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This Program of Research plays an important role in identifying the role of nuclear science and technology
in contemporary Australian research and development. As for previous years ANSTO has sought input
from the Program Advisory Committees in the preparation of the 1993/94 Program. In addition, the
Executive and senior management have closely examined project activities in accordance with national
priorities, expertise and available resources. As a consequence some projects have been terminated and
the resources deployed to higher priority projects.

A common criticism of research organisations is that they tend to focus on inputs rather than outputs. The
Research Reactor Review provided ample evidence of the outputs from Australia's investment in nuclear
science and technology. Furthermore, the Program of Research demonstrates the range of ANSTO's
involvement with Australian industry and the Organisation's role in medical, environmental and materials
research. Many of the research projects in these fields depend on ongoing access to an intense neutron
source.

ANSTO has the advantage of a wide range of multidisciplinary skills based on one site. This is increasingly
being used to effect in bringing together the best available teams of people for research projects as well
as commercial activities. Moreover it provides for the safe operation and more efficient utilisation of the
unique national physical resources on the Organisation's site.

ANSTO continues to play a leading national role in facilitating and managing access to Big Science
facilities overseas. The opening of the Australian National Beamline Facility at the Photon Factory in
Tsukuba, Japan in October 1993 commenced a new era in Australian science. Access to this world class
synchrotron as well as the high energy physics facilities at CERN in Geneva and the neutron spallation
source at the Rutherford-Appleton Laboratory near Harwell are integral in ensuring that Australian
science retains its world standing of eminence.

The implementation of the research programs outlined in this document depend on the skills, the
innovativeness and the commitment of the Organisation's staff. In my view, these are unrivalled and
underline the key national value of ANSTO.

DAVID J COOK
Executive Director



ANSTO aims to be unequivocally considered a world
centre of scientific excellence in a minimum of four key
research activities by the year 2000.

A number of initiatives have been taken over the past year
to review the strengths and unique features of the various
areas of ANSTO research and development and to further
focus these into key research activities. The McKinsey
scheme utilised by CSIRO to establish research priorities
was used by the Program Advisory Committees to evaluate
projects and this scheme as well as other ranking and
evaluation methodologies were used at think-tanks
involving senior ANSTO staff. The Research Reactor
Review also used consultants to review and evaluate
ANSTO's research performance and provided comment
on some research areas. The outcomes of these various
analyses have suggested nine key research activities,
based on its nuclear science and technology expertise,
where ANSTO can make significant contributions and
which rank highly for either potential economic return or
as national interest activities in the future. They are:

•Applied Accelerator Technologies
•Sol-gel Science - Advanced Ceramics ana other
Applications

• Radionuclides: Environmental and Industrial Applications
•Radiopharmaceutical Chemistry
•Resource Processing
•Safety Engineering
•Structural Analysis of Materials and Molecules
•Surface Engineering
•Waste Management

ANSTO's effort in the four Research Programs, Advanced
Materials, Applications of Nuclear Physics, Biomedicine
and Health and Environmental Science is being channelled
into applied research and development in partnership
with industry and appropriate national and international
institutions and into multidisciplinary strategic research
projects to enhance the scientific base of the designated
key research activities. The research endeavours of the
staff working on these projects are underpinned by the
staff working in the other Programs including Nuclear
Technology, the Cyclotron, Engineering and Health and
Safety as well as by groups of staff with core skills
employed within the Research Programs themselves.
Many of these core skills are also essential for safe
operation of ANSTO's research reactors and accelerators.

The publications of the staff over the past year are listed.
As well as scientific publications and confidential reports
to relevant industrial concerns, research staff are being
encouraged to expand their networks by working in the
industrial workplace, hosting visiting scientists, engineers
and research students and participating in relevant
conferences and industry link groups. A 'quality' strategy
is being developed and practices consistent with
Standards Australia's AS3901 are being introduced across
the Organisation.

Over the past year the staff in the four Programs whose
endeavours are described herein invoiced one hundred
and sixty four private companies for research services,
consultancies and research contracts. Many of these are
return customers. During the 1993-94 year these networks
will be expanded further. This year will also see an
increase of over 20% in the number of scientists from
Australian universities interacting with ANSTO research
staff and utilising the facilities at ANSTO for their own
research projects, there now being over 150 projects at
ANSTO supported by the Australian Institute of Nuclear
Science and Engineering. Over 50 graduate students
undertaking Honours, Masters and PhD degrees at
Australian universities are currently using ANSTO facilities,
many being co-supervised by ANSTO scientists and
greater interaction with the universities on strategic basic
research projects is envisaged in the future.

The outputs from ANSTO's scientific and engineering
activities have increased in quantity and quality over the
past year and the identified key research activities will
continue to flourish from investment in strategic research
and effective networking with universities and progressive
technology-based industries.

HELEN M GARNETT
General Manager Scientific and
Deputy Executive Director
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Program Advisory Committee

Professor John Morris, Professor of Nuclear Medicine, University of Sydney,
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Professor Provan Murray, Director, Nuclear Medicine, Prince of Wales
Hospital, Sydney

Professor Graham Johnston, Department of Pharmacology, University of
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Professor John Bremner, Department of Chemistry, University of
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Dr Christopher Rowe, Director, Department of Nuclear Medicine, The
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Dr Victor Kalff, Physician in Nuclear Medicine, Alfred Hospital, Prahran,
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Dr Robert Howman-Giles, Head, Department of Nuclear Medicine, The
Royal Alexandra Hospital for Children, Sydney

Dr Carmel Hillyard, Director, Research and Development, AGEN Biomedical
Limited, Brisbane

Dr Mary Rickard, Director, Central Sydney Area Breast X-ray Program,
Rachel Forster Hospital, Sydney



Program Objectives

To improve health care delivery in Australia through the
development of new diagnostic and therapeutic
radiophannaceuticals based on cyclotron and reactor
produced radionuclides.

To develop radioimmunospecific Pharmaceuticals for
improved diagnosis and radiotherapy.

To develop new radiopharmaceuticals based on the
incorporation of short-lived cyclotron-produced
radionuclides into organic molecules suitable for PET or
SPECT imaging.

To promote key areas of inter-program, and partnership
research in biomolecular structure and design of drugs
using core and overseas facilities.

To utilise the supercomputer for high-speed computations
of dose distributions in radiation treatment planning,
medical imaging and visualisation.

Program Overview

The mission of the Biomedicine and Health Program is to
improve health care delivery in Australia, primarily through
research and development into new radionuclides and
radiopharmaceuticals and new diagnostic and therapeutic
applications. The program also maintains and promotes
key areas of research in measurement, analysis and
modelling to support these developmental activities.

A major limitation is that presently the program is spread
across the Ansto site in parts of 9 different buildings. We
anticipate approval to commence construction of
laboratories devoted to radiopharmaceutical chemistry.

The principal areas of current emphasis are the
development of diagnostic and therapeutic agents for
cancer, neurodegenerative and cardiovascular diseases
with the balance of effort in specialised areas such as in-
born errors of metabolism.

The core activity of the Program is radiopharmaceutical
chemistry. The core presents focus on radiolabelled
monoclonal antibodies and bioconjugates, small
molecular radiopharmaceuticals, radionuclide
processing, automation and radiochemistry.

The key activity area of radiopharmaceutical development
is supported by expertise in synthetic organic chemistry,

radioisotope and generator production, radiochemical
separations, radiopharmacology, molecular and cellular
dosimetry. The Program operates a Specific Pathogen
Free Laboratory to breed rodents for biomedical research.

Ancillary activities in biomedical physics include utilisa-
tion of supercomputer methods for dose planning in
radiotherapy, assessment of diode radiation dosimeters,
collaboration in in vivo body compositions measure-
ments, and support of commercial projects.

Performance indicators are development and exploitation
of intellectual property in cooperation with multi-national
companies, universities and government laboratories;
development of radiopharmaceuticals for clinical trials
and sale by API; publications in peer-reviewed scientific
and medical journals, including plenary lectures and
contributed papers to major symposia; career
development of base level research scientists; safety and
financial management of the program. A component of
the Program is to communicate regularly with the
community to request its input when setting our priorities.

Interdisciplinary collaboration is underway with the
University of Sydney, UniversityofWollongong, University
of Western Sydney, Australian National University and
University of Melbourne. Collaboration with industry
includes Agen Biomedical Ltd, Queensland and Biomira,
Canada. The program is involved in many research and
clinical projects with university teaching hospitals including
the Royal Prince Alfred Hospital, St George Hospital,
Royal Alexandra Hospital for Children, Royal North Shore
Hospital, Prince of Wales Hospital, Sydney; Fremantle
Hospital, Sir Charles Gairdner Hospital, Perth; Alfred
Hospital, Heidelberg Repatriation Hospital, Austin PET
Centre, the Murdoch Institute for Birth Defects, Melbourne;
Flinders Medical Centre, and Queen Elizabeth Hospital,
Adelaide.

The Biomedicine and Health Program has been
instrumental in facilitating collaboration in nuclear
biomedicine with France, and regional cooperations in
the medical application of cyclotron and reactor isotopes
under a Japan/Australia initiative. The Program
participates in a cooperative research agreement between
Ansto and KAERI, South Korea.

The global collaborations of the Biomedicine and Health
Program place Ansto in an excellent position to respond
to the health care needs of the world community through
networking with researchers in the radiopharmaceutical
sciences overseas. Collaborations are established with
the Oak Ridge National Laboratory; Harvard Medical
School; University of Nebraska; Johns Hopkins University;
Ben Gurion University, Israel; Research Centre Julich,



Germany; Nishina Medical Cyclotron, and Tohoku
University, Japan; the University of Alberta and Alberta
Cancer Bcerd, Canada, In addition, the Program is
involved in two IAEA Coordinated Research Projects.

A new initiative in biomolecular structure and design is
planned to assist in the strategic development of drugs
through links involving interprogram, industry, university
and overseas collaborations. A broad range of facilities
will be used to assist with the development of medical
radionuclides. Where appropriate, NMR, x-ray and neutron
crystallography, and the Extended X-ray Absorption Fine
Structure (EXAFS) on the Australian National Beam Facility
(ANBF) at the Photon Factory, Tsukuba, Japan will be
utilised.

The transfer of technology to Australia from overseas
industry, and vice versa, is accomplished by networking
and co-development activities. Postgraduate education
and specialised training in the radiopharmaceutical
sciences is a priority area.

The Biomedicine and Health Program has a social
conscience to address the National Interest by the
introduction and provision of radiopharmaceuticals and
related technology that lead to improved health care
delivery. In addition to focusing upon establishing a
framework for the achievement of long term goals, it is
intended to meet the requirements of revenue targets and
strategies set by Ansto. Revenue generation will be
supported by technology transfer and licensing
agreements. More significant impact can be expected
through reduction in health care costs to the community
through improved diagnosis and patient management as
result of the Program's research effort.

During FY 93/94 the Program will strive to introduce
several new radiopharmaceuticals labelled with reactor
and cyclotron produced radionuclides. Intellectual
property for new technology will be protected to enhance
the technology transfer process.



B i o r a d i o p h a r m a c e u t i c a l s
L e a d e r : D r S u z a n n e S m i t h

Background

Tumour seeking proteins and peptides that selectively
target cancer cells provide an attractive method for
diagnosis and treatment. Chemically attaching
radioisotopes to antibodies as vehicles to transport the
radioisotope in vivo to the target site, provides an
opportunity to image or destroy the cancer cell without
invasive or exploratory surgery.

The design of organic molecules such as bioconjugates
provides a way by which to chemically secure the
radioisotope to the protein. As each radioisotope has
characteristic chemical and physical properties, the
bioconjugate must be designed specifically for the
radioisotope in use. In designing the optimal
bioradiopharmaceutical, particular attention must be made
to ensure the radioisotope is kinetically stable during the
time the labelled protein is in circulation. Also, any
chemical transformation the protein undergoes must
ensure that the integrity and the specificity of the protein
for the tumour cells is maintained.

These bioradiopharmaceuticals provide a new arena for
the diagnosis and treatment of cancer, which will assist
physicians in patient management.

Objectives

To design new bioradiopharmaceuticals for the diagnosis
and treatment of cancers, such as colon, ovarian,
lymphoma, breast and liver cancer. These
bioradiopharmaceuticals incorporate specifically
designed organic molecules, bioconjugates and tumour
specific proteins, such as monoclonal antibodies, as
vehicles to transport radioisotopes to the site of disease.

Recent Work and Achievements

A technetium-99m labelled monoclonal antibody radiop-
harmaceutical jointly developed by AGEN Biomedical
Ltd, Old and BMH was licensed worldwide on an exclu-
sive basis to Hybertech, a subsidiary to a multinational
Health Care Company, Eli Lilly.

Dr F T Lee was awarded the Lucas Height Scientific
Award for research and development of technetium-99m
labelled monoclonal antibody for blood clot detection.

Provisional Australian Patent application on a series of
Hydroxyaryl-EDTA derivatives for use in the diagnosis
and therapy of cancer.

Completed clinical evaluation of technetium-99m D-Dimer
3B6 antibody detection of pulmonary embolism and arterial
thrombi in the United Kingdom.

Filed provisional patent coverage on novel aminothiol
derivatives for use in the therapy of cancer.

Transfer of techniques developed at Harvard Medical
School to BMH Program.

Work Planned

Evaluate technetium-99m and rhenium-188 aminothiol
complexes in biological models for use in the treatment of
hepatic tumours.

Develop novel bioconjugates for labelling antibodies with
radioisotopes such as rhenium-188, holmium-166,
dysprosium-166, copper-67, technetium-99m and
titanium-45.

Investigate direct radiolabelling of antibodies with rhenium-
188 for use in the diagnosis and treatment of colon
cancer.

Commence evaluation of ligands developed in
collaboration with Australian National University as
potential bioconjugates for the radiolabelling of proteins.

Initiate the synthesis of novel ligands for incorporating
titanium-45 in the radiolabelling of monoclonal antibodies
in collaboration with University of Western Sydney,
Macarthur.

Initiate the synthesis of titanium-45 complexes for
incorporation into immunoliposomes.

Evaluate technetium-99m radiolabelled D-Dimer 3B6 as
a diagnostic agent for lung, ovarian and prostate cancer.

Develop methods to characterise antibody fragments by
Electrospray Mass Spectrometry in collaboration with the
University of Wollongong.

Develop ovarian cancer and colon cancer biological
models for preclinical evaluation of new
radiopharmaceuticals.

Milestones

July 1993

Secure patent protection for Hydroxyaryl-EDTA derivatives
for use in bioconjugate monoclonal antibodies.



Initiate evaluation of dysprosium-166/holmium-166 in vivo
generator in collaboration with Oak Ridge National
Laboratory, USA.

File patent on rhenium complexes in Australia, South
Korea, Japan, Europe and USA for lipophilic complexes
designed for radiotherapy of liver cancer.

August 1993
Commence evaluation of DAHA-EDTA bioconjugate for
use with copper-67 for monoclonal antibodies.

September 1993
Commence evaluation of direct labelling of proteins with
rhenium-188 using generator.

Commence isolation and purification of B72.3 antibody
fragments for evaluation on Electrospray Mass
Spectrometer in collaboration with University of
Wo'.longong.

October 1993
Complete preliminary evaluation of DAHA-EDTA
bioconjugate for use in copper-67 labelling antibodies in
animal models for colon cancer.

Dr Suzanne Smith applying separation techniques through centrifiigation



Assess development of in vivo dysprosium-166/holmium-
166 generator and prepare manuscript for presentation

Chemistry in Kyoto, Japan, 1993.

November 1993

Commence evaluation of technetium-99m labelled D-
Dimer 3B6 in collaboration with AGEN and Prince Charles
Hospital, Brisbane, as a diagnostic agent for lung cancer.

Commence production and characterization of FMC-63
antibody in nude mice in collaboration with Flinders
Medical Centre, Adelaide.

January 1994

Instrument designed and constructed at Ansto for
measurement of stability constants of metal ligands made
fully operational.

Initiate development of ovarian cancer biological model
for evaluation of radiolabelled antibodies.

February 1994

Commenceclinical evaluation of technetium-99m labellec
D-Dimer3B6 for diagnosis of prostateand ovarian cancer
in collaboration with AGEN.

Evaluate an aminothiol complex of rhenium-188 as a
therapeutic agent for liver cancer in biological models.

Complete the synthesis and purification of a titanium-45
ligand.

Commence technetium-99m or rhenium-188 labelling of
FMC-63 antibody in collaboration with Flinders Medical
Centre, Adelaide, SA.

March 1994

Initiate the studies to investigate the use of novel
bioconjugates for the radiolabelling of proteins with
holmium-166, dysprosium-166 or rhenium-188.

June 1994
Commence evaluation of avidin-biotin system for
improving tumour targeting and amplification of diseased
sites in biological models.

Review experiments with dysprosium-166 radiolabelled
antibodies as therapeutic agents for colon and ovarian
cancer in vitro and in vivo models.

