc-rich titanate ceramic
developed by ANSTO and US collaborators was
chosen by the US Department of Energy (USDOE) for
the immobilisation of surplus weapons plutonium
destined for geologic disposal.

In the aftermath of the Cold War. the United States
and Russia have agreed to large reductions in their
stockpiles of nuclear weapons. As a result, the
United States is following a two-track strategy for
the disposition of 50 metric tonnes of surplus
plutonium. The strategy involves burning some of
the plutonium as mixed-oxide fuel in existing
commercial power reactors with the remainder to be
immobilised for eventual geologic disposal.

The choice of the synroc-based titanate ceramic for
the immobilisation represents the culmination of a
productive three-year partnership with the Lawrence
Livermore National Laboratory (LLNL) in the United
States, the lead laboratory for developing plutonium
immobilisation technology for the USDOE. ANSTO
has participated in the US development program on
plutonium immobilisation under a series of contracts

from the LLNL to demonstrate the maturity of
titanate ceramics. Two contracts were completed
during the year.

In recognition of ANSTO s role in developing
titanate ceramic wasteforms. the Director, Materials,
was invited to participate on the Technical
Evaluation Panel (TEP). The leader of the synroc
project presented the results of ANSTO s work to the
Panel. An Independent Review Committee reviewed
the findings of the TEP before recommendations
were forwarded to the USDOE.

The pyrochlote-tich titanate ceramic formulation
was developed with the LLNL specifically for
plutonium immobilisation. This wasteform is also
capable of incorporating high uranium loadings
together with neutron absorbers to ensure nuclear
criticality safety in plutonium-rich materials during
processing as well as in a geologic repository.

The USDOE has expressed a preference for siting
the immobilisation facility using the synroc-based
wasteform at the Savannah River site to take
advantage of the existing infrastructure at the site.
The facility is scheduled to be operational in 2005.

ANSTO will continue to participate in the
implementation of the US plutonium disposition
program as a member of a team led by LLNL that
also includes the Westinghouse Savannah River
Company, the Argonne National Laboratory (ANL)
and the Pacific Northwest National Laboratory.

A new contract was signed in June to further define
the compositional and process envelope of the
titanate ceramic as part of the wasteform
qualification process necessary for regulatory
acceptance for disposal.

The regulatory acceptance process will open up
further prospects for the deployment of synroc-
based titanate ceramics in other radioactive waste
remediation projects in the United States. ANSTO is
maintaining close contacts with key nuclear
engineering companies in consortia pursuing
remediation of wastes from former defence projects
in the United States as it seeks opportunities for
further use of its wasteform technologies.

A Co-operative Research and Development
Agreement was signed with the ANL to demonstrate
the use of a hot-isostatic p/ess to produce high-level
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radioactive wasteforms in a remotely-controlled hot
cell environment. Under this Agreement, ANSTO will
demonstrate its proprietary can technology with
ANL wastes. In return, ANL will demonstrate the
production of synroc in a remotely-operated hot cell
environment. To date ANSTO has concentrated on
optimising the hot-press cycle using simulated ANL
waste. Hot-isostatic pressing is one of the process
technologies developed by ANSTO for synroc
consolidation using non-radioactive waste
simulants.

ANSTO was awarded a three-year grant from the
USDOEs Environmental Management Basic Science
Program to contribute to a research project entitled
Distribution and solubility of radionuclides and
neutron absorbers in wasteforms for the disposition
of plutonium ash and scraps, excess plutonium, and
miscellaneous spent nuclear fuels'. The project is
being managed by the Pacific Northwest National
Laboratory with the participation of the University
of Michigan and the Lawrence Berkeley National
Laboratory. Basic knowledge of these issues will
provide a technical and scientific basis that can be
used by the USDOE Environmental Management

Program in developing, evaluating and selecting
wasteforms for the safe disposal of plutonium-
containing waste, spent nuclear fuel, and other
transuranic wastes from past defence programs.

A staff member commenced a one-year attachment
with the Pacific Northwest National Laboratory,
where he is undertaking research on radiation
damage effects in wasteforms and training in
operating modern remotely-controlled facilities that
cover a wider spectrum than currently available at
ANSTO.

ANSTO continued to collaborate with the French
Atomic Energy Commission (CEA) on basic studies of
wasteform durability and on the possible
application of cold-crucible technology to processing
synroc for wastes from advanced reprocessing. This
collaboration, under an ANSTO/CEA Memorandum
of Understanding, was strengthened by a new
agreement that covers intellectual property sharing
and arrangements for commercial exploitation of
jointly developed technologies. Success in the
collaborative program with CEA will enhance the
prospects of earlier utilisation of synroc in civilian
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high-level radioactive waste markets because a cold-
crucible melter could be installed in some current
vitrification plants. The cold-crucible melter
technology also has potential for synroc/glass
composite formulations developed by ANSTO for
remediation of US defence wastes.

A program of research carried out under a
collaborative agreement with the Japan Atomic
Energy Research Institute entered its final year. This
13-year collaboration has focused on the use of
synroc for high-level and actinide-rich wastes with
particular emphasis on radiation damage and its
impact on leach-rates. It has provided independent
confirmation that synroc can be classified as an
advanced second-generation wasteform.

The Chinese Institute of Atomic Energy (CIAE) hosted
a visit by two ANSTO researchers as part of the
ANSTO/CIAE Co-operation Program being carried
out under the umbrella of a Memorandum of
Understanding between ANSTO and the China
National Nuclear Corporation. The program is
focused on the applicability of synroc to Chinese
high-level waste.

The synroc process technology continued to be
developed. A laser welding system was
commissioned to remotely weld lids onto synroc
cans prior to hot-pressing. A dilatometer system was
installed within the hot-isostatic press to provide
data on the consolidation process. Development of
a dry, free-flowing synroc precursor in the form of
sol-gel microspheres continued with particular
emphasis on the development of waste
impregnation techniques. This scientific work will
also benefit ceramic processing for non-nuclear
applications such as ceramic coating technology.

Access to unique international research facilities
continued to provide ANSTO researchers with new
insights into aspects of the chemical design of
synroc and the effects of radiation damage. The
Australian National Beamline Facility at the
synchrotron in Tsukuba, Japan, was used to extend
the synroc-related CaTiO3-SrTiO3 phase diagram
above 600 C in the Ca-rich area. The combined ion
irradiation/transmission electron microscope facility
at the ANL was used to study progressive changes
caused by radiation damage in situ in a number of
synroc phases. Co-operative research at the Stanford

synchrotron facilities in the United States provided
further information on chemical speciation of
actinides, including plutonium and neptunium, in
synroc phases prepared under a range of processing
atmospheres. Small-angle X-ray and neutron
scattering measurements were carried out at Saclay,
France, in collaboration with the French Atomic
Energy Commission, to investigate the ultrastructure
of sols and gels used in synroc precursor production.

Cement wasteforms

Cement-based wasteforms are widely used overseas
to encapsulate low- and intermediate-level
radioactive wastes. Studies continued on the use of
cement to encapsulate appropriate historical wastes
at ANSTO.

A project studying cement wasteforms for
encapsulating ANSTOs intermediate-level
radioactive waste from production of molybdenum-
99 for medical uses was terminated in light of the
decision to use a ceramic wasteform for this
purpose. The synroc-based ceramic is capable of
incorporating much higher waste-loadings.

A study of caesium and strontium retention in
French cement formulations, undertaken under a
cooperative research agreement with Electricite de
France (EdF), was completed.

Cement microstructure plays an important role in
determining the durability of cement matrices. To
study the microstructure of various cement
formulations and the phase formation during the
early stages of cement setting, small angle neutron
scattering and X-ray diffraction experiments were
performed at the Berlin Neutron Scattering Centre at
the Hahn-Meitner Institute in Germany, at the high-
flux reactor at the Oak Ridge National Laboratory in
the United States, and at the Australian National
Beamline Facility on the synchrotron in Tsukuba,
Japan. The appropriate neutron and X-ray facilities
were not available in Australia, and the research
was facilitated by support from the Department of
Industry, Science and Tourism under the
International Research Collaboration grant scheme.

Waste Management Action Plan

In 1996, ANSTO undertook a comprehensive review
of its waste management operations. As a
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consequence, a five-year Waste Management Action
Plan was initiated to ensure that ANSTO's wastes
are managed in accordance with emerging
international best practice. In this, the second year
of the plan, three major projects were completed
and considerable progress was made on other
projects.

Solid waste management

An expansion and upgrading of ANSTO's facilities
for storage of low level solid wastes and nuclear
materials was completed. The upgraded facility now
provides a modern pallet racking system designed
to the latest seismic code, improved access to the
current inventory of low level solid waste drums,
additional space for storage of low level drums for
at least the next 10 years, and safe storage of
thorium-bearing waste behind removable concrete
shields.

ANSTO's inventory of about four tonnes of uranium
and thorium scrap was converted into a stable
chemical form suitable for prolonged storage. The
method of stabilisation, derived from ANSTO's

experience in synroc production, involved controlled
oxidation in a rotary calciner. A total of 139 process
operations were carried out.

A modern gamma-scanning facility was used to
determine the radioactivity in ANSTO's drummed
radioactive waste. To date, about 3000 of ANSTO's
5000 drums of low level waste have been scanned
and the results stored in a computerised database.
Most of the drums have relatively low levels of
radioactivity and satisfy the criteria for Category A
waste according to the definition in the National
Health and Medical Research Councils Code of
Practice for the Near-Surface Disposal of Radioactive
Waste in Australia'.

Liquid waste management

ANSTO has about 6500 litres of waste arising from
the production over the past 30 years of
molybdenum-99 for radiopharmaceutical
operations. To date, this intermediate-level liquid
waste has been stored in shielded tanks. During the
year, an improved system for continuous
monitoring of the storage facility was developed
and installed.
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A project is in progress to convert all this
accumulated liquid waste into a solid form. Last
year, a process to solidify the waste was developed
and successfully tested on a laboratory scale. It
involved evaporation, destruction of ammonium
ions using a novel process, and, finally,
crystallisation. During the year, process equipment
was installed in a hot cell and extensively tested.
These tests were successful and routine operation of
the facility is scheduled in the near future. It will
take about three years for all the wastes to be
solidified. The solid waste produced will be suitable
for interim storage for up to 50 years.

Another project is underway to convert this interim
waste into a highly durable solid waste suitable for
long-term storage or disposal. The process is based
on a synroc-like waste form that has been
specifically formulated for this purpose. Laboratory-
scale tests showed that 44 weight per cent waste
(on an oxide basis) can be incorporated into the
ceramic waste form and that the resultant material
has excellent chemical durability. The major focus of
the research and development effort during the year
was the evaluation of process options for hot cell
operation and refinement of each stage of the
process. Demonstration of the process on a full
scale, non-radioactive basis is planned for the
coming year.

Waste water

Detailed inspections of tanks that form part of the
Lucas Heights waste water treatment system were
carried out. After inspection, one mixing vessel was
refurbished by stripping the rubber lining, grit
blasting, repairing some sections, and repainting.
Similar work is planned for other vessels.

Under the Waste Management Action Plan, ANSTO
is committed to upgrading and replacing its facilities
for waste water treatment. As the first task in this
project, the radioactivity levels in waste water
produced from different areas on the site were
surveyed. The results confirmed that most of the
radioactivity comes from a few locations and the
volume of water requiring treatment can be
significantly reduced by segregation and separate
treatment. An evaluation of alternative treatment
strategies and technologies for water treatment at

ANSTO is scheduled for the coming year and will
include an assessment of the feasibility of water re-
use after treatment.

Monitoring of spent fuel storage facilities

Last year ANSTO reported the development of
improved methods for monitoring the gas space in
the tubes of the in-ground spent fuel storage facility.
ANSTO also reported the presence of water in a
small number of these tubes and the onset of
corrosion on the surface of several fuel elements
from these tubes.

Subsequently, and in association with the need to
move spent fuel in preparation for the shipment of
240 spent fuel elements to the United States, fuel
elements from a large cross section of the facility
were removed and examined. In total, fifteen of the
fifty tubes have now been completely emptied and
examined. Ultrasonic and visual inspections
confirmed that the tubes were in excellent condition
and that wall-thinning had not occurred. In every
case the tubes continued to perform their designed
purpose of isolating the spent fuel from the
environment.

A canning system has been designed and
implemented for elements whose cladding has
shown signs of degradation. To date, five of the
elements that were previously present in the tube
exhibiting the most water have been canned and
returned to the in-ground store. The remaining
seventeen elements from that tube were found to
be in acceptable condition and were either included
in the shipment of 240 elements accepted by the
United States or returned to the in-ground store All
240 elements shipped to the United States met the
acceptance criteria of the US Department of Energy
for the integrity of the elements. The elements had
been previously stored for a long period in the
ANSTO-engineered in-ground storage facility.

The monitoring techniques for the spent fuel storage
facilities continued to be refined and, as part of the
Waste Management Action Plan, staff began
preparing formal safety assessments for these
facilities
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HIFAR spent fuel

ANSTO continued to keep the Government
informed on the situation regarding the inventory of
spent fuel in interim storage at Lucas Heights, on
the options available for the disposition of this
spent fuel and on the need for early action to
address these options.

Internationally, the established practice is to ship
research reactor spent fuel overseas to a plant that
carries out reprocessing. Such shipments are
commonplace around the world and are carried out
under strict international safety and transport
guidelines. As aluminium clad spent fuel degrades
over time, it is an unsuitable form for long-term
storage or ultimate disposal and must eventually be
processed into a stable wasteform.

In September the Government announced that all
spent fuel arising over the lifetime of the HIFAR
research reactor would be shipped overseas to the
respective countries of origin. Around 700 elements
will be returned to the United States under their
Foreign Research Reactor Spent Fuel Acceptance
Program. Under this program no waste will be

returned to Australia. The remainder of the spent fuel
is of UK-origin. These elements will be sent overseas
for reprocessing. Reprocessing will recover the unused
uranium and place the waste into a stable form
suitable for long term storage or disposal in Australia.
The waste will be returned to Australia in up to 25
years time. The full program of overseas shipments
was subsequently subjected to environmental
assessment and approval under the Environment
Protection (Impact of Proposals) Act 1974.

An agreement was reached with the United States on
the terms under which the US-origin fuel will be
returned and a contract was concluded with the US
Department of Energy (USDOE) for the initial
shipment. This shipment was successfully undertaken
in April and the 240 spent fuel elements comprising
the shipment were delivered to the USDOE's
Savannah River Site facility in May without incident.

ANSTO engineers manufactured equipment essential
for the successful utilisation of the two German TN7/2
spent fuel element transport casks. The main
requirement was the supply of a lifting yoke capable
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of handling a safe load limit of 21 tonnes. The
purpose-built LHRL-120 cask used to transport spent
HIFAR fuel elements to Scotland in 1996 was also
refurbished.

In respect of the UK-origin fuel, negotiations are
proceeding with potential overseas reprocessors on
terms for reprocessing this fuel and returning the
waste.

As at 30 June 1998, Australia is holding some 1420
spent HIFAR fuel elements. The original source of
the enriched uranium is approximately 60:40 UK-
origin to US-origin. It is anticipated that a further
eight shipments will be required over the next 10
years to return all the HIFAR spent fuel.

National Radioactive Waste Repository

In February, the Commonwealth Government
announced it had selected a region in central
northern South Australia for siting a national low
level and short-lived intermediate level radioactive
waste repository. The Director, Materials, was invited
to participate as a technical expert on the
Commonwealth Government's National Radioactive
Waste Repository Advisory Committee and on the
Technical Assessment Group, both of which
provided technical advice to the Government on
siting the repository.

ANSTO participated in a joint project with the
Australian Geological Survey Organisation, the
Bureau of Resource Science and CSIRO to assess the
region selected for siting the repository. ANSTO and
CSIRO are responsible for assessing the radionuclide
movement and water flux in soils in the region. The
initial study assessed existing information and data.
This will be followed by field studies.

Maralinga

Studies investigating the role of microphytic soil
crusts in retention of plutonium dust at Maralinga
were completed. It was found that where there were
such soil crusts containing lichen and blue-green
algae, 85 per cent of plutonium contamination was
within 5 mm of the surface. There was some small
scale evidence of erosion moving plutonium in the
soil profile but no conclusive evidence of systematic
larger scale movement resulting from erosion.

ANSTO completed an industry-funded assessment of
the wasteform produced by the in situ vitrification
process being trialed for application in the area
previously used for weapons testing at Maralinga.
ANSTO's studies confirmed that the process
produces a durable matrix in which the radioactivity
is relatively uniformly distributed.

Uranium ore processing

ANSTO undertook research to obtain a better
understanding of the complex factors controlling the
dissolving of uranium and other minerals in
leaching circuits. The results showed that there is
considerable scope for improving the efficiency of
the circuits in terms of both increasing uranium
extraction and reducing chemical usage. The data
obtained is being used to develop a leaching model
that will predict uranium extraction and reagent
consumption for a range of ore types as a function
of the leaching variables. This model will then be
incorporated into an economic model of the leach
circuit that will allow proper selection of leach
conditions and optimisation of metal recoveries.

ANSTO completed a detailed assessment of a range
of options for the efficient treatment of difficult-to-
process, highly weathered ores that have been
stockpiled at the Ranger uranium mine in the
Northern Territory. The options examined included
roasting and resin-in-pulp processes. The study
demonstrated that separate processing of the
laterites (clay-like ores) is feasible and will yield a
significant improvement in uranium extraction
compared to the current approach of co-processing
with primary ore. Factors limiting extraction of
uranium from the laterites were also identified.

The current expansion of the Olympic Dam copper
and uranium mill in South Australia incorporates
two processes developed and demonstrated by
ANSTO. The first is an improved treatment process
that will allow recycling of neutralised process water
and reduce consumption of bore water from the
Great Artesian Basin, The other is a leaching circuit
to remove radionuclides from smelter dust, allowing
its subsequent recycling and the recovery of
precious metals.
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Unloading an empty German
TN7/2 spent fuel transport
cask at ANSTO. Two such

casks holding 60 elements
each were used together
withANSTO's LHRL-120

cask to transport spent fuel
to the US Department of

Energy's Savannah River

Radionuclide distribution and control in mineral
processing circuits

Many non-uranium ores contain low levels of
uranium and its daughter products. In processing
circuits the behaviour of these elements is
important as they may appear as unwanted
contaminants in the final products or in waste
streams that require special treatment. ANSTO has
developed expertise in predicting the distribution of
radionuclides in process circuits and is carrying out
research and development to better understand
radionuclide behaviour and to develop processes
for their removal or control. This capability is based
on ANSTO's nuclear analytical expertise.

Treatment of wastes from uranium processing

A project investigating factors limiting sulfate
removal in wetlands constructed at the Ranger
uranium mine to treat retention pond wastewater
was completed. The study was funded by Energy
Resources of Australia Ltd and conducted
incollaboration with CSIRO, the Environmental
Research Institute of the Supervising Scientist, and

the Northern Territory University. The constructed
wetland effectively removes uranium and
manganese but does little to reduce sulfate
concentrations. ANSTO investigated the effect of
carbon limitation on bacterial sulfate reduction rates
and quantified improvements resulting from
amendment with solid and liquid substrates.

A series of experiments was undertaken to assess
disposal options for the tailings/waste liquors
produced from the processing plant proposed for
the Kintyre uranium project. This study was carried
out in collaboration with geotechnical and
hydrogeological consultants to provide the data
required to develop a sound environmental plan for
the project, and information for the preparation of
an Environmental Impact Statement.

A radionuclide survey of the process proposed for
the processing of Kintyre uranium ore was
completed as part of a pilot plant operation. The
study of the neutralisation behaviour of the waste
liquor found that thorium and lead were removed
with greater than 99.9 per cent efficiency.
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A comprehensive site survey of process circuits at
the Olympic Dam mill was undertaken. More than a
hundred samples were analysed for polonium-210
and the results used to calculate mass balance data
and hence monitor polonium throughout the
processing circuits. The behaviour of polonium is of
particular importance because it is volatilised in
pyrometallurgical processes. A significant result of
the work was the identification of similarities
between the chemistry of polonium and lead during
anode slimes treatment. A comprehensive
experimental thermochemical database is being
compiled. This will allow the behaviour of polonium
to be predicted and methods for its removal or
control during processing to be developed.

ANSTO participated, by invitation, in the WISMUT
mining company s WISMUT 97 Workshop Water
Treatment and Residues Management -
Conventional and Innovative Solutions' at Chemnitz,
Germany, Over the past six years, ANSTO has
worked with WISMUT to devise strategies for
groundwater restoration and water treatment at the
company's closed uranium mines in eastern
Germany.

Migration of radionuciides

ANSTO, in collaboration with the Australian
Geological Survey Organisation, demonstrated that
the measurement of radionuciides already present
in soils can provide information on the rate of
movement of radionuciides in soils in arid regions.
Soil samples were collected from arid sites and
analysed for chlorine-36, caesium-137, uranium and
thorium. The results showed that similar analyses on
soil samples from a potential repository site could
provide data for assessing the safety of a near
surface repository.
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COMPETITIVENESS AND ECOLOGICAL
SUSTAINABILITY OF INDUSTRY
Drivers: Government and industry

OBJECTIVES

fa) To contribute to the development of critical technologies aimed at enhancing the

competitiveness and ecological sustainability of selected industry sectors by applying

nuclear science and technology and ANSTO's unique mix of technical capabilities.

fb) To provide scientific and technical advice and services to government and industry,

based on radiation and other relevant standards, radiation safety, radiation

sterilisation, and plant assessment technologies.

(c) To supply internationally competitive radioisotopes and radiopharmaceuticals for

medical, industrial and environmental use in Australia and the Asia Pacific region.

OUTCOMES

Environmental management

• A project on improved design and operation of landfills, carried out for the
CRC for Waste Management and Pollution Control Limited, demonstrated
enhanced degradation rates for municipal solid wastes in large-scale field
trials at the Lucas Heights landfill.

• ANSTO's unique capability in the analysis and use of perfluorocarbons as
gas tracers was used by industry in a study of gaseous discharge from
stacks and by research organisations in the dating of waters younger than
60 years.

• Staff contributed to the 1998 review of the Australian and New Zealand
Environment and Conservation Council water quality guidelines with a
report and a recommendation for the incorporation of metal speciation
and bioavailability into the guidelines for fresh and marine water quality in
Australia and New Zealand.

• Research by ANSTO scientists has resulted in an improved understanding
of time- and space-dependent processes in very large sulfidic waste
dumps, enabling the development of more appropriate and effective
closure plans for these operations.

• ANSTO identified a previously unsuspected gas transport process that can
occur in very large piles (about 500 million tonnes) of mine wastes and
which can greatly increase pollutant generation rates.

• A three-dimensional mass transport code was successfully coupled with a
chemical speciation code, thus allowing a more precise description of
transport of pollutants in the ecosystem, particularly in groundwaters.
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Industry

• Testing by ANSTO's Quality Control service,
particularly for commercial manufacturers,
enabled companies to retain or obtain Standards
Australia approval for their products and overseas
companies to market their products in Australia.
Twenty-two overseas manufacturers used the
service.