Harvard Medical School, Harvard University, Boston,
USA

Department of Chemistry, Ben Gurion University of Negev,
Beer-Sheva, Israel.

Long Term Objectives

Design and synthesise new bioradiopharmaceuticals for
use in the diagnosis and treatment of the diseases afflicting
Australians.

Transfer of technology to industry for commercialisation.

International Components

Medical Physics Department, Queens Medical Centre,
University Hospital, Nottingham, UK.

Oak Ridge National Laboratory, Oak Ridge, Tenessee,
USA.

Nishina Memorial Cyclotron Centre Japan Radioisotope
Association, Morioka, Japan.



M o l e c u l a r
R a d i o p h a r m a c e u t i c a l s

L e a d e r : D r A n d r e w K a t s i f i s

Background
The incorporation of cyclotron radionuclidos such as the
positron emitters fluorine-18 (^F) and Cdrbon-11 (11C)
for PET and the gamma emitter iodine-123 (123I) for SPECT
into Pharmaceuticals, biochemical substrates and
metabolic intermediates provide a wealth of information
on the biochemical processes in the body that lead to
disease. Work is focussed and proceeding in parallel on
developing new radiotracers for PET and SPECT. lodine-
123 is an ideal tracer for exploitation in the development
of SPECT. Although hundreds of molecules are potentially
available as radiopharmaceuticals, their use in medicine
is limited by the conflicting requirements of synthesis,
quality control and radionuclide halflife. Advances in
molecular nuclear medicine and in drug development
are dependent upon quantitive imaging with PET and
development of an arsenal of new radiopnarmaceuticals.

Objectives

Develop new radiopharmaceuticals based on the
cyclotron-produced radionuclides suitable for Positron
Emission Tomography (PET) and Single Photon Emission
Computed Tomography (SPECT) imaging. These agents
will be used to investigate biochemical and physiological
processes, particularly as related to neurodegenerative
and heart diseases, in-born errors of metabolism and
cancer.

Develop new and efficient methods for the incorporation
of these short-lived radionuclides into organic molecules
and substrates.

of the Australia-France Cooperation in nuclear
biomec^icine.

Completed large scale chemical synthesis and resolution
of chemical intermediates which are required to synthesise
new radiopharmaceuticals specific to the muscarinic
cholinergic receptors.

Clinical trials of the positron-emitting ^FDG for planar
cardiac imaging were begun, using a modified gamma
camera at the Alfred Hospital, Melbourne, with assistance
from General Electric Medical Systems. This outcome is
driving the introduction of SPECT cameras with high
energy collimators for diagnostic studies on patients that
might otherwise require a PET study.

The radiosynthesis of L-[ ^ 23I] lodo-alpha-methyl tyrosine
(IMT) was optimised and will be used for the diagnosis of
brain tumours, radiation necrosis and melanoma.

The chemical and radiochemical synthesis of
[ 123l]lodobenzamide (IBZM) was initiated in preparation
for a clinical trial at the Sir Charles Gairdner Hospital,
Perth, W.A. in patients with Parkinson's disease.

Initiated chemical synthesis of a number of selenium
containing analogues of dihydroxyphenyl alanine for the
study of melanoma.

Completed the synthesis and initiated the biological
evaluation of two potential muscarinic receptor molecules.

initiated the synthesis of an antitumour antibiotic for the
study of cardiac toxicity.

Synthesised two benzodiazepine partial agonists for 1231
incorporation and biological evaluation.

Recent Work and Achievements

4-[123l]lodo-dexetimide (123IDEX) has been synthesised
and a clinical trial was initiated at the Queen Elizabeth
Hospital, Adelaide, South Australia, for the study of patients
with epilepsy and Alzheimer's disease.

N-methyl-4-[123l]iodo-dexetimide (123lmethylDEX) was
synthesised and a collaboration was initiated with the
Heidelberg Repatriation Hospital, Melbourne to evaluate
it in biological models.

4-[^^Br]Bromodexetimide (^BromoDex) was
synthesised and PET studies initiated at the Service
Hospitaller Frederic Joliot, Orsay, France as a component

Work Planned

Scale up preparation of IMT, IBZM and IAZA for multi-
centre clinical trials.

Begin high specific radiolabelling of 123l-mlBG.

Prepare precursors for the radiosynthesis of fluorodopa
and flumazenil.

Begin new radiosynthesis of high specific activity
[ ^ 8p]Fluorodopa with nucleophilic fluorine for the study of
movement disorders using PET in collaboration with the
Royal Prince Alfred Hospital PET Centre.

Prepare N-fJ 1 C]methyl-flumazenil for the study of epilepsy



using PET in collaboration with the Austin Hospital PET
Centre.

Carry out radiosynthesis of [11 C]-methy! SCH-23390 a D-
1 receptor antagonist for the study of schizophrenia in
collaboration with the National Institute of Mental Health,
Melbourne, Victoria.

Begin molecular modelling and define structure activity
relationships for serotonin receptor subtypes.

Synthesis and evaluation of 2 novel compounds as
potential agents for the evaluation of sigma-1 receptors.

Complete the synthesis of selenium containing DOPA
analogues and submit for biological evaluation.

Complete the preliminary biological evaluation of two
potential muscarinic receptor molecules.

Begin radioiodination studies of an antitumour antibiotic.

Begin radiolabelling of the benzcdiazepine partial
agonists.

Evaluate the use of [123|]|OC|oazomycin (IAZA) for the
detection of ischemic heart muscle, and its dependence
on blood insulin levels.

Prepare N-[11 CJmethyl-dexetimide and begin preliminary
biologicai evaluation.

biological models at Heidelberg Repatriation Hospital,
Vic.

February 1994
Complete synthesis of novel sigma receptor agent for in
vitro evaluation.

Radiolabelling of one benzodiazepine partial agonist
underway.

Initiate clinical trial with 123|BZM at the Westmead Hospital,
NSW, in patients with schizophrenia.

March 1994

Complete preliminary biological evaluation of selenium-
DOPA derivatives in collaboration with University of Alberta,
Canada.

May 1994

Begin preliminary biological evaluation of antitumour
antibiotic.

June 1994
Initiate preliminary biologicai evaluation of benzodiazepine
partial agonist.

Milestones

September 1993
Complete first phase clinical trial with 4-[J23|]|oc|o_
dexetimide at the Queen Elizabeth Hospital, Adelaide,
S.A.

Begin clinical trials of 1 ̂ IBZM at the Sir Charles Gairdner
Hospital Perth.

October 1993

Complete preliminary biological evaluation of N-
[1 ̂ CJmethyldexetimide.

November 1993
Begin clinical trials with 123|AZA atthe Fremantle Hospital
in Western Australia.

Complete radiolabelling of one antitumour antibiotic using
iodine-123.

December 1993
Scientist returns from overseas training at Johns Hopkins
University

Commence high specific radiolabelling of ^3|.m|BQ

Complete preliminary biological evaluation of two new
muscarinic receptor molecules.

January 1994
Begin high specific radiolabelling of ^F-DOPA.

Complete Phase I evaluation of [123l]MethylDEX in

International Components

Australia-France collaboration on Nuclear Biomedicine.
The evaluation of 4-[^Br]bromodexetimide and 4-
[76Br]btomo-methyldexetirnide using PET at the Service
Hospitaller Frederic Joliot Orsay France.

The evaluation of N-[^ C]methyldexetimide at the Johns
Hopkins Medical School Baltimore USA.

The development of selenium antimelanoma agents in
collaboration with the University of Alberta, and the Alberta
Cancer Board, Canada.

Long Term Objectives

Improve the technology for the rapid and efficient
incorporation of radionuclides into Pharmaceuticals
suitable for process controi and large scale syntheses.

Prepare new and specific radiopharmaceuticals for SPECT
and PET for the non-invasive diagnosis and evaluation of
neurodegenerative and cardiovascular diseases and
cancer.



R a d i o p h a r m a c e u t
P r o c e s s i n g

L e a d e r : D r L e e C o l l i e r

i c a I

Background
The automation of radiopharmaceutical production is a
key to achieving both oroduct excellence and economical
manufacturing of short-lived cyclotron produced
radiopharmaceuticals suitable for PETor SPECT imaging.

Objectives

To develop automated systems for the rapid and efficient
processing of short-lived cyclotron produced
radiopharmaceuticals suitable for PETor SPECT imaging.

To develop improved methods for the quality assurance
and the automated purification of radiopharmaceuticals.

To facilitate clinical trials and technology transfer.

Recent Work and Achievements

A prototype system for the automated production of
^23IMT has been tested and has completed product
validation and this product is awaiting clinical approval.

Completed product validation for123| AZA (1 -(5-123|.j0do-
5-deoxy-beta-D-arabinofuranosyl)-2-nitroimidazole) for
measurement of hypoxia.

Work Planned

Synthesis and product validation for
123IBZM (123l-S-(-)-N-[( 1 -ethyl-2-pyrrolidinyl) methyl]-3-
iodo-2-hydroxy-6-methoxy-benzamide).

Automation ofraeliopharaceuticalsynthesis



Set up an automated process for the large scale production May 1994
of 123IMT (L-[3-123l]-lodo-alpha-methyltyrosine) and Complete the prototype version of the automated system
i"IAZA (1-(5-^dl-iodo-5-deoxy-beta-D- for the routine production of 123IA7A.
arabinofuranosylV2-nitroimidazo!e).

Set up a semi-automated system to be used in the
synthesis of research quantities of PET and SPECT
radiopharmaceuticals.

Initiate a computer database to be used to collect and
correlate data on the production of the
radiopharmaceuticals.

Set up Sybyl Molecular modelling system(Tripos
Associates Inc., St. Louis, Missouri) and instruct members
ot the Biomedicine and Health Program who will require
molecular modelling studies in the use of the system.

July 1994

Complete the automated system for the routine production
of ^ 23IAZA and complete the validation of the automated
system.

Milestones

August 1993

Begin clinical trials of 165Dy-HMA with steroid versus
steroid treatment alone, in the treatment of rheumatoid
arthritis. This prog, am is a joint program with ARI and Sir
Charles Gairdner Hospital, St George Hospital, Royal
North Shore Hospital and the Royal Albert Hospital.

Complete the serni-automated dispenser system, to
dispense known volumes of ^23l-lodide.

September 1993

Initiate large processing of "-3lBZM for clinical trials at
the Sir Charles Gairdner Hospital, Perth WA, in patients
with symptomatic Parkinson's disease.

October 1993

Complete clinical trial protocols for using 123IAZA at the
Fremantle Hospital for the imaging of hypoxic tissue.

Initiate processing of123IMT for clinical trials at the Royal
Alexandra Hospital for Children, NSW and the Alfred
Hospital, Vic, for the imaging of melanoma.

November 1993

Setup analytical instrumentation system to be used in
method development of new and existing
radiopharmaceuticals.

Initiate clinical trials of ^23IBZM at the Sir Charles Gairdner
Hospital for Parkinson's disease.

December 1993

Initiate the construction of the automated box for the large
scale production of 123IMT.

February 1994

Initiate clinical trials with 123IBZM at the Westmead
Hospital, NSW, in patients with schizophrenia.

April 1994

Complete the automated system for the routine production
of ^23IMT and complete the validation of the automated
system.



R a d i o c h e m i s t r y
L e a d e r : M r E r i c H e t h e r i n g t o n

Background

An essential part of the development of new
radiopharmaceuticals is the development of radionuclides
with chemical properties suited to the labelling of the
biologically active components of the pharmaceutical,
and with nuclear decay properties appropriate to the
intended application. These nuclides must be identified
c.nd methods for their production in the reactor or cyclotron
developed. It is also necessary to develop chemical
methods to separate the radionuclides from irradiated
target materials.

Objective

The development of cyclotron and reactor produced
radionuclides for medical use including, where
appropriate, full developmentof diagnostic or therapeutic
agents.

Recent Work and Achievements

Completed development work including preparation of
manufacturing and quality control procedures for holmium-
166 (166Ho) labelled microspheres for therapy of liver
cancer. The microspheres have been developed in
collaboration with Fremantle Hospital, WA. Biological
distribution and dosimetric studies were completed.

Two scientists on sabbatical in the Program (Dr S Mirzadeh
from ORNL and Dr H Kamioki of JAERl) have advanced
the development of a practical tungsten-188 -> rhenium-
188 (188W-188Re) generator.

Reactor production of 165Dy, 166Ho and 166Dy as
generator of 166Ho, and the 188W-188Re generator.

Work Planned

Continue development of the188W-188Re generator with
emphasis on a generator that can utilise low specific
activity 188W as produced in HIFAR. Collaboration with
Dr Le Van So of Vietnam, an expert in generator technology
is planned for an alternative chromatographic technetium-
99m gel generator.

Develop a process for the separation of carrier free
produced by the irradiation of dysprosium. The

separation process is complicated by the very similar
chemical properties of dysprosium and holmium. 1 ̂ HO
has properties required for therapeutic applications. If
available at no-carrier-added high specific activity it
could be used with an extended range of agents including
monoclonal antibodies.

In collaboration with Fremantle Hospital proceed to clinical
use of 166|-io microspheres.

Acquire copper-67 for investigations of inborn errors of
copper metabolism in Menke's disease using ^'Cu in
cooperation with the Murdoch Institute of Birth Defects,
University of Melbourne.

Milestones

August 1993
Project II of Ansto KAERI bilaterial cooperation in
development of medical radioisotopes to transfer
technology on preparation of 166H0_macroaggregates for
synovectomy.

September 1993
Achieve 188Re non-saline eluent from 188W-188Re
generator suitable for labelling potential
radiopharmaceuticals.

Feasibility studies for production of titanium-45 at the
tandem accelerator.

November 1993
Achieve satisfactory laboratory separation of166Ho from
irradiated dysprosium to begin the labelling of
bioradiopharmaceuticals.

December 1993
Produce practical 188W-188Re generator for use in
external research collaboration.

January 1994
File provisional
development.

Australian patent on radionuclide

April 1994
Protocols for clinical studies of 166Ho labelled
microspheres at Fremantle Hospital. As studies continue,
work will proceed on improvements of associated radiation
dosimetry.



International Components

The work on 188 .̂188pe generator developments and
carrier free 1^^Ho separation will involve continued
collaboration with Dr S Mizadeh of ORNL. Development
of a gel generator is in collaboration with Dr Le Van So
(South Vietnam). The development of "^Ho
macroaggregates is in collaboration with Dr Kyung-Bae
Park, KAERI, South Korea. Continued collaboration with
JAERI, Japan, is planned.

Work on the development of therapeutic
radiopharmaceuticals and particularly their dosimetry
forms the basis of an IAEA Coordinated Research Program.
Through the IAEA, assistance has been given to the
Chilean Nuclear Energy Commission to establish a
therapeutic radiopharmaceutical production program in
South America.

Long Term Objectives

Develop radiopharmaceutical products suitable for
general marketing by Australian Radioisotopes.

Develop medical radionuclide generators suitable for
hospital use.

Extend range of radionuclides available as labels for
diagnostic and therapeutic radiopharmaceuticals.

Eric Hetherington explaining the reactor production of
dysprosium 166 - holmitun 166



B i o m o l e c u l a r S t r u c t u r e

a n d D e s i g n

Collaborative project with Applications of Nuclear Physics
and the Computing Centre

A / L e a d e r : D r R o b e r t K n o t t

Background

The Biomedicine and Health Program initiated this project
as an interdisciplinary cross-program initiative to support
the major goal of radiopharmaceutical development.

A number of analytical methods are employed to
characterise molecules. Biomedicine and health has
direct access to a 400 MHz NMR with CSIRO, an
electrospray mass spectrometer with the University of
Wollongong, a FT-IR spectrometer with the Environmental
Science Program, and an X-ray diffractometer with the
University of Sydney. Interaction with local universities
provides access to solid state NMR and elemental analysis.
The Ansto neutron scattering facilities, as well as major
facilities overseas will be exploited as required. These
techniques provide information fundamental to the
interpretation of structure-related aspects of
radiopharmaceutical and drug synthesis. Of utmost
importance in this procedure is data visualisation and
molecular modelling by computers.

Objectives

Provide molecular structure information to the
Radiopharmaceutical Chemistry Project and assume
direct responsibility for the formulation of the strategy for
acquisition of molecular structure.

Promote the principles underlying molecular structure
information to enhance the understanding of important
aspects of radiopharmaceutical development.

When appropriate, implement structure studies on the
broader issues of small biomolecular development (eg
drugs), and studies on protein and DMA fragment
structures.

Work Planned

Establish interprogram collaboration between Biomedicine
and Health, Applications of Nuclear Physics and the
Computing Centre in problems identified by the program
and the drug industry.

Initiate collaboration with University of Sydney on small
molecule structure.

In concert with the Computing Centre scientific support
group, acquire and maintain software packages that
facilitate structure-related calculations and their
visualisation.