• Plasma Immersion Ion Implantation (PI')
technology, which was developed by ANSTO,
received further recognition with sales of
equipment to the Technical University of
Clausthal, Germany, and to the University of
Sydney.

• The organisations gamma irradiation facilities
were used to process health care materials, tissue
grafts, biological material and polymers for health
care facilities, importers, researchers and
manufacturers at a range of temperatures and
dose rates. Some 15 million pupae of Queensland
fruit fly per week were irradiated for NSW
Agriculture as part of the Tri State Fruit Fly
Eradication Program.

• An ANSTO-developed algorithm is being adopted
by Pacific Power to estimate life consumption
rates of critical components in its power stations.

Radiopharmaceuticals

• New. more attractive and easier-to-handle
packaging was developed for ANSTO-produced
radiopharmaceuticals. The new packaging was
enthusiastically endorsed by nuclear medicine
staff as it reduces the time spent in preparing the
radiopharmaceuticals for patient administration
and is particle free.

Safety services

• By disseminating Australian standards of
radioactivity measurements, ANSTO enabled
radiopharmaceutical businesses and nuclear
medicine departments and clinics to routinely
make measurements and ensure the accuracy of
patient doses.

ACTIVITIES AND OUTPUTS

Environmental management

Treatment of arsenic and other toxic
contaminants by advanced oxidation
technologies

Arsenic is a highly toxic element that is often
released from naturally occurring minerals into the
accessible environment by natural processes or,
more commonly, by mining and mineral processing
operations. In 1996 ANSTO, in collaboration with
the Cooperative Research Centre for Waste
Management and Pollution Control Limited.
patented a process based on photo-oxidation of
arsenic followed by its removal as a solid. The
success of a demonstration of this process in 1996
in Montana in the United States has elicited
expressions of interest from mining companies, the
Australian Mineral Industries Research Association
(AMIRA) and the Government of Bangladesh. It has
been estimated that two-thirds of the population in
Bangladesh is at risk of chronic poisoning due to
naturally occurring arsenic in groundwater. The
Bangladeshi health authorities showed considerable
interest in trialing the process to remove arsenic
from tube well water in the rural areas of
Bangladesh and ANSTO was awarded an AusAID
grant to carry out field trials of the process.

The arsenic photo-oxidation work has led to the
development of processes for the treatment of other
contaminants in mining effluents and groundwater.
A new project on advanced oxidation technologies
was set up in which ANSTO and the CRC for Waste
Management and Pollution Control Limited are
sharing the funding and any intellectual property
generated. A provisional patent on the oxidative
removal of a range of pollutants was filed.

Improved landfill design and operation

ANSTO participated in a project on improved design
and operation of landfills for the CRC for Waste
Management and Pollution Control Limited. The
project aims to increase the rate of degradation of
municipal solid waste. This will lead to stabilisation
of the waste and stimulate the generation of
methane, which can be used to generate electricity.
Large scale experiments were carried out at the
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Paula Napier, a Territory
Manager in ANSTO's
radiopharmaceutical

marketing section, with new
radiopharmaceutical
packaging that was

developed during the year.
The new packaging has been
enthusiastically endorsed by

nuclear medicine staff as it is
more convenient to handle

and incorporates packaging
that can be recycled.

Lucas Heights municipal landfill. Enhanced
stabilisation of municipal solid waste in field-scale
trials was achieved and a second generation test
cell constructed, incorporating an improved
operational system. A gas extraction system was
also installed to demonstrate increased gas
production for energy utilisation.

Tracing of gaseous plumes

Perfluorocarbons are used as ultrasensitive tracers
for the characterisation of gaseous plumes. They are
used by ANSTO to validate models of atmospheric
transport from the Lucas Heights site. The work has
important spin-offs for a broad range of industries
dealing with gaseous effluent and will be applied,
for example, to quantifying gas emissions from a
large aluminium rolling mill. The unique properties
of perfluorocarbons are being applied to dating
young' (less than 60 years old) ice cores recovered
from Antarctica.

Water quality guidelines

As part of the 1998 review of the Australian and

New Zealand Environment and Conservation
Council water quality guidelines, ANSTO prepared a
report recommending that metal speciation and
bioavailability be included in the guidelines for fresh
and marine water quality.

Environmental geochemistry - applications to
industry

The final report on the disposal of surplus water by
spray irrigation at the Ranger Uranium Mine in the
Northern Territory was presented. The studies
identified mechanisms for the transport of the water
as a function of groundwater flow, evaporation,
surface expression as spring water, and overland
flow. The Ranger site presented a particular difficulty
as it required a realistic description of the oscillation
of the water table with the wet and dry seasons, a
task not previously attempted.

The Ranger project was a component of a broader
project on the modelling of reactive contaminant
transport. ANSTO constructed a computer code
known as CMT3D (Geochemistry and Mass
Transport in 3 Dimensions) as a computational tool
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for modelling reactive chemical transport in the
environment. The model couples geochemistry with
mass transport and hydrology, and is a leading edge
tool in assessing contaminant transport in
groundwaters.

ANSTO completed the second and last stage of a
research project on the development of Neutral
Barrier Technology, which has potential for
controlling water flow in porous solids. The concept,
developed in collaboration with the environmental
consultancy Earth Systems, is for the In situ
precipitation of calcium carbonate in a porous
media such as sand or soil. The project was
presented to industry through the AM IRA for taking
to pilot plant demonstration under industrial
sponsorship.

Mineral and downstream processing

Solvent extraction of metals

Membrane-based solvent extraction is a relatively
new technology that combines aspects of both
solvent extraction and liquid membrane
technologies. The chemical reactions are akin to
those occurring in solvent extraction. The contacting
equipment is similar to that used in other
membrane processes such as microfiltration.
ANSTO's research in this area has focused on the
study of mass transfer involving chemical reaction
of a metal ion in an aqueous solution with a
chelating extractant in a solvent phase, using a
microporous membrane as a phase separator. This
work has led to an understanding of the rate
controlling processes in membrane-based solvent
extraction equipment.

Results of research and development work
undertaken on the recovery of cobalt and nickel by
solvent extraction were presented at the Minerals,
Metals and Materials annual meeting in San
Antonio, Texas, United States. The work was
commissioned by Resolute Resources, and applies to
the treatment of lateritic ore. The paper generated
considerable interest as the solvent extraction
technology used in this process had not been
previously applied in a commercial operation.

The mining company WMC commissioned ANSTO
to assess the current anode slimes process at
Olympic Dam in South Australia. During the

production of high purity copper, slimes are
produced that contain impurities rejected by the
copper electrorefining process. Precious metals such
as gold, silver and the platinum group metals are
often present in anode slimes, and many copper
producers recover gold and silver as a by-product of
their operations. Radionuclides may also be present
in the anode slimes if the original ore contains
uranium or thorium. Olympic Dam produces high
purity gold and silver from their copper anode
slimes, but the presence of radionuclides requires
more complex processing than that used for copper
anode slimes derived from sources not associated
with uranium deposits. This project has now been
completed, and recommendations for improvements
to the current process are being considered by WMC
for implementation in a planned expanded circuit.

Radiation technology

Several gamma irradiation facilities were refurbished
to improve the uniformity and range of the
irradiation conditions and to allow precision
irradiations of medical items licensed by the
Therapeutic Goods Administration (TCA). ANSTO's
high dose calibration facility for absorbed dose was
also refurbished to provide on-line monitoring of
irradiation parameters. The first stage of an
interlaboratory comparison of this facility's
parameters with those of the National Physical
Laboratory in the United Kingdom was completed.
All Australian industrial gamma irradiation processes
are calibrated with reference to ANSTO's facility.

Laboratory facilities previously used for food
irradiation research were refurbished to meet the
increased demand for irradiations for the Sterile
Insect Technique. Demand for ANSTO's Gamma
Technology Research Irradiator (GATRI) facility for
other precision irradiations also increased with the
introduction of new codes of practice for sterilisation
by irradiation of medical material manufactured and
packaged in Australia. Australian and international
regulatory health care agencies require that medical
devices be uniformly irradiated with precise doses to
verify the dose required for routine sterilisation.
ANSTO is the only organisation in Australia
equipped to provide and monitor this service.

Audits and inspections by regulatory bodies saw
ANSTO's irradiation facilities and processes continue

48



C O R E B U S I N E S S A R E A S

to meet the licensing requirements of the TGA and
Australian Quarantine and Inspection Service. In
addition, ANSTO joined the International Atomic
Energy Agency's International Dose Assurance
Scheme and the intercomparison results showed
excellent agreement.

Managing mine wastes

The Managing Mine Wastes Project was launched in
July, providing an umbrella for research and
development carried out previously by different
groups within ANSTO. The mission of the project is
to provide a sound scientific basis for decision
making on the management of mine wastes. A
major focus is the management of sulfidic wastes.
Effluent from such wastes is frequently acid and
contains high levels of inorganic pollutants. Such
effluent is commonly called acid mine drainage and
is a major environmental concern at many
Australian and overseas mine sites. Efficient and
effective management of mine wastes contributes to
the competitiveness and environmental
sustainability of mining. The expertise required to
understand and quantify the generation and
transport of pollutants in mine wastes and to carry
out an ecological risk assessment is similar to that
required to quantify the impact of radioactive waste
repositories. The Managing Mine Wastes Project
provides the organisation with an opportunity to
maintain its expertise while at the same time
increasing the competitiveness and environmental
sustainability of the mining industry. The activities
being undertaken as part of this project are
described below.

Assistance to mine operators

As agreed with the Rum Jungle Monitoring
Committee (set up by the Commonwealth and
Northern Territory Governments), an ANSTO officer
was situated at the Batchelor Field Station in the
Northern Territory to monitor the changes in water
quality within the East Branch of the Finniss River at
the start of the wet season. Measurements were
made of the chemical and biological responses
following the first flush of polluted water from the
rehabilitated uranium/copper minesite.

Additional instrumentation was installed in the coal
reject and waste rock co-disposal pile at the

Gordonstone coal mine in the Bowen Basin,
Queensland, to enable water infiltration rates and
chemical transport rates to be quantified. The work
adds to existing ANSTO instrumentation in the pile.
The project is being carried out in collaboration with
theCSIRO.

Monitoring instrumentation was installed in three
sulfidic waste rock dumps at the Ravenswood Gold
Mines site in northern Queensland. The objective of
the work was to determine the extent and rate of
pyritic oxidation in the dumps and assess whether
acid mine drainage was likely to worsen in the
future.

ANSTO was invited to participate at a hearing of the
Swedish Environmental Licensing Board at the
request of Boliden AB, which operates the large Aitik
copper mine in northern Sweden. The Board was
judging the acceptability of the closure plan
developed for the mine.

The organisation was approached by a Canadian
company, Diavik Diamond Mines Inc, to join with
Canadian and US consultants in assessing and
providing advice with regard to the potential for the
existence of metals in the drainage from granite
stockpiles for a proposed open cut mining
operation. These investigations further expanded
ANSTO's capability in predicting sulfide oxidation
rates in large rock piles. The sulfide oxidation rates
were the lowest ANSTO has encountered, so
extending both its database and general expertise.

Field measurements were carried out at PT Freeport
Indonesia's Grasberg Mine in Irian Jaya using
specialist techniques developed by ANSTO. The
measurements showed that oxidation rates within
the waste rock dumps were largely controlled by
diffusion through the pore space of the dump. This
work extended ANSTO's database and improved
understanding of pollutant generation processes
from sulfidic mine wastes.

The results of field and laboratory studies carried
out over the past two years were reported to BHP
Australia Coal, which operates the Goonyella/
Riverside mine in the Bowen Basin of Queensland.
The overall objective of this work was to provide
advice to the company on the effectiveness of
existing strategies to control acid mine drainage
from large piles of coal reject material. A new
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physical technique was used to measure the
oxidation rate of the sulfidic coal waste.

ANSTO staff ran a short course at a Sydney
university on multicomponent contaminant
transport.

Ecological risk assessment

In principle, the ecological risk of deploying a
particular management strategy should be a
criterion for judging the practice. In reality, the risk
assessment tools are not yet at a stage where they
can be used in this way. ANSTO s work on
ecological risk assessment is focussed on improving
both the methodology and the dose response
database for contaminants that might arise from
uranium mining.

ANSTO initiated collaborative work at the University
of Adelaide and Flinders University in the form of
three Honours projects on the biological impact on
downstream environments of acid mine drainage
from the Brukunga minesite in South Australia. Two
students from the University of Adelaide completed
initial field surveys of fish and frog communities and
began laboratory studies on the underlying
mechanisms of impact. A student from Flinders
University surveyed effects of acid mine drainage on
macroinvertebrate populations, particularly
chironomids (midges). These ANSTO-supported
studies will provide additional data on acid mine
drainage effects that can be compared to and
integrated with data from the Rum Jungle site in the
Northern Territory. A one-day workshop was
convened in November to present work done by the
students of the University of Adelaide and Flinders
University of South Australia. The workshop brought
together researchers from three research
organisations, students starting on their research
careers and the State regulators responsible for the
site.

Industry

Neutron shielding equipment

ANSTOs Development Workshop manufactured
640 boric acid/paraffin wax blocks for CSIRO's
Division of Minerals. The blocks will be used as
neutron shielding for experimental rigs under
construction by CSIRO.
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Isotope processing

ANSTO officers began designing and developing
equipment for an isotope processing facility for the
proposed Thai Ongkharak Nuclear Research Centre.
The work is being done under sub-contract and
includes a training component for Office for Atomic
Energy for Peace personnel, the first phase of which
involved the attachment of three Thai scientists to
ANSTO.

Advanced ceramics for industrial applications

The functional materials work at ANSTO is derived
from the sol-gel science and technology developed
originally to provide improved routes for the
production of synroc precursor. The adaptation of
sol-gel technology to a range of non-nuclear
applications continued.

ANSTO continued to assist Sustainable Technologies
Australia Ltd (STA), a small to medium sized
enterprise based in Queanbeyan, NSW, to develop
photovoltaic coatings for windows (the so-called
electric windows'). A grant from the Energy
Research and Development Corporation (ERDC)
assisted the first phase of technology development,
which was aimed at producing mesoporous, nano-
titania coatings. Other participants included Monash
University and the Australian National University.
ANSTO's contribution was based on technology
spin-off from the synroc project, which utilises
titania as a major component of its feedstock. This
phase concluded with all milestones met and with
operating modules of up to 10cm x 10cm in size
delivered for testing. The final report was submitted
and accepted by ERDC. During this phase, four STA
scientists and three STA-funded students were
attached to ANSTO to use the organisation s unique
facilities and to facilitate technology transfer. STA is
currently taking steps to commercialise the
technology developed during the ERDC-funded
phase of the project.

ANSTO continued to collaborate with Cochlear Ltd
in developing a hermetically-sealed ceramic housing
for implantable medical devices. Prototype housings
with helium leak rates as low as approximately
10 '" cm!s' were produced and will be sent to
Cochlear for electrical testing. This development
project was supported by a grant from the
Department of Industry, Science and Tourism.
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Work commenced on developing ceramic
microspheres with controlled porosity and
functionalised surfaces derived from sol-gel
processes for use in the controlled delivery of
radioisotopes and radiopharmaceuticals.

The small angle neutron scattering facility at
Caithersburg in the United States was used to
simultaneously monitor sol-gel structure evolution
and rheology during gelation. This was part of an
ANSTO and US National Institute of Standards and
Technology collaborative program investigating the
effect of particle size and shear on rheology during
gelation of silica colloids.

A multidisciplinary strategic research project on the
engineering and chemical functionalising of surfaces
for designer materials began in early 1997 with its
initial focus on optimising the interface for low-
temperature ceramic/ceramic and metal/ceramic
joining. New processing capabilities were developed
for cleaning, activating and functionalising ceramic
surfaces and a new sol-gel route was applied to the
joining of silica and alumina. The project is building
on ANSTO's ceramic expertise and unique range of
characterisation techniques. A market-opportunity
review was completed with assistance and input
from Invetech, CSIRO, industry and universities. This
identified a large range of potential applications for
the technology being developed within the project.

Materials assessment

To ensure the continued safe operation of its
nuclear plant and equipment, ANSTO has developed
extensive capabilities and facilities in materials
testing and structural integrity assessment. These
form the basis for ANSTO's cooperative interaction
with industry via service work, consultancy contracts
and research and development projects.

ANSTO continued to participate in a number of
projects within the CRC for Materials Welding and
Joining. The major project was in life estimation of
welded pressure equipment. This joint project with
the University of Wollongong has Australian and
international industrial sponsors, including Pacific
Power and HRL Ltd in Australia, the Electricity
Corporation of New Zealand and Industrial Research
Limited in New Zealand, and the South African
electricity generating authority (ESKOM). The project

is utilising a welding simulator recently
commissioned at the University of Wollongong and
partly funded by ANSTO, to obtain creep and other
mechanical properties of large volumes of simulated
weld-material. This information will provide a better
understanding of the properties of weld-metal in
high-temperature applications and will lead to plant
life extension, resulting in lower electricity costs.

Another CRC project is on the assessment of the
structural integrity of steel railway bridges subjected
to fatigue loading. This project is sponsored by the
Railway Services Authority and is being performed
in collaboration with the Universities of Wollongong
and Adelaide. Two further projects within the CRC
program in which ANSTO is involved are being
sponsored by the gas transmission pipeline industry.
The first is aimed at developing improvements in
inspection quality and productivity for the non-
destructive evaluation of girth weld joints during gas
pipeline construction. The second, which is being
carried out in collaboration with BHP, involves
examining the defect acceptance criteria for welded
joints in X80 pipeline steel with the aim of
extending the applicability of X80 high-strength
steel pipes to smaller wall thicknesses, leading to
cost savings during pipeline construction.

Creep testing services continued to be provided to
the Australian electricity-generating and
petrochemical industries. This information was used
to assess the integrity of high-temperature and-fiigh-
pressure plant, permitting decisions to be made
regarding the continuation or extension of
operational life.

Staff worked closely with Pacific Power in
developing techniques for determining life-
consumption rates of critical components in real-
time. The techniques were made possible by the
development at ANSTO of a unique testing facility
enabling the stress and relaxation properties of very
small samples taken from actual power station
components to be measured. These measurements
were incorporated with other material property data
in an algorithm developed by ANSTO to estimate
the amount of life-consumption. Pacific Power is
incorporating the algorithm into several coal-fired
power stations in New South Wales.

A scientific study of the mechanical properties and
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thermal shock resistance of carbon anodes from
two aluminium smelters was completed, enabling
ANSTO to produce specifications for anodes with
improved properties. Production of the anodes is
underway in a new carbon plant in Queensland.

An ARC collaborative grant, involving ANSTO, BHP,
and the University of Wollongong, was approved on
the topic of degradation of metallurgical refractories.
ANSTO began processing refractories with different
compositions and assessing the high-temperature
mechanical properties and thermal shock resistance
of these materials.

Surface engineering

ANSTO's effort in surface engineering was directed
towards the commercialisation of a new nitriding
technique that exploits the high ion energies and
low pressures offered by ANSTO's patented Plasma
Immersion Ion Implantation (PI1) process. An
important milestone was the benchmarking of the
PI' technique against commercially available plasma
nitriding. This showed that, when optimised, both
offer similar improvements in hardness and
corrosion resistance of steels, but that Pl! has the
advantage that the process parameters can be
varied over a wider range, particularly with lower
treatment temperatures. This study was a
collaboration with the Technical University of
Braunschweig, Germany, an acknowledged centre of
expertise in plasma nitriding. It focussed on
austenitic stainless steels and revealed new
information about the mechanisms involved in both
nitriding techniques.

Several industrial sectors showed interest in
evaluating the PI1 process in applications such as
food processing and precision hydraulics.

An industrial PI' prototype system, based on a hot-
walled vacuum furnace developed jointly with
Quality Heat Technologies in Melbourne, was sold to
the Technical University of Clausthal, Germany,
which had previously purchased a Mark-1 system
from ANSTO in 1994. ANSTO was selected as the
supplier after a competitive tendering process
supervised by the German Research Council. In
addition to supplying the furnace and fittings for PI1

nitriding experiments, the order entailed upgrading

the existing high-voltage pulser and integrating the
two devices with a single control system.

The high-voltage pulser at the heart of the Pl!

process has potential applications in a wide range of
surface treatment processes. A unit was sold to the
School of Physics at the University of Sydney, where
it is being used for high-voltage ion-assisted
deposition from metal-arc plasmas. ANSTO was
again selected as the supplier after a competitive
tendering process.

These commercial successes, in which ANSTO has
been able to enhance the export opportunities for
Australian small and medium enterprises, are being
used as the drivers to achieve a licence agreement
with an Australian company to manufacture and
market the technology to the scientific and industrial
research community.

Commercial leasing of ANSTO property

Five tenants from ANSTO's Business and Technology
Park took up options to renew their leases during
the year. Revenue from commercial leases increased
by 40 per cent.

Tracerco

A review of ANSTO's role in Tracerco Australasia, a
partnership between ANSTO and ICI (now Orica)
was initiated in anticipation of Orica's proposed
withdrawal from the partnership as a consequence
of the restructuring of that company. It is planned
that Tracerco Australasia business will continue.

Safety services

Radiation standards

ANSTO's radioisotope production was supported by
the ANSTO radiation standards group, which
provided continuous standardisation of activity
measurements of technetium-99m, iodine-131,
thallium-201 and gallium-67. The group has begun
standardising samarium-153, a radionuclide used for
palliative care of bone cancer.

ANSTO continued to collaborate with the UK
National Physical Laboratory (NPL) to develop a new
approach to standardising the radioactivity of
radionuclide products used in medicine and
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industry. The method, Digital Coincidence Counting
(DCC), uses high speed electronics and computer
technology to deliver greater reliability, flexibility
and cost effectiveness than can be achieved with
existing methods of radioactivity standardisation.
Experiments at NPL using a commercial high speed
data acquisition system showed that DCC can
achieve these goals.

The Secondary Standard Dosimetry Laboratory was
refurbished and will be commissioned next year.
The facility will provide a full calibration service for
dosimetry equipment used by ANSTO and by
hospital radiotherapy departments in Australia. All
calibrations will be traceable to the Australian
Primary Standard for ionising radiation exposure.

Radiation protection training

ANSTO provided 49 commercial radiation protection
courses for external organisations in sectors that
included farming, manufacturing, mineral
exploration, medical, government and electronics.
The courses ranged from those providing general
training, often as part of a regulatory accreditation
process, to specialist courses for specific uses of
sources, such as in moisture or depth gauging. A
total of 496 personnel from 132 organisations were

trained in the basics of radiation protection. A
summary of these courses is given below.

Radiation protection consultancies

There was continuous demand for radiological
advice and health physics expertise to address best
practice in storage and handling of radioactive
materials and regulatory compliance. For example,
work continued on a major radiological review for a
large Australian mining company. This involves
detailed analysis of all the impacts of processing ore
containing trace amounts of uranium. It includes the
effects on occupational and public exposure, the
behaviour of radionuclides within the processing
operation and the quantity of radionuclides in the
final products. Other examples of advice to the
metals industry was the technical advice provided to
a German precious metal processing company to
ensure radiological impacts upon workers and the
public were negligible.

A preliminary radiological assessment was
performed for a Malaysian oil refinery. This involved
examining the impacts upon workers and the public
of trace amounts of naturally occurring radioactive
materials contained within waste streams. The
radionuclide concentrations were found to be low
and the radiological impacts negligible.

Radiation Protection Course

Advanced Radiation Safety Officer (10 day)

General Radiation Safety Officer (3 day)

Industrial Radiation Safety Officer (2 or 3 day)

Safe Use of Nuclear-type Soil Moisture
and Density Gauges (1 day)

Radiation Safety for Laboratory Workers (1 day)

Safe Use of X-ray Equipment (1 day)

Safe Use of Industrial Radiation Gauges (1 day)

Radiation Safety for Firemen and
HAZMAT (Hazardous Materials) Officers (1 day)

Radiation Safety in the Scrap Metal Industry (1 day

Safe Use of Borehole Logging Equipment

Number

1

2

7

13

9

6

7

2

1

1

49

Participants

11

14

52

150

141

46

35

20

21

6

496

53
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Radiological advice and technical oversight was
provided during the relocation of a CSIRO minerals
store. The store contained uranium-bearing rocks
from throughout Australia. The rocks were relocated
prior to the demolition of the store. After the
relocation, the site of the old store was surveyed
and found to be free of any radioactive
contamination.

ANSTO also provided advice and technical expertise
for the investigation, classification, drumming and
storage of radioactive material at the NSW
Environmental Protection Agency's radiation store at
Lidcombe.

A number of smaller consultancies were carried out.
These ranged from investigating and clearing sites
suspected of containing radionuclid.es to providing
advice on radiological monitoring. As well as formal
consultancies, ANSTO provided advice to a number
of organisations with radiological concerns.

Occupational health and safety

Occupational hygiene staff undertook consultancies
relating to noise, dust and fumes for three clients.
Two one-day confined-space refresher training
courses were run during the year for another regular
client. Five three-day courses on safety in
laboratories were run in centres across Australia.

Risk and reliability

ANSTO safety and reliability officers undertook a
hazard and operability study of a proposed shale-oil
extraction plant to be built near Gladstone. The
study built on experience ANSTO had gained
through assessing a pilot plant at the ANSTO site.
The Gladstone plant will have a capital cost of $250
million and will use new technology to extract the
oil (keragen) from the shale.

Other consultancies included a risk assessment for
the Cowal Gold project in NSW. a report to the
Railways Association on risk-based regulation in the
nuclear industry, support to A. Goninan and Co Ltd
in assessing producers risk associated with the
manufacture of the NSW State Rails Fourth
Generation Train, assessment of alternative
configurations of Sydney Waters Malabar sewage
treatment plant to minimise the risk of spillage
caused by bottlenecks in sludge processing arising

from failure and maintenance events and, in a
collaborative study with Pacific Power International,
recommendations for a practical and cost-effective
program of improvements of Sydney Water's North
Head sewage treatment plant to reduce the risk of
plant by-pass due to fire, explosion and flood risk.

Radiopharmaceuticals and radioisotopes

Molecular radiopharmaceuticals

Positron emission tomography (PET) and single
photon emission computed tomography (SPECT) are
advanced techniques for imaging disease sites. They
are used to diagnose or monitor the progress of a
disease, or its response to therapy.

ANSTO is developing new PET and SPECT
radiopharmaceuticals based on organic molecules
labelled with reactor- and cyclotron-produced
radionuclides such as iodine-123 and fluorine-18.

The development of facilities to carry out clinical
evaluation of specialised iodine-123
radiopharmaceuticals was initiated. The
radiopharmaceuticals include iododexetimide for
epilepsy, epidepride for schizophrenia, Beta-CIT for
Parkinsons disease and iodomethyltyrosine for
brain tumours.

Work continued on the development of new
radiopharmaceuticals for the diagnosis of
movement disorders such as Parkinson's disease.
Research into peripheral benzodiazepine receptors
also continued. Work from these projects resulted in
presentations at several major national and
international conferences. These projects have now
moved towards the development of neurotoxicity
models to study neurodegeneration and glial and
endocrine tumours.

Radionuclide development and dosimetry

Using a semi-automated process, holmium-166
labelled microspheres to treat liver metastases were
produced for a Phase 1 clinical trial at Fremantle
Hospital in Western Australia. Ten patients have
participated to date. The main purpose of this
collaborative project is to establish accurate tumour
radiation dosimetry and obtain preliminary data on
the agent's therapeutic effect.

Holmium-166 is one of several lanthanide isotopes
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being investigated for therapeutic use against liver
metastases. Others include dysprosium-165,
lutetium-177 and terbium-161. The higher neutron
flux in the proposed replacement reactor would
provide opportunities for producing many potential
therapeutic radiolanthanides with shorter half lives.

The therapeutic potential of a radiolabelled
monoclonal antibody specific for colon micro-
metastases was evaluated in pre-clinical studies.
Preliminary tumour and organ radiation dosimetry
was determined for iodine-131, yttrium-90 and
copper-64 analogues.

The laboratory development of matched pairs of
radiopharmaceuticals based on dimercaptosuccinic
acid with technetium-99m (for diagnosis) and
rhenium-188 (for therapy) was completed. The
method of manufacture minimises activity
accumulation in the kidneys. Patients are being
recruited for a clinical trial of the matched
radiopharmaceuticals for metastatic breast cancer at
Westmead Hospital, Sydney.

Work proceeded on the development of fully
automated modules for production of commercial
radiopharmaceuticals and those prepared for clinical
trials. ANSTO's radioisotope production unit
developed a back-up module, incorporating
automation to minimise operator input, for iodine-
123 MIBC production. Another system has been
developed for producing iodine-123 labelled
iododexetimide. This will be supplied for a clinical
trial investigating diagnosis of epilepsy in the
temporal lobe of the brain.

Commercial production of
radiopharmaceuticals and radioisotopes

ANSTO supplied radiopharmaceuticals to central
radiopharmacies and to public and private nuclear
medicine centres throughout Australia, New Zealand
and Asia. Supplies of industrial radioisotopes were
delivered to customers in Australia, New Zealand,
and the United Kingdom. The radionuclides used in
these products were produced in the
complementary facilities of the HIFAR research
reactor and the National Medical Cyclotron.

The radiopharmaceuticals production facility at
Lucas Heights was formally quality endorsed to ISO
9002, having met and complied with the

certification requirements of the International
Standards Organisation. The facility is the third
section of ANSTO to be quality endorsed. During the
year the Cyclotron production facilities at
Camperdown progressed towards ISO 9002
accreditation. The Cyclotron already meets
Therapeutic Goods Administration (TCA)
requirements as a licensed pharmaceutical
manufacturer.

Sales of radiopharmaceuticals and radioisotopes for
medical, industrial and research purposes increased
to $13.3 million. This was an 8% increase in
revenue over the previous year. Sales of iodine-131,
technetium-99m and gallium-67 showed good
growth while other radiopharmaceuticals remained
stable. Sales of industrial isotopes increased by 16%,
largely because of strong demand for cobalt-60 and
iridium-192.

Exports of radiopharmaceuticals to New Zealand
and a number of countries in Asia continued to
expand rapidly, resulting in a 21% increase in sales
to these markets.

In November, ANSTO was granted general
marketing approval by the TCA for Quadramet
(samarium-153 lexidronam pentasodium), a
palliative radiopharmaceutical. It is used for the
relief of bone pain in patients with painful
osteoblastic skeletal metastases as indicated by a
positive bone scan. It has been licensed for use for a
broad range of indications, including breast, prostate
and lung cancer.

ANSTO was contracted to manufacture iodine-131
labelled lipiodol, a specialised therapeutic
pharmaceutical product for St George Hospital,
Royal North Shore Hospital and Concord
Repatriation Hospital. The radiopharmaceuticals
were made to each contracting hospital's
formulation.

Work began on major projects to increase the
production of the reactor-produced molybdenum-99
and the cyclotron-produced iodine-123 and
fluorine-18 fluorodeoxyglucose (FDG). The
molybdenum-99 and iodine-123 projects were
instigated to meet increased local and overseas
demands. FDG production is being increased to
meet demand from customers who have invested in
new imaging camera technology.
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Kevin Mathers, who works
in ANSTO's

radiopharmaceuticals
dispatch section, using the

new automated conveyor
system for dispatch of a

radiopharmaceutical
consignment

Operating upgrades

Operating efficiencies and staff safety were
improved through further upgrades and automation
of manufacturing processes and equipment at Lucas
Heights. An automated conveyor system for
despatch of products was implemented, and
delivery vans were fitted with shields to minimise
driver exposure to radiation. New fume cupboards
were installed in the laboratories, the laundry was
refurbished and the ventilation system in the
production areas was upgraded.

A project to improve the design of the technetium-
99m generator, used in most nuclear medicine
centres around Australia and overseas, reached the
prototype design stage. The project is being carried
out with the cooperation of three major hospitals.

ANSTO s Development Workshop used its computer
numerically controlled (CNC) mill in the
development of upgraded isotope transport
packaging. The CNC mill's ability to machine

complex, three dimensional shapes has allowed
prototypes of isotope lead shielding and expanded
polystyrene foam package internals to be
manufactured and tested before the final design is
produced on a commercial basis.

ANSTO engineers designed and manufactured
components and shielding for a new isotope
despatch system, an iodine capsule plant, a
technetium generator mobile cell, a molybdenum-
99 extraction panel and various isotope capsules
and lids required to produce radiopharmaceuticals.
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ORGANISATIONAL DEVELOPMENT AND SUPPORT
Drivers: ANSTO and government

OBJECTIVE

To provide best practice corporate support, safety management, information and

human resource management for ANSTO's 800 staff.

OUTCOMES

• Strategic planning for the Organisation was enhanced by the introduction
of a project-based resource allocation and performance measurement
framework.

• Improved monitoring of individual performance against business plans has
been made possible by the introduction of revised procedures for the
annual objective setting and review process.

• The financial information retrieval system was further refined by the
introduction of new financial databases and reports tailored to the
Organisation's business structure. This made the system more functional,
timely and accessible to users.

• The accounting quality assurance framework was upgraded and the
financial statements preparation segment achieved an A rating from the
Australian National Audit Office.

• Administration of commercial activities was improved by integrating the
sales and invoicing systems.

• Accounting services were made more cost effective by the gradual
elimination of manual handling in payment processing.

• Human resource services were streamlined so as to provide more timely
and effective advice and support in closer partnership with Divisions.

• A relatively stable industrial relations environment was maintained, largely
free of industrial disputes. No time was lost through industrial action.

• Physical protection measures for the HIFAR research reactor and nuclear
material storage facilities complied with required international guidelines.
Facilities and equipment were protected in accordance with the assessed
level of risk, and national requirements for the protection of sensitive
material and information technology were met.

• Site telephony services were enhanced by the extension of voicemail
facilities to another 240 staff. Some 360 staff now have the facility.

• Business interactions, both internal and external, were enhanced by the
publication of a Code of Ethics, which was formally accepted by staff,
management and Board members.

• Some 4000 people were able to see displays of ANSTO's work and
capabilities at a series of three open days, held respectively for academic
and industry stakeholders, schools and the general public.
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ACTIVITIES AND OUTPUTS

Finance and supply services

Consistent and effective budget and financial
management services were delivered to all business
units and executive management. Accrual-based
monthly financial performance reports and half
yearly and annual financial statements were
accurately produced in accordance with the agreed
time schedule. Advice and support were provided
across a wide range of finance and supply functions,
including capital markets, treasury, taxation,
management and financial reporting, accounting
services, overseas travel,, and insurable risk
management.

Accounting policies and procedures were reviewed
to ensure their integrity and fitness for purpose.
Management and administration of the accounts
receivable framework was reviewed. A sales order
entry system was developed and integrated with the
invoicing system.

Elements of the accounts payable process were
automated in order to reduce manual processing
and improve cash management.

The financial information retrieval system continued
to be developed and refined to enhance delivery of
financial information to users. New reporting
modules tailored to the Organisation's business
structure were introduced. Output-based financial
performance reports aligned with ANSTO s core
businesses are features of the system.

A new project-based resource allocation and
reporting framework was introduced and used in
preparing the Organisation's 1998-99 business plan.

Work commenced on developing a system for
project and activity information storage and
retrieval to support the business planning process
and to enhance performance monitoring. Features
include outputs and outcomes reporting at various
organisational levels, and milestone reporting for
projects.

Using an asset bar code system introduced
previously, a detailed audit was carried out by staff
to confirm the existence of plant and equipment
across site. The results verified the integrity of

accounting records and the accuracy of the
valuation of ANSTO's inventory of plant and
equipment.

ANSTO continued to provide administrative support
to the Australian Synchrotron Research Program and
the Australian Institute of Nuclear Science and
Engineering. Both organisations were supplied with
a full range of financial accounting services,
including preparation of monthly financial accounts
and annual financial statements.

The Organisation's insurable risk exposure was
reviewed and assessed as not having changed.
Existing insurance policies were renewed. A new
policy providing insurance cover for corporate travel
was introduced.

Budget

While ANSTO has a commercial revenue stream, it
remains budget-dependent, relying on Government
appropriation to carry out the majority of its
activities. The budget is determined in accordance
with a triennium funding framework, which
identifies a number of principles and conditions to
provide an agreed level of funding over the
triennium. The principles associated with this
framework are well established and have not
changed substantially since last year.

A key issue was the decision of government to bring
forward two proposals outside the triennium
framework. This involved decisions to build a
replacement research reactor, costed at $286 million
in 1997 dollars, and to fund the disposition of
ANSTO's inventory of spent HIFAR research reactor
fuel rods, including accumulating inventory to 2005,
costed at $86.4 million in 1997 dollars.

Parliamentary appropriation of $72,731 million was
received in 1997-98 (1996-97 $63,651 million). This
included $5,574 million to fund the disposition of
HIFAR spent fuel elements, and $2 million for early
stage work on the HIFAR replacement reactor
project.

Direct government appropriation funding was
supplemented by external revenue and retained
revenue from previous years to fund an overall
program of expenditure.
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This young molecule designer
was one of 4000 visitors to
ANSTO during a series of
three Open Days, held in

May, for academic and
industry visitors, school

students, and the general
public, respectively.

Revenue

An important component of the Triennium
Funding arrangement is a Government
requirement for ANSTO to achieve external
earnings targets for research and services. The
current external earnings target has been set at
20% of total annual income. For the purpose of
calculating this target, total annual income is
calculated on the basis of a formula.

In 1997-98 total operating revenue from external
sources totalled $30 million (1996-97 $27,254
million) representing 25.71% (formula driven) of
total income, which exceeded the performance
target set by Government. Operating revenue
from sale of goods and services totalled $26,649
million (1996-97 $23,497 million), and included
$13,288 million from the sale of
radiopharmaceuticais, $4,607 million from
contract research and services, $2,196 million
from silicon irradiation services and $1,254
million from grants. All revenue categories
performed well. Revenue from sales of
radiopharmaceuticais increased by $1,005 million
(8.1 %). A contract to design and construct a
radiopharmaceutical production facility for the

Government of Thailand provided a new revenue
stream in 1997-98, of $1,838 million.

Figure 1 External Revenue

R8D RELATED SERVICES 10% RADIOISOTOPE SALES 45%

OTHER 16%

SERVICES 16%

DESIGN & CONSTRUCTION CONTRACT 6%

SILICON IRRADIATION 7%
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Expenditure

A significant change from resource management
input funding to targeted funding of activities based
on their identified outputs, likely impact, and
expected outcome value, has been achieved. This
process was introduced in parts of the Organisation
two years ago.

Consistent with the Organisation's strategic plan for
1997-2000, ANSTO has continued to focus its
science activities on the five core business areas
where nuclear science and technology and related
capabilities offer strategic and technical benefit to
Australia. Within these five areas, resources were
allocated specifically to strategic research on the
seven knowledge-generation topics listed below.
These resources totalled $7,329 million, an increase
of 86% over the amount in 1996-97. The topics
were:

• Ecological sustainability and competitiveness of
the mining and mineral (particularly uranium)
industries

• International cooperative research to enhance the
safety of nuclear facilities and safeguards for
nuclear materials

• Environmental dynamics - application of nuclear
techniques

• Global climate change - application of nuclear
techniques

• Radioactive waste management
• Designer materials
• Radionuclides and radiopharmaceuticals for the

21st century.

Figure 2 provides an expenditure profile based on
core business and support activities

Salaries and employee expenses remained the
single largest component of running costs,
representing 4769% of total operating expenses.
Remuneration is based on an Enterprise Agreement.
The third Enterprise Agreement took effect from
14 August 1997 and provides for salary increases
totalling 7.1% over a 30 month period, in return for
a program of further reforms. Implementation of the
agreed salary increases will be achieved without
diversion of funds from scientific projects or capital
expenditure programs.

Figure 2 Expenditure profile

RADIOPHARMACEUTICAL PRODUCTION 8'v

ISRN- 7'vb
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'see legend, page 67

Recurrent savings in operating expenditure were
experienced from the full year effect of decisions in
the previous year to outsource office cleaning and
rationalise transport services.

Overall expenditure was in line with the business
and resource allocation plan for the year. A
significant expenditure item in 1997-98 related to
the disposition of spent HI FAR reactor fuel at a cost
of $5,634 million, including salaries and external
contract costs. ANSTO has a substantial inventory
of spent fuel elements from HIFAR as a
consequence of past operations. Following the
Government's decision in 1997 to appropriate funds
for the disposition of this inventory, including
accumulating inventory to 2005,. a program has
been developed for the removal and transport of
the material overseas. The first transport of 240
elements under this new program was completed in
May 1998.

Some $11,486 million was spent during the year to
maintain and upgrade the capital stock of the
organisation. This included:
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Building development and facilities improvement

Building maintenance, refurbishment and
development
Radiopharmaceutical production facilities
Security upgrade
Electrical system upgrade
IT infrastructure upgrade
National Medical Cyclotron PET facility

Sub total
Equipment for research
and scientific services
Total

$3.554m
$0.837m
$0.120m
$0.238m
$0.368m
$0.358m
$5.475m

$6.011m
$11.486m

Other significant expenditure during the year included:
Supply of fresh fuel stock
for the HI FAR reactor $1,891 m
Replacement reactor project $1.667m
Progression of operations against an
approved waste management plan $1.579m

Insurance

As part of the ANSTO risk management framework,

commercial insurance is used to transfer the financial

impact of risk associated with commercial activities.

Insurance policy and arrangements were substantially

unchanged from the previous year. A range of

insurable risks, including professional indemnity, public

and product liability, and directors' and officers' liability,

continued to be covered by commercial insurance. In

addition, new corporate travel insurance was acquired.

This policy covers all directors and employees travelling

on behalf of ANSTO or on business travel authorised by

ANSTO.

In accordance with Commonwealth policy, claims and

losses derived from non-commercial activities were

subject to consideration for acceptance by the

Commonwealth on a case-by-case basis.

The Commonwealth has introduced a new policy and

new arrangements to manage all of the insurable risks

(with the exception of workers' compensation) of

Commonwealth Government agencies and entities. A

new Commonwealth Insurable Risk Management Fund

(Comcover) will come into effect on 1 July 1998. For

ANSTO, arrangements are being made for all risk

currently covered by commercial insurance to be

reinsured under Comcover.

Human resource management and development

The Human Resource Unit develops policies for the
management of staff, advises on issues concerning the
day-to-day management of staff and assists staff
development through a program of strategic learning.
A major focus during the year was on developing a
competency-based human resource framework.
Representative focus groups involving administrative,
scientific, engineering, technical and trade staff
identified and produced drafts of common
competencies both within and across career streams.

A complete review was begun of the organisation s
staff management policies and procedures to ensure
that HR practices fully support the achievement of
ANSTO's objectives. As a result, new procedures
were developed for managing performance and for
a revised objective setting and review process linked
to the business planning cycle. This will ensure a
closer link between business and personal
objectives and more clearly define each staff
members expected contribution to the
Organisation's goals.

A performance management course was conducted
and additional on-the-job support provided.
Workshops on the procedures for setting objectives
were held and further courses and development
opportunities organised for senior managers.

Advice and support was provided to staff and
management on a range of issues including
rehabilitation, compensation, performance
appraisals, and other issues.

ANSTO participated in an inter-agency working
party of Commonwealth Science Agencies which
met every two months to exchange ideas and
methodologies to better manage human resources.

A new strategy for staff development learning was
introduced. It involves using program facilitators as
mentors/coaches to provide on-going support to
staff while they learn and demonstrate key
competencies. The strategy is being trialed through
a performance management program and a team
building program. In addition, a revised process of
managing and supporting staff undertaking external
formal studies was introduced.
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Training carried out during 1997-98

Categories

Computing courses

No. of
courses

72

Males Females Training days
involved

166 50 340

Engineering courses, seminars
and conferences

(other than HI FAR specific training)

Health and safety courses

HI FAR specific training courses

Management and general
administration courses

Quality assurance courses

Science courses, seminars
and conferences

ining) 32

71

is 17

66

33

40

444

67

184

83

2

106

3

51

61

115

660

640

510

140

109 159 39 620

Scholarships valued at $463,000 were paid to universities for undergraduate,
postgraduate and Year-ln-Industry student training.

Work experience for young Australians

The work experience program placed more than 65
secondary school students during the year. In
addition, 20 undergraduate students were provided
with valuable experience during the university
summer vacation.

Employee and industrial relations

Certification of the Enterprise Agreement in August
provided the basis for implementation of a range of
reforms aimed at improved operational efficiency.
The agreed reforms were implemented
progressively.

ANSTO operates under the authority of its own
award, the Australian Nuclear Science and
Technology Organisation Award. In accordance with
the requirements of the Workplace Relations Act 1996,
and the Enterprise Agreement, ANSTO and
representatives of employee associations are
working together to simplify the existing Award. A
draft document was prepared by management for
consideration by the parties and is the basis of
current discussion.

The industrial relations climate remained stable,

largely as a result of continuing consultation
between management and staff and their
representatives, particularly on staff-related matters.

ANSTO continued to liaise with science agencies,
universities, government and industry regarding
current industrial relations and human resource
matters.

Business development

To promote ANSTO to industry, corporate
documentation presenting ANSTO's capabilities was
produced and widely distributed.

Work continued on developing new formal business
guidelines for ANSTO. These replace procedures
introduced in 1992-93. The new procedures
introduced during the year apply both to doing
business with external organisations and to
operating internal projects. Parts 1 and 2 (dealing
with project development and evaluation) of the
guidelines have been distributed while parts 3 and 4
(dealing with the conduct and assessment of
projects) will be finalised in the next financial year.

New procedures for the pricing and costing of
ANSTO's projects were approved and implemented.
The procedures adhere to government directions

62
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regarding the Commonwealth competitive neutrality
policy.

To comply with government requirements, work
began on developing a Service Charter formalising
ANSTO's commitment to provide quality services to
its customers.

Patents

ANSTO held 122 patents, patent applications and
trademarks at the close of the financial year.

ANSTO finalised the tender process regarding
selection of a patent attorney to administer and
advise on patents and intellectual property issues.
The newly appointed patent attorney is Spruson &
Ferguson.