Become globally active in the biomolecular structure
community.

Milestones

July 1993

Grant application with structure group at the Unversity of
Sydney.

September 1993

AINSE grant application with University of Sydney.

October 1993

Grant application for use of ANBF at Photon Factory,
Tsukuba, Japan.

December 1993

Present plans for first year of project to Program Advisory
Committee.

Acquire share in new x-ray diffractometer.

Recent Work and Achievements

The basis for a cross-program interdisciplinary effort in
molecular structure and design was identified in May
1993. Interaction with program staff defined crystal
structures to begin collaboration.

January 1994

First experiments at Photon Factory, Tsukuba, Japan,
using ANBF on rhenium diamino dithiol structure using
EXAFS.

February 1994

Determine and publish structure.



April 1994
Program Advisory Committee to review progress and
advise.

May 1994
Identify industry involvement for a 4th round CRC
application.

International Components

Dr Benno Schoenborn is expected as an advising visiting
scientist from Los Alamos National Laboratory, USA.

Collaborations with the Photon Factory, Japan;
Brookhaven National Laboratory; Los Alamos National
Laboratory; and ILL Grenoble will be progressed for
specific tasks.

Long Term Objectives

Interprogram collaboration. . . .
I lie solvent-excluded surface oj the protein m\m>l<Hnn is

Scientific publications. shov.m. Of all the atoms that constinne the macromolecttle,
Achieve strategic position in the international community. „„/,,,/,,, hemegroup is shown for orientation. The ability

Cooperation and collaboration with industry. to calculate and display such data is oj fundamental
importance to the investigation oj structure-junction

relationships of biologically active molecules. 1 he data is

displayed using the liiosym Molecular (iraphicspackage at

the ANSAMS facility."



Program Director:
Drjohn Boldeman

Total Resources:

77person years;

$7590000.

Program Advisory Committee

Dr Alex Samarin, Director Boral Research & Development, Sydney
Dr Charles Barnes, ResCare Limited, Sydney
Prof Bruce Thorn, Pro-Vice-Chancellor, University of Sydney

Prof Jim Williams, Electronic Materials Engineering, Australian National
University, Canberra
Mr George West, Chief Executive Officer Steritech, Victoria
Dr Richard Payling, BMP Coated Products Division, NSW
Prof John White, Head Physical & Theoretical Chemistry, Australian National
University, Canberra
Mr Ian Frazer, Managing Director ETP-Oxford Pty Ltd, NSW
Dr Neville Fletcher, Electronics Materials Engineering, Australian National
University, Canberra
Prof Jim O'Donnell, Chemistry Department, University of Queensland

Program Objectives

The development and promotion of research programs on national nuclear

science facilities such as charged particle accelerators and neutron beams

thereby encouraging strategic research in nuclear science and technology in

tertiary institutions and industrial R&D laboratories.



Participation in and management of Australian use of

international neutron scattering, synchrotron radiation

and high energy physics facilities to assist graduate

training in the universities and to foster Australian benefits

from developments in high technology.

Expansion of the use of the accelerator mass spectrometry

service both nationally and internationally to make major

contributions in the understanding and remediation of

environmental problems such as the greenhouse effect.

The application of charged particle beams and ionising

radiation to industrial and environmental problems.

The exploitation of neutron scattering techniques in the

development of new materials, drugs, biological

substances and complex chemicals.

The maintenance of expertise in fundamental nuclear and

atomic processes including neutron physics, ion

interactions, radiation standards, dosimetry and laser

enrichment.

(Program Overview

Radiocarbon (14C) dating measurements are now
performed routinely with 1 % precision on the Tandem
Accelerator (ANTARES). It is planned to extend this work
to an even higher precision for14C (<.0.5%) and to expand
thelistofradioisotopestoinclude1°Be,36Cland129l. [26AI
is already available]. The intention is to establish ANTARES
as an important facility in world wide research efforts to
understand global climate change (e.g. greenhouse
effect). The facility now underpins a great deal of Australian
research in Quaternary Science. Already, the service has
been used by French and Italian institutions for the
radiocarbon analysis of geological and archaeological
samples.

The Aerosol Sampling Project (ASP), comprising a network
of 25 sampling points across the state of NSW with
subsequent analyses performed on the Van de Graatf

accelerator, has generated an extremely valuable
database of elemental pollutants. !t is planned to continue
the project to determine regional and seasonal trends
and to extend the project to the other states.

High priority will be given to the exploitation of neutron
scattering on the HIFAR reactor with the intention to
increase the size of the Australian research community
and to expand the range of facilities available. The new
medium resolution powder diffractometer (MRPD) and
the Australian Small Angle Neutron Scattering instrument
(AUSANS) wili contribute to this objective. In the coming
year it is proposed to upgrade the single crystal
spectrometers.

The international research program is progressing rapidly.
The Australian National Beamline Facility at the Photon
Factory at Tsukuba in Japan has been operational for a
limited range of experiments since November 1992. A
large diffraction chamber will be installed in September
1993 and the facility will be opened by the Minister for
Science in October. Involvement in high energy physics
has also progressed with the commencement of the
construction of the NOMAD detector at CERN in
collaboration with the other members of the Australian
and international consortium. Finally, the relationship
with the Rutherford-Appleton Laboratory in the UK has
been cemented with guaranteed access for Australian
scientists to the ISIS Facility and the Ansto involvement in
the construction of the new surface reflectometer (SURF).

jT^r^jSS^
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A high priority within ANP has been the development and application of Applied
Accelerator Technology. Within this broad activity there are two mc.ior projects,
Accelerator Mass Spectrometry and Accelerator Applications, plus two smaller
projects namely radioisotope production studies [in collaboration with
Biomedicine & Health] and basic nuclear physics [in collaboration with some
Australian universities].

A c c e l e r a t o r M a s s
S p e c t r o m e t r y
L e a d e r : D r C l a u d i o T u n i z

Background
Accelerator Mass Spectrometry (AMS) is an ultra-sensitive
analytical technique based on the use of an ion accelerator
as a powerful mass spectrometer. Isotopic concentrations
at the level of one part in 1015 can be measured in specific
cases, e.g. long-lived environmental tracers and
chronometers such as 14C, 10Be, 26AI. 36C| ancj 129|_
spanning half-lives from thousands to millions of years.
AMS has detection limits orders of magnitude lower than
traditional radio-analytical techniques and as a
consequence new applications of long-lived radioisotopes
are becoming available to Environmental Science,
Biomedicine, and Materials Science.

The Australian community active in Quaternary Science
and global climate change for more than a decade had
assigned the highest priority to the installation in Australia
of an AMS facility for high-precision radiocarbon dating.
It was in response to this need that Ansto acquired from
Rutgers University, USA, a 10 MV FN Tandem Accelerator.
This acceleratoi, renamed ANTARES for Australian
National Tandem for Applied Research, has been
reconfigured as an advanced and versatile AMS
spectrometer.

Objectives

To establish a national accelerator mass Spectrometry
centre for the ultra-sensitive analysis of radiocarbon and
other long-lived radioisotopes.

To develop programs of national interest and concern
requiring AMS analysis which predominantly relate to
global climate changes and public health issues.

Recent Work and Achievements

The ANTARES AMS spectrometer is now operational with
excellent performance in terms of precision and detection

limits. All the components required for high precision
AMS analysis including an enlarged image chamber for
the analysing magnet, a novel arrangement of electrodes
to modulate the injected beam energy, an isotope
sequencer to provide timing and gating signals for the
data acquisition interface, have been installed and tested.
The 60-sample ion source purchased from High Voltage
Engineering Europe has been installed on a test bench
and is being commissioned. A beam-line at 35" on the
switching magnet, equipped with a velocity filter and a
multi-anode ionisation chamber, is dedicated to 14C
measurements. A second beamline is being installed at
55°forthedetectionof1°Be,26AI,36ci,4iCa,129landother
long lived radioisotopes. On this beamline, high mass
and charge selectivity will be achieved through the use of
a 22° electrostatic analyser, a time-of-f!ight telescope and
a Bragg chamber.

Clean laboratories for sample preparation are considered
an integral part of the ANTARES AMS facility and are
being specially designed to handle large numbers of
submilligram 14C samples. In the first phase, effort has
been concentrated on simple pre-treatment procedures
such as stripping inorganic carbon from water, dissolution
of carbonate samples or oxidising organic fractions. A
consortium has been established with the Quaternary
Dating Research Centre at the ANU and the NWG
Macintosh Centre at the University of Sydney for
processing radiocarbon samples requiring complex
pretreatment procedures (such as bones, sediments and
wood).

From the results of the accelerator runs in 1993 for 14C
determination, calibration and accelerator beam tuning
procedures have been established to minimise
uncertainties in the final results. Unknown samples are
now being routinely analysed with a total error of 1%.
Carbon-14 blanks, obtained from different stages of
sample preparation have been measured; a sensitivity
corresponding to a 14C/12C ratio of 10'15 has been



demonstrated using unprocessed graphite. More recent
measurements have included samples provided by the
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University of Rome. Italy, University of Paris-Sud, France
and Bureau of Geological and Mineral Research, France.
A city wall at Pagan in Burma has been dated in
collaboration with the NWG Macintosh Centre, as well as
a series of log coffins from cave sites and urn burials in
northern Thailand. A number of samples have been
analysed in collaboration with the Quaternary Dating

Research Centre to date samples extracted from degraded
bone material and soil fractions. Carbon-14 analysis of
aspects orgaiic carbon {f li'vic acicls s-^d hiiTJc acids)
have been performed for the Laboratory of Hydrology and
Isotope Geochemistry (Orsay, France).

Of public interest has been the dating of material from the
egg of a giant extinct bird, found intact in sand dunes on
the coast of Western Australia. The radiocarbon age
obtained, 1928 + 73 yr BP, suggests that this egg is not

Dr Claudio Tuniz and John Bell display the egg of the extinct elephant bird,

carbon dated using Ansto 's AMSfacilities

J



from a bird endemic to Australia, such as the mihirung,
but from the Aepyornis or Elephant Bird. This species of
fiighttess bird has been extbct for se-i-era! hundre-d years,
and was native to Madagascar.

26AI measurements with a sensitivity of 2x1 CH5 and a
precision of about 5% are also being performed. A
project entitled Measurement of26AI in Brain Samples of
Aged and Young Rats Given Radioactive Aluminium in
their Drinking Water, in collaboration with the Australian
Institute for Biomedical Research Ltd and the Sydney
Water Board, has been completed. This project involved
the analysis of 26AI in 15 biomedical samples extracted
from rat brains and livers.

Work Planned

A national research program in Quaternary science has
been funded by the Australian Research Council (ARC)
and the Australian Institute of Nuclear Science and
Engineering (AINSE). This program involves collaborating
with 14 Australian universities and the analysis of about
400 14C samples from more than 20 projects including:
high resolution study of atmospheric14C variations based
on analyses of individual tree rings of Tasmania Huon
pine (University of Sydney), 14C and U analyses in corals
to calibrate the 14C time-scale up to 40,000 years before
present (Australian National University), dating of pre-
historic aboriginal rock pictures and burial sites
(Universities of New England and South Australia), dating

The two beamlines of the ANTARESAMS facility
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of human-megafauna associations in Australia (University
of New South Wales), paleoclimaticand paleo-hydrologic
cyeies in iacust?«rse sequences from South Australia
(Flinders University), investigating global change and
fish biology with fish otolith radiocarbon (Australian
National University), dating stick nest rat middens from
inland Australia (University of New South Wales), late
quaternary environment change and human settlement in
NE Thailand (Monash University) and the Pleistocene-
Holocene transition on the Southern Tablelands of NSW
(Australian National University). During 1993-94, the
AMS facility will devote a large fraction of the accelerator
beamtime to the analysis of these samples, as allocated
by a National Advisory Committee set up by AINSE. A
proposal to extend this measurement program to other
long-lived cosmogenic radioisotopes of interest in
Quaternary science, such as 10Be,26AI,36CI,129l etc, has
been submitted to the ARC for 1994.

A joint proposal with CSIRO (Division of .Atmospheric
Research), Quaternary Dating Research Centre (ANU)
and Antarctic CRC, for the assessment of the age of air in
ice cores, has been submitted to the National Greenhouse
Advisory Committee.

A joint proposal with CSIRO (Division of Oceanography),
Flinders Institute for Atmospheric and Marine Sciences
(Flinders University) and Antarctic CRC, to study ventilation
rates of the Southern Ocean with 14C, has also been
submitted to the National Greenhouse Ad\/',sory
Committee.

A joint proposal with the Australian Institute for Biomedical
Research Ltd has been submitted to the National Health
and Medical Research Council to continue the study on
the metabolism of aluminium in young and old rats.

Milestones

December 1993
AMS analysis of 10Be, 36CI and 129|.

June 1994
High-throughput 14C analysis with 0.5% precision.

December 1994
Development of AMS analysis for heavy isotopes (platinum
group elements, uranium etc).

Key Interactive International Components

Collaboration has been established with the following
institutions:

BRGM (Bureau of Geological and Mineral Research),
Orleans, France. There is an informal commercial and
scientific agreement with this group. The analysis of
blank samples and standards prepared at the
Geochemistry Department of BRGM has already been
satisfactorily performed. First unknown samples will be
submitted to Ansto in September 1993.

University of Paris-Cud, Orsay, France. The analysis of
14C in blanks, standards and 9 groundwater samples
prepared aJ the Labcratc*y oS Hydrology ard isotope
Geochemistry in Orsay has been recently performed.

University of Rome. The analysis of blank samples and
standards prepared at the Department .of Physics have
been performed at Ansto with satisfactory results.

MinistryforArchaeology andEnvironment. Italy. Aprogram
for dating ancient bone samples for the Italian
archaeological community is being planned .

Department of Mineralogy, University of Trieste, Italy.
Scientific and commercial agreements are in preparation
for 14C dating of sea sediments.

Department of Physics, University of Milan, Italy. Study
of the spontaneous emission of heavy ions from nuclei in
the trans-lead region (funded by DITARD and INFN).
Members from the Milan group will visit Ansto in November
1993.

Department of Earth Sciences, University of Turin, Italy.
Measurement of 14C and 36Ci in groundwater. An Italian
PhD student is visiting Ansto for 3 months starting October
1993.

University of Beijing, China. Carbon-14 dating in
archaeological samples and the development of
techniques for the analysis of 129I. A Chinese scientist
visited Ansto in October 1993.

World Ocean Circulation Experiment. A group from WOCE
visited Ansto in 1992. An interlaboratory cross-check
experiment is underway on ocean water samples collected
by WOCE and a group from CSIRO, Division of
Oceanography. Carbon-14 concentrations will be
analysed both at the Woods Hole Oceanographic Centre,
in USA and at Ansto in order to verify accuracy of AMS
measurements. Announcements about the availability of
the Ansto AMS facility for oceanographic analyses have
been reported on the WOCE newsletter

IAEA. Use of AMS in the analysis of 129I and other rare
radioisotopes produced during nuclear activities is being
planned for Environmental Monitoring Field Trials as part
of the safeguard activities of the Agency.

University of Pennsylvania. 26Al and 10Be in sandstone
and rocks from the Perth Basin (funded by DITARD).

Long Term Objectives

Develop a world class AMS centre for advanced studies
in global climate change, biomedicine, nuclear safeguard
monitoring and other areas requiring isotopic detection at
ultra-trace levels.
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A c c e l e r a t o r

A p p l i c a t i o n s
L e a d e r : D r D a v i d C o h e n

Background

The Accelerator Applications Project seeks to develop
and exploit the unique ion beam capabilities of three
accelerators:- a low voltage (75 kV) high current Metal
Vapour Vacuum Arc (MEVVA) metal ion accelerator, a
medium voltage (3 MV) high current Van de Graaff
accelerator mainly for gaseous ions and a high voltage
(10 MV) Tandem accelerator for a wide variety of fast
heavy ions. The project aims to realise the long term
investment of Ansto in establishing internationally
recognised expertise in ion beam techniques. Relevant
areas include the applications of these ions to the analysis
of the near surface regions of materials, providing both
good elemental sensitivity and good depth resolution.
The quantitative determination and localisation of small
amounts of material is essential for studies in such areas
as advanced materials, ion implantation, growth of thin
films and diffusion phenomena, metallurgy, corrosion
and surface segregation effects, electrochemistry and
surface passivation studies, polymers, metal polymer
adhesion and the measurement of tracer elements in the
environmental and biological sciences.

Objectives

Development of accelerator based ion beams as a surface
treatment for extending the operational life of engineering
materials and components in specially demanding
applications.

Design and manufacture of reliable metal ion implantation
systems suitable for processing of a wide range of
components and materials.

Use of ion beam analysis techniques to add to the
database information on concentrations of fine particulates
resulting from the processes as burning of fossil fuels,
and industrial manufacturing processes.