Internet Home Page

ANSTO's Internet Home Page, which is at
http://www.ansto.gov.au, was further developed as
a major communications tool during the year. The
Home Page provides an interactive mechanism for
key audiences, including the general public,
researchers and academia, school students and
customers. Users of the Home Page can access and
download progressively updated information on a
wide range of ANSTO activities, including the
proposed replacement reactor project and business
opportunities. The Home Page also allows both
public and internal access to the ANSTO Library's
wide range of electronic and other services.

Consisting of an internal server for staff and an
external server protected by a Fire Wall, the Home
Page contains approximately 1900 files, of which
400 are accessible externally. It received
approximately 30,000 external and 160,000 internal
hits during the year, an increase of 35% over the
previous year.

Engineering services

Major constructions completed included a
laboratory and office extension for ANSTO's Physics
Division, new PET cells for the National Medical
Cyclotron, and an upgrade of the Secondary
Standard Dosimetry Laboratory to meet
international standards for measuring absorbed
radiation dose. Work began on a major project to
extend and refurbish ANSTO's Environment

Division's buildings. Upgrading of the overhead
cranes associated with fuel element handling to
meet the Australian Standards Association AS1418
standard was also begun.

Inspection of pressure vessels and lifting equipment
used on site continued. Separate databases for
keeping records of these lifting devices and pressure
vessels were developed. Each lifting device was hard
stamped with a unique identification number. The
databases will provide job histories for this
equipment.

The Engineering Development Workshop took
delivery of and commissioned a computer
numerically controlled brake press. It can form mild
steel in thicknesses of 0.5 mm to 5 mm, with very
accurate repeatability, to levels not attainable with
the previous brake press technology. The press will
be utilised during fabricating precision components,
improving overall quality and efficiency.

Facility monitoring

A centralised computer control system with video
display was installed to control and monitor site-
wide liquid waste collection and storage. A similar
system was installed to monitor and control
ventilation and air conditioning in clean room
laboratories.

Information management

The Information Management Division provides
services to the rest of ANSTO in the areas of library
and records, corporate and database applications
development, computer server and desktop support,
data network and telephony. It also provides
computing support to ANSTO's scientific staff.

In the library, efforts to contain escalating costs of
serials subscriptions involved moving wherever
possible to the cheaper option of a combination of
on-line searching, inter-library loan, and on-demand
document delivery. Joint activities with CS1RO
provided some cost savings.

The Voyager library management software hosted
by CS1RO and used by the ANSTO library was
upgraded and retrospective cataloguing of the
ANSTO collection neared completion.
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ANSTO subscribed to a number of databases
accessible through the Structured Information
Manager tool used by it and CS1RO. ANSTO actively
explored electronic access to abstracts and full texts
of journals in collaboration with CSIRO and the
Coalition of University Libraries. It installed, for
example, software to send and receive inter-library
loans, and signed up for access to chemical
abstracts through the Scifinder service. Desktop
access to Australian Standards and Engineering and
Electronics standards through the site computer
network was established.

New electronic products, including US Environment
Protection Agency water and waste guidelines, were
added to complement existing subscriptions to
specialised databases such as MEDLINE and
ChemWatch.

The records management software system TRIM for
Windows was purchased as an upgrade to the
existing TRIM system, and work began to install it.
It will allow access by a larger number of users in
the organisation as it operates through the more
widely used Windows interface.

Following a decision to upgrade or replace the site
dosimetry record processing system with one that
has more sophisticated monitoring capabilities and
is Year 2000 compliant, staff revised the
documentation of the existing processing system to
more easily assess the capabilities required.

The corporate financial information management
system required continual work to accommodate
government reporting and operating changes, and
to acquire the operating system and database
expertise needed to support new applications.

A sophisticated database management system was
purchased and deployed to handle the rapidly
increasing quantities of scientific data from
experimental work.

New desktop management software was purchased
and deployed across the majority of desktops on
site. It allows information management staff to
compile inventories of site hardware and software
and makes it easier for them to provide software
updates. A new helpdesk software program was
purchased to provide better management and
reporting of helpdesk calls and to accumulate

statistics on problem resolution, which are needed
for Service Level Agreements.

Effort in the computer server area was concentrated
on maintaining the stability of ANSTO's substantial
Novell server network while managing the growth
in Windows NT servers. A strategic decision was
taken to adopt the Windows NT server as the basis
of the organisation's desktop servers. Several
servers were introduced to provide support for
internal email and database systems.

ANSTO purchased new server and client software
that allows users to run the site standard software
on non-standard hardware platforms. This permits a
smooth transition to new software standards and
provides access for remote users, using a protocol
that makes less demand on networks.

Standardisation of the Organisation's desktop
computing systems progressed well. This policy was
adopted both to reduce the cost of support and to
prepare for the expected move by government
towards outsourcing information technology
support. Various software and hardware products
were purchased to enhance services such as
software installation, backup, and helpdesk support.

New archiving software was purchased and
installed, allowing users to direct 7-day, 24-hour
archiving and retrieval of data files. The software's
excellent indexing facility makes locating archived
material much easier. It provides, for example, cross
linking between electronic data and paper files.

The site data network, ANSTONet, was upgraded.
New switches were installed in several buildings and
older cabling replaced. Some 532 outlet points
were recabled and uninterruptible power supply
units were installed. The network was re-organised
as a series of subnets to reduce global network
traffic, resolving a long-standing fault in the Novell
servers across the site. The capacity of the existing
high speed fibre optics network backbone at ANSTO
was substantially increased by deploying 100
Megabit/sec Ethernet network backbone technology
alongside the existing (FDDI) network.

A better level of protection for ANSTO electronic
information has been achieved by the installation of
a firewall system to monitor and control traffic
between ANSTONet and the external Internet. Two
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web pages were maintained (see above, Internet
Home Page).

The Silicon Graphics multiprocessing computer,
which provides a central computing facility for
ANSTO, ran trouble-free throughout the year. It
coped well with the computational workload from
the decommissioned Fujitsu supercomputer.

ANSTO's information management scientific
computing group continued its involvement in a
range of projects, including Managing Mine Wastes,
Radiological Consequences, and Environmental
Dynamics. A scientific visualisation program, Vislink
Version 3, was delivered on schedule to Fujitsu in
Japan as part of an ongoing research collaboration.

Year 2000 compliance

Work continued on the Year 2000 compliance
project. Staff identified major systems needing
modification or replacement. These included the
ANSTO finance system, the dosimetry monitoring
software, the radiopharmaceuticals production
system, the site security systems, some monitoring
and control equipment, and various scientific
instruments. A test network was assembled to allow
Year 2000 testing of major software. See also
Appendix 3, Corporate Governance, p i l l .

Security

The Australian National Audit Office reported the
results of a Protective Security audit at ANSTO
undertaken as part of a wider audit of a number of
Commonwealth Agencies. The audit objectives were
to assess management and administration
performance of protective security arrangements
other than information technology security, and to
identify better practice principles for use by all
Commonwealth agencies. The audit report
concluded that ANSTO's protective security
arrangements were adequate. The audit did not
identify any weaknesses requiring immediate
attention.

Physical protection of the Lucas Heights site is
provided under contract by the Australian Protective
Service (APS), an operational unit of the Attorney-
General's department. Physical protective services
were enhanced by small investments in technology-
driven security systems to manage risk generally

assessed as low by the relevant authority.

Quality assurance

Quality management training programs continued
to be organised for both internal and external
participants. Quality system audits were conducted
to develop understanding of quality management in
a research laboratory environment.

Internal quality system audits were provided to
those Divisions with management systems currently
accredited to International Standards Organisation
(ISO) 9000 series or IS0/1EC 25 Standards.
Additionally, advice and support were provided to
those Divisions continuing to develop their
management systems to meet the requirements of
the relevant international standards.

Collaboration with the International Atomic Energy
Agency was continued with specialist input for a
new project to provide support to laboratories in
developing countries to implement quality
assurance, and to achieve self-sustainability and
gain certification and/or accreditation of that
participating country's management system to the
applicable international standard.

Communications

The major communications activity of the year was
a series of three Open Days, held respectively for
academic and industry stakeholders, schools and
the general public. All parts of ANSTO put their
capabilities on display for the 4000 people who
visited the site. Exit surveys and word of mouth
feedback indicated that the organisational effort had
been well appreciated.

In addition to the Open Day visitors, there was
continued interest from the public in general guided
tours of the site. During the year, 4100 visitors
made such visits. A number of interactive displays
were installed in ANSTO's Reception Centre and
these will be added to in the coming year.
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Alan Penfold (left) and Richard
Cotton work as craftspersons at

the Lucas Heights site. They play a
vital role in keeping the site

running smoothly by collecting
garbage and recyclable matter.

doing labouring work such as
moving furniture and equipment.

and carrying out other site
services.

Meetings continued to he held every two months
between ANSTO and members of local community
groups. Chaired by an independent facilitator, these
meetings provide a forum for discussion of matters
of mutual interest. One of the issues discussed
during the year was the development of a
community Right to Know Charter, but progress
was slow in reaching agreement on the precise
content of the document. As versions developed by
the community representatives and ANSTO vary in
only a few areas. ANSTO has offered that both
versions should lie on the table for an agreed
period, and that the parties work to the principles
common to both. The workability of this
arrangement would be reviewed after the agreed
period and opportunities for a way forward
discussed.

Community representatives were invited observers
at the largest emergency exercise conducted at
ANSTO for several years. Their comments were
invited and incorporated in the final report.

In another community-suggested initiative. ANSTO
held an in-service course for persons from local
schools who have responsibility for occupational
health and safety. The course included talks from
representatives of emergency response
organisations, the Nuclear Safety Bureau and
ANSTO. The success of the course was such that a
further two have been scheduled. ANSTO also held

a successful information evening for local
businesses. Some 40 companies received
information on how to do business with ANSTO.

A program which offers ANSTO speakers to
community groups continued to be successful, with
62 presentations made to various organisations,
most locally based. An E-Team (Enterprise-team) of
students from the Lucas Heights Community School,
working as an initiative of the Australian Quality
Council, reviewed the speaker program. A number
of recommendations made by the students were
implemented.

The Australian Science Festival, held in Canberra,
was again a major involvement for ANSTO. Smaller
scale exhibits were mounted at local school and
community events.

ANSTO s graphic designers and photographer
continued to produce high quality work for users
across the site. This included traditional and
electronic publications, displays, posters and
scientific" and non-scientific publications. To support
this work graphic design and photography
capabilities were upgraded to remain abreast of
industry standards in design, imaging and printing.

Media relations continued on a daily basis by means
of distributed news releases and responses to
queries about the Organisation s activities.



P E R F O R M A N C E

PERFORMANCE INDICATOR INFORMATION

The 1994 Triennium Funding Agreement for the
period 1996-97 to 1997-98 between CSIRO, ANSTO
and the Australian Institute of Marine Science
(AIMS) and the (then) Ministers for Finance and for
Industry, Science and Technology contains an
agreed set of performance indicators for ANSTO.
These indicators are used as part of the process of
monitoring the performance of ANSTO's functions
and achievements of its objectives.

Reporting against Performance Indicators 1 and 2
and 4 to 10 is provided below. Reporting against
Performance Indicator 3, the adoption by uses of
practices, instruments and processes developed by
ANSTO, is covered in the general reporting under
core businesses.

Performance Indicator 1

Total contracts 1997-98: 340

Total contracts 1996-97: 260

Source: ANSTO Executive,
Financial records, Business Plan

LEGEND: Core business areas

ISRN: International Strategic
relevance of Nuclear Science
and Technology

CFOD: Core Nuclear Facilities
Operation and Development

NSTN: Applications of Nuclear
Science and Technology to the
Understanding of Natural
Processes

TMRS: Treatment and
Management of Man-made
and Naturally Occurring
Radioactive Substances

CESI: Competitiveness and
Ecological Sustainability of
Industry

ORDS: Organisational
Development and Support

1995-96 1996-97 1997-98

ANSTO contracts 7995-96 to 1997-98
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Performance Indicator 2 ANSTO allocation of resources into agreed priority areas
1995-96 to 1997-98

Expenditure (000)

1997-98 $99 265

1996-97 $88,979
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Performance Indicator 4 ANSTO science and technology-based gross revenue
1995-96 to 1997-98

Science and
Technology-based
gross revenue (000)

1997-98 S26,649

1996-97 $23,497 S
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Performance Indicator 5 ANSTO publications by type 1995-96 to 1997-98

350
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Journal Conference Commercial 8 Books/chapters Published Other
articles papers/abstracts technical reports monographs

I
1995-96 1996-97 1997-98

Performance Indicators 6 8 to Cooperation with industry, research organisations
and the university sector
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Performance Indicator 7 Provision of advice to Government

CFOD 41%

Total person years
18.9

TMRS 3%

Performance Indicator 8

Total person years

CFOD 13%

ANST 7%

TMRS 7%

CESI 2%

ODS 1%

ISRN 56%

Contribution to international networks
and to international policy developments

ISRN 70%

Performance Indicator 9

Major Facilities

HI FAR Research Reactor

Degree of usage of maintained facilities by external users in 1997-98

Degree of usage

University projects funded by the Australian Institute of Nuclear Science
and Engineering (AINSE) utilised 309 instrument days. ANSTO research
involving collaboration with university groups and training of PhD
students utilised a further 162 instrument days

3MV Van de Craaff Accelerator External users accounted for 85% of operation time.

ANTARES Tandem Accelerator External users accounted for 63% of operational time
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SAFETY ARRANGEMENTS AT ANSTO FACILITIES

ANSTO is committed to ensuring a safe and healthy environment at its
facilities for employees, visitors and contractors without impacting on the
external community or environment.

OBJECTIVES

Promote best practice in health and safety and involve staff in ownership

of their own health and safety.

Provide and maintain safety systems and assessment procedures.

Develop, maintain and test the Emergency Planning and Preparedness

arrangements.

Ensure that risks to staff and the public associated with ANSTO's

operations are kept as low as is reasonably achievable.

OUTCOMES

• Implementation of the safety policy at ANSTO facilities resulted in a safe
working environment for employees, visitors and contractors. Particular
initiatives were taken to further upgrade arrangements with respect to
safety training for contractors and visitors and to reduce lost time from
injuries.

• ANSTO's safety systems were maintained and improved upon and
continue to be compliant with international best practice. ANSTO complied
with statutory requirements in occupational health and safety.

• All staff working with sources of ionising radiation were individually
monitored to ensure that radiation doses were as low as reasonably
achievable. No member of staff was exposed to a dose greater than
13 millisieverts (mSv), compared to the internationally agreed limit of 20
mSv. Off-site exposures from airborne emissions were well below the
annual dose constraint of 0.3 mSv at the 1.6 km buffer zone boundary and
less than 1% of the public dose limit of 1 milliservert.

• Effluent discharged into the Sydney Water sewer system was in
compliance with the Sydney Water Trade Waste Agreement, which ensures
that by the time it reaches the Cronulla Sewage Treatment Plant the
radioactivity is below standards for radioactivity in drinking water, issued
by the World Health Organisation.

• The NSW Emergency Services Organisations recognised the high
standards set by ANSTO in their Emergency Planning and Preparedness
arrangements. An extensive exercise provided an intensive test of the
arrangements with the plans being demonstrated to be well suited to deal
with any type of emergency at the Lucas Heights Science and Technology
Centre. The handling of the December 1997 bush fires in the vicinity of
the site also demonstrated this.
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ACTIVITIES AND OUTPUTS

Occupational Health and Safety Policy

In compliance with requirements of the Occupational
Health and Safety (Commonwealth Employment) Act

1991, the ANSTO Occupational Health and Safety
Policy was published in full in the 1992-93 ANSTO
Annual Report. It has not been necessary to make
any changes to the policy. ANSTO, through the
Executive Director, continued to implement all parts
of the policy, which is widely distributed throughout
ANSTO as Safety Directive 1.2 'Occupational Health
and Safety Policy', re-issued on 27 September 1996.

Accidents and incidents

Staff are required to report all incidents, accidents
and near misses. All reports were investigated and
actions taken where appropriate to prevent
recurrence.

As a result of initiatives taken during the year, lost
time due to injury at work and the number of
reportable incidents decreased. Initiatives included:

• improved incident investigation procedures to
ensure appropriate follow up actions are taken to
prevent recurrence of similar incidents

• implementation of revised safety training to
target particular hazards

• ergonomic and manual assessments to engineer
out the hazard

• a revised process of workplace safety inspections.

In addition to the ANSTO internal reporting and
investigation system, certain types of accident must
be reported to the government agency, COMCARE,
under the provisions of Section 68 of the
Occupational Health and Safety (Commonwealth

Employment) Act. This reporting does not include
accidents relating to sporting activities or while
travelling to and from work.

In the past year, fifteen accidents were notified and
subsequently reported under this Act. Twelve
incidents were classified as extended absences and
three as dangerous occurrences. None was classified
as serious personal injury using the categories
defined by COMCARE, and none involved radiation.

Five of the incidents related to manual handling,

which ANSTO has identified as a priority safety area
for improvement. The majority of incidents leading
to extended absences of five days or more were
relatively minor in nature. The three dangerous
occurrences all involved electricity and two involved
contractors. As a consequence, an Electrical Safety
Working Party, which includes an independent
external electrical safety specialist from Energy
Australia, was formed. Its objective is the
'application of best industry safety practice to all
electrical work carried out by either ANSTO staff or
contractors at LHSTC [the Lucas Heights Science and
Technology Centre]'. It has the full support of the
ANSTO Executive.

The contractor induction training was revised to
improve its effectiveness. A revised contractor pass
system, introduced during the year, ensures
participation in this induction training.

Radiation protection

As part of the assurance of safety at work for all
staff, the ANSTO Personal Dosimetry Service
monitored the external radiation exposure of 782
persons working at the Lucas Heights Science and
Technology Centre and at the National Medical
Cyclotron, which is located adjacent to the Royal
Prince Alfred Hospital, Sydney.

The highest effective dose for the year to any
individual was 12.56 mSv, which is well below the
annual dose limit of 20 mSv (averaged over 5 years)
and lower than the highest effective dose last year.

Table 1 shows the maximum, average and collective
effective doses for the past four financial years.

Table 1: Effective dose

1994-95 1995-96 1996-97 1997-98

Maximum
effective dose mSv 11-5 14-8 15.0 12.56

Average
effective dose

Collective
effective dose

mSv

Person
mSv

0.8

625

0.9

701

1.0

730

1.0

811

72
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Gavin Gant and Connie
Banos of Physics Division

wearing their thermo-
luminescent dosimeters.

which continuously measure
any radiation exposures.

The distribution of individual effective (whole body)
doses for the past four financial years is shown in
Table 2.

Table 2: Distribution of individual effective doses (mSv)

Individual effective
dose ranges (mSv)

< 2

> 2 to 5

> 5 to 10

> 10 to 15

>15 to 20

20

1994-95

684

63

19

3

0

0

1995-96

671

87

17

5

0

0

1996-97

657

66

28

3

0

0

1997-!

670

80

29

3

0

0

Seventy-three per cent of workers monitored
received less than 1 mSv and no worker received
more than 13 mSv. The three highest doses were
received by dispatch workers in ANSTO's
radioisotopes dispatch area, and 23 of the 29
workers with doses between 5 and 10 mSv are
involved with radiopharmaceutical production at the
Lucas Heights site or the National Medical Cyclotron.
A comparison of the maximum and average
effective doses for the past three years is shown in
Figure 1.

Figure 1 : Comparison of the maximum m
and average effective doses (in mSv)

16

14

12

10

1994-95 1995-96 1996-97 1997-98
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The ANSTO Personal Dosimetry Service also
measures shallow doses of all monitored workers.
The highest shallow dose for the year to any
individual was 30.06 mSv, which is well below the
national and international annual shallow dose limit
of 500 mSv.

Doses to extremities; hands and fingers, are also
monitored for those workers handling radioisotopes
and likely to receive a dose to their extremities
significantly different from the dose to their body.
The highest extremity dose to any individual for the
year was 224.8 mSv, which is less than 50% of the
annual extremity dose limit of 500 mSv.

In addition to monitoring external exposures,
ANSTO also routinely monitors internal exposures of
staff working with unsealed sources. Methods
include bioassay for tritium and whole body and
thyroid counting. ANSTO had two whole body
counters operational during the year and has
recently upgraded the thyroid monitoring system.
Any significant doses are added to those from
external radiation and are included in effective
doses for reporting purposes. Tritium dose estimates
from urine analysis for HIFAR staff are recorded as a
matter of routine. During the year no thyroid or
whole body dose estimates were necessary, due to
the low counts registered.

ANSTO is committed to maintaining a safe working
environment and keeping radiation doses 'As Low
As Reasonably Achievable' (ALARA). A new policy
for performing ALARA assessments was produced
during the year and agreed to by the Nuclear Safety
Bureau.

Environmental discharges

Airborne emissions

In the course of their normal operations, some
facilities produce small quantities of gaseous
emissions. Emissions are minimised by treatment
and filtration prior to discharge and all are
constantly monitored and measured. The
radioactivity in the air is not detectable above
naturally occurring levels, so an atmospheric
dispersal mode) is used to estimate the doses to the
surrounding region and the public.

The results of discharge monitoring and dose
assessments showed that radiation doses to staff
and the public due to the discharges were less than
0.01 mSv, which is only 1 % of the annual limit
recommended by the National Health 8 Medical
Research Council.

The doses are well below the average dose of
2 mSv per year received from natural background
radiation; 0.01 mSv corresponds to the dose
received from a return commercial airline flight to
Melbourne.

The Australian Radiation Laboratory and the Safety
Review Committee continued to provide
independent monitoring of ANSTO's airborne
discharges. This role will be transferred to the
Australian Radiation Protection and Nuclear Safety
Agency (ARPANSA), when it is established.

Atmospheric dispersion

ANSTO has regularly reported estimates of the
doses due to routine airborne emissions of
radionuclides. These emissions have always been
well below the level of concern. To date the
estimates have been made using programs written
by ANSTO and using a very conservative approach.
During the year, ANSTO's Safety Division made a
comparative evaluation of the in-house program
and of a program widely used in Europe. The NSB
has indicated that it supports ANSTO changing to
the program used overseas for all its dose estimates,
and detailed discussions were held on the most
appropriate values to use for input parameters (such
as dietary habits of Australians).

Liquid effluent discharges

Effluent discharged from ANSTO into the Sydney
Water sewer met all limits for radioactive discharges
in accordance with the Trade Waste Agreement with
Sydney Water Corporation. These limits ensure
compliance at the Cronulla Sewage Treatment Plant
with World Health Organisation (WHO) drinking
water standards for radioactivity.

For non-radioactive materials, all discharges were in
compliance with the Trade Waste Agreement. The
Australian Radiation Laboratory continued to
validate the measurements taken.

74



S A F E T Y A R R A N G E M E N T S

Environmental survey

ANSTO maintained its regular survey of
radioactivity levels across the ANSTO site and
remote locations, using samples of soil, creek water,
stormwater, seawater, vegetation and air. Results
are published annually and are publicly available in
local libraries. The results confirmed compliance
with all relevant regulatory limits.

Safety assessment

All facilities, experiments and processes on the
Lucas Heights Science and Technology Centre with
potential hazards are assessed and approved by
safety committees. In addition to this internal
approval system, there are external independent
government approval and review bodies established
to report on ANSTO's activities. These are the
Nuclear Safety Bureau, for all issues to do with
nuclear plant, and the Safety Review Committee, for
all other issues. The Reactors Safety Committee also
provides advice to ANSTO's Executive Director.

Safety Assessment Committee

For all potentially hazardous activities not directly
involving the HIFAR reactor, approval is given by
the Safety Assessment Committee, which consists of
representatives from a range of ANSTO Divisions
and an external independent expert. During the
year, it reviewed some 145 submissions. All
submissions are examined by assessors before
being presented to the Committee and are
renewable annually. Conditions on the proposed
operations are followed up to ensure they are
implemented.

The revised assessment procedure introduced last
year is working well. It strengthens the risk
assessment process and emphasises the need to
minimise and segregate radioactive waste.

Three notable assessments during the year related
to the preparation for shipping, and the shipping, of
spent fuel elements to the US Department of
Energy's Savannah River site.

Reactors Safety Committee

The terms of reference of the Reactors Safety
Committee (RSC) are:

• to provide advice as requested by the Executive
Director on matters relevant to the safety of
nuclear plant operated by ANSTO

• to review and advise the Executive Director on
proposals for experiments, changes in operations,
or modifications to nuclear plant operated by
ANSTO which involve significant safety issues

• to review periodically the operation of ANSTO's
nuclear plant for evidence of an appropriate
safety culture, adequate safety management, and
compliance with Operating Authorisations and
other procedures.

The committee has a chairman external to ANSTO.
It met three times during the reporting period.

The RSCs objectives are to ensure the existence of
an adequate safety system that is based on
appropriate standards. With these aims in view, the
Committee paid particular attention to reviewing:

• reports on abnormal occurrences, their safety
significance and corrective actions taken

• safety audit procedures and project management
plans and schedules for the decommissioning of
the Moata reactor

• site liquid and airborne emissions and the dose
limitation system

• the Nuclear Safety Bureau's regular reports on the
safety of ANSTO's nuclear plant

• the revised HIFAR Safety Document, released in
December 1997

• the probabilistic safety assessment of HIFAR,
carried out by an independent consultant, PLG,
and released in May 1998 by the Department of
Industry, Science and Tourism

• reports on major safety activities including safety
culture studies.
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Emergency response

Emergency arrangements

A 24-hour emergency response capability is
provided at the Lucas Heights Science and
Technology Centre. Additionally, emergency
arrangements are maintained and exercised in
conjunction with State agencies.

Emergency planning at the Lucas Heights Science
and Technology Centre is conducted under the
provisions of the NSW State Emergency and Rescue
Management Act 1989. This Act requires that a range
of plans, generally known as DISPLANs, are in place
for potential emergencies. The purpose of these
plans is to allow for emergencies to be controlled at
the lowest appropriate level. The arrangements
make provision for assistance to be provided should
the incident escalate. This assistance is a staged
process and provides for escalation of emergency
control from local to district to State level. For the
arrangements to be effective, all involved agencies
are required to have in place appropriate internal
instructions and/or standing operating procedures
and to make resources available when required.
Plans that have a direct bearing on activities at the
Lucas Heights Science and Technology Centre are
explained below.

Accidents, incidents or emergencies with on-site
consequences only, are covered by two plans. The
Lucas Heights Science and Technology Centre
Emergency Plan describes the on-site emergency
arrangements for situations that can be handled by
ANSTO personnel. The ANSTO Emergency Plan
(DISPLAN) provides for the on-site emergency
arrangements that require assistance and control
from the NSW Combat Agencies. ANSTO personnel
provide full technical support to this plan.

Accidents, incidents or emergencies with off-site
consequences are covered by escalating
arrangements consisting of the Sutherland Shire
Local Disaster Plan (DISPLAN), the Georges River
District Disaster Plan (DISPLAN) and the NSW State
Disaster Plan (DISPLAN).

The ANSTO Local Liaison Working Party (LLWP) is
responsible for preparing the ANSTO Emergency
Plan (DISPLAN). ANSTO's Safety Division and the
LLWP prepare the Lucas Heights Science and
Technology Centre Emergency Plan. Membership of

the LLWP consists of representatives of ANSTO,
NSW Emergency Services Organisations and local
government. In recent years the NSW Fire Brigade
has represented the interests of the Rural Fire
Service (Bush Fire Brigade). During the year the Rural
Fire Service was reinstated as a full member of the
LLWP. The Nuclear Safety Bureau is an observer. The
LLWP met on four occasions during the year with a
very high level of participation by the NSW
emergency services organisations.

The production and review of procedures for ANSTO
personnel involved in the emergency plans
continued. A review of these procedures and the
plans was begun, following the December 1997
bush fire.

A review of the emergency response plan for the
National Medical Cyclotron was also begun. The
Safety and Emergency Procedures Manual was
completed and became an operational document.

Emergency exercises

Emergency exercises are held to test the
effectiveness of all, or selected aspects, of the
emergency arrangements. Exercise 'Recover/, held
in September, was the largest and most complex
emergency exercise ever organised at the Lucas
Heights Science and Technology Centre. The
scenario presented to participants and observers
was based on the assumption of a very severe
seismic event occurring in the Sydney Basin and
resulting in a fracture of some pipe work at HIFAR
and a consequent Loss Of Coolant Accident to the
HIFAR reactor.

The objectives were to test:

• the setting up, operation and the decision-making
capabilities of personnel in the Emergency
Operations Centre with respect to a radiological
incident

• the lines of communication between the
Emergency Operations Centre, the HIFAR
Recovery Team and the staff in the HIFAR
Emergency Control Room

• the operation and decision-making process of the
HIFAR Recovery Team

• the evacuation procedures of the HIFAR Fenced
Area
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Ken Horlock (right), one of
the ANSTO Emergency

Management Officers,
assisting the

communications and
emergency coordination

personnel during a bushfire
exercise

• the changeover of shift crews in the HIFAR
Emergency Control Room.

The objectives were achieved and the emergency
planning procedures were demonstrated to be
effective. Some minor improvements were identified
and some components of this exercise will be the
subject of future small-scale exercises.

Several building evacuation exercises were
conducted at the National Medical Cyclotron.

Bush fires

In December, bush fires occurred in areas around
the Lucas Heights Science and Technology Centre.
ANSTO staff assisted the NSW Fire Brigade and the
Rural Fire Services in containing the fires. No
radioactive or nuclear materials were involved in
any incidents relating to the bush fire and no fire
occurred in any buildings within the perimeter fence.

The only damage was to some waste paper that
started smouldering in a building external to the site
perimeter fence and owned by the Collaborative
Research Centre for Waste Management and

Pollution Control. This was caused by the heat
generated by the bush fire outside the building. The
fire also affected native plants on the fence line to
the south of the site.

Senior officers of both the NSW Fire Brigade and the
Rural Fire Service have expressed the opinion that
the ANSTO bush fire prevention activities and
preparations to deal with a bush fire exceed the
guidelines recommended by the brigades. They
consider the site to be well prepared with a well-
planned hazard reduction program and over 100
hydrants.

Other safety services

A full range of health physics, occupational health
and safety, medical, nuclear safety and risk and
reliability services were provided to ANSTO facilities,
including HIFAR and the National Medical Cyclotron.
A program of hazard categorisation and facility
safety case development is underway in preparation
for the establishment of ARPANSA.
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TRACERCO AUSTRALASIA

Tracerco Australasia is a partnership between ANSTO and Orica Australia Pty
Ltd, formerly 1CI Australia Operations Pty Ltd. It is a commercial operation
whose business is applying radioisotope technology to solve problems in
industrial process plants.

The company is based at the Lucas Heights Science and Technology Centre
in premises rented from ANSTO. It carries out projects on clients' work sites
throughout Australia, New Zealand and South-East Asia.

Tracerco Australasia benefits from technical input from ANSTO and
commercial input from Orica Australia Pty Ltd. The company's continuous
exposure to a wide range of industries allows Tracerco to function as an
information channel through which problems of general importance to
Australian industry may be fed back to the parent organisations for research.

The company exceeded the sales budget of $1.05 million for 1997-98 by
three per cent.

Apart from sales to the United Nations' International Atomic Energy Agency
(IAEA), the business was derived exclusively from clients on mainland
Australia. This is in marked contrast to 1996-1997 when 60% of the sales
were generated in South-east Asia and reflects the current economic
difficulties within the Region. It is anticipated that this situation will be
temporary, as enquires from Singapore and Thailand are already beginning
to revive.

The oil industry maintained its position as the leading industrial sector for
Tracerco in spite of the current low price of oil. Sales to oil and gas
producers, oil refiners and downstream chemical manufacturers accounted
respectively for 31%, 23% and 20% of revenue. The growing acceptance of
Tracerco's subsea inspection technology for offshore oil platforms and
increasing interest in the use of nucleonic instrumentation for process
measurement and control were factors which contributed significantly to the
sales achievement. The minerals processing sector evidenced steady growth,
accounting for 17% of the sales total.

Geographically, the business was more or less evenly spread among Western
Australia, New South Wales, Victoria and Queensland, which together
accounted for 80% of sales.

Projects were also carried out in South Australia (3%) and the Northern
Territory (4%).

Additional revenue was generated from training courses and expert missions
carried out on behalf of the IAEA. More significantly, specialised portable
nucleonic instruments, developed by Tracerco Australasia in association with
ANSTO, were sold to the IAEA. This activity is believed to have significant
potential and further sales to the Agency will be pursued in the coming year.
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AUSTRALIAN INSTITUTE OF NUCLEAR SCIENCE
AND ENGINEERING INCORPORATED (AINSE)

AINSE is a consortium of universities in partnership with ANSTO. AINSE is a
non-profit making institute incorporated under the NSW Associations
Incorporation Act 1984. At the end of 1997 all but one minor Australian
university had joined the consortium. The University of Auckland is also a
member, bringing the total number of members to 35 universities and
ANSTO. The Institute was established by the Commonwealth Government in
1958 to conduct research into nuclear energy and to provide training in the
nuclear field. AINSE's governing council consists of a representative of each
member university, the Executive Director of ANSTO and the directors of
ANSTO's seven scientific and technical Divisions.

AINSE's mission today is to advance research, education and training in
nuclear science and engineering and their applications within Australia by
being, in particular, the key link between universities, ANSTO and major
nuclear science and engineering and associated facilities.

The objectives of the organisation are:

(1) to ensure users in member organisations of AINSE have access to major
nuclear science and engineering and associated facilities for research
purposes

(2) to facilitate graduate and undergraduate education and training
experience utilising major nuclear science and technology facilities

(3) to encourage collaboration and co-operation between member
organisations of AINSE in areas primarily related to nuclear science and
engineering and their applications and

(4) to sustain and support the development of major nuclear science and
technology facilities in Australia for shared use by member organisations of
AINSE.

AINSE operates on a calendar year basis. This report covers 1 January to 31
December 1997. In 1997, income of $2,624,762 was made up of $1,079,700
from ANSTO, $558,760 from university subscriptions, $826,225 from
external grants, and $151,012 from interest on investments. These funds are
used predominantly for university access to ANSTO's facilities at Lucas
Heights and contribute to the development of relevant facilities.

AINSE acts as a peak body on behalf of its member organisations in
applying for and administering major research infrastructure grants. In 1997
Australian Research Council (ARC) Grants under the Research Infrastructure,
Equipment and Facilities program (RIEF) of $300,000 and $60,000 were
awarded, respectively, in support of Quaternary Science utilising the
ANTARES Accelerator Mass Spectrometry (AMS) facility and for Secondary Ion
Mass Spectrometry (SIMS). A grant of $250,000 for Plasma Fusion research
was also awarded. With respect to the latter, AINSE is responsible for
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facilitating access to the National Plasma Fusion
Research Facility based on the Hl-Heliac stellerator
device at the Australian National University.

Applications for ARC funding in 1998 have again
been successful, with grants of $150,000 for the
ANTARES AMS facility (through the University of
Western Australia) and $150,000 for Small Angle
and Polarised Neutron Instruments on the HI FAR
research reactor. It is particularly pleasing to note
that in 1988 A1NSE pledged support of $400,000 to
ANSTO towards the construction of a small angle
neutron scattering facility. AINSE scientists and
technicians were very much involved in the early
design and construction phases. A further $250,000
was obtained in 1992 (through an ARC Large
Equipment Grant to the University of Technology,
Sydney) towards the construction of the two-
dimensional area detector. The instrument finally
started producing results at the end of 1997. The
photograph on page 79 shows a 2-D small angle
scattering pattern obtained early in 1998.

At the May 1997 Council meeting, ANSTO proposed
that AINSE should take over responsibility for
facilitating access to the Advanced Neutron and
Muon Beam facilities at the Rutherford Appleton
Laboratories in England. A RIEF Grant of $300,000
was awarded for this purpose. It requires an
additional contribution of at least $25,000 each
from AINSE and ANSTO for 1998.

A total of 151 university projects were supported in
1997 under the AINSE grant scheme with a further
55 AMS and Heliac projects funded from the ARC
grants, bringing the total number of projects funded
to two hundred and six.

In 1997, 22 postgraduate students received AINSE
supplements and grants for access to ANSTO's
facilities. ANSTO subsidises these awards by
providing additional time on its facilities at no cost
to AINSE. The students, in turn, contribute to
ANSTO's overall research program.

Costs for using ANSTO facilities are met by AINSE
on behalf of the university staff from funds held in
reserve for this purpose. By this means, AINSE is
able to maintain a measure of control and flexibility
that ensures maximum use is made of the national
facilities at Lucas Heights. The projects supported

have applications in a wide range of disciplines
including, for example, cultural heritage, advanced
technology, manufacturing, mining, agriculture,
medicine and environmental protection. AH are of
vital importance to Australia's future.

Three national conferences and one workshop were
organised and/or supported by AINSE in 1997.
These included the 6th Australasian Archaeometry
Conference, held at the Australian Museum, Sydney;
the 21st AINSE Plasma Science and Technology
Conference, held at Lucas Heights; and the 10th
AINSE Conference on Nuclear Techniques of
Analysis, which was held in Canberra at the
Australian National University. The first joint
A1NSE/ANSTO workshop on Secondary Ion Mass
Spectroscopy was held in April.

Information on forthcoming conferences and other
AINSE activities, as well as copies of grant and
studentship application documents, can be found
on AINSE's web page:
(www.ansto.gov.au/ansto/ainse/ainse1.html).

AINSE is the umbrella organisation for the
Australian chapter of the International Association
for Radiation Research (IARR). With some
administrative support from AINSE, Australian
radiation researchers were successful in their bid to
host the major international conference of the IARR
in year 2003. It will be held on the Gold Coast.

The 1997 AINSE Gold Medal for Excellence in
Research supported by AINSE was awarded to Dr
Trevor Hicks at Monash University. Dr Katrina
Frankcombe at the University of Tasmania was
awarded the Student Gold Medal for her work as a
postgraduate student on the theoretical design and
development of catalyst systems. She used
advanced computational methods to explore
chemical reactions in a detail not possible by
experimental methods and contributed to the
understanding of the reaction mechanisms and their
kinetics. Her work has had extensive international
exposure.

The inaugural series of undergraduate experiments
involving students from every member university of
AINSE was held this year. Named the 'AINSE Winter
School at ANSTO' it was held over four days during
the July break. A scholarship was provided to every
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A 2D small angle neutron
scattering pattern collected

from a sample of colloidal
silica on the recently

commissioned small angle
neutron scattering

instrument on HIFAR.

university to enable a nominated third year student
to participate. Feedback judged this program to be
an outstanding success. The Winter School will be
held again in 1998. AINSE is very grateful to the
staff at ANSTO who give their time and expertise to
this program.

The President of AINSE for 1997 and 1998 is
Professor Trevor Ophel from the Australian National
University. The Vice President is Professor Ron
MacDonald from the University of Newcastle. The
Executive Officer in 1997 was Dr Roger B Gammon,
who retired in March 1998. He is replaced by Dr
Dennis Mather.

Member organisations of AINSE as at 31 December
1997 were:

• ANSTO
• University of Adelaide
• University of Auckland
• Australian National University
• University of Ballarat
• University of Canberra
• Central Queensland University
• Charles Sturt University
• Curtin University of Technology
• Deakin University
• Edith Cowan University
• Flinders University of South Australia

• Griffith University
• James Cook University of North Queensland
• La Trobe University
• Macquarie University
• University of Melbourne
• Monash University
• University of New England
• University of New South Wales
• University of Newcastle
• Northern Territory University
• University of Queensland
• Queensland University of Technology
• Royal Melbourne Institute of Technology
• Southern Cross University
• University of South Australia
• University of Southern Queensland
• Swinburne University of Technology
• University of Sydney
• University of Tasmania
• University of Technology, Sydney
• Victoria University of Technology
• University of Western Australia
• University of Western Sydney
• University of Wollongong.

For further information look up the AINSE website
at http://www.ansto.gov.au/ainse/ainse1.html
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

STATEMENT BY DIRECTORS

In the opinion of the members of the Board of the Australian Nuclear Science
and Technology Organisation, the attached financial statements for the year
ended 30th June 1998 represent fairly the information required by the
Minister for Finance and Administration's Guidelines for Financial Statements
of Commonwealth Authorities.

Signed in accordance with a resolution of the members of the Board.

Max Richards Helen M Garnett
Chairman Executive Director

7 September 1998 7 September 1998
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

OPERATING STATEMENT
FOR THE YEAR ENDED 30 JUNE 1998

NET COST OF SERVICES
Operating Expenses
International strategic relevance of nuclear science
Core facilities operation and development
Application of nuclear science and technology to
natural processes
Treatment and management of radioactive substances
Competitiveness and ecological sustainability of industry
Organisational development and support
Radiopharmaceutical operations

Total operating expenses

Operating revenues from independent sources
International strategic relevance of nuclear science
Core facilities operation and development
Application of nuclear science and technology to
natural processes
Treatment and management of radioactive substances
Competitiveness and ecological sustainability of industry
Organisational development and support
Radiopharmaceutical operations

Total operating revenue from independent sources

Net cost of services

REVENUE FROM GOVERNMENT
Parliamentary appropriations received

Operating
Capital

Total revenue from government

Surplus

Accumulated surpluses at beginning of reporting period
Amounts transferred from reserves

Accumulated surpluses at end of reporting period

lote

4

4(a)

4{b)

6

1998
$000

6,668
33,270

5,816
14,660
16,465
14,208

8,178

1997
$'000

6,456
29,377

6,316
8,970

16,598
13,760
7,502

5

6

7
7

9
9

99,265

2,601
4,313

716
949

6,088
2,025
13,310

30,002

69,263

56,284
16,447

72,731

3,468

91,881
1,891

97,240

88,979

942
3,632

965
912

3,651
4,842
12,310

27,254

61,725

47,431
16,220

63,651

1,926

87,857
2,098

91,881

The accompanying notes form an integral part of these financial statements.
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

STATEMENT OF ASSETS AND LIABILITIES
AS AT 30 JUNE 1998

Note

PROVISIONS AND PAYABLES
Employees
Suppliers
Other payables
Other provisions

Total provisions and payables

Total liabilities

EQUITY
Reserves
Accumulated Surpluses

Total equity

Total liabilities and equity

FINANCIAL ASSETS

Cash
Receivables
Total financial assets

NON-FINANCIAL ASSETS
Land and buildings
Infrastructure, plant and equipment
Inventories
Intangibles
Other

Total non-financial assets

Total assets

Current liabilities
Non-current liabilities
Current assets
Non-current assets

10

n

1998
$000

16,603
3,033
2,857
4,372

26,865

26,865

88,051
97,240

185,291

212,156

14,285
4,758

19,043

123,610
58,355

8,819
277

2,052

193,113

212,156

11,793
15,072
22,856

189,300

1997
$'000

15,710
3,224
3,414
6,059

28,407

28,407

89,942
91,881

181,823

210,230

13,237
3,408

16,645

124,254
59,467

9,141
144
579

193,585

210,230

13,724
14,683
19,062
191,168

The accompanying notes form an integral part of these financial statements.
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

STATEMENT OF CASH FLOWS
FOR THE YEAR ENDED 30 JUNE 1998

OPERATING ACTIVITIES
Cash received
Sales of goods and services
Interest received
Parliamentary appropriations

Total cash received

Note 1998 1997
S'000 $000

Inflows Inflows
(Outflows) (Outflows)

30,283 27,193
758 980

72,731 63,651
103,772 91,824

Cash used
Employees
Suppliers

Total cash used

(47,000) (47,324)
(46,623) (35,421)

(93,623) (82,745)

Net cash from operating activities 12

INVESTING ACTIVITIES
Cash received
Proceeds from sales of property, plant and equipment

Total cash received

Cash used
Purchase of property, plant and equipment

Total cash used

Net cash from investing activities

FINANCING ACTIVITIES
Cash Used
Principal repayments under finance lease

Net cash from financing activities

Net increase/(decrease) in cash held
add cash at 1 July

Cash at 30 June 10

10,149 9,079

148 304

148 304

(9,249)

(9,249)

(9,101)

-

1,048
13,237

14,285

(11,661)

(11,661

(11,357

(4)

(4)

(2,282)
15,519

13,237

The accompanying notes form an integral part of these financial statements.
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

SCHEDULE OF COMMITMENTS
AS AT 30TH JUNE 1998

Note
BY TYPE

CAPITAL COMMITMENTS
Property, plant and equipment
Waste treatment and disposal project

Total capital commitments

OTHER COMMITMENTS
Disposal of spent fuel (a)
Other commitments

Total other commitments

Total commitments payable

Commitments receivable
Disposal of spent fuel (a)
International performance contract (b)

Net commitments

BY MATURITY

Commitments payable
One year or less
From one to two years
From two to five years

Commitments receivable
One year or less
From one to two years
From two to five years

1998
$000

1997
$'000

4,964
5,115

10,079

80,826

80,826

90,905

80,826
18,571
99,397

(8,492)

1,591
5,365

6,956

2,404
2,404

9,360

-

-

9,360

5,386
2,678
2,015

4,542
2,330
2,488

10,079 9,360

(7,727)
(1,550)
(9,294)

(18,571)

Net commitments 8,492 9,360

(b)

In 1997-98 the Government determined to provide $86.4 million (1997 dollars) to
remove spent fuel rods from the Lucas Heights Science and Technology Centre and
meet the costs of reprocessing offshore. An amount of $5,574 million was received
and applied for this purpose in 1997-98. The remaining $80,826 million will be
drawn down by year 2020 in accordance with a schedule agreed with Government.
This amount ($80,826 million) is not included in the commitment by maturity figures
as the commitment payable is fully offset by the commitment receivable.
This commitment relates to the value of an international contract to design,
manufacture, install and commission a radioisotope production facility in Thailand.
This income stream will be matched in due course against yet to be incurred
expenditure required to complete the contract.