Development of high energy ion beam techniques for the
study of metal semiconductor interfaces, optoelectronics
and sensors and multilayer thin film coatings.

type 4140 steel and the improved corrosion resistance of
type 2011 aluminium alloy. Collaborations with both
international and Australian researchers (University of
Wollongong, Royal Melbourne Institute of Technology,
University of Western Australia and, more recently,
University of NSW under the auspices cf AINSE), have
been important to the group's activities.

More than 5,000 bulk elemental analyses were performed
on the medium energy 3 MV accelerator during 1992-3. In
addition new ion beam techniques were implemented to
measure total surface oxygen and nitrogen for the studies
of alloyed aluminium for corrosion resistance and plasma
nitrided materials. Three days of accelerator running time
every month have been dedicated to the analysis of over
300 Teflon filter papers/ month being generated by the
Aerosol Sampling Project (ASP). The concepts proven
and developed by this project in NSW over the past two
and a half years are clearly applicable to a larger national
network. Queensland has purchased several ASP aerosol
sampling units and will soon evaluate them in the Brisbane
City area and the NSW EPA has purchased more units to
study fine paniculate lead and soil movements from
stockpiles in the Broken Hill City Council area These
activities have been accompanied by regular liaison with
the EPA and their equivalents in Queensland, Victoria,
Western Australia and South Australia. The recent data
on fine aerosols from the ASP unit operating at Cape Grim,
with the assistance of CSIRO Division of Atmospheric
Research, greatly expands the information on elemental
fine particles including that on organic matter and sulphur
which is so needed for global climate models.

An international collaboration with the University of Lund
in Sweden allowed the trial of a heavy ion time of flight
analysis system on Ihe Ansto 10 MV Tandem. This
analysis system was used in the study of cobalt disilicides
on gallium arsenide and for the study of silicon- germanium
structures grown by electron beam evaporation, for use in
optoelectronic devices. Other studies performed in
conjunction with the University of Melbourne used high
energy proton beams to experimentally measure the most
recently reported theoretical calculations on a new excited
state in 28Si.

Recent Work and Achievements

MEVVA ion beam research is currently directed at the
production of surfaces with enhanced properties; more
recent examples of this are the surface hardening of AISI

Work Planned

During 1993-94 funding and support will be sought to
extend the operations of the Accelerator Applications
Group to:



Development of a MEVVA ion source suitable for
processing large components. The system will comprise
a large vacuum chamber, multi-axis target manipulator
for orienting objects with respect to the ion beam and a
broad beam metal vapour vacuum arc ion source. These
features will enable more efficient utilisation of the ion
beam and permit implantation on more complex work
pieces.

Completion of current research on the metal ion
implantation of H13 tool steel and future research aimed
at the exploitation of this technology to further industrial
applications.

The ion beam analysis (IBA) of fine aerosols in the study
of greenhouse warming and climate forcing.

Study of the effects of fine aerosols on asthma and other
health related problems using the large data base already
acquired by Ansto.

Interpretation of particulate air pollution using IBA
techniques and meteorological data.

Development of an operation time of flight spectrometer
system on the tandem accelerator.

Milestones for the Coming Year

October 1993
Completion of the interim report for the ERDC study on
aerosols that was commenced in January 1991.

December 1993
Completion of the research contract on the metal ion
implantation of H13 tool steel and prepare status report.

January 1994
Commencement of work on the Environmental Trust Grant
on interpretation of ion beam analysis data of Sydney
aerosols.

Aerosol sampling unit used in measurements of atmospheric paniculate matter
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January 1994
Time of flight spectrometer analysis system investigated
and optimised on the tandem accelerator.

February 1994
Completion of the final ERDC report on Contributions of
Fuel Combustion to Pollution by Airborne Particles in
Urban and Non-Urban Environments.

June 1994
Completion of the assembly of the large scale metal ion
implanter and commencement of its preliminary testing.

June 1994
Completion of study on lead in air at Broken Hill.

Key Interactive International Components

Joint projects with Lawrence Berkeley Laboratory (LBL),
USA, and the Heavy Ion Research Association (GSI),
Germany, have led to positive outcomes in studies of thin
film growth of diamond on implanted surfaces (with LBL)
and ion beam analysis of metal:polymer interfacial mixing
induced by swift heavy ion bombardment (with GSI).

The project has established strong links with the Air
Quality Group of the University of California, Davis (UCD)
attached to the Crocker Nuclear Laboratory. This group
has operated a fine particle network of 75 sites across
North America under the direction of the US EPA. Similar
extensive linkages have been established with the
International Atomic Energy Agency (IAEA) in Vienna,
Austria. These linkages have been set up through a new
global Coordinated Research Program (CRP) on applied
research in air pollution using nuclear-related analytical
techniques and involves 18 countries including USA,
Belgium, Chile, Kenya, Hungary, China and Australia.
The CRP is being run by the IAEA for 5 years from the end
of 1992 with the main objective being the promotion of the
appropriate use of nuclear analytical techniques in air
pollution studies. The CRP aims to provide support for air
pollution studies in individual member countries and to
the relevant research and monitoring programs of other
international organisations such as WHO, WMO and
United Nations Environmental Program.

Other smaller collaborations on ion beam techniques are
progressing with the National University of Singapore,
Clarke University, New York and the University of Gent in
Belgium.

A new collaboration has been established with the
University of Lund, Sweden on time of flight spectrometers
for ion beam analysis.

Australia particularly on those applications of interest to
local industries.

In particular, the ASP network's major source of funding
finishes at the end of 1993 and we will be seeking further
collaborations and funding to continue this fine particle
aerosol work. The ASP network can be used for purposes
other than monitoring fuel combustion sources. The unique
accelerator based ion beam analysis (IBA) techniques
permit the quantification and sourcing of the many different
contributions to the paniculate soup in which we currently
live. This has far reaching implications in such
environmentally sensitive areas as:

Community health (the relationship between fine particle
inhalation and the incidence of asthma, etc)

Air pollution regulation and management (governments
and industry)

Paniculate contiibutions to poor visibility

Long range transport of industrial particulates (beyond
state borders)

Soil erosion and fine soil transport

Global climate weather changes

Sustainable urban development and planning.

We will be establishing new contacts in these areas to
utilise more fully the database resource on fine particles
that Ansto has acquired.

Long Term Objectives

The long term objectives of the accelerator group are
generally to facilitate the acceptance and adoption of ion
beam surface treatment and analysis technologies in



A research area of high priority not only for ANP but for most Australian
University departments is Structural Analysis and Crystallography. Within
ANP, the pursuit of this research objective has two components. Neutron
Scattering and Synchrotron Radiation.

N e u t r o n S c a t t e r i n g
L e a d e r : D r C h r i s t o p h e r H o w a r d

Background
Neutrons have special properties which make the
scattering of neutrons a powerful technique for the
investigation of materials. Neutron scattering is generally
complementary to other techniques such as X-ray
diffraction and electron microscopy, and is often used to
provide information not accessible by other means. In
Australia, the HIFAR reactor is the only source of neutron
beams with the intensity required for neutron scattering
work. The neutron scattering facilities are used in the
research of approximately one hundred Australian
scientists from universities, government laboratories, and
industry.

The instrumentation available for neutron scattering
includes two neutron single crystal and two neutron
powder diffractometers, a triple axis spectrometer, a
neutron polarisation instrument, and the Australian Small
Angle Neutron Scattering Instrument (AUSANS) which is
now being commissioned.

Objectives
The primary objective is to engage in and promote the
effective use of the neutron beams from HIFAR in support
of Australian science and industry for the national benefit.
The beams are used for both basic and applied research
into atomic, molecular and magnetic structures. The work
involves the continuing development of HIFAR's neutron
scattering facilities.

A further objective is to encourage the use of intense
neutron beams at major overseas facilities (especially the
ISIS facility at the Rutherford Appleton Laboratory, UK) for
certain applications which cannot be undertaken at the
HIFAR reactor.

Recent Work and Achievements
The instruments operate 24 hours a day during a reactor
cycle and as a result a large number of experiments have
been completed during the year. Several highlights are
mentioned below.

The medium resolution powder diffractometer (MRPD)
recorded it first diffraction patterns in October 1992, and
is being developed towards its design performance. It is
already producing good results. Respectable diffraction
patterns are being recorded in 30 minutes or less, and the
instrument has been used for studies of the magnetic
phase changes in a two-dimensional antiferromagnet
(MnPSs) as a function of temperature. The uptake of
deuterium into a hydrogen storage alloy (LaNi5) and into
palladium in an electrolytic cell has been studied and the
changes occurring in magnesia-partially stabilised
zirconia (Mg-PSZ) during processing at elevated
temperature (1100°C) investigated.

The P1750 furnace has been fully commissioned and
used for an MRPD measurement on phase transitions in
zirconia toughened aluminas.

Work on engineering ceramics in the context of the
Generic Technology (GIRD) grant for the'Development of
Zirconia Based Ceramics for Mechanical Reliability' is
proceeding on schedule. The study of Mg-PSZ using
MRPD was part of this research.

Buckminster fullerenes (otherwise known as "bucky balls")
are still a popular topic for research and progress has
been made in the study of the hydrogenated (or
deuterated) fullerene CgoHae (CecPse)- It has been shown
that the hydrogen (or deuterium) is attached around the
diameter in such a way that the shape becomes
approximately spheroidal (a soccer ball with a broad
belt), and the molecule is spinning even down to the
temperature of liquid helium. This is a major collaborative
project involving scientists from Ansto, Sydney University,
CSIRO North Ryde, and the Rutherford Appleton
Laboratory, UK.

A highlight among the applications of the neutron
polarisation analysis instrument (LONGPOL) has been
the measurement via a new depolarisation technique of
f lux creep in high critical-temperature oxide
superconductors.
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A major effort has been devoted to the development of
AUSANS. The whole of the equipment within the Reactor
Containment Building (RGB) and the RGB penetration
have been installed, aligned and accepted. The
equipment housed in the external building has been
adjusted to its final position and bolted down. The
multilayer monochromators which tailor and deliver the
neutron beam have been installed, and their
commissioning is in progress. The construction of the
large two-dimensional position-sensitive neutron detector,
a major task, is nearing completion.

Twenty-four research and training grants were provided
(via the Australian Institute of Nuclear Science and
Engineering, AINSE) to university researchers to facilitate
access to appropriate neutron beams.

Work Planned

Research »

Carry out powder diffraction studies, at temperatures
ranging from 3.6K to "75:C, of materials of practical
importance, such as transformation toughened ceramics,
new magnetic materials, fast ion conductors, perovskite
based structures and Synroc related minerals.

Continue collaborative research with United States Air
Force and Advanced Materials on liquid crystal polymers.

Promote the application of single crystal diffraction.

Continue to develop new methods of data analysis
including the use of new software tools.

Continue to provide university researchers with access to
appropriate neutron beam facilities (via AINSE).

Computer model of bnckmimter fidlercnes (bucky balls)



Examine neutron beam modulation techniques in
collaboration with Swinburne Institute of Technology,
Victoria.

Collaborate with University of New South Wales in the
development of the neutron depolarisation technique for
studies of flux trapping in superconductors.

Collaborate with Monash University in studies of magnetic
materials.

Instrument Development

Continue commissioning of AUSANS.

Commence major upgrading program on one of the two
single crystal diffractometers.

Improve the performances of the high and medium
resolution powder diffractometers by doubling the number
of detector channels.

Commission the new 3.6K closed cycle cryo-refrigerator
for use on the powder diffractometers.

Continue collaboration with Monash University, Victoria,
and the Hahn-Meitner Institute, Berlin, in the development
of the LONGPOL facility (supermirrors and He-3 polariser).

Develop the HIFAR reactor rig, X-166, as a neutron Laue
camera.

Milestones

August 1993
Accurate powder data for analysis by maximum entropy
method

September 1993
Additional detectors on MRPD
Completion of engineering ceramics work required under
GIRD grant

November 1993
Crystal structures of a series of organometallics
Commissioning of AUSANS

January 1994
Operation of 3.6K cryo-refrigerator

February 1994
In consultation with neutron beam users, develop a five
year plan

March 1994
Additional detectors on high resolution powder
diffractometer (HRPD)

April 1994
Installation of new single crystal diffractometer

June 1994
Small area detector on new single crystal diffractometer

Key Interactive International Components

Three staff have been attached from the Institut Laue-
Langevin, Grenoble, France. Drs Herma Buttner and Don
KeatJey were attached 5cxr three months during itoe second
half of 1992, during which time they used powder diffraction
to study the crystallography of solids containing quantum
free rotors. Dr Garry Mclntyre was attached in the first half
of 1993, and worked on the assessment and further
development of cur single crystal facilities. In particular,
he demonstrated the use of a small area detector in single
crystal diffraction. Dr Mclntyre also collaborated in the
study of several organometallic structures.

Professor David Elliot from Arkansas Tech University
visited for three months. His work formed part of a
collaboration involving Ansto, Arkansas Tech University
and USAF (Philips Laboratory, Edwards Air Force Base),
on the development and characterisation of thermotropic
liquid crystal polymers (LCPs), and he used HRPD for
preliminary characterisation of some commercial LCPs.
Later investigations will make use of AUSANS and the
triple-axis spectrometer.

Research has continued, in collaboration with the
University of Nagoya, Japan, on applications in
crystallography of a new method for data analysis
(Maximum Entropy Method). This is considered to be the
optimum method for extracting accurate information from
noisy data, and finds application in such fields as radio
astronomy, satellite pictures, medical imaging as well as
in crystallography. Dr Masaki Takata from the Department
of Applied Physics, Nagoya University, will visit in the
second half of 1993.

In addition to hosting international visitors, Ansto staff
themselves made a number of overseas visits during
1992-93. Staff can led out a number of different
experiments, using instruments at the LANSCE neutron
source at the Los Alamos National Laboratory, and at the
ISIS spallation neutron source at the Rutherford Appleton
Laboratory. These visits were funded by the DITARD
Access to Major Research Facilities Program. Further
international activities include presentations by Ansto
staff at the ICNCA Workshop on the Utilisation of Research
Reactors held in Jakarta, Indonesia, in November 1992,
the presentation of lectures at the first IAEA Inter-Regional
Training Course, on the subject "Nuclear Methods in
Materials Research", in Grenoble, France in May 1993,
and representation at the meetings of the ISIS Science
Advisory Committee and Experiment Selection Panels,
June 1993.

Long Term Objectives

A five year plan, to enhance the national capabilities and
performance in neutron scattering, will be developed in
close consultation with scientists from the user community.
This process is expected to result in an integrated
approach including the upgrading of neutron scattering
facilities installed at the HIFAR reactor and the increased
use of selected facilities overseas.
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S y n c h r o t r o n R a d i a t i o n

L e a d e r : D r R i c h a r d G a r r e t t

Background

The last decade has seen a rapid growth in the utilisation
of synchrotron radiation in nearly every field of science.
Hand in hand with this growth has been the completion of
a large number of overseas facilities dedicated to the
production of synchrotron radiation. In many fields, e.g.
X-ray diffraction and scattering, leading edge experiments
require access to the high intensity synchrotron radiation
sources. Not surprisingly therefore, the first
recommendation of the 1990 Australian Science and
Technology Council (ASTEC) review "Small Country - Big
Science" was to provide access for Australian scientists
to the Photon Factory by constructing a beamline and
special purpose diffractometer.

Construction of the beamline components began after
the signing of a Memorandum of Understanding between
Ansto and the Photon Factory in July 1991. Major
components are being manufactured by the Australian
Defence Forces Academy (ADFA), Canberra, and the
Division of Materials Science &" Technology, CSIRO,
Clayton. Two monochromators will be available, delivering
radiation in the 5-20 keV range, and the primary instrument
will be a multi-configuration vacuum diffractometer which
combines a 2-axis goniometer with a Weissenberg camera
using Imaging Plate detectors. Either monochromatic or
white beam will also be available at a secondary
experimental station.

Objectives

Construct and operate the Australian National Beamline
Facility (ANBF), a world class X-ray diffraction beamline
at the Photon Factory synchrotron light source, Tsukuba,
Japan, to serve the Australian X-ray scientific community.

Recent Work and Achievements

The white beamline was installed in July-August 1992 and
commissioned in October. One of the two beamline staff
scientists was relocated at Tsukuba at this time and the
project formally occupied a prefabricated "container
house" which houses support facilities for ANBF staff and
users. The first synchrotron light was observed at the
Australian National Beamline on October 10, 1992, A
range of white beam experiments were performed in
November and December of 1992. They included Laue
diffraction, small angle scattering, X-ray fluorescence
and high pressure diffraction.

The Phase I monochromator, a two crystal channel-cut
variable exit height design, was installed in the beamline
in January 1993 and aligned and commissioned in
February. The beamline control and data acquisition
system was installed at the same time. A number of
monochromatic beam experiments were carried out in
the period March-July 1993. These were primarily EXAFS
(Extended X-ray Absorption Fine Structure) experiments,
although X-ray ref lectometry, X-ray diffraction tomography
and some preliminary protein diffraction experiments
were also conducted. A fully functional transmission
EXAFS experimental station is now available.