The accompanying notes form an integral part of these financial statements.
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

SCHEDULE OF CONTINGENCIES
AS AT 30 JUNE 1998

Note

CONTINGENT LOSSES

Disposal of spent fuel (a)
Other

Total contingent losses

Net contingencies

(a) The 1997 contingent loss of $90 million relates to ANSTO's economic dependency
on government. Note 1 refers. ANSTO has responsibility, contingent on a
government decision to provide funding, for the disposition of a quantity of spent
reactor fuel. At 30 June 1997 the required funding decision had not been made.
Hence the requirement to disclose a contingent liability at that date. In August
1997, government decided to provide $86.4 million for this purpose, to be drawn
down over time. Hence the ANSTO liability ceased to be contingent and full
disclosure as both a commitment payable by ANSTO, and receivable from
government is provided in the Schedule of Commitments.

1998
$000

-

-

1997
$'000

90,000
100

90,100

90,100

The accompanying notes form an integral part of these financial statements.
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

NOTES TO AND FORMING PART OF THE
FINANCIAL STATEMENTS
FOR THE YEAR ENDED 30 JUNE 1998

Note Description

1 Economic dependency
2 Summary of significant accounting policies
3 Segment reporting
4 Operating expenses
5 Operating revenue from independent sources
6 Radiopharmaceutical operations

7 Parliamentary appropriations
8 Provisions and payables
9 Equity

10 Financial assets
11 Non-financial assets
12 Cash flow reconciliation
13 Investments
14 Remuneration of members of the Board

15 Remuneration of executives
16 Insurance
17 Remuneration of auditors
18 Related party disclosures
19 Trust money
20 Financial instruments
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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

NOTES TO AND FORMING PART OF THE
FINANCIAL STATEMENTS
FOR THE YEAR ENDED 30 JUNE 1998

1 ECONOMIC DEPENDENCY
ANSTO is dependent on appropriations from Parliament to carry out its activities.
(See also Note 16).

2 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES
The financial statements are presented as a general purpose financial report. They
have been prepared:
i. having regard to the provisions of the Australian Nuclear Science and Technology

Organisation (ANSTO) Act 1987, the ANSTO Amendment Act 1992, and the
Commonwealth Authorities and Companies Act, 1997.

ii. in accordance with Guidelines titled Financial Statements of Commonwealth
Authorities issued by the Minister for Finance and Administration in July 1997,
which require that the financial statements be prepared in compliance with
Australian Accounting Standards and Accounting Guidance Releases issued by the
Australian Accounting Research Foundation, and having regard to Statements of
Accounting Concepts, and the Consensus Views of the Urgent Issues Group.

Basis of accounting
The financial statements have been prepared on an accrual basis and are in
accordance with the historical cost convention, except for certain assets which, as
noted, are at valuation. Except where stated, no allowance is made for the effect of
changing prices on the results or the financial position.
The principal accounting policies adopted in the preparation of these financial
statements are:
(a) Cash

For the purposes of the Statement of Cash Flows, cash includes a short term
deposit held with a bank.

(b) Bad and doubtful debts
A provision is made for any doubtful debts based on a review of all outstanding
accounts at year end. Bad debts are written off during the period in which they
are identified.

(c) Inventories
Uranium and Cobalt-60 inventories of enriched, natural and depleted uranium
are valued on the basis of net realisable value.
Stocks of reactor fuel, heavy water and stores are valued at average purchase
price.
Work in progress is valued at cost, which includes both direct costs and an
allocation of overhead expenses.

(d) Property, plant and equipment
Acquisition
Items of property, plant and equipment are recorded at cost and depreciated as
outlined below. Items of plant and equipment with a cost of less than $3,000 are
expensed in the year of acquisition
The cost of assets constructed by the entity includes the cost of materials, direct
labour and an appropriate proportion of fixed and variable overheads.
Revaluations
Land and buildings are revalued at 3 yearly intervals on the basis of existing use
and depreciated replacement value.
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Depreciation and amortisation
Items of property, plant and equipment, including buildings, but excluding
freehold land, are depreciated over their estimated useful lives to ANSTO ranging
from 3 to 30 years. The straight line method is used.

The depreciation rates (useful lives) of ANSTO's property, plant and equipment
have been reviewed during the year and are found to be appropriate.

(e) Investments
Investments are brought to account at the lower of cost or valuation.

(f) Patents
Due to the uncertain commercial value of patents, and because benefits to more
than one accounting period cannot be assured, the costs associated with the
development and registration of patents are expended in the year in which they
are incurred, unless recoverability is assured beyond any reasonable doubt. At
30 June 1998 there were 122 patents (116 at 30 June 1997) registered to ANSTO
and no associated costs are recognised as an asset.

(g) Employee entitlements
The provisions for employee entitlements encompass annual leave and long
service leave which ANSTO has a present obligation to pay resulting from
employee services provided up to balance date.
General leave

The Organisation's Enterprise Agreement provides under the heading General
Leave for an employee entitlement which combines sick leave, carer's leave and
leave for other prescribed purposes. No provision has been made for general
leave as all such leave is non-vesting and the average general leave taken by
employees is less than the annual entitlement.
Annual Leave
The provision for annual leave reflects the value of total annual leave
entitlements of all employees at 30 June 1998 and is recognised at its nominal
value.

Long service leave
The provision for long service leave is recognised and measured at the present
value of estimated future cash outflows to be made by ANSTO in respect of
employee entitlements at balance date. In determining the present value of the
liability, attrition rates and pay increases through promotion and inflation have
been taken into account,

(h) Revenue recognition
Operating revenue from independent sources
Operating revenue from independent sources comprises revenue earned from
the provision of products, or services to entities outside ANSTO. Revenue is
recognised when the goods are provided, or when the fee in respect of the
services provided is receivable.

Parliamentary appropriations
Parliamentary appropriations are recognised in the year in which they are drawn
down.
Revenue received in advance
Revenue received in advance is initially brought to account as "other payables"
and subsequently recognised as revenue when earned.
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(i) Superannuation
The Australian Nuclear Science and Technology Organisation contributes to the
Commonwealth Superannuation (CSS) and the Public Sector (PSS) superannuation
schemes which provide retirement, death and disability benefits to employees.
Contributions to the schemes are at rates calculated to cover existing and
emerging obligations. Current contribution rates are 20.1% of salary (CSS) and
11.2% of salary (PSS). An additional 3% is contributed for employer productivity
benefits. For those staff who do not contribute to either of these two schemes,
ANSTO contributes 7% of salary to the Australian Government Employees
Superannuation Trust fund.
Contributions during the financial year are detailed at Note 4.

(j) Foreign currency
Transactions denominated in a foreign currency are converted at a rate of
exchange prevailing at the date of the transaction. At balance date, amounts
receivable and payable in foreign currency are translated at the exchange rate
prevailing at that date and any exchange differences are brought to account in
the Operating statement.

(k) Taxation
ANSTO is exempt from all forms of taxation in Australia except fringe benefits
tax. Where international commercial activities are subject to income tax,
appropriate liabilities are met.

0) Intangible assets
Where recognised, intangible assets are reported at the lower of cost or
recoverable amount. Accumulated amortisation is disclosed as a deduction from
each class of assets separately identified.

(m) Assets received free of charge
The acquisition of property, plant and equipment free of charge, or for a nominal
amount, is recognised at fair value.

(n) Comparatives
Where necessary, comparative information has been reclassified to achieve
consistency in disclosure with current financial year amounts and other
disclosures.

(o) Rounding
Amounts are rounded to the nearest one thousand dollars except in relation to:
- remuneration of members of the Board
- remuneration of executives
- remuneration of auditors

3 SEGMENT REPORTING
ANSTO operates in a single industry within Australia, namely in the nuclear scientific
research industry.
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4 OPERATING EXPENSES
Research and other business activities are managed principally within six core
business areas; a seventh Unit, Radiopharmaceutical operations operates as a
commercial business (Note 6 refers).

Expenditure in 1997-98 increased against:

(a) Core facilities operation and development by $3,893 million for two reasons:
additional overhead expenses associated with infrastructure development and
support for the operation of the HIFAR research reactor, the National Medical
Cyclotron and the Tandem accelerator and increased depreciation charges as a
result of the revaluation of core facilities and site services. The former accounted
for 40% of the increase.

(b) Treatment and management of radioactive substances due to costs associated
with the disposition of spent reactor fuel.

The breakdown of operating expenses is:

Employee expenses:
Salaries
Superannuation
Redundancy
Annual leave
Long service leave

Total employee expenses

Supplier expenses:
General expenses
Stores
Maintenance and external services
Power and water
Reactor supplies
Disposition of spent reactor fuel
Variable production costs
Operating leases

Total supplier expenses

Depreciation and amortisation:
Depreciation of property, plant and equipment
Amortisation of leased and intangible assets

Total depreciation and amortisation

Other:
Doubtful debts
Loss on disposal of plant and equipment
Share of partnership loss
Plant and equipment written-off
Contributions to collaborative research projects
Nuclear material stock revaluation
Prior year adjustment

Total other expenses

TOTAL

1998
$000

36,398
6,134

184
3,283
1,338

10,507
7,278
8,406
1,252
1,138

5,358
2,955

135

14,193
89

128
139
211

-
-

139
-

1997
$000

36,890
5,477
1,160
3,135
996

8,996
6,507
7,766
1,932

965
-

2,662
115

11,980
57

30
104

-
76

119
-

12

1998
$000

47,337

37,029

14,282

617

99,265

1997
$000

47,658

28,943

12,037

341

88,979
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5 OPERATING REVENUE FROM INDEPENDENT SOURCES

Sales of goods and services:
Radioisotope sales
Services and contract research
Major design and construction contract
Silicon irradiation
CS1RO site support
Training courses
Land management
Synchrotron project
AINSE interactions

Total sales of goods and services

Grants
Interest

Net gains from disposal of assets:
Profit on disposal of plant and equipment

Total net gains

Other revenue:
Non-speculative foreign exchange gain
Prior year adjustments
Nuclear material stock revaluation
Asset received free of charge
Miscellaneous

Total other revenue

TOTAL

RADIOPHARMACEUTICAL OPERATIONS
Trading as Australian Radioisotopes (ARI)

ARI operating results, as an independent commercial unit
within ANSTO, are as follows:

Revenue
External sales and other revenue

Internal sales
Total revenue

Expenses
Salaries
Superannuation
Annual leave
Long service leave
Doubtful debts
Other operating expenses
Depreciation of property, plant and equipment
Expenses external to ANSTO

ANSTO support

Total expenses

Operating surplus

1998
$000

13,288
4,867
1,838
2,196

932
266

1,689
508

1,065

470

233
457

-
38
-

1997
$'000

12,283
4,149

-
2,043
1,197

270
2,010

334
1,211

355

36
-

229
172
25

1998
$000

26,649

1,254
901

470

728

30,002

1998
$000

1997
$'000

23,497

1,936
1,004

355

462

27,254

1997
$'000

13,310
67

13,377

3,441
484

31
11
39

3,950
222

8,178
4,633

12,811

566

12,310
55

12,365

3,312
393

45
93
30

3,406
223

7,502
4,201

11,703

662
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7 PARLIAMENTARY APPROPRIATIONS

Appropriation Act No. 1 Operating
Appropriation Act No. 3 Operating

Appropriation Act No. 2 Capital

8 PROVISIONS AND PAYABLES

8A. Liabilities to employees
Accrued salaries and wages
Annual leave
Long service leave

Aggregate employee entitlement liability

8B. Suppliers
Trade creditors

8C. Other payables
Revenue received in advance

8D. Other provisions
HIFAR spent fuel elements - (a)
Waste treatment & disposal - (b)
Common law claims
Other

Total other provisions

(a) Provision for HIFAR spent fuel elements
In 1995 ANSTO created a provision, in the amount of $6.6 million, for the
transport overseas and reprocessing there of a quantity of HIFAR spent fuel
elements. At 30 June 1998, a total of $5,047 million (1996-97 $4,543 million)
has been expensed against the provision. The residual provision includes a
substantial storage component covering a 20 year period and will be reduced
over time.

(b) Provision for waste treatment and disposal
In the 1995 financial year, an initial provision of $3 million was created for the
management of a quantity of residual waste from past operations. This provision
was increased to $5 million in 1996. The total estimated project cost is $11.1
million, comprising $4.9 million operating expenses, covered by the provision,
and $6.2 million capital expenditure.
In 1997-98 $1,521 million (1966-97 $0,877 million) has been charged against the
provision. Further expenditure of $0,249 million was capitalised.

1998
$000

53,950
2,334

56,284
16,447

72,731

1998
$000

791
5,829
9,983

16,603

3,033

3,033

2,857

1,553
2,469

250
100

4,372

1997
$'000

47,431
-

47,431
16,220

63,651

1997
$'000

677
4,922
10,111

15,710

3,224

3,224

3,414

2,057
3,990

-
12

6,059
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10

EQUITY
Reserves, including movements

Asset revaluation reserve
Balance 1 July 1997
Net revaluation increases

Balance 30 June 1998

Fuel elements reserve
Balance 1 July 1997
Transferred to accumulated surpluses

Balance 30 June 1998

Total reserves

Accumulated surpluses
Accumulated surpluses 1 July 1997
Transfer from fuel elements reserve
Operating surplus

Accumulated surpluses 30 June 1998

Total equity

FINANCIAL ASSETS

10A. Cash
Cash at bank and on hand
Fixed term investment

10B. Receivables
Goods and services (trade debtors)
Less provision for doubtful debts

Advance held by Department of industry,
Tourism for overseas payments
Other

Age analysis of trade debtors
Current
Overdue:
Less than 30 days
30 to 60 days; and
More than 60 days *

Science and

1998
$'000

2,685

624
126

1,459

1997
$'000

2,169

831
225
213

1998
$000

87,538
-

87,538

2,404
(1,891)

513

88,051

91,881
1,891
3,468

97,240

185,291

1998
$000

4,285
10,000

14,285

4,894
236

4,658

60
40

4,758

1997
$'000

55,050
32,488

87,538

4,502
(2,098)

2,404

89,942

87,857
2,098
1,926

91,881

181,823

1997
$'000

2,478
10,759

13,237

3,438
109

3,329

60
19

3,408

4,894 3,438

* The largest part of this debt is with a single entity. Legal advice has been received
to the effect that this debt is legally enforceable.
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11 NON-FINANCIAL ASSETS

11 A. Land and buildings
Land - at independent valuation (a)

Buildings - at cost
Less accumulated depreciation

Buildings - at independent valuation (a) & (b)
Less accumulated depreciation

Total buildings

Total land and buildings

11B. Infrastructure, plant, equipment and major facilities

11B (i) Plant and equipment
Plant and equipment - at cost (b)
Less accumulated depreciation

Plant and equipment under construction

Total plant and equipment

11B (ii) Infrastructure
Electrical/site services
Electrical/site services facilities - at cost
Less accumulated depreciation

Electrical/site services facilities - at independent
valuation (a)
Less accumulated depreciation

Total infrastructure

11B (iii) Major facilities
Major research facilities
Less accumulated depreciation

Research facility under construction

Total major facilities

Total infrastructure, plant, equipment and major facilities

Total land, buildings, infrastructure, plant, equipment and
major facilities

1998
$000

1997
$'000

33,223

3,725
272

3,453

90,774
3,840

86,934

90,387

123,610

33,223

375
118

257

90,774

90,774

91,031

124,254

60,595
32,086
28,509

1,057

29,566

1,364
152

1,212

16,765
1,863

14,902

16,114

27,286
18,610
8,676

3,999

12,675

58,355

181,965

58,171
27,869

30,302

453

30,755

-

-

16,765
-

16,765

16,765

23,459
17,215

6,244

5,703

11,947

59,467

183,721
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11 Non-financial assets (continued)
Movement summary 1997-98 for all assets irrespective of valuation basis

Total Infrastructure,
Land plant equipment

Land Building and equipment and Total
Building major facilities

$000 $000 $000 $000 $000
Net book value as a t ! July 1997 33,223 91,031 124,254 59,467 183,721

Gross value as at 1 July 1997
Additions
Disposals
Other movements

33,223 91,149 124,372 104,551 228,923
3,351 3,351 9,721 13,072

- - - (3,288) (3,288)
- 82 82

Gross value as at 30 June 1998 33,223 94,500 127,723 111,066 238,789

Accumulated depreciation/
amortisation 1 July 97
Depreciation/amortisation for
assets held 1 July 97
Depreciation/amortisation charge

118 118 45,084 45,202

3,850 3,850 9,372 13,222

fo' additions
Adjustments for disposals

Accumulated depreciation/
amortisation 30 June 98

Net book value as at 30 June 98

-

-

33,223

145

4,113

90,387

145

4,113

123,610

826
(2,571)

52,711

58,355

971
(2,571)

56,824

181,965

Summary of balance of assets at valuation as at 30 June, 1998
(a) The 1997 independent valuation of land, buildings, electrical and site services

facilities was performed by Mr John Starr (registered valuer No. 2388) of the
Australian Valuation Office. Note 2(d) refers.

(b) The revaluation of land, building, electrical and site services facilities includes the
building component of the National Medical Cyclotron facility. The machine
component of the facility continues to be included as plant and equipment, at cost.

Gross value

Accumulated
depreciation/amortisation

As at 30 June, 1997

Gross value

Net value

As at 30 June, 1997

Land

$000

33,223

33,223

Buildings

$000

90,774

90,774

Total Land
and Buildings

$000

123,997

123,997

Other
Infrastructure

$000

16,765

16,765

Total

$000

140,762

140,762

33,223 90,774 123,997 16,765 140,762

3,840 3,840 1,863 5,703

Net value 33,223 86,934 120,157 14,902 135,059
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11 Non-financial assets (continued)

11C. Inventories
Raw materials and stores - not held for resale

Stores - at cost
Cobalt-60 sources - at net realisable value
Reactor fuel and heavy water — at average purchase price
Nuclear materials - at net realisable value
Nuclear materials - at cost

1998
$000

738
548

6,811
605

20

1997
$000

893
596

6,826
699

20

8,722 9,034

Work in progress - held for sale
Work in progress - at cost 97 107

8,819 9/141

In the absence of cost figures, Cobalt-60 sources in process
are valued at net realisable value.

11D. Intangibles
Licences - at cost 431 209
Less accumulated amortisation 154 65

277 144

Movement summary 1997-98 for intangibles irrespective of valuation basis

Intangibles

Net book value as at 1 July, 1997

Gross value as at 1 July, 1997

Additions
Gross value as at 30 June, 1998

Accumulated depreciation/amortisation 1 July, 1997
Depreciation/amortisation for assets held 1 July, 1997
Depreciation/amortisation charge for additions

Accumulated depreciation/amortisation 30 June, 1998

Net book value as at 30 June, 1998

Total
$000

144

209

222
431

65
55
34

154

277

TIE. Other
Prepayments
Interest accrued
Other

Total non-financial assets

1,597
202
253

2,052

193,113

479
60
40

579

193,585
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12 CASH FLOW RECONCILIATION
Reconciliation of net cash flows from operating activities
to Net Cost of Services

Net Cost of Services
Revenue from Government

Operating surplus
Decrease/(increase) in prepayments
Decrease/flncrease) in inventories
(Decrease)/increase in accruals
(Decrease) in other creditors
(Decrease) in provision for HI FAR spent fuel elements
(Decrease) in provision for waste treatment and disposal
Increase in creditors
Increase in employee entitlements
Increase in provision for common law claims
lncrease/(decrease) in other provisions
(Increase) in accrued interest
(Increase) in assets under construction
(Increase) in receivables
Foreign exchange gain
Nuclear materials (devaluation)/revaluation
Assets received free of charge
Depreciation/amortisation
Gain on disposal of assets
Loss on disposal of assets
Asset under construction - replacement research reactor
Other

Net cash provided by operating activities

1998
$000

69,263
72,731

3,468
(1,118)

185
(531)
(557)
(504)

(1,521)
478
780
250

65
(142)
(111)

(1,348)
(214)
139
(37)

14,282
(470)

139
(1,633)
(1,451)

10,149

1997
$000

61,725
63,651

1,926
2,000

(4,034)
1,021
(826)

(1,803)
(877)
983

65
—

(D
(24)
(81)
(48)
(35)

(201)
(172)

12,047
(355)

104
-

(610)

9,079
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1998 1997
13 INVESTMENTS $000 $000

Interest in business undertakings - —

Tracerco Australasia
Under a partnership arrangement with Orica Australia Proprietary Limited (formerly
1CI Australia Limited), ANSTO has a 49% interest in Tracerco Australasia, a
commercial business concerned with the application of radioisotope technology
to the solution of problems in industrial process plants. Discussions have
commenced between Orica Australia Proprietary Limited and ANSTO concerning
the basis of future operation of the business beyond 30 September 1998.
ANSTO's share of the accumulated losses to 30 September 1997 is $796,807.
This loss has been taken up in full. The business traded profitably during the
year ended 30 June, 1998.

1998 1997
14 REMUNERATION OF MEMBERS OF THE BOARD $ $

Members' remuneration is determined by the Remuneration
Tribunal and payment is made in accordance with Section 12
Of the ANSTO Act 1987.

Included in operating expenses (Note 4) are:
Aggregate amounts of superannuation payments in connection
with the retirement of members of the Board 25,048 19,843

Other remuneration received, or due and receivable by the
members of the Board 262,449 264,417

287,497 284,260

The number of members included in these figures is shown
below in each relevant remuneration band:

Remuneration between Number Number

$10,000 and $19,999 2 4
$20,000 and $29,999 1 1
$30,000 and $39,999 1
$170,000 and $179,999
$180,000 and $189,999 - 1
$190,000 and $199,999 1
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Number

4
1
5
2
-
1
1

Number

1
4
2
1
1
1
_
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1998 1997
15 REMUNERATION OF EXECUTIVES $ $

Executive remuneration is determined by the ANSTO Award.
Included in operating expenses (Note 4) is total remuneration
received or due and receivable, by executives (excluding the
Executive Director who is included in Note 14) who earn
$100,000 or more in connection with the management
of ANSTO. 1,996,881 1,442,424

The number of executives included in these figures is shown
below in each relevant remuneration band:

Remuneration between

$100,000 and $109,999
$110,000 and $119,999
$120,000 and $129,999
$130,000 and $139,999
$140,000 and $149,999
$150,000 and $159,999
$160,000 and $169,999
$180,000 and $189,999
$210,000 and $219,999

16 INSURANCE
During 1997-98 ANSTO was self insured, except for professional indemnity, public and
product liability, industrial special risk for a property used substantially for commercial
purposes, directors and officers, travel, and motor vehicle third party risk which are
covered by commercial insurance, and workers compensation which is covered by
statute under the Safety Rehabilitation and Compensation Act 1988.

This insurance strategy was predicated on the Commonwealth's insurance principles,
which required claims or losses derived from insurable risk associated with commercial
activities to be covered by commercial insurance, with other claims and losses subject
to consideration for acceptance by the Commonwealth on a case by case basis.
(Refer Note 1).

From 1 July 1998 for previously uninsured risk, and from 30 September 1998 for
currently insured risk, ANSTO is required to seek appropriate insurance cover under the
Commonwealth Government new COMCOVER insurance scheme.

1998 1997
17 REMUNERATION OF AUDITORS $ $

Remuneration to the Auditor-General for auditing
the financial statements for the reporting period 92,000 92,000

No other services were provided by the Auditor-General during the reporting period.
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18 RELATED PARTY DISCLOSURES

The members of the Board during the financial year and to the date of the report on
the statements were:

Term
Member Appointed Concludes
HMGamett 11 May 1995 10 May 2000
A K Gregson 5 July 1996 31 December 1998
M H Codd AC 5 July 1996 30 June 1999
S M Richards 5 July 1996 30 June 2001
FAKhafagi 14 May 1997 31 December 1999
J M Craker 2 June 1998 31 December 2002
PWWellings 2 June 1998 31 December 1999

For the 1997-98 financial year the aggregate remuneration paid to members of the
Board is disclosed in Note 14.

The aggregate of superannuation payments paid to the Commonwealth
Superannuation Scheme (CSS) and Public Sector Superannuation Scheme (PSS), in
connection with the retirement of members of the Board was $25,048 (1996-97
$19,843).

Other transactions with members related entities

Several members of the ANSTO Board were also members of Boards of entities with
whom ANSTO had commercial transactions. None of these members were in a position
to exercise significant influence on the relevant Boards. All such transactions were in
accordance with commercial practice and on normal terms and conditions.

1998 1997
19 TRUST MONEY $000 $000

Monies received by ANSTO for specific purposes are placed in
special bank accounts and are expended for these specified
purposes only. These monies are not recognised in the
financial statements.

Total
Balance 1 July 1997
Add: receipts

interest received
Deduct: payments

Balance 30 June 1998

Represented by the following:

Trust account
ANSTO receives monies from trade creditors as security deposits
for contracts to be performed. These monies are held in a Trust
Account and refunded to the respective trade creditors on
satisfactory completion of the contract.

Balance 1 July 1997 9 9
Add: receipts - 4

interest received - 2
Deduct: payments - 6

Balance 30 June 1998 9 9

583
2,036

36
875

1,780

195
5,171

41
4,824

583
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1998 1997
T9 Trust Money (continued) $000 $000

Synchrotron
The Synchrotron Trust Account was established to receive and
manage contributions received from a consortium for the
operation and development of the Australian Beamline Facility
at Tsukuba, Japan.

Balance 1 July 1997 - 68
Add: receipts - 3

interest received - 1
Deduct: payments - 72^

Balance 30 June 1998 -

MNRF Synchrotron
The Australian Synchrotron Research Program Incorporated was
established under the Major National Research (IVINRF) Program.

Balance 1 July 1997
Add: receipts

interest received
Deduct: payments

Balance 30 June 1998

NEDO grant
ANSTO is the research coordinator in the "Interface Properties of
Ceramics and Their Impact on Materials Functions" project under
the NEDO International Joint Research Program. The IMEDO Grant
Trust account was established in 1995 to fund the operations
of the project.

Balance 1 July 1998
Add: receipts

interest received
Deduct: payments

Balance 30 June 1998

Welfare fund
A Welfare Fund Trust Account is maintained to receive and
manage donations to the fund and expenditure on specific
welfare items for ANSTO employees.

Balance 1 July 1997
Add: receipts

interest received
Deduct: payments

Balance 30 June 1998

554
2,033

35
870

1,752

96
5,076
36

4,654

554

3
—
-
-

3

2
88
1

88

3

17
3
1
5

16

20
-
1
4

17
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20 FINANCIAL INSTRUMENTS
(a) terms, conditions and accounting policies

Financial

Instruments

Notes Accounting Policies and Methods (including

recognition criteria and measurement basis)

Nature of underlying instrument (including

significant terms & conditions affecting the

amount, timing and certainty of cash flow)

Financial

assets

Financial assets are recognised when control

over future economic benefits is established

and the amount of the benefit can be reliably

measured.

Fixed Term

Investment

10A The deposit is recognised at cost,

interest is accrued as it is earned.

The deposit is with the Commonwealth

Bank of Australia and earns an effective

rate of interest of 4.91 % payable monthly.

Foreign 10A Transactions denominated in a foreign

exchange currency are converted at a rate of

holdings exchange prevailing at the date of each

transaction.

The deposit is with the Commonwealth

Bank of Australia and earns an effective

rate of interest of 5.66% payable

on maturity.

Receivables 10B Receivables are recognised at the nominal

for goods amounts due less any provision for bad

& services and doubtful debts. Provisions are made

when collection of the debt is judged to be

less rather than more likely.

Credit terms are net 30 days

(1996-97:30 days)

Loans 10B The loan is a non-interest Bearing advance

to a Commonwealth agency to initially

meet on ANSTO's behalf costs incurred

overseas, and is recognised at its

nominal value.

Monthly reconciliation of expenses

incurred and claimed by the Common-

wealth agency provides the basis for

reimbursement of the advance to the

operating limit.

Other debtors 10B As for receivables for goods and services. As for receivables for goods and services.

Financial

Liabilities

Financial liabilities are recognised when a

present obligation to another party is entered

into and the amount of the liability can be

reliably measured.

Trade creditors Creditors and accruals are recognised at their

nominal amounts, being the amounts at which

the liabilities will be settled. Liabilities are

recognised to the extent that the goods or

services have been received (and irrespective

of having been invoiced).

Settlement is usually made net 30 days.

Revenue

received

in advance

Revenue received in advance is initially

brought to account as "other payables" and

subsequently recognised as revenue v/hen

earned.

Revenue earned is brought to account on a

monthly basis.

Other

provisions

Liabilities have been recognised for transport

and reprocessing of spent fuel elements,

management of residual waste from past

operations, and pending common law claims.

Provision for spent fuel disposition will be

drawn as and when required and

management of residual waste will be drawn

down by 2001 in accordance with the

schedule set out in a Waste Management

Action Plan. Other provisions for common

law claims is contingent upon completion

and outcome of legal proceedings and may

be expected to be used within 1 to 2 years.
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Financial
Instruments

Financial Assets (Recognised)

Cash at Bank
Cash on Hand
Fixed term investment
Foreign exchange
holdings
Receivables for Goods
and Services
Loans
Other debtors

Total Financial Assets
(Recognised)

Total Assets

Financial Liabilities
(Recognised)

Trade Creditors
Revenue received in advance
Other provisions

Total Financial Liabilities
(Recognised)

Total Liabilities

Disposal of spent fuel

Common law claims

Total Financial Liabilities
(Unrecognised)

Notes

10A
10A
10A

10A

10B
10B
10B

8B
8C
8D

Schedule of

Contingencies

Floating
Interest

Rate

97-98 96-97
$000 $000

2,627 2,100
— —
— —

1,641 361

- -
- -
- -

4,268 2,461

-
— —

-

-

-

-

- -

Fixed Interest Rate

1 year or less

97-98
$000

_
—

10,000

—

-
-
-

10,000

-
—
-

-

-

-

-

96-97
$'000

_
—

10,759

—

-
-
-

10,759

-
—
-

-

-

-

-

> 1 years

97-98 96-97
$'000 $000

_ —
— —
— —

— —

- -
- -
- -

-

-
— —
-

-

-

-

- -

Non-
Interest
Bearing

97-98
$000

—
17
—

—

3,742
60
40

3,859

3,033
2,857
4,372

10,262

-

-

-

96-97
$•000

_

17
—

—

3,329
60
19

3,425

3,224
3,414
6,059

12,697

90,000

100

90,100

Total

97-98
$000

2,627
17

10,000

1,641

3,742
60
40

18,127

211,240

3,033
2,857
4,372

10,262

26,865

-

-

-

96-97
$'000

2,100
17

10,759

361

3,329
60
19

16,645

210,230

3,224
3,414
6,059

12,697

28,407

90,000

100

90,100

Weighted
Average
Effective

Interest Rate

97-98
$000

3.16%
n/a

4.91%

5.66%

n/a
n/a
n/a

n/a
n/a
n/a

n/a

n/a

96-97
$'000

4.11%
n/a

6.47%

7.30%

n/a
n/a
n/a

n/a
n/a
n/a

n/a

n/a
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20 Financial Instruments (continued)
(c) Net Fair Values of Financial Assets and Liabilities (continued)

Financial Assets

Cash at bank
Cash on hand
Term investments
Foreign exchange holdings
Receivables for goods and services
Loans
Other debtors

Total Financial Assets

Financial Liabilities (Recognised)
Trade creditors
Revenue received in advance
Other provisions

Note

10A
10A
10A
10A
10B
10B
10B

8B
8C
8D

Total Financial Liabilities (Recognised)

Disposal of spent fuel
Common law claims

Schedule of
contingencies

Total Financial Liabilities (Unrecognised)

1997-98
Total

carrying
amount
$000

2,627
17

10,000
1,641
3,742

60
40

18,127

3,033
2,857
4,372

10,262

_

—

-

Aggregate
net fair
value
$000

2,627
17

10,000
1,641
3,742

60
40

18,127

3,033
2,857
4,372

10,262

_

—

-

1996-97
Total

carrying
amount
$'000

2,100
17

10,759
361

3,329
60
19

16,645

3,224
3,414
6,059

12,697

90,000
100

90,100

Aggregate
net fair
value
$'000

2,100
17

10,759
361

3,329
60
19

16,645

3,224
3,414
6,059

12,697

90,000
100

90,100

Financial assets
The net fair values of cash, deposits on call and non-interest-bearing monetary
financial assets are in accord with their carrying amounts.

Loans receivable are carried at cost, which is above their net fair value, because
it is intended to hold them to maturity.
Financial liabilities
The net fair values for trade creditors and revenue received in advance, all of
which are short-term in nature, are in accord with their carrying amounts.

(d) Credit Risk Exposures
The Organisation's maximum exposures to credit risk at reporting date in
relation to each class of recognised financial assets is the carrying amount of
those assets as indicated in the Statement of Assets and Liabilities.

The economic entity has no significant exposures to any concentrations of
credit risk.
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' ' Australian National

Audit Office
INDEPENDENT AUDIT REPORT
To the Minister for Industry, Science and Tourism

Scope

I have audited the financial statements of the Australian Nuclear Science and Technology Organisation for
the year ended 30 June 1998. The financial statements comprise:

• Statement by Directors;
• Statement of Assets and Liabilities;
• Operating Statement;
• Statement of Cash Flows;
• Schedule of Commitments;
• Schedule of Contingencies; and
• Notes to and forming part of the Financial Statements.

The members of the Board are responsible for the preparation and presentation of the financial statements
and the information they contain. I have conducted an independent audit of the financial statements in order
to express an opinion on them to you, the Minister for Industry, Science and Tourism.

The audit has been conducted in accordance with Australian National Audit Office Auditing Standards, which
incorporate the Australian Auditing Standards, to provide reasonable assurance as to whether the financial
statements are free of material misstatement. Audit procedures included examination, on a test basis, of
evidence supporting the amounts and other disclosures in the financial statements, and the evaluation of
accounting policies and significant accounting estimates. These procedures have been undertaken to form an
opinion as to whether, in all material respects, the financial statements are presented fairly in accordance with
Australian Accounting Standards, other mandatory professional reporting requirements (Urgent Issues Group
Consensus Views) and statutory requirements so as to present a view of the Organisation which is consistent
with my understanding of its financial position, the results of its operations and its cash flows.

The audit opinion expressed in this report has been formed on the above basis.

Audit Opinion

In my opinion,
(i) the financial statements have been prepared in accordance with the Guidelines for Financial Statements

of Commonwealth Authorities.
(ii) the financial statements give a true and fair view, in accordance with applicable Accounting Standards,

other mandatory professional reporting requirements and the Guidelines for Financial Statements of
Commonwealth Authorities, of the financial position of the Australian Nuclear Science and Technology
Organisation as at 30 June 1998 and the results of its operations, and its cash flows, for the year then
ended.

Australian National Audit Office

Russ Chantler
Executive Director

Delegate of the Auditor-General
Sydney
7 September 1998
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EQUAL EMPLOYMENT OPPORTUNITY

OBJECTIVES

• To ensure that Equal Employment Opportunity
(EEO) principles and practices are actively
incorporated with all people management
activities

• To ensure that the structures and processes to
implement EEO adjust to changing employment
needs

• To confirm and communicate the vision that
ANSTO's employment activities reflect the social
justice needs of the 1990s

Corporate Executive Information

Band 3 Corporate Executive
Band 2 Corporate Executive
Band 1 Corporate Executive

1 Male
9 Male
2 Male 1 Female

ACTIVITIES AND OUTPUTS

A review was begun of all people management
policies and procedures to ensure they meet best
practice requirements and recognise the value of
diversity. The Organisation's workplace harassment
policy statement was revised and new associated
procedures were developed. The career advance-
ment system was also reviewed and revised.

Staff and their families continued to be provided
with access to the services of counsellors from
Citipsych.

ANSTO produced and disseminated to all staff a
pamphlet titled 'Ethics and Conduct - A Code for
ANSTO Staff', which provides a reference point for
ethical behaviour and conduct. The code also
provides guidance to management and staff by
defining the expected values and standards of
workplace behaviour and performance.

Staff numbers as at
30 June 1998 Full time

Male Female
Part time

Male Female

Executive Director 1

Corporate Executives

Professional Officers

Research Scientists

Technical Officers

Administrative Services Officers

Craftsperson

Total

12

156

86

250

37

63

604

1

38

19

25

67

4

155

1

2

3

4

3

13

4

24

Total Staff 786

Summary of EEO statistics as at 30 June 1998

Total staff = 786

Female
Male

Number
employed

179
607

Percentage of
total staff

23
77

Average
salary

$42,658
$52,057

Staff in specific employment categories (based on specific data voluntarily provided by 360 staff)

People with disabilities
Aboriginal and Torres Strait Islanders
Non-English speaking background

25

2

149

$48,832

$45,551

$48,347
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FREEDOM OF INFORMATION

In compliance with Section 8 of the Freedom of
Information (FOI)Act (1982), the following is the
annual statement on consultative arrangements,
categories of documents maintained and facilities
and procedures for access to documents relating to
ANSTO. Details of the functions of the Organisation,
membership of the Board and decision making
powers of the Board and the executive are provided
elsewhere in the Annual Report.

Arrangements for external participation

Bodies appointed under the ANSTO Act

The Safety Review Committee reviews and assesses
the standards, practices and procedures adopted by
ANSTO to ensure the safety of its operations. The
committee consists of a chairperson and four
members appointed by and reporting to the
Minister. The majority of members are not ANSTO
staff.

The Nuclear Safety Bureau, an independent body
corporate, is responsible to the Minister for Health
and Family Services for monitoring and reviewing
the safety of nuclear plant operated by ANSTO and
for providing technical advice to the Commonwealth
on the safety of nuclear plant and related matters.

Liaison groups

Technical advisory committees for each of ANSTO's
major strategic research and development projects
assist in assessing and evaluating research and
development activities. Members are drawn from
industry, commerce, government, academia and
ANSTO staff.

The Local Liaison Working Party (LLWP), established
in 1967, comprises representatives from the NSW
Police, NSW Ambulance, NSW Fire Brigades, NSW
State Emergency Services, NSW Environment
Protection Authority, NSW Department of Health,
Australian Protective Services, Sutherland Shire Local
Emergency Management Committee, St George -
Sutherland District Emergency Management, and
ANSTO, as well as an observer from the Nuclear
Safety Bureau. It reviews procedures applicable to
an accident at the Lucas Heights Science and

Technology Centre which could have implications
for the public.

Meetings are held every two months between local
community groups and ANSTO with an independent
facilitator to ensure exchange of information.
Meetings between the Sutherland Council and
ANSTO are scheduled every three months to review
and resolve current issues between the two
organisations.

A Central Safety Coordinating Committee assists in
developing, reviewing and implementing ANSTO's
occupational health and safety policies. Membership
includes representatives of unions and staff
associations, the NSW Labor Council and ANSTO.

ANSTO/State Government arrangements

ANSTO, located in New South Wales, liaises with a
range of NSW departments and authorities
responsible for safety, environmental planning and
related matters. ANSTO has collaborative
agreements with the States of Western Australia and
Queensland.

Associated organisation

The Australian Institute of Nuclear Science and
Engineering Incorporated, an association of ANSTO
and 35 universities, arranges access by staff and
students of Australasian universities and institutes of
technology to the major facilities at ANSTO.

Other arrangements

Less formal arrangements exist for discussions,
exchange of views and/or collaboration with
organisations outside the Commonwealth
administration including local government
authorities, universities, standards bodies,
professional societies, unions and staff associations,
industrial groups and international nuclear agencies.

Categories of documents held

Computer software packages, computer print outs,
technical books and reports, and International
Nuclear Information System documents are
available for purchase. Single copies of the Annual
Report, Lucas Heights News, Program of Research,
Strategic Plans, ANSTO emergency plans,
promotional literature and videos (under loan
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arrangements) are available on request.

Documents relating to decision-making processes
include Cabinet documents about matters in which
ANSTO has an interest, ministerial correspondence
and directions, ANSTO Board agenda, memoranda
and decisions, deeds, legal contracts and formal
agreements, minutes and submissions, employment,
delegations, security, finance and accounting
handbooks and manuals.

General correspondence includes ministerial briefs,
speeches, conference papers for national and
international meetings, parliamentary questions and
answers, cables, telexes and facsimiles, and general
records files. Technical documents held include
scientific and technical reports and laboratory notes
comprising patents and inventions, computer tapes
and print-outs, plant and equipment operating
manuals, maintenance, quality assurance and safety
manuals, reactor operating authorisations, records
and log books, radioisotope quality control
procedures manuals, radioisotope catalogues and
price lists, engineering service general records,
nuclear material movement vouchers and
accounting records, photographs and radiographs.
Health and Safety related documents include staff
medical records, safety related survey records, film
badge and radiological records, accident reports and
emergency response procedures.

Administration documents held include personnel
records such as staff promotion files, organisation
and establishment reports, compensation files, word
processor disk systems for administrative
instructions and information storage, staff lists and
classifications, accounting records, pay-roll, flexitime
and overtime records, tender and contract
documents, building plans, specifications and
instructions, directives, orders, memoranda,
bulletins, notices and information. Other documents
held include drawing office records such as plans,
microfilm and drawings, maps and photographs.

Facilities for access

FOI reading facilities can be provided in the
Reception and Information Centre at the entrance to
the Lucas Heights Science and Technology Centre.
Other arrangements for access may be made by
contacting The FOI Coordinator, ANSTO, Private Mail

Bag 1, Menai, NSW 2234, Australia (e-mail
rmh@ansto.gov.au).

Information about ANSTO is available on the
internet through our homepage at
http://www.ansto.gov.au/.

The Director Corporate Services, and Director
Government and Public Affairs have been appointed
as authorised officers under Section 23 of the FOI
Act.
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CORPORATE GOVERNANCE

Economic dependency

ANSTO is economically dependent on the
Commonwealth Government, requiring
appropriation of money by Parliament to carry out
the majority of its activities.

Compliance

ANSTO is subject to the provisions of the following
Commonwealth Acts and Awards:

• Australian Nuclear Science and Technology
Organisation Act 1987

• Auditor-General Act 1997

• Commonwealth Authorities and Companies Act
1997

• Public Service Act 1922

• Long Service Leave (Commonwealth Employee's)
Act 1976

• Superannuation Act 1976

• Superannuation Act 1990

• Superannuation (Productivity Benefit) Act 1988

• Superannuation Guarantee (Administration) Act
1992

• Maternity Leave (Commonwealth Employees) Act
1987

• Australian Nuclear Science and Technology
Organisation (General Award) 1990

• Australian Government Statutory Authorities
Redeployment and Retirement (Redundancy
Award) 1988.

The Commonwealth Authorities and Companies (CAC)

Act 1997, the successor legislation to the former
Audit Act 190^, came into effect on 1 January 1998.
This Act is the result of a whole-of-govemment
review and update of audit and governance
arrangements. Under this Act the ANSTO Board is
required to comply with certain accountability and
corporate governance principles, including:

• the ongoing maintenance of an Audit Committee
and

• specific financial and reporting provisions.

Prior to 1 January 1998 all requirements of the
previous Audit Act were met. All CAC Act
requirements are currently being met.

The functions of the Board

The Organisation is managed by a Board
established under Section 8 of the ANSTO Act.

Its general functions, set out in Section 9 of the Act,
are to:

• ensure the proper and efficient performance of
the functions of the Organisation and

• determine the policy of the Organisation with
respect to any matter, having regard to the
current policies of the Commonwealth
Government.

In particular it has responsibility for:

• approval of Organisational strategy and the
annual business plan and budget

• monitoring financial performance

• monitoring managerial performance, and

• ensuring that the significant risks facing the
Organisation have been identified and that
appropriate control, monitoring and reporting
mechanisms are in place.

The Board has established an Audit Committee and
several other mechanisms to address technical and
safety issues. These assist the Board in the
execution of its duties and allow detailed
consideration of complex issues. All matters
considered and determined are submitted to the
Board for information and, where appropriate,
ratification. Details of the Audit Committee and the
policies referred to and review mechanisms used,
are provided below.

Board membership

The Board currently comprises six non-executive
members, drawn from the broader community, and
an Executive Director. The non-executive members
are appointed by the Governor-General. The
Executive Director is appointed by the Board.
Section 19 of the ANSTO Act provides that the
Executive Director shall manage the affairs of the
Organisation, subject to the directions of, and in
accordance with, policies determined by the Board.

I l l
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Each member brings complementary skills and
experience to the Board. Board members during the
1997-98 financial year had experience in areas that
included industry, scientific research, medicine,
primary production and government affairs.

The Board meets regularly in accordance with a
formally approved timetable and agenda. Board
members receive regular papers from management
on financial and business performance and specific
papers on a range of issues relevant to the
Organisation.

Seven Board meetings were held during the
financial year. The number of Board meetings
during the period in which each member held office
during the financial year, and the number of
meetings attended by each member, are provided
below.

Member

S M Richards (Chairman)

M H Codd AC

A K Gregson

F A Khafagi

P W Wellings (Appointed 2/6/98)

J M Craker (Appointed 2/6/98)

H M Garnett (Executive Director)

Remuneration and allowances

Non-executive members of the Board and the
Executive Director's remuneration and allowances
are determined by the Remuneration Tribunal.

Remuneration of Board members is disclosed in the
Financial Statements.

Disclosure of interests

Section 15 of the ANSTO Act provides for the
disclosure of direct or indirect interests in matters
considered by the Board and prohibits participation
and deliberation and decision making by any
member on such matters.

Independent professional advice

The Board has established procedures by which
members may seek independent professional
advice.

112

Held

7

7

7

7

1

1

7

Attended

7

6

6

7

0

0

7

Safety

The Board places primary importance on the safe
performance of all ANSTO activities. The monitoring
of safety in general, and compliance with relevant
legislation in particular, is designated as a
responsibility of the Board as a whole. In fulfilling its
duties, the Board gives consideration to the
recommendations and reports of two independent
external bodies, the Nuclear Safety Bureau and the
Safety Review Committee.