The main beamline instrument, a multi-configuration
vacuum diffractometer, is under construction at DMST-
CSIRO, Clayton, Vic. The majority of the fabrication was
completed in 1992-93. Work was begun on the Phase II
monochromator at the Physics Department, ADFA,
Canberra. This monochromator features a fixed height
exit beam and a sagittally bent second crystal to increase
the X-ray intensity on small samples. The design was
finalised and component fabrication commenced.

The ANBF also funds travel by Australian scientists to the
Photon Factory to use ANBF and other beamlines. In the
1992-93 financial year, 7 groups were funded to visit the
Australian beamline and 16 groups to visit other Photon
Factory beamlines.

Work Planned

The final major beamline components, the multi-
configuration diffractometer and the Phase II
monochromator will be completed and installed at the
beamline in 1993-94. The diffractometer will be air-
freighted to Japan in early September 1993 and
commissioned at the beamline in October. At this time the
second of the beamline staff scientists will relocate to
Japan. The monochromator will be installed in early 1994,
At this stage the facility will be essentially complete and
it is anticipated that the beamline will move from the
current commissioning phase to a fully operational
condition sometime in 1994. The facility will then have the
following experimental capabilities:

In the main diffraciometer -

• protein crystallography
• high resolution and time resolved powder diffraction
• small angle scattering
• single crystal diffraction
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At the secondary experimental station -

• EXAFS
• microfluorescence and tomography

' • X-ray ie?tec!cim&tsy
• X-ray topography and Laue diffraction

In addition to the major items above, a number of important
facilities will be added to the beamline in 1993-94, including
fluorescence detectors for EXAFS, a Si(Li) detector for
general X-ray fluorescence measurements and a crystal
cooling facility for prote'n crystallography in the main
diffractometer.

Milestones

September-October 1993
Installation and alignment of the main diffractometer.

December 1993
Commissioning of powder diffraction.

Early 1994
Installation of the Phase II monochromator including
sagittal focussing.

Mid 1994
Commissioning of protein crystallography
Transition to fully operational status.

Key Interactive International Components

The whole Synchrotron Radiation program consists of
international collaborations, due to the lack of any
AtvstraXart facifty. The key collaboration is cbvlousty with
the Photon Factory at the KEK Laboratory in Tsukuba,
Japan, under which the ANBF is being constructed and
commissioned. This collaboration is formalised in a
Memorandum of Understanding between the KEK and
Ansto (on behalf of the ANBF Committee of Management).
Other international links exist or are being established
with the National Synchrotron Light Source at Brookhaven
National Laboratory and with the Advanced Light Source
at Lawrence Berkeley Laboratory, both in the USA.

Long Term Objectives

The long term objectives of the program are to continue
to foster access to synchrotron radiation based techniques
for Australian scientists. As a first stage, the ANBF has
provided the first Australian resource of synchrotron
radiation in the hard X-ray region. The second stage
proposal is to build a soft X-ray/VUV beamline, also at an
overseas facility, perhaps at the Advanced Light Source,
Lawrence Berkeley Laboratory. The ultimate goal of the
program is the construction of an Australian Synchrotron
Radiation Laboratory. In the last five years, a number of
small, general purpose synchrotron sources have been
constructed which would serve as an ideal model for an
Australian facility.

Dr Richard Garrett displays a ivhite beam Lane diffi'action pattern taken at
the ANBF facility in Japan



H i g h E n e r g y P h y s i c s

L e a d e r : D r Ian D o n n e l l y

Background

High Energy Physics leads to an understanding of the
fundamental structure of matter and the basic forces
between particles. One of the world's largest laboratories
for particle physics is CERN in Switzerland, where large
accelerators produce beams of ultra high energy particles
which are then made to collide with fixed target materials
or with other particle beams. Interactions between particles
during these collisions can produce new states of matter,
and information can be deduced about the structure of
elementary particles and the forces between them. Very
large and sophisticated detectors are used to measure
the results of such collisions.

Ansto and particle physics groups from the universities of
Sydney and Melbourne have recently formed the Australian
High Energy Physics Consortium to collaborate with
international groups on the NOMAD and ATLAS
experiments at CERN. This ensures that Australia
participates in and benefits from developments in this
frontier area of research. The Australia-CERN Cooperation
Agreement has been signed, and the consortium groups
are formally participating in both NOMAD and ATLAS.

NOMAD involves the design and use of a detector to
search for oscillations in neutrinos from one type to
another. Observation of such oscillations would indicate
that neutrinos have mass, which is one of the major
questions in contemporary particle physics.

ATLAS is a detector which is being developed to study
high energy (16 TeV) proton-proton collisions in the Large
Hadron Collider to be built at CERN. The Australian
groups are involved in the development of the inner
detector component of ATLAS. This requires new
technologies as the inner detector will be subjected to a
large radiation flux which can destroy conventional
detectors. Ansto's history of research in radiation detector
technology has allowed us to make recognisable
contributions to this program already.

Objectives

To enhance Australian High Energy Physics research
through participation in major experiments at CERN. The
Australian groups have responsibility for the design of the
veto plane component of the NOMAD detector and will
participate in the operation, experiments and data analysis.
Ansto is a member of the CERN RD8 Collaboration to

research and develop solid-state detectors based on
gallium arsenide, for use in ATLAS. This material is less
susceptible to radiation damage than conventional solid-
state detector materials.

Recent Work and Achievements

In the early part of the year, Ansto contributed to the
design and testing of an array of crossed scintillator rods
and readout diodes for the preshower component of
NOMAD. This design was shown to be feasible, but a
change in priorities within the collaboration meant the
Australian groups took over responsibility for the veto.
The consortium has designed and commenced installation
at CERN of the veto plane which consists of arrays of
scintillator paddles, coupled to photomultipliers and
readout electronics. Major contributions made by Ansto
include the following:

Testing of photomultiplier performance in magnetic fields
up to 150 gauss, with and without mumetal shields in
place.

Porting of large HEP computer codes from CERN, their
modification and use for NOMAD applications.

Assessment of the performance of various veto designs,
involving computer simulation of neutrino and charged
particle interactions and trajectories in the NOMAD
detector.

The Ansto contribution to ATLAS is based on the gallium
arsenide (GaAs) grown at Ansto using the liquid phase
epitaxy (LPE) method. Supplementary studies of semi-
insulating (SI) GaAs have also been made. Major advances
this year have been the following:

Testing of LPE GaAs Schottky diode detectors by the RD8
collaboration using a high energy beam at CERN and
other radiation sources. These tests showed very good
charge collection efficiencies and signal to noise ratios.

Incorporation of improved monitoring in the LPE GaAs
system to allow better control of the growth process.

Assembly of a microwave plasma source to allow improved
surface passivation of GaAs for better detector
performance.
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Work Planned

Complete assembly and testing of the NOMAD veto
system at CER'l

Participate in running the experiment and data collection.

Simulate events in NOMAD and analyse these
events in preparation for analysis of experimental data.

Prepare LPE GaAs under optimised conditions.

Study surface passivation of GaAs using RF and
microwave plasma systems.

Study annealing and fast quenching of S! GaAs to
establish if detector properties of this material can be
improved.

Simulate events in the inner detector to aid detector
design.

Milestones

Installation of an operational veto system in NOMAD.

Controlled production of high quality LPE GaAs wafers.

Results of surface passivation studies using the
microwave plasma system.

Results from studies of annealing of SI GaAs.

Key Interactive International Components

NOMAD involves 19 institutes. Our closest interaction is
with CERN and the Universities of Dortmund and Padova.

ATLAS involves 91 institutes. Our closest interaction is
with CERN and the Universities of Glasgow, Bologna and
Freiburg.

Long Term Objectives

The timetable for NOMAD is operation during 1994-95,
accompanied by physics analysis in these and later
years. The prime objective is the observation of neutrino
oscillations, or the setting of improved limits on the neutrino
masses. Other important data on neutrino physics is
expected.

ATLAS is not expected to be completed until the end of
the decade. The short to medium term objective is to
contribute to the development of radiation hard detector
components for this experiment. The long term objective
is to ensure access for Australian particle physicists to
ATLAS when it comes on line. Participation in ATLAS
allows access to developments in particle detector,
supercomputing and superconductor technologies.
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Program Advisory Committee
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Program Objectives

The overall objective of the Environmental Science Program is to carry out a

problem-focused, balanced program of strategic, basic and applied research

and development, using its nuclear science-based core expertise and closely-

related techniques, that will:

Assist the Australian government to further its international initiatives, meet

treaty obligations and respond appropriately on technical and policy issues

requiring authoritative environmental advice.

Assist governments, their agencies, private institutions and companies to

protect, improve and conserve the natural environment within the context of

sustainable development.



Assist Australian industry in advancing Australia's
competitive position in the world economy.

Ensure that environmental monitoring of activities
associated with nuclear facilities at the Lucas Heights
Research Laboratories is both consistent with advances
in international best practice and effective in assuring
operational adherence to sound environmental protection
principles.

A further, and equally important, objective of the Program
is to successfully and cost-effectively commercialise its
scientific R&D expertise to assist Ansto in meeting its
external revenue commitments to the Commonwealth
Government.

In working to these objectives our goals are:

To establish national and international strategic
alliances.with private sector companies, government
R&D agencies and other organisations, that further our
R&D capabilities focusing on key designated activities.

To work with industry towards implementation and
commercialisation of our research results.

Excellence in the provision and interpretation of
environmental data.

To attract and hold the highest quality scientific and
technical professionals available.

Program Overview

The present Program arose out of the need for research
to predict, measure, evaluate and monitor the
environmental impacts associated with: uranium mining
and processing in Australia; the operation of the reactor
at Lucas Heights; and the safe treatment and disposal of
radioactive and conventional wastes associated with
these activities. The expertise developed in these activities,
has found application to a much broader range of
environmental concerns of industry, particularly those of
the mining sector.

The Program enjoys an international reputation for solving
the problems associated with the rehabilitation and closure
of mine sites, especially uranium mines and those with
pyritic waste problems.

The Program's special expertise is in the application of
nuclear science-based and closely-related technologies
to the understanding of environmental processes. This is
supported by extensive state-of-the-art analytical

equipment, laboratories and field instrumentation. Its
staff of biologists, microbiologists, chemists, geochemists,
physicists, applied mathematicians and engineers actively
collaborate in defining, measuring, modelling and
understanding the chemical, physical and biological
processes associated with the generation, transport and
interactions of pollutants in air, water and ground.
Integrated into these capabilities is a range of expertise
in radiochemistry, radiobiology and in the preparation,
transport and applications of radioisotopes. The research
is not only targeted on resolving current concerns but also
on anticipation and prevention of the occurrence of future
problems.

The program of strategic research complements and
provides the scientific support for the development and
implementation of cost-effective, practical solutions to
specific environmental problems of immediate and long-
term concern to a broad range of clients. These clients
include industry, government regulatory agencies, and
other organisations in Australia, Europe, North America
and South East Asia.

Strong bilateral and multilateral collaborative research
links are maintained with academic institutions, industry
and other government agencies at the national and
international level. Of particular note, in this regard, the
Program is a key partner in the Cooperative Research
Centre for Waste Management and Pollution Control. The
Piugram also is an active participant in a range of projects
being undertaken in South East Asia under the International
Atomic Energy Agency's Regional Cooperative
Agreement. Another major link is with the Canadian Mine
Environment Neutral Drainage (MEND) Program.

The Environmental Science Program contributes to three
of the Ansto key research activities, namely:

Resource Processing
Radionuclides - Environmental and Industrial Applications
Waste Management.

Core Activities, Skills and Facilities

Current basic and applied research activities are solidly
grounded on the staff's nuclear science-based core
expertise and revolve around the following major themes:

The development of site-specific, environmentally
acceptable strategies for close down and rehabilitation of
uranium and other mineral mine sites, with significant
emphasis on understanding and modelling the basic
processes that give rise to acid mine drainage problems
associated with pyritic waste rock.

The development and pilot plant-scale demonstration of
cleaner processing and waste management technology
for radioactive ores, in particular, for uranium, mineral
sands, and rare earths.



Transport and geochemical modelling of radionuclides,
heavy metals and organic chemicals in the geosphere,
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migration of radionuclides from low-level radioactive waste
repositories.

The application of naturally-occurring radionuclides and
radioactive tracers to erosion and sedimentation studies
in the coastal environment and to dating of sediments,
fish, corals and archaeological samples.

Understanding of the kinetics and the physiological
responses of aquatic organisms to radionuclides and
metals in the environment so that the organisms may be
used as archival and 'real-time' monitorsof these pollutants,
thereby providing measures of environmental quality.

The key areas of expertise include:

(a) Environmental Physics (Dr Ian Ritchie)

The skills of this group are in measuring, modelling and
understanding the physical, chemical and biological
processes that drive the generation and transport of
pollutants due to acid mine drainage. The group's
capability is in quantifying the mechanisms of pyritic
oxidation in mine wastes and how the reaction products
are dispersed by water flow. The skills include: field
techniques for measuring geophysical transport
phenomena: bio-oxidation heap leaching, monitoring and
modelling and laboratory characterisation of leaching
ores: modelling of water solute transport and of multiphase
flow through reacting porous media; and the delineation
of optimum solutions for rehabilitation of mine sites affected
by acid mine drainage. The group also has expertise in
radon emanation and dispersion, which includes:
development of radon and aerosol monitoring
instrumentation: measurement of radon emanation rates
from natural and other sites: measurement of airborne
radon, thoron and their daughters at environmental levels;
the use of radon as a tracer for global scale atmospheric
circulation; and the use of radon measurements as a
geotechnical tool. The group carries out meteorological
studies for airborne pollutant environmental impact
assessments and atmospheric transport and dispersion
modelling of air pollutants.

(b) Environmental Chemistry (Dr Richard Lowson)

The Environmental Chemistry Group maintains an active
research base centred around the chemistry of aqueous
solutions, with special emphasis on chemical speciation,
redox, photoredox, solution/precipitation, colloids and
solution surface interaction. The project group has a core
of scientists and technicians with extensive knowledge
and experience in aqueous chemistry, with well-defined
strands in the areas of chemistry of mine wastes and mill
tailings, sediments and sediment remediation,
geochemical modelling and analysis of inorganic and
organic species to the trace levels in the environment.
The group is multidisciplinary and can draw on the skills
of geology and geochemistry, mathematics and

computing, microbiology and electronics. Projects
serviced by this multidisciplinary team cover environmental
impact of new commercial ventures, rehabilitation of mine
and industrial land, ground water transport of
contaminants, odours and air quality, and disposal options
for mine tailings.

(c) Chemical and Waste Engineering (Dr Des Levins)

This group provides chemical engineering and waste
management expertise to the Environmental Science
Program and, where appropriate, to the overall
organisation. The existence of an engineering-oriented
group within the Program provides the capability of
developing ideas from the bench level to the stage of pilot
plant demonstration. Areas of R&D include processing of
uranium, mineral sands and rare earths, separation
technology (especially solvent extraction), chemical
leaching, treatment of radioactive and other toxic wastes,
and waste management and disposal. The group has a
wide range of unit operations equipment and has a pilot
plant facility for larger scale work.

(d) Ecological Impacts (Dr Peter Airey)

1 his group encompasses core skills in the application of
radioisotopic techniques to dynamic studies of
environmental and industrial processes, as well as
environmental biology and botanical expertise. The
group's main research strengths and interests include:
radiation dose assessments in freshwater, marine and
terrestrial organisms chronically exposed to low
concentrations of radionuclides; freshwater ecology,
ecotoxicology and biological indicators of pollution in the
context of resource processing effluents and uranium
and other minerals minesite rehabilitation; off-shore
sampling and analysis of trace metals and radionuclides
in the water column, sediments and marine organisms;
the preparation, handling and use of radioactive tracers;
and the application of radioisotopic techniques to erosion
studies, sediment transport and siltation and to pollutant
transport studies in the near offshore coastal region.

(e) Radioanalytical Applications (Mr John Fardy)

This group focuses its activities on the development and
application of medium and low-level radiochemical
procedures, including Neutron Activation Analysis
techniques, to measuring the levels and fate of
radionuclides as well as of trace elements in ores, rocks,
soils, sediments, waters and samples from industry,
mineral exploration, geological formations, medicine and
the environment. The group is active in isotope
geochemistry and in the development and application of
isotopic and radionuclide techniques to age dating of
marine organisms and archaeological artefacts, and of
environmental processes such as sedimentation.



I n t e g r a t i o n o f
S i t e E n v i r o n m e n t a l

M o n i t o r i n g
L e a d e r : D r R o s s J e f f r e e

Background

A comprehensive program of environmental monitoring
and surveillance has been carried out by the AAEC/Ansto
since 1959 to ensure that all effluents from the Lucas
Heights laboratories meet regulatory requirements.

The initial sampling program was developed and
implemented before HIFAR was commissioned and any
active effluents were produced. During the 1960s, a
larger program of sampling was implemented to establish
the base levels of natural background and fallout
radioactivity existing in the local environment, so that any
additional radioactivity attributable to operations at the
Research Laboratories could be assessed. This initial
monitoring program was streamlined in 1970.

Since the early 1980s, a revised sampling schedule has
been in place, designed to verify that any releases from
the site comply with the limits set by NSW regulatory
authorities.

Possible pathways by which radioactivity could enter the
environment from the Lucas Heights site and, therefore,
that require monitoring are:

Atmospheric discharges from stacks.
Discharge of low-level liquid effluent.
Radionuclide transport by groundwater and/or
contaminated airborne dust dispersion from the Little
Forest Burial Ground for low-level radioactive waste.
Accidental releases.
Airborne emissions.

Work Planned

Present and past environmental monitoring practices and
data will be reviewed and analysed to ensure continued
consistency with ongoing developments in international
best practice.

The nature, relevance, user-friendliness and timeliness
of, and public access to, environmental monitoring data
will be reviewed.

Milestones

June 1994
Complete recommendations on improvements to the site
environmental monitoring program to ensure total quality
performance.

Objectives

To ensure that environmental monitoring of activities
associated with the nuclear facilities at the Lucas Heights
Research Laboratories is consistent with advances in
international best practice and effective in assuring
operational adherence to sound environmental protection
principles.
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C h e m i c a l A n a l y s i s
t h e E n v i r o n m e n t

C o o r d i n a t o r : D r R i c h a r d L o w s o n

L e a d e r s : D r D a v i d S t o n e

Mr D a v i d Hi l l

n

Background

Environmental hazards are usually present in trace rather
than gross amounts, for example copper is toxic to some
aquatic fauna at levels around 0.05 ng/L Analysis to this
level requires improving existing methods in terms of
precision and sensitivity and efficiency and in the
development of new methods. The group operates a full
spectrum of inorganic and organic instrumentation for
servicing Environmental Science projects as well as
developing new instrumentation and techniques.

Objectives
To provide the analytical methodology and support for
environmental chemistry practice within a Total Quality
Management environment.

Recent Work and Achievements

Identification of the nature, type and quantity of trace
metals which discolour potable water supplies.

Supplying the analytical service to mine rehabilitation and
sediment decontamination projects.

Sampling, identifying and quantifying the nature of odours
from industrial sites including sewage plants, landfill sites
and industrial stacks.

Supplying the analytical service to the GIRD project on
remediation of Sydney harbour sediments.

NATA assessment for the analysis of trace materials in
soils and waters.

Work Planned

Design and construction of instrumentation for analysis of
chemical species.

Design and construction of modified instrumentation for
analysis of volatile metals.

Securing registration as a NATA laboratory.

Provision of analytical service to the Environmental
Chemistry Group and the Environmental Science Program.

Development of microwave digestion techniques.

Milestones

December
NATA registration.

February
Testing of modified instrumentation for analysis of volatile
metals.

June
Testing of species instrumentation to be completed.

Gas cbromatographylmass spectrometer for trace level
environmental analysis



S e c o n d a r y I o n M a s s
S p e c t r o m e t r y ( S I M S )

L e a d e r : D r K a t h r y n P r i n c e

Background

SIMS is a recent addition to Ansto's existing surface
analysis facilities. It is a powerful technique used for
elemental surface analysis and depth profiling in a wide
range of materials. SIMS is superior to other related
surface techniques where high sensitivity, extended
concentration ranges, and the ability to perform isotopic
analyses are required. Detection limits can be in the parts
per billion range, allowing the precise measurement of
trace elements undetected by other methods. SIMS is
particularly useful for characterising the in-situ spatial
distribution and concentration of elements within samples.

Although the SIMS Group has only recently been
assembled, experience in the analysis of a range of both
conducting and non-conducting materials is being
developed. The Group is already involved in the analysis
of shells, corals, metalliferous ores, oxide materials and
the determination of isotopic ratios for a variety of
applications.

Applications

The main focus of SIMS analysis at Ansto will be within the
Environmental Science and Advanced Materials
Programs. Early work includes:

The determination of the trace metal contents of fresh
water and marine organisms. This involves the study of a
variety of animal species including fish, corals, molluscs
and turtles. Such analyses assist in the monitoring of
water quality, the prediction of metal species residence
time in animals, and the study of pollution events.

The determination of the distribution of elements in minerals
and metallurgical samples. This should assist in optimising
extraction of elements from ores and assessing the quality
of products.

The determination of oxygen isotopic ratios for a variety of
applications, e.g. as a tracer in bio-medical studies.
Studies into the segregation of surfaces and grain
boundaries which can affect the properties and
performance of these materials. SIMS investigations into
the surface behaviour of oxide materials (e.g. advanced
gas sensors) will enhance current studies of advanced
materials.

Objectives

To establish SIMS as a powerful analytical tool at ANSTO,
and integrate its use with pre-existing surface analysis
techniques.

To optimise the SIMS analysis of both conducting and
non-conducting materials.

To establish SIMS as a commercial enterprise available to
customers worldwide.

Work Planned

Fine tune and optimise the analytical abilities of the
instrument.

Examine trace element contents and o/0 ratios of
fish otoliths as part of acontinuing ANSTO/CSIRO research
program.

Measure trace element contents within a variety of marine
and fresh water organisms, e.g. corals from the Great
Barrier Reef.

Determine 18g/16Q ratios of metal targets and develop
the technique further for its use as a tracer in a variety of
potential applications.

Examine the surfaces and grain boundaries of materials,
and develop SIMS techniques appropriate to projects
involved in the modification of surface properties.

Study the distribution of thorium and uranium in zircons,
ilmenites and other materials as an aid in determining
optimum strategies for the removal of radioactivity from
heavy mineral concentrates.



Milestones

December
Complete tuning/optimisation of SIMS.

January
Complete preliminary study of CSIRO fish otoliths.

February
Complete preliminary 18O/16O ratio determinations on
metal targets.

April
Complete preliminary studies of coral skeletons.

May
Begin preliminary studies of marine and freshwater
organisms.

Cnnieca 5f Secondary Ion Mass Spectrometer



C l e a n e r M i n i n g a n d
M i n e r a l s P r o c e s s i n g

T e c h n o l o g y

C o o r d i n a t o r :

L e a d e r s :

Dr Des L e v i n s

Dr Bob R i n g
D r K a y e H a r t
M s K a r i n S o l d e n h o f f
M r C l i f f Q u a n

Background

The projects draw upon the Program's expertise in
chemical engineering, applied chemistry and extractive
metallurgy and the Advanced Materials Program's facilities
and expertise in mineralogy, geochemistry and materials
science. Emphasis is given to process development and
refinement based on the use of environmentally acceptable
processes, elimination or reduction in wastes, recovery of
by-products a- d advanced waste treatment technologies.
The main foc-^o of activity is the processing of radioactive
materials, uranium ores, rare earth concentrates and
mineral sands. Particular attention is given to the fate of
radionuclides in metallurgical processes and the
immobilisation of radioactivity.

The international components of this project inc lude:
scientific exchanges with the Beijing General Research
Institute for Non-Ferrous Metals on optimisation of rare
earth solvent extraction systems; commercial
consultancies with WISMUT GmbH on wastewater
treatment processes at uranium mines in eastern Germany;
and strategic R&D links with environmental authorities in
South East Asia.

Objectives
To develop and refine technology for the processing of
radioactive ores, plant solutions and waste streams with
the aim of minimising environmental impact.

To develop improved processes for the treatment of
wastes containing radioactivity and other toxic substances.

To develop cleaner process technology based on the use
of non-toxic chemicals, by-product recovery and waste
minimisation.

Recent Work and Achievements

Completion of waste treatment studies associated with
processing of Mt Weld rare earth concentrate.

Completion of testwork on heap leaching of a uranium
ore.

Development of a new process to produce high purity
cerium.

Participation (in association with University of New South
Wales) in Waste Treatment workshops in Indonesia and
Vietnam.

Completion of commercial work to improve uranium
extraction and reduce oxidant consumption at Olympic
Dam operations.

Use of radioactive tracers to identify reasons for loss in
extraction efficiency in a gold leaching circuit.

Work Planned

Application of membrane technology to waste water
treatment and separation processes.

Study of precipitate and ion flotation in waste water
treatment.

Strategic research into removal of radioactivity from mineral
sands.

Measurement of the kinetics of solvent extraction using
radioisotopes.



Milestones

September
Completion of contract on the development of strategies
for treatment of acidic mine drainage at Ronneburg,
Germany.

October
Rare Earth Processing and Utilisation Workshop at Lucas
Heights.

November
Production of purified rare earths for commercial client.

Completion of contract on water treatment at /n-s/fuuranium
mine at Konigstein, Germany.

December
Operation of pilot plant to remove radioactivity from
mineral products.

January
Finalisation of optimum flowsheet to physically segregate
contaminated fractions of dredged sediments.

March
Measurement of dynamics of multi-stage solvent extraction
using rare earth radioisotopes.
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M i n e S i t e
R e h a b i l i t a t i o n

C o o r d i n a t o r : D r I a n R i t c h i e

L e a d e r s : D r J o h n B e n n e t t

D r D a v i d G i b s o n

Background

A major pollution problem associated with many mining
operations is the generation and dispersion of acid due to
oxidation of pyrites in waste rock. Long term reduction of
the environmental impact of acid mine drainage can be
achieved both for existing and planned mines by
developing predictive models based on a thorough
understanding of the physical, chemical and biological
principles involved.

The skills of the Environmental Physics, Environmental
Chemistry and Chemical and Waste Engineering groups
are brought to bear on aspects of this problem.

The international components of this project include
interaction with: the Canadian Mine Environment Neutral
Drainage (MEND) Program; Nolan, Davis & Associates
Limited in Canada; Boliden Mineral AB in Sweden; P.T.
Kelian Equatorial Mining in Indonesia; the United States
Bureau of Land Management; Placer Dome in the U.S.A.,
and the International Atomic Energy Agency.

Objectives
To define and quantify the sources, mechanisms and
production rates of acid in pyritic rock, and develop
models that describe the process and predict the transport
and dispersion of associated pollutants.

Recent Work and Achievements

A computer model has been developed to assess the
effectiveness of different cover strategies for the
rehabilitation of pyritic waste rock heaps. The model
includes simple aqueous-phase chemical transport,
enabling pollutant loads emerging from the base of the
heaps to be calculated for a variety of intrinsic oxidation
rates.

A one-dimensional computer model for the forced-aeration
of bio-oxidation heaps has been applied to a number of
systems, with commercially interesting results.

A collaborative research program at a CRA gold mine was
successfully completed. This involved specialised field
measurement techniques and the application of the
FIDHELM computer model to a pyritic rock heap.

Field manuals for the measurement of physical parameters
which govern pyritic oxidation and pollution generation
rates in waste rock dumps have been produced as Ansto
reports.

Work Planned

Further refine techniques for measuring gas diffusion
coefficients in waste rock dumps at mine sites.

Report on the environmental monitoring studies carried
out at the Rum Jungle mine site over the last five years.

Implement a study of pollution generation rates in the
waste rock dumps at the Ml Lyell mine in Tasmania.

Undertake a marketing strategy for consultancies in the
quantification and mitigation of acid mine drainage at
Australian and overseas sites.

Produce manuals for our three principal mine waste
computer models.

Extend measurement and modelling techniques to the
detection of underground chlorinated hydrocarbon
pollutants for the CRC for Waste Management and Pollution
Control.

Continue development of theoretical models on the
mechanisms of oxidation and pollutant transport from
mine waste rock dumps.

Milestones

July-December 1993
Complete the environmental studies of the Heath Steele
mine site in New Brunswick, Canada, which have been
funded under the Canadian MEND program.



Report on phases 4, 5 and 6 of the projects on mine Commission large leach columns of waste rock to study
closure options, for Boliden Minerals' Aitik mine in Sweden, physical and chemical mechanisms of pyritic oxidation.

January-June 1994 Publish a paper on the theory of oxidation of pyriie in mine
Present five papers at the Third International Conference waste dumps,
on the Abatement of Acid Mine Drainage, Pittsburgh,
USA.

v" -"V

Mine site at Kalimantan Timur, Indonesia, on the Island of Borneo



R a d i o a c t i v e W a s t e
M a n a g e m e n t

L e a d e r : D r J o h n H a r r i e s

Background

This project coordinates the application of expertise
within the Environmental Science Program to the
management and disposal of radioactive waste, and the
cleanup of radioactively contaminated sites. Of specific
concern are the cleanup of the former British nuclear test
site at Maralinga, the selection of a site for a national low-
level waste repository for Australia, the management of
radioactive wastes generated at Ansto, and the use of
naturally occurring radioactive ore bodies to provide
information required for predicting the long term behaviour
of radionuclides in waste repositories. These tasks require
understanding of the physical and chemical properties of
the radioactive materials, processes that release
radioactivity into the environment and possible effects on
the biosphere.

Radioactive wastes arise from a wide range of industrial
and research activities, including operation of nuclear
reactors, production and use of radioisotopes and
radiopharmaceuticals, and the processing of uranium
and thorium bearing ores. In Australia, many wastes
continue to be stored near where they were generated. A
national repository has been proposed for storing and
disposing of low-level radioactive waste.

The cleanup of radioactively contaminated material at the
former British nuclear test site at Maralinga is a national
priority. The cleanup strategy has been largely decided,
but there will be technical and monitoring issues to be
addressed as cleanup proceeds.

This project involves interaction with the Advanced
Materials Program, which has complementary technology
on waste immobilisation and materials characterisation,
as well as the Health and Safety and Engineering Programs.

Objectives

To develop technology for the immobilisation and safe
disposal of radioactive wastes.

To assist in the process of site selection for a radioactive
waste repository in Australia.

To provide technical support for the assessment and
remediation of radioactively contaminated sites.

To provide R & D support for waste management
operations at Lucas Heights.

To apply existing Program capabilities for pathway and
transport modelling to waste management and disposal.

Recent Work and Achievements

Alligator Rivers Analogue Project (ARAP) successfully
completed in September and final workshop held in
October 1992.

Measurement of radioactivity in wastes from the
Fishermans Bend site.

Participation in IAEA Coordinated Research Programme
(CRP) on the safety assessment of near surface radioactive
waste disposal facilities.

Work Planned

Contribute to national program to clean up the Maralinga
test site.

Identify R and D support required for ANSTO's radioactive
waste management program.

Provide technical support and assessment to the
government in siting and establishing a low-level waste
repository.

Analyse Test Case 2B of the IAEA program on safety
assessment of near surface radioactive waste disposal
facilities.

Carry out scoping study on the applicability of data from
existing ore bodies to long term behaviour of repositories.

Milestones

November 1993
Complete assessment of options for management of
spent research reactor fuel.

December 1993
Review IAEA Safety Standard on "Management of Waste
from Mining/Milling Ores containing Uranium and
Thorium".

April 1994
Complete analysis of a test case for IAEA intercomparison
of models for near surface radioactive waste repositories.



M i n e , M i l l a n d
I n d u s t r i a l S i t e
R e h a b i l i t a t i o n

C o o r d i n a t o r : D r R i c h a r d L o w s o n

L e a d e r s : D r P a u l B r o w n

D r P e t e r R e i d

Background

The mining and industrial practices of the past have left an
unacceptable contamination burden on our land and
water resources. There is a growing demand for land and
water re-use for proouctive or recreational activities
through the recovery of degraded sites. New ventures
now require effective environmental protection measures
to be in place prior to commissioning. The Program's
Environmental Chemistry group is in a position to supply
the necessary chemical advice to multidisciplinary
projection programs. Background research supports a
number of applied projects both in Australia and overseas.

International components in this project area include:
scientific exchanges with the University of Hamburg and
the Umweltforschungszentrum Leipzig-Halle, in Germany;
scientific consultancies with WISMUT GmbH on
rehabilitation of open cut mines in eastern Germany;
consultancies with Boliden Mineral AB in Sweden (in
collaboration with the Environmental Physics group); and
other scientific and technical exchanges with Germany,
under the Australia-Germany Science and Technology
Agreement.

Objectives

To Jefine and quantify the chemistry associated with the
products of acid mine drainage both within a waste heap
and on the environs.

To define the geochemistry of pollutant transport in the
form of a model which can be used as an assessment tool
and a saleable product.

Rationalisation of the environmental monitoring program
for the Coonjimba Creek Catchment.

Evaluation of the environmental impactof the development
of the North Ranger II ore body and the associated
transport corridors to the Ranger mill.

Literature survey and development of a research plan for
the disposal of acid mine tailings.

Research to support the use of calcined magnesite for
neutralising uranium mill tailings.

Determination of the chemical interactions of acid mine
tailings and associated liquors with the major rock
lithologies of the Ranger open cut pit.

Generation and validation of predicative models for near
surface dispersion of secondary mineralisation and
radionuclide/groundwater migration down-gradient of
weathering primary uranium mineralisation.

Elucidation of chemical mechanisms for and chemical
impact of products of acid mine drainage on waste rock
and effluent streams.

Work Planned

Production of a geochemical transport program as a
module of a commercial software package to be used by
industry for environmental planning.

Modelling of the options for environmental rehabilitation
of industrial sites in Australia and overseas.

Recent Work and Achievements

Quantification of .the attenuation of solutes in uranium
mine tailings water by soil and rock down-gradient of the
Ranger mine tailings dam.

Geological, hydro-logical, geochcmical and geophysical
definition of ground water contaminant plumes associated
with mine tailings dams.

Milestones

September
In collaboration with Chemical Engineering and Waste
Management, completion of contract of strategies for
water treatment a* Ronneburg, Germany.



In collaboration with Environmental Physics, completion
of the chemistry associated with controlling potential Acid
Mine Drainage problems at the Aitik mine, Sweden.

November
In collaboration with Chemical and Waste Engineering,
completion of contract strategies for water treatment at
Konigstein, Germany.

December
Final report to Energy Resources Australia Ltd on tailings
disposal options at the Ranger uranium mine.

March
A workshop will be held on environmental sampling and
project risk assessment under tne auspices of the
Australian-Germany MOD on Scientific and Technological
information exchange.

April
Completion of modelling of the geochemistry associated
with the flooding of the Ronneburg pit, Germany.

Version 1 of a commercial geochemical transport module
tested at an Australian site.

*** *• s-
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Sampling tailings stream at a mine site in Tasmania



R e m e d i a t i o n o f
T o x i c S e d i m e n t s

L e a d e r : D r P e t e r H o l d e n

Background

The sea beds of Australian industrial ports have been
progressively contaminated since the first settlement.
The uncontrolled discharge of waste streams from
industries such as tanneries, electroplating works and
organic chemical factories has generated an
unacceptable environmental hazard. The spoil from
dredging operations in Australian industrial ports is now
too toxic under the London dumping convention to permit
the spoil to be dumped at sea. The quantities involved are
too large for dumping in land fill sites. DITARD has
approved funding under the GIRD scheme to assist
studies into the selective recovery and treatment of
contaminated dredged sediments, in Sydney harbour
and associated waterways. This three-year project which
commenced in March 1993, involves CRA/Technology
Resources Pty Ltd, the Sydney Water Board and Patterson,
Britton & Partners.

Objectives
To define the physical, chemical and ecotoxicological
characteristics of the marine sediments in Sydney harbour
and associated waterways, and to quantify their toxic
hazard.

Development of chemical and biological methods for the
removal of organic and inorganic toxic hazards from the
sediments.

Development of civil engineering (dredging) and chemical
engineering (physical beneficiation) techniques to
concentrate the toxic fraction and technologies to
decontaminate the hazardous material.

Recent Work and Achievements

Pilot studies to define and quantify the nature of the
hazard were carried out prior to the application for funding
under the GIRD scheme.

Publication of phase-selective leaching schemes for
selective extraction of mineral phases.

Large scale sampling and characterisation of sediments
from Sydney Harbour, Parramatta River and Cooks River.

Work Planned

Determine inorganic and organic contaminant load on
sediments.

Evaluate physical separation/beneficiation schemes for
concentrating toxic fractions.

Commence evaluation of chemical leaching schemes.

Commence development of biological remediation
technologies.

Milestones

December
Complete determination of contaminant load of sediment
samples.

March
Complete physical separation/beneficiation studies.

Collection of dredged sediments from Sydney Harbour
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R a d o n a s a n A i r M a s s

T r a n s p o r t T r a c e r

L e a d e r : D r S t e w a r t W h i t t l e s t o n e

Background

Radon, thoron and their decay products, in particular Pb-
212, are valuable natural radioactive tracers, giving
information on meso- to synoptic-scale air mass transport.
Atmospheric scientists studying trace pollutants of the
atmosphere use radon and Pb-212 concentrations as
criteria for selection of air samples that represent the
current global baseline levels of trace pollutants.

Radon isotopes, Rn-222 and Rn-220 (thoron), are
responsible for most of our exposure to natural radioactivity,
and for a substantial part of occupational exposure.
Ansto's expertise in radon is deployed both in providing
industry with a measurement service, and studying
conditions in which a radon problem may arise.

Nationally, this project involves the collaboration of the
Bureau of Meteorology and the CSIRO Division of
Atmospheric Research. The international dimensions of
the project involve the following organisations: the US
National Centre for Atmospheric Research; the US National
Oceanic and Atmospheric Administration's Climate
Modelling and Diagnostic Laboratory; the New Mexico
Institute of Mining and Technology; the US Pacific Marine
Environmental Laboratory; the New Zealand National
Institute for Water and Atmospheric Research; and the
French Laboratoire pour Modelisation du Climate et
I'Environment.

Objectives

To develop instrumentation which allows rapid and
accurate measurement of radon and its daughters at
environmental levels and at occupational health and
safety concern levels.

To apply such instrumentation to assist in evaluating the
level of global air contamination.

Recent Work and Achievements

Pb-212 has been evaluated for use as a tracer for studying
diurnal movements of air masses sampled at the Mauna
Loa Observatory on the island of Hawaii. The work also
included a determination of the distribution of thoron gas
emanation rate over the whole of the island. The work was
funded by the US National Centre for Atmospheric
Research.

A study of radon emanation from ash dams was completed.

Work Planned

Commence a study of the use of variation of radon
emanation from soil under stress, as in embankments or
mine benches, as an indicator of impending slippage.

Develop a rugged low power radon detector with very
high sensitivity for baseline radon measurements on
board ships or remote locations.

Milestones

December 1993
Install and commission a Pb-212 detector at Cape Grim
Baseline Air Pollution Station.

June 1994
Publish a paper on Pb-212 as an atmospheric tracer.

Ansto has melon monitoring instrumentation at the

baseline atmospheric station at Cape Grim, Tasmania



E n v i r o n m e n t a l
R a d i o c h e m t s t r y

L e a d e r : M r J o h n F a r d y

Background
Natural radioactivity arises mainly from primordial
radionuclides and their daughter products. These are
dispersed in soils and rocks and some of them, after
being leached by rain water, reach surface waters and
eventually end up in rivers and oceans. The two chemical
elements of most importance with respect to radioactivity
on contemporary earth are uranium and thorium. Their
decay creates other radionuclides which, in turn, contribute
to the radioactive series. Knowledge of the chemistry and
concentration of these radionuclides in a particular
environment permits interpretation on the mechanical,
chemical and ageing processes that have occurred during
the geological history of the earth.

Objectives
To develop low-level radiochemical procedures for the
determination of natural radionuclides in the environment
and apply these to the problems in aquatic chemistry,
sedimentation, soil erosion, geochronology, biochronology
and anthropology.

To monitor the radioactivity of the environment within and
around LHRL.

Recent Works and Achievements
Finalised measurements and interpreted data for the Pb-
210/Ra-226 age dating of tropical snapper, wart dory and
blue grenadier.

Completed the U/Th dating of the Great Artesian Basin
Mound spring carbonates for the Australian Geological
Survey Organisation (AGSO).

With Sydney University, finalised a study of the Pb-210
sedimentation rate of the Fly River, Torres Strait.

Verified the time scale for ingress of toxic algae to southern
Tasmania waters from sedimentation studies using Pb-
210 measurements.

Provided low-level tritium data to AGSO, Mid Kent Waters
(England), Douglas and Partners and the IAEA for dating
and sourcing ground and borewaters.

Completed a compilation of past radioactivity monitoring
data for the environment within and around LHRL.

Work Planned

Use Pb-210 sedimentation techniques to identify fast ice
cover and the formation of ice gullies in Antarctica.

In collaboration with universities and CSIRO, apply Pb-
210/Ra-226 procedures to determining the age of fish.

Maintain and further develop commercial radioanalysis
services for uranium and thorium series nuclides as well
as low-level tritium monitoring.

Extend radioactivity monitoring procedures for the
environment in and around LHRL.

Milestones
December
Complete the radioanalysis of borewater samples, drilling
fluids and formation cuttings for BHP Minerals and BHP
Petroleum.

February
Finalise measurements and interpret Pb-210
sedimentation rates to identify fast ice cover and the
formation of ice gullies in Antarctica.

March
Complete the U/Th dating of interglacial peat beads.

June
Complete Pb-210 sedimentation studies in the upland
catchments of NSW and the lakes in the New England
region in collaboration with the universities of Macquarie
and New England.



M e d i u m L e v e l

R a d i o c h e m i s t r y

L e a d e r : Mr J o h n F a r d y

Background

The project provides expertise and access to medium-
level radiochemistry, including Neutron Activation Analysis
(NAA), to site-wide projects and external organisations. It
involves collaboration with Caltex International Technical
Centre; Australian Federal Police; and CSIRO Division of
Coal & Energy Technology.

Ansto possesses the only full-range analytical facility for
NAA in Australia, thereby providing a unique service for
determining trace element concentrations in a wide range
of samples.

Objectives

To develop and apply medium-level radiochemical
techniques including NAA in measuring the concentration
of radionuclides and trace elements in a wide range of
samples and assess their fate in geological, industrial
and environmental processes.

Contributed to the IAEA Coordinated Research Program
on Radiotracers in the Development of New Separation
Techniques for Trace Element Analysis by Nuclear
Methods.

Work Planned

Continue providing NAA trace element characterisation
of geological samples for geologists from universities,
AGSO and the Department of Minerals & Energy, Papua
New Guinea.

Further develop radioactivity assessment techniques for
high density zinc slag matrices.

Maintain rapid NAA procedures for monitoring the plant
production of plastics and oils for Australian industry.

Further develop rapid separation techniques for trace
element analysis of environmental samples by
radiochemical NAA.

Recent Work and Achievements

Some 1500 samples of oils from the transformers of the
electrical generating authorities of New South Wales were
monitored for polychlorinated hydrocarbons (PCB's), using
a rapid NAA screening procedure.

Provided rapid trace element analysis of a large range of
plastics and oils for Kemcor, ICI, Caltex and Shell.

Reported detailed radioactivity assessments of iron ores,
zinc slags, gyprock and foods to BMP Research, Pasminco,
CSR and Lachley Meats.

Collaborated with CSIRO in monitoring the fate of trace
elements during the production of clean coal and
characterising the trace element profiles of export coals.

In collaboration with CSIRO, completed the trace element
certification of a new Australian sewage sludge standard.

Established a NAA organochlorine monitoring procedure
for use in the development of a new CSIRO destruction
process for removing PCB's from oils.

Milestones

October
Final report on the geochemistry of Sydney basin ores
using NAA for the Geology Department, Sydney University.

December
Completion of radioactivity assessment of zinc slags and
their compliance with State health regulations.

March
Negotiate a new collaborative research program with the
IAEA on rapid trace element analysis procedures using
NAA.

June
Reassessment of the role of nuclear and non-nuclear
analytical techniques for trace element analysis.



E n v i r o n m e n t a l A s p e c t s
o f R a d i o i s o t o p e s

C o o r d i n a t o r : D r P e t e r A i r e y

L e a d e r s : Mr A l a n D a v i s o n

M r G r e g E l l i o t

Background

Ansto (and the AAEC) have been involved in applying
radioisotope techniques to studies of. industrial and
environmental process for over 30 years. Current R&D is
focused on:

The applications of naturally-occurring isotopes to
quantitative studies of sedimentation and erosion.

The use of radioisotopic tracers to study the movement of
sea water and sediments on the continental shelf.

Erosion and Sedimentation: Naturally-occurring isotopes
such as ̂ Be, 137Qsancj210pbcan be used to study the
cumulative effects of erosion and sediment redistribution
over periods ranging from months to several decades.
These techniques have been applied to studying the
impact of agricultural and forestry management practice
on erosion. With the support of LWRRDC, erosion studies
have been made in potato, cotton and wheat growing
areas.

Projects on the impact of forestry management practice
on erosion are being undertaken in the Eden and in the
Oberon regions, jointly with the NSW Forestry Commission.
As an extension to this program, plans are in hand to use
isotope techniques with aerial photography and satellite
imaging to contribute additional insights into the
assessment of erosion patterns.

Radioisotope Tracer Studies: The major effort recently
has been in combining radioisotope with Conductivity/
Temperature/Depth (CTD) and Acoustic Doppler Current
Profiler techniques to study the dispersion of effluent
discharged from Sydney's new deepwater sewage outfalls.
The project, supported by the NSW Environment Protection
Authority, is being implemented in collaboration with the
Australian Water and Coastal Studies P/L, which is
providing mathematical modelling expertise. As part of
this work, samples are taken for bacteriological assay,
and by normalising levels of indicator bacteria with dilution
factors from ihe radioisotope measurements, accurate
measurements of die-off rates can be obtained.

The project has led to the development of efficient methods
for monitoring three dimensional plumes in water columns
up to 80 m. The techniques are being also applied to
studies of suspended sediment movement which will be

next applied to an IAEA-funded study of Singapore
Harbour.

Recent Work and Achievements

Refinement of the ^^Cs techniques for erosion
measurements to the extent that they can be used to
assess changes in the impact of agricultural and forestry
management practice.

The tracking, in three dimensions, of a sewage plume
from the deep ocean outfall off Malabar to a distance of
about 35 km to a location off Bulli, NSW.

The tracing of sediment off Kuala Marang, East Malaysia
before and after the monsoon.

Work Planned

Sediment tracing study in the Singapore Harbour.

IAEA/RCA China project.

Eden, Oberon and Gympie forest erosion studies.

Erosion studies in the cotton growing areas.

Scientific projects complementing environmental
monitoring at Ansto.

Milestones

July-December 1993
Completion of the Singapore Harbour Project.

Completion of the Eden Oberon forest erosion studies
using isotope techniques.

January-July 1994
Completion of the study of the hydrodynamics of treatment
ponds using radioisotope tracer techniques.

Completion of the pedoturbation study for the cotton
industry using ^^Cs.

Completion of a range of R&D projects and demonstrations
under the IAEA/RCA program.

Implementation of the study applying the Cs based
erosion model to the Gympie hoop pine plantation for the
Queensland Department of Primary Industry and Energy.



R a d i o n u c l i d e s a n d
T r a c e E l e m e n t s i n

t h e O c e a n
L e a d e r : M r R o n S z y m c z a k

Background

The focus of this project is on strategic research into
elemental fluxes in the Great Barrier Reef and northern
Australian coastal waters as well as in the Sydney region
and internationally (PNG, Brazil, Africa). These
oceanographic studies focus on in situ processes relating
to biogeochemical cycling of stable and radioactive trace
elements. A special feature of the project is the extensive
interaction with the Australian Institute of Marine Science,
the Great Barrier Reef Marine Park Authority (GBRMPA),
the IAEA Marine Environmental Laboratory and a number
of other national and international institutions.

The Project is coordinating support for the IAEA
Coordinated Research Program on the Application of
Nuclear Techniques to Retrospective Studies on Coral
Reefs - Implications to Climate Research, Global
Environmental Change and Coastal Pollution. The aim of
the Project is to contribute to the scientific basis for the
improved prediction of climate change and of the impact
of development on coastal ecosystems. Experts from
Australia, the USA, the UK, Europe, Japan and South East
Asia will be involved.

Other major components of this include:

Trace metal and radionuclide content and availability of
paniculate matter in tropical northern Australian coastal
waters (with UNSW, AIMS).

Photo-redox processes and bioavailability of iron in marine
systems (with UNSW).

Phosphorus dynamics in the Fitzroy River estuary (with
UNSW and GBRMPA support).

Baseline concentration of trace metals in coastal waters
(with CSIRO and UNSW supported by the NSW EPA).

Fly and Amazon Rivers Study (with AIMS and an
international consortia of institutes supported by DITARD
and USA National Science Foundation).

Recent Work and Achievements

A detailed assessment of the role of coral cores in
retrospective studies of climate change and pollution
levels at an IAEA meeting co-hosted by Ansto and AIMS
and involving a number of international experts.

implementation of the EPA-funded baseline study of
trace metals off the NSW coast (with CSIRO and the
University of NSW).

Invited to contribute to the Fly and Amazon Rivers Study.

Work Planned

Completion of the study of baseline concentrations of
trace metals in waters off NSW.

Completion of the extensive analytical work associated
with the Great Barrier Reef water samples.

Interpretation of the uranium series data from suspended
sediments in Torres Strait.

Contribution to the further development of the international
Coral reef project.

Milestones

June-December 1993
Analysis of approx 300 samples for a suite of heavy
metals from the Great Barrier Reef cruises 1990-1992.

Completion of the project on the trace metal content of
suspended particulate matter and benthic sediments of
the Great Barrier Reef region and in tropical northern
Australia.

January-June 1994
Completion of the first stage of the collaboration with
AIMS on the 'Greater Australian Shelf Productivity Studies
(GASPS).

Establishment of the scientific program for the coral
project.
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Use of sediment traps to collect suspended particles in the Gulf of Papua for
radionuclide dating



F i n n i s s R i v e r

E c o s y s t e m P r o j e c t

L e a d e r : D r R o s s J e f f r e e

Background

This Project involves assessing the ecological responses
of the Finniss River system, in the Northern Territory, to
measured reductions in annual pollution loads associated
with acid mine drainage from the Rum Jungle mine site
following rehabilitation of the site. These studies involve
collaboration with the Power and Water Authority, N.T.
Government, and the Umweltforschungszentrum in
Leipzig, Germany. The results provide information to
assess the ecological effectiveness of remedial activities,
and the pollution loads that can be sustained by tropical
freshwater ecosystems. Such data are particularly
valuable for the environmental and economic optimisation
of remediation targets for other mine sites in tropical
Australia.

Objectives

To measure the degree of post-remediation ecological
recovery in the Finniss River system.

To investigate the underlying physiological, genetic and
ecological processes that explain the recovery process
in this freshwater ecosystem, as well as its assimilative
capacity for acid mine drainage pollution.

To use the ecotoxicological database derived from these
studies to perform, as well as validate, contemporary and
retrospective ecological risk assessments.

To apply this knowledge to the evaluation of release
standards for other mine sites in tropical regions of
Australia and other countries.

Preliminary results demonstrate that there has been
considerable recolonisation by fish, but there is still a
severe detriment to the diversity and abundance of
macroinvertebrates.

Work Planned

Complete review of the results of the first investigations of
the ecological status of the East Branch and compile a
database on frequency distributions of metal water
concentrations in the Finniss River system for application
to retrospective ecological risk analyses.

Publication of research results on fish diversity and
abundance in the Finniss River.

Continue field investigations in the Finniss River.

Participate in IAEA working group on Transfer Factors in
Tropical and Subtropical Environments.

Milestones

December 1993
Completion of the second report to DPI&E on the ecological
status of the East Branch of the Finniss River.

March 1994
Publication of research results on the ecological status of
the East Branch of the Finniss River.

May 1994
Conduct f irst investigation on the status of
macroinvertebrates in the Finniss River.

Recent Work and Achievements

Initial studies have been completed on the current status
of fish diversity and abundance in Finniss River, following
remediation at the mine site. The results indicate a
marked ecological recovery, even though this ecosystem
is still receiving an appreciable annual load of pollution.

A new species, and probably a new genus, of freshwater
fish has been discovered in the Finniss River.

A study has been undertaken on the ecological status of
the East Branch of the Finniss River following remediation.



Collection of small fish in a previously dead section of the Finniss River
(Northern Territory)



B i o l o g i c a l I m p a c t s
o f D e v e l o p m e n t

C o o r d i n a t o r : D r P e t e r A i r e y

L e a d e r s : D r R o s s J e f f r e e

Dr M A h s a n u l l a h

Background

This research area is an extension of ongoing research in
the environmental impact of uranium mining and milling
and includes investigations relating to biological processes
and ecotoxicology.

Biological processes: The principal interests are in:
a) refining techniques for the retrospective monitoring of
heavy metal pollutants in rivers, using molluscs, turtles
and crocodiles, thereby contributing data for water quality
guidelines: b) assessing the effectiveness of the
remediation of the Rum Jungle Uranium Mine through the
fish and micro-invertebrate ecology of the Finniss River
system and interpreting the data in terms of the cost
effectiveness of options for future mine rehabilitation
projects; c) assessing the radiological dose from marine
radioactivity (through the IAEA Coordinated Research
Program MARDOS) and the dose to workers in the mineral
sands industry from respirable dust; and d) assessing
marine plankton as monitors for marine radioactivity in
French Polynesia and off Australia's eastern coast (with
CEA Tahiti).

Secondary Ion Mass Spectrometry (SIMS) technology is
being used in the retrospective heavy metal pollutant
studies. Work on environmental risk assessment has
begun and will use the Finniss River as a natural laboratory
to validate assessment methodologies.

Ecotoxicology. Ecotoxicology capability is essential in
supporting environmental impact assessment, and has
arisen out of Ansto's interest in the environmental impact
of nuclear fuel cycle activities. The extension of activities
resulted from the need to study the ecotoxicology of not
only the uranium series but also of associated suite
elements, including copper which are mobilised during
the milling process. The research interests are:

(a) Behavioural aversion studies

The need for behavioural aversion as opposed to mortality
studies is a direct consequence of improvements in
environmental management.

(b) Fundamental uptake studies

A series of uptake mechanism studies underpinning the
ecotoxicology of heavy metals are being undertaken in
collaboration with UTS. The role of calcium in inhibiting
the uptake of Pb, Cd, Zn is being investigated and the
mechanism interpreted at the biomolecular level.

International collaboration on ecotoxicology includes the
University of Rouen in France and the Laurentian University
in Canada.

Recent Work and Achievements

Design, construction and successful trialing of the
fluvariumlo study the behavioural aversion of fish species
to very low levels of copper (with BMP Engineering).

Assessment of plankton as monitors of marine radioactivity.

Demonstration of the use of SIMS technology in studies of
molluscs as retrospective monitors of pollution.

Work Planned for 1993/94

Further refine techniques for applications of SIMS to coral
studies, distribution of ̂ N/14N uptake in plants, sulphur
isotope ratio applications and retrospective pollution
monitoring.

Completion of the first two stages of the OkTedi behavioural
aversion study.

Investigation of indicator species for investigations of the
ecotoxicology of contaminated sediments.

Milestones

July-December 1993
Completion of the report to the Sydney Water Board on
turbidity studies.



Completion of the first and second stages of the Ansto/
BHP Engineering contract on behavioural aversion studies
of fish in tne Ry River for Ok Teai Mining; completion of a
second contract for Ok Tedi on the use of bivalve shell
laminations as retrospective monitors of copper pollution
events in the Fly River.

January-June 1994
Completion of the first stage of the collaboration with the
University of Rouen on the use of SIMS technology to
validate bivalve shell laminations as archival monitors of
metal levels in the aquatic medium.

Completion of the evaluation of the effluent toxicity for the
Shoalhaven.

Completion of the study on the bioaccumulation of
pesticides in oyster tissue.

Ansto scientists are investigating the impacts of the Ok Tedi mine (above) on the

ecolog)' of the Fly river system



To develop improved processing routes for the
manufacture of specialised ceramics and refractories
and to transfer such technologies to local industry.

To develop cost effective surface engineering
technologies for application in Australia's manufacturing
and mineral processing industries.

Program Overview

The Advanced Materials Program is a major centre of
materials expertise in Australia with a multidisciplinary
team of motivated ceramists, metallurgists, physicists,
chemists, engineers and earth scientists. The Program is
equipped with state-of-the-art facilities for materials
characterisation and has extensive ceramics processing
capabilities. The process equipment is capable of piloting
processes and products from the laboratory bench to
near industrial scale. This provides obvious benefits to
our partners from industry by minimising the risks
associated with adopting advanced technologies.

The Program plays a significant role in maintaining
Australia's international profile in the field of nuclear
science and technology through the development of
Synroc for high-level nuclear waste immobilisation. In
addition, materials assessment technologies are
developed and applied in order to ensure the continued
safe operation of Ansto's nuclear plant. These nuclear
science and technology skills and the program's infra-
structure are being actively exploited in partnership with
local industry to contribute to Australia's industrial
innovation, and environmental and health management.

Research and development of advanced materials is
actively pursued in all developed countries because it
impacts on the viability of the manufacturing sector and
the ability to manufacture high value added products.
Australia has responded by identifying new materials and
advanced manufacturing as important generic
technologies. The Program actively participates in the
DITARD Generic Technology Program in partnership with
industry, other Government laboratories such as the
CSIRO, and universities. We are participating in a
Cooperative Research Centre in conjunction with the
Environmental Science Program on toxic waste
immobilisation in the Cooperative Research Centre (CRC)
for Waste Management and Pollution Control. Advanced
Materials is also a core partner in the CRC for Materials
Welding and Joining, the skills of the Materials Assessment
team being an integral component of the CRC.

The research activities cover the full spectrum from
strategic basic research on advanced ceramics with a
horizon for industrial application of 5 to 10 years, through
applied research driven by the market and the needs of
local industry, to experimental development as exemplified
by the Synroc Demonstration Plant,

The overall research program reflects a blend of strategic
research, co-operative arrangements with industry,
contract research and consultancies to ensure that we
meet the requirements of revenue targets set by Ansto for
the short term as well as developing a framework of
technologies relevant to Australia in the next century.

The extensive facilities for materials characterisation,
testing, analysis and processing are made available to
industry, universities and other organisations under a
variety of collaborative and commercial arrangements.
Our commercial clients come from the manufacturing,
mineral processing, mining and pharmaceutical industries.

The Program has established international strategic
alliances with overseas R&D institutions with a significant
focus on Asia. Many of these international scientific
linkages are supported by external funding.

Core Activities, Skills and Facilities

The current expertise and facilities have a firm foundation
in the priority areas of Ansto's nuclear science and
technology activities. The Synroc Project, for example,
requires strengths in the area of ceramic processing and
a detailed appreciation of the nuclear fuel cycle. The safe
and efficient operation of HIFAR demands an active
program of remaining life monitoring and an understanding
of the effects of irradiation on structural materials for the
on-going safety assessments of nuclear plant.

The unique skills and facilities developed within the
Advanced Materials Program to meet our core nuclear
science and technology needs are utilised through market-
driven applied research for technology transfer to local
industry. The facilities and expertise are complementary
to those existing elsewhere in Australia and hence we
frequently form partnerships with research teams from
the CSIRO, DSTO and universities in order to further
interactions with industry.

The key areas of expertise include:

(a) Synroc Demonstration Plant (Mr. Alan Ridal)
This commercial scale pilot plant is used to develop and
optimise Synroc processing technologies. A
multidisciplinary team of materials scientists and engineers
have developed and scaled-up advanced ceramic powder
processing technologies in order to provide feedstocks
for the Demonstration Plant. Modern facilities include
slurry filtration, calcination, spray drying and high
temperature hot-pressing of ceramics under controlled
conditions. A modern ceramic powder characterisation
facility provides quality control.

(b) High-Temperature Ceramic Fabrication (Dr. Dan
Perera)
The specialised cold- and hot-isostatic presses, and
controlled atmosphere high-temperature hot presses used
in the development of Synroc fabrication routes are utilised



in market-driven projects for local industry in a number of
ceramic applications, including advanced refractories.
The fabrication facilities can be employed at temperatures
in excess of 2000°C and their size permits development
of industrial prototypes.

(c) Sol-gel Science and Technologies (Dr. Jim Woolfrey)
Interest in sol-gel science and technology was initially
driven by the need for sinterable Synroc feedstocks of
excellent homogeneity. A unique aspect of sol-gel
processing is the ability to proceed from molecular
precursors to final ceramic products with good control
over all stages of processing. Sol-gel technology has
been recognised as an area with enormous growth
potential because it impacts across a wide range of
manufacturing technologies; from ceramic powders, thin
and thick film coatings, membranes, sensors to
nanostructure ceramic monoliths. It also offers an
economic route to nanostructured devices.

The kinetics of colloid formation are studied using Ansto's
Colloid Characterisation Facility. This unique facility
consists of a multi-angle static light scatteiing
spectrometer, two computing autocorrelators for photon
correlation spectroscopy measurements, and FT-IR, FT-
Raman and U V/VIS/NIR vibrational spectrometers. These
enable simultaneous, in situ measurements of the structure,
chemistry and morphology of nanoparticles during their
formation and aggregation.

The sol-gel laboratories are equipped with ceramic tape
casters and screen printers to permit construction of
multi-layered devices such as dielectrics, piezoelectrics
and sensors.

In view of the underlying role played by sol-gel science
across a broad range of emerging technologies, Ansto
has identified this field as a key research activity.

(d) Characterisation of Materials
The engineering properties of materials have been studied
at Ansto to ensure the safe operation of HIFAR as part of
an on-going remaining life assessment. The expertise
and facilities for mechanical testing include fracture
mechanics, fatigue, creep and stress relaxation. The
high temperature testing facilities extend to 1500°C and
include sophisticated thermal shock tests. The destructive
test facilities are supplemented by non-destructive testing
capabilities to permit the identification and location of
small structural defects in manufactured components
and welds. The focus of the non-destructive studies is on
time-of-flight ultrasonic testing and neutron radiography.
(Mr. Bob Harrison)

These physical and mechanical testing capabilities are
supplemented by finite element analysis based on the
NISA engineering codes on PC's, workstations and the
Ansto supercomputer. (Mr. Don Mercer)

The properties of engineering materials are structure
sensitive. The Materials Characterisation Group is well
equipped with optical and electron metallographic

facilities. At the atomic level, structure of materials is
being studied using neutron. X-ray and electron diffraction
metnods. (Dr. Qitf BaTi)

Advanced crystallography studies are also being pursued
through overseas facilities using X-ray and neutron beams
where suitable domestic instruments are not available.
The Program utilises accelerator and neutron scattering
facilities in partnership with Applications of Nuclear Physics
and SIMS in partnership with Environmental Science.

The recently established SIMS facility will enhance our
capabilities in a broad range of surface sciences and
technologies. There is a major interest in interfacial and
grain boundary segregation because this influences the
ease of high temperature processing and properties of
ceramics. (Dr Janusz Nowotny)

All of these materials assessment skills and facilities are
exploited fully to develop improved materials and process
technologies in the major activities of the Program. These
skills are also applied to R&D projects in other Programs
at Ansto.

(e) Plasma Technologies (Dr. Ron Hutchings)
Experience gained from past programs on nuclear fusion
technologies has provided the necessary expertise in
plasma physics to enable the development of industrially
applicable plasma technologies. In particular, techniques
for enhancing the wear resistance of engineering materials
are under development. Plasma based technologies offer
great advantages for the controlled, environmentally
friendly hardening of metal surfaces. In addition to
plasma sciences, the group has built up facilities for
hardness and wear testing of implanted surfaces.

(f) Radiation Effects
The Program possesses a broad range of expertise in the
study of the effects of radiation on materials. This expertise
is spread widely amongst the various groups. Neutron
irradiation of aluminium components in HIFAR gives rise
to transmutation induced precipitates and point defect
clusters that harden the components in HIFAR and reduce
their ductility. The Plasma Ion Implantation Group can
model the penetration of energetic ions into materials.
Staff engaged on the Synroc project are involved in
studies of changes in minerals that have undergone
structural damage from the decay of dissolved naturally
occurring radioactive elements. Advanced Materials and
Environmental Science together use their considerable
expertise and facilities to characterise alpha decay in
electronic materials and to develop processing techniques
to minimise uranium and thorium contents in Australian
minerals. The possibility for enhancement of gemstone
colour through irradiation is also being investigated. The
Program has glove-box facilities and expertise to safely
study radioactive materials.

The Advanced Materials Program carries out R&D in a
number of the designated key research activities of
Ansto. The main activities and the relevant projects
therein are described in the following sections.



Advanced Materials role in waste management R&D atAnsto is directed to the
development of improved waste conditioning technologies.

W A S T E C O N D I T I O N I N G
L e a d e r : D r L o u V a n c e

The Program is responsible for development of waste forms and process
technologies for waste conditioning within the overall Ansto effort on Waste
Management. This is the largest activity within the Program and it has two
objectives:

The development and commercialisation of Synroc as an advanced second
generation waste form for high-level nuclear waste immobilisation.

The development of cement based waste forms for low and intermediate level
radioactive waste, and toxic non-nuclear waste encapsulation/stabilisation.

S y n r o c
L e a d e r : D r L o u V a n c e

Background

Synroc is an advanced titanate ceramic composed of
phases chosen because of their geochemical stability
and their collective ability to immobilise the elements
present in high-level nuclear waste. The titanate phases
utilised in Synroc are modelled on minerals that have
demonstrated their capacity to contain naturally occurring
radioactive elements over millions of years under more
extreme conditions than would be expected in a geological
waste repository. The Synroc concept is an Australian
invention by Prof. A.E. Ringwood and colleagues at the
Australian National University.

The options for commercialisation of Synroc are being
examined with Australian companies as well as overseas
organisations.

Recent Work and Achievements

The conceptual design for a radioactive Synroc plant has
been completed. The design is based on modern
concepts of remote maintenance in a shielded canyon
with low-flow ventilation to achieve maximum
decontamination factors, rather than relying on simple
dilution.

The conceptual design is based on a dry, free flowing
precursor feed to the Synroc Plant. We have developed
a spherical powder based on sol-gel processes, with the
support of an Energy Research and Development
Corporation