The Nuclear Safety Bureau, established through an
amendment to the ANSTO Act in 1992, currently
regulates the manner in which Australia's nuclear
research reactor, HI FAR, is operated, and reports to
its responsible Minister as appropriate. The Moata
reactor has been shut down and stage one of a
three-stage decommissioning plan has been
developed and approved. The Nuclear Safety Bureau
will continue to monitor activities during
decommissioning.

The Government has introduced legislation to
merge the operations of the Nuclear Safety Bureau
with a new regulatory body, the Australian
Radiation Protection and Nuclear Safety Agency.
This legislation has yet to be passed by Parliament;
however, administrative arrangements will be put in
place from 1 July 1998.

A Safety Review Committee, appointed by the
responsible Minister, monitors safety activities at
ANSTO and reports to the Minister on an annual
basis.

The Board receives regular reports on occupational
health and safety issues.

Audit Committee

The Audit Committee, a formal sub-committee of the
Board, comprised Mr M. Codd (Chairman), Dr A.
Gregson and a member external to ANSTO, Mr J.
Bergman. The Executive Director, the Director of
Corporate Services and the Chief Internal Auditor
attend all meetings. Others, including
representatives of the Australian National Audit
Office (ANAO), attend meetings, as appropriate, at
the invitation of the Committee Chairman.

This Committee was established by the Board to
oversee the Organisation's risk management
policies, practices and controls in relation to
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financial and commercial activities, legislative and
regulatory conformance and asset protection. The
Committee also reviews the internal and external
audit work programs and reports. Additionally, in
accordance with the provisions of the CAC Act, the
Committee is responsible for assisting Board
members to fulfill their specific responsibilities under
that Act.

Four Audit Committee meetings were held during
the financial year. The number of Committee
meetings held and attended during the period in
which each member held office during the financial
year are provided in the table below.

Member

M H Codd AC (Chairman) 4

A K Gregson

J Bergman (External Member)

Held

3

4

4

Attended

4

4

The Committee generally meets quarterly and is the
only sub-committee of the Board.

Technical Advisory Committee

The Technical Advisory Committee, which was
formally established in accordance with a Board
decision, comprises four members, all of whom are
external to ANSTO. Members are chosen on the
basis of internationally recognised scientific
expertise and experience. The members of the
Committee are Professor Joan Dawes (Australia), Dr
Jean Lefevre (France), Dr James O Stiegler (United
States) and Dr J W Zillman (Australia).

This Committee was established by the Board to:

* advise on the scope of ANSTO's scientific research
program

* advise on ANSTO's ability to achieve the scientific
goals of its Mission, and

* review the progress of ANSTO's research against
defined milestones and objectives.

The Committee was formally constituted in October
1996 and is required to meet at least once per year.
It met once during the reporting period.

Risk management

The Board recognises that developing and
implementing ANSTO's strategies requires careful

assessment and balancing of both risk and
opportunity. The Board is charged with the
responsibility for ensuring that appropriate policies
are in place to cover identified risks and
management is required to develop appropriate
procedures to manage these risks.

The Board endorsed a risk management framework
introduced by management in 1997. As part of this
framework ANSTO Internal Audit undertakes a
systematic program of risk assessments designed to
identify, evaluate and prioritise high and significant
risks, utilising a methodology consistent with the
Australian Risk Management Standard AS/NZS -
4360. The Audit Committee and the ANAO receives
copies of all risk assessment reports.

A new risk management policy is expected to be
approved by the Board early in the next financial
year.

It is the responsibility of the operational
management of ANSTO to develop and implement
risk mitigation strategies. In appropriate
circumstances, insurance is used as a method to
transfer the financial impact of risk.

Ethical standards

The Organisation's ethics policy is set out in a
document entitled Ethics and Conduct - A Code for
ANSTO Staff'. The policy provides a reference point
for ethical behaviour and applies to members of the
Board, management and all staff. The Code sets out
the standards for ethical behaviour and conduct and
provides guidance by defining the expected values
and standards of workplace behaviour and
performance.

Fraud control

A fraud risk assessment of the Organisation,
commissioned last year in accordance with the
Government's fraud control policy, gave rise to a
fraud control policy and plan. This is expected to be
adopted by the Board early in the next financial
year.

External audit

Under the CAC Act, the Commonwealth Auditor
General, through the ANAO, is the external auditor
for ANSTO.

The Audit Committee reviews the ANAO audit plan

113



A P P E N D I X 3

and reports and meets with ANAO representatives
prior to recommending to the Board that the annual
financial statements be accepted and the Statement
by Directors signed.

Internal control

The Board is responsible for ensuring that an
appropriate internal control framework is in place
and operating.

Through the Audit Committee, it reviews Board
policies, management's procedures framework and
internal compliance.

An internal control policy framework document and
related policies were developed and are expected to
be approved by the Board early in the next financial
year.

Year 2000 Compliance

The Year 2000 issue relates to the potential
exposure to risk should any date-sensitive
equipment, computer hardware or software not treat
certain dates near, on, or after 1 January 2000
correctly.

ANSTO is heavily dependent upon date-sensitive
and computer-controlled systems to conduct most of
its activities. The HI FAR nuclear research reactor,
however, was commissioned in 1958, before
computer technology was available. As a result, the
core reactor operation has never been and is not
now computer controlled.

Structure of ANSTO Year 2000 Project

A Year 2000 project team has been established to
coordinate Year 2000 activities for the organisation.
The Director, Information Management, heads the
project, reporting to the Executive Director and
assisted by technical and financial staff. All ANSTO
Divisions are represented on the project team.

The project first reported to the Board via the Audit
Committee in August 1997 and now reports on a
quarterly basis. The project also reports on its
progress, via the Executive Director, to the
Commonwealth Office of Government Information
Technology, which is monitoring whole of
government Year 2000 activities.

Estimated costs

ANSTO's personal computer inventory is being
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replaced approximately once every three years, at
an annual cost of about $500,000, so hardware will
be Year 2000 compliant where required.

Other costs have yet to be finalised.

Operations

ANSTO is testing all date-sensitive systems and will
take corrective action where appropriate.

By January 1999 ANSTO intends to have all systems
that it has identified as critical to its ongoing
operations, Year 2000 compliant.

Suppliers

ANSTO is writing to all product and service suppliers
to obtain an overview of any potential problems.

Customers

ANSTO's client base consists mainly of major
government and corporate organisations and
associations on the one hand and health service
providers on the other. ANSTO does not consider
that its ability to raise revenue or obtain payment
from clients would be significantly affected by the
Year 2000 problem.

Independent verification

The Board, through the Audit Committee, has
commissioned an independent audit of its Year
2000 activities. A report will be made available to
the Committee in due course.

Contingency Plan

ANSTO will develop a formal contingency plan
following full analysis of the potential risks posed by
third party product and service providers who
cannot guarantee compliance.

External signqffs

ANSTO policy is to provide its clients with only
qualified signoffs that it will achieve Year 2000
compliance. This policy has been established to
minimise legal risks.

Disclaimer

ANSTO is taking all reasonable steps to ensure that
it will achieve Year 2000 compliance, but for legal
reasons cannot provide an assurance that it will not
be affected.
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FUNCTIONS OF THE
ORGANISATION UNDER THE
ANSTO ACT

Functions of the Organisation under the
Australian Nuclear Science and Technology
Organisation Act 1987 (the ANSTO Act)

'Organisation' means the Australian Nuclear Science
and Technology Organisation.

Section 5 of the ANSTO Act provides that:

(1) The functions of the Organisation are:

(a) to undertake research and development in
relation to:

(i) nuclear science and nuclear technology;

(ii) the production and use of radioisotopes,
and the use of isotopic techniques and
nuclear radiation, for medicine, science, industry,
commerce and agriculture; and

(iii) such other matters as the Minister directs;

(b) to encourage and facilitate the application and
utilisation of the results of such research and
development;

(ba) to condition, manage and store radioactive
materials and radioactive waste, arising from:

(i) the Organisation's activities (including the
production of radioactive materials for other
persons); or

(ii) the activities of companies in which the
Organisation holds a controlling interest
(including the production of radioactive materials
for other persons); or

(iii) the use by other persons of radioactive materials
produced by the Organisation or such companies;
or

(iv) the activities of other persons who are specified
in the regulations;

(c) to provide and sell goods (whether produced by
the Organisation or purchased or otherwise
acquired by the Organisation) and services:

(i) in connection with the production and use of

radioisotopes, and the use of isotopic techniques
and nuclear radiation, for medicine, science,
industry, commerce and agriculture; or

(ia) in connection with the conditioning,
management and storage of radioactive
materials or radioactive waste; or

(ii) otherwise in connection with matters related to
its activities;

(d) to act as a means of liaison between Australia
and other countries in matters related to its
activities;

(e) to provide advice on aspects of nuclear science
and nuclear technology and other matters related
to its activities;

(ea) to make available to other persons, on a
commercial basis, the knowledge, expertise,
equipment and facilities of the Organisation by:

(i) providing training and management expertise; or

(ii) selling or leasing equipment; or

(iii) leasing land and facilities; or

(iv) taking any other action that the Organisation
thinks appropriate;

(f) to cooperate with appropriate authorities of the
Commonwealth, the States and Territories, and
with other organisations and institutions in
Australia or elsewhere, in matters related to its
activities;

(g) to publish scientific and technical reports,
periodicals and papers on matters related to its
activities;

(h) to collect and sell or distribute, as appropriate,
information and advice on matters related to its
activities;

0) to arrange for training, and the establishment
and award of scientific research studentships and
fellowships, in matters related to its activities;

(k) to make grants in aid of research into matters
related to its activities; and

(m) to make arrangements with universities and
other educational research institutions,
professional bodies and other persons for the
conduct of research or of other activities in
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matters related to its activities.

(1 A) A regulation made for the purposes of
subparagraph (1 )(ba)(iv) must not have the effect
of authorising the premises on which the Lucas
Heights Research Laboratories [the Lucas Heights
Science and Technology Centre] are situated to
become a national nuclear waste repository.

(IB) In subsection (1A): 'national nuclear waste
repository' means a site chosen by the
Commonwealth, after the commencement of this
subsection, for the storage of nuclear waste with
a view to it never being moved to another site.

(2) The Organisation shall not undertake research or
development into the design or production of
nuclear weapons or other nuclear explosive
devices.

(3) In undertaking its functions, the Organisation is
to have regard to:

(a) the Commonwealth Government's national
science, technology and energy policy objectives;
and

(b) the Commonwealth Government's
commercialisation objectives for public research
institutions.

Subsection 4 (2) of the Australian Nuclear Science
and Technology Organisation Amendment Act 1992
(the ANSTO Amendment Act) provides that subject
to subsection 4 (3), for the purposes of paragraph 5
(1) (ba) of the ANSTO Act, any radioactive material
or radioactive waste that is stored on the
Organisation's premises is taken to be radioactive
material and radioactive waste arising from the
Organisation's activities.

Section 4 (3) of the ANSTO Amendment Act provides
that on and after 5 February 1995, the above
provision does not apply to any radioactive material
or radioactive waste that is the subject of order 3 of
the orders made in the Land and Environment Court
of New South Wales on 5 February 1992 in the
matter of the Council of the Shire of Sutherland v.
the Australian Nuclear Science and Technology
Organisation.

General powers of the Organisation under the
ANSTO Act

Section 6 of the ANSTO Act provides that:

(1) Subject to this Act, the Organisation has power to
do all things necessary or convenient to be done
for or in connection with the performance of its
functions and, in particular, has power:

(a) to enter into contracts;

(b) to acquire, hold and dispose of real or personal
property;

(c) to occupy, use and control any land or building
owned or held under lease by the
Commonwealth and made available for the
purposes of the Organisation;

(d) to erect buildings and structures and carry out
works;

(e) to form, or participate in the formation of, a
company or partnership;

(f) to appoint agents and attorneys, and to act as an
agent for other persons;

(g) to engage persons to perform services for the
Organisation;

(h) to design, produce, construct and operate
equipment and facilities; and

(j) to do anything incidental to any of its powers.

(2) The powers of the Organisation may be exercised
within or outside Australia.
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page

page

page

page

iv

V

115

63

108

82

7
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GLOSSARY

AINSE

AMS

ANL

ANTARES

ARC

ARPANSA

Australian Institute of Nuclear
Science and Engineering

Accelerator Mass Spectrometry

Argonne National Laboratory

Australian National Tandem

Accelerator for Applied Research

Australian Research Council

Australian Radiation Protection

NMC

NPL

NPW

OECD

PNC

ASRP

BFCC

CEA

CIAE

CRC

CRP

CSIRO

and Nuclear Safety Agency

Australian Synchrotron Research

Program

Beam Facilities Consultative

Group

French Atomic Energy

Commission

The Chinese Institute of Atomic

Energy

Cooperative Research Centre

Coordinated Research Program

Commonwealth Scientific and

Industrial Research Organisation

PSA

RCA

RIEF

RLS

RNCA

C A/~TA(
jrtlj 1A'

SANS

2TANA

WRI

DIST Department of Industry, Science
and Tourism

EIS

GATRI

GRS

IAEA

ICNCA

IN1S

LLNL

Environmental Impact Statement

(ANSTO's) gamma irradiation

facility

German Institute of Nuclear Safet;

International Atomic Energy

Agency

International Conference on

Nuclear Cooperation in Asia

International Nuclear Information

System

Lawrence Livermore National

Laboratory

LONGPOL Long Wavelength Polarisation

Instrument

NEA Nuclear Energy Agency

The National Medical Cyclotron

(UK) National Physical Laboratory

nuclear-powered warships

Organisation of Economic

Cooperation and Development

Japanese Power Reactor and

Nuclear Fuel Development

Corporation

Probabilistic Safety Assessment

Regional Cooperative Agreement

Research Infrastructure,

Equipment and Facilities program

Remaining Life Study

Regional Nuclear Cooperation in

Asia

Standing Advisory Group on

Technical Assistance and

Cooperation

Small Angle Neutron Scattering

single crystal diffractometer

Westlakes Research Institute
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Australian Radiation Protection and Nuclear

accelerator mass spectrometry (AMS)

environmental applications

accidents/incidents

acid mine drainage

Advanced Photon Source

SRI-CAT beamlines

air pollution

alaninato-copper

Alligator Rivers Region, Analogue Study

anode slimes

ANSTO

functions under the ANSTO Act

Internet Home Page

mission

organisation chart

ANSTO Award/Enterprise Agreement

ANTARES tandem accelerator

heavy ion microprobe

archaeological sample analyses

archiving software

Argonne National Laboratory
Cooperative Research and
Development Agreement

arsenic treatment

Asia Atomic Energy Forum

Asian Committee for Future Accelerators

AUSCONPLAN-SPRED

Australia-China Joint Science and
Technology Commission

Australia-Indonesia Nuclear Science and
Technology Cooperation Agreement

Australia-Republic of Korea Nuclear
Policy Consultations

Australian Antarctic Division

Australian Geological Survey Organisation

Australian Institute of Marine Science

Australian Institute of Nuclear Science and
Engineering (AINSE)

Medal for Excellence in Research

mission

Winter School

Australian National Beamline Facility

Australian Protective Service

Australian Radiation Laboratory

18, 25-26

g

72

49-50

27, 28

28

5, 29-30, 31-32

20-21

12, 32-33

44, 48

115-116

63

iv

y

62

2,18, 25

4,18

26

64

27, 28

36-37

46

15

13

15

14

13-14

13

30-31

42,44

4, 33

24, 26, 32, 58,
79-81

80

79

80-81

27-28, 38

65

74

Safety Agency

Australian Safeguards Office

Australian Science Festival

Australian Synchrotron Research Program

post-doctoral fellowships

B

Bangladesh

Batchelor Field Station

batteries, long life

Beam Facilities Consultative Group

BHP Coal

bilateral cooperation

Board members

brake press

budget

bush fires

business development

business guidelines

business planning

c

cancer risk among radiation workers,
international study

cement wasteforms

ceramics, advanced

ChemWatch

climate change

Cochlear Ltd

Code of Ethics

communications

community initiatives

competency-based HR framework

corporate governance

creep testing

crocodiles, bioaccumulation of metals

crystallography

CS1RO

D

Diavik Diamond Mines

Digital Coincidence Counting

dosimetry

E

ecological risk assessment

emergency exercises

23

9, 13,16

66

18, 27, 58

27

46

49

4,21

23

32,49

13-14

VI

63

58

71,77

62-63

62

58,61

16

38

35, 50-51

64

29, 30-31

50

6,57

65-66

66

61

111-114

51

4,33

17

29, 30, 42, 54, 63
64

49

52-53

12, 16, 29, 53

50

66, 76-77
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emergency response 71, 76

engineering services 63

Enterprise Agreement 62

Environment Australia 23, 29, 31, 33

environmental discharges 71, 74

environmental dynamics 30

environmental management, application of

nuclear science and technology in 45-50

Equal Employment Opportunity (EEO) 108

expenditure 60-61

F

finance and supply 57, 58-61

fine particle aerosol research 29-30, 31-32

fluorodeoxyglucose (FDG) 55

fraud control 113

Freedom of Information 109-110

Fruit Fly Eradication Program 5, 46

G

gailium-67 24

Gamma Technology Research Irradiator

(CATRI) 48

geochemistry laboratory 26

glaciation studies (Southern Hemisphere) 31

H

HIFAR research reactor 2,3-4,55,57

closed circuit TV monitoring
system 19
coarse control arm blades life

extension 19

maintenance/support 18-19

operation/utilisation 17,18

Probabilistic Safety Assessment 22

reactor analysis 19

Remaining Life Study 22
replacement, see Replacement
Research Reactor Project

Safety Case documentation 18-19

spent fuel 19,41-42

holmium-166 54-55

Human resources 57, 61-62

training 62

industry, application of nuclear science and
technology in 46, 50-52

Indonesia 9, 12, 13-14, 32, 49

Indonesian Environment Protection Agency 32

industrial relations 62

Information management

insurance

63-65

61

International Atomic Energy Agency (IAEA) 7, 9-12,15,16,
65,78

International Dose Assurance
Scheme 49

International Nuclear Information
System (INIS) 10

Regional Cooperative Agreement
(RCA)

training assistance by ANSTO

Internet Home Page

iodine-123
manufacturing plant

ion beam analysis

j

JAERI Neutron Science Project

Japan

Jenolan Caves, personal dosimeters

K

Korea Atomic Energy Research Institute

Korea, Republic of

Korean Institute of Nuclear Safety

10-12

9-10

63

54-55
18,24

26-27

13

8, 13, 14, 26,
27-28, 38

29

12

8, 12, 14

13

landfill design 45, 46-47

Lawrence Livermore National

Laboratory (US) 36

lipiodol 55

Long Wavelength Polarisation Instrument

(LONCPOL) 18,20

M

Malaysia 14,53

Managing Mine Wastes Project 49-50

Maralinga 42

materials assessment 51-52

media relations 66

Moata research reactor 23-24

molybdenum-99 55

Mururoa and Fangataufa Atolls study 7, 14

N

National Medical Cyclotron 2, 4, 24-25, 55

National Physical Laboratory (UK) 48, 52-53

National Radioactive Waste Repository 42

Neutral Barrier Technology 48
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neutron scattering

neutron shielding equipment

New Zealand

nuclear safeguards

Nuclear Safety Bureau

nuclear weapons disarmament

nuclear-powered warship visits

o

Occupational Health and Safety Policy

occupational health and safety consultancy

OECD Nuclear Energy Agency

Neutron Sources Working Group

Olympic Dam

Open Days

Orica Australia

overseas representation

p

Pacific Power

patents

perfluorocarbons

performance indicators

Personal Dosimetry Service

Philippines

photovoltaic window coatings

plant and equipment inventory

Plasma Immersion Ion Implantation

Plutonium immobilisation

polonium

Positron Emission Tomography (PET)

powder neutron diffraction studies

protective security audit

Q

Quadramet

quality assurance

Quality Control service

R

radiation protection

consultancy

training

radiation standards

radiation technology

Radiological Consequence Model

4-5, 18, 19-22, 80

50

12,55

9,16

13, 19, 23, 24, 75,

112

36

8, 15

72

54

12-13

12-13

5, 35, 42, 44, 48

2, 57, 59, 65

78

15

46, 51, 54

63

45,47

67-70

72-74

12, 14

50

58

46, 52

36

44

24, 54, 63

21-22

65

5-6, 55

65

46

6, 25, 71, 72-74

53-54

53

52-53

48-49

9

radionuclides

in Antarctic ice cores

migration

in quaternary science program

radiopharmaceuticals

commercial production

for diagnosing movement
disorders

matched pairs

molecular

operating upgrades

packaging

PET-dedicated

quality endorsement for
production facility

radon monitoring

Ranger Uranium Mine

Ravenswood Cold Mines

Reactors Safety Committee

Regional Nuclear Cooperation in
Asia (RNCA)

Replacement Research Reactor project

Draft EIS

revenue

Right to Know Charter

Rum Jungle

S

Safety and Environment Report

Safety arrangements at ANSTO facilities

Safety Assessment Committee

safety culture

Safety Review Committee

Safety services

samarium-153

Secondary Ion Mass Spectrometry (SIMS)

Secondary Standard Dosimetry Laboratory

security

Service Charter

shale-oil extraction

silicon irradiation

single crystal diffractometer (2TANA)

Single Photon Emission Computed
Tomography (SPECT)

Small Angle Neutron Scattering (SANS)
instrument

25, 43, 48, 54-55

30-31, 32

4, 35, 44

26

5, 6, 46, 54-56

22, 24, 55

54

55

54

56

46

24-25

55

29, 30, 32

35, 42, 47-48

49

75

14-15

1, 3, 13, 17, 22-23
58

2,23

59

66

49, 50

6

71-77

75

8-9, 14-15

74, 75

52-54

52

34

53,63

65

63

54

17, 19

18,20

24, 54

17-18, 20, 21
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solvent extraction

spent fuel management

staff development

sterilisation

surface engineering

synroc

T

technetium-99m

Technical Advisory Committee

Thailand

isotope processing facility

thamum-201

Tracerco Australasia

TROPICS project

U

uranium ore processing

V

Vietnam

Visiting Ships Panel (Nuclear)

visualisation program, Vislink

voicemail

W

waste management

Action Plan

liquid waste

solid waste

spent fuel storage monitoring

sulfidic waste

uranium and thorium scrap

waste water

water quality guidelines

WISMUT mining company

work experience program

Y

Year 2000 compliance

48

2, 41-42

6,61

48

52

5, 14, 36-38, 50

55

3, 113

12, 14

50, 59

24

52,78

33

42, 43-44

12, 14

8

5

7

5, 6, 35

38-40

39-40, 63

39

40

49

6, 39

40

45, 47

44

62

65, 114
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ANSTO REPRESENTATIVES

CANBERRA ANSTO Representative
Department of Industry, Science and
Tourism
20 Allara Street
Canberra City
ACT 2601
Australia

LONDON Counsellor (Nuclear)
Australian High Commission
Australia House
The Strand
London WC2B 4LA
United Kingdom

VIENNA Counsellor (Nuclear)
Australian Embassy
Mattiellistrasse 2-4
A-1040 Vienna
Austria

WASHINGTON Counsellor (Nuclear)
Australian Embassy
1601 Massachusetts Ave NW
Washington DC 20036
United States of America
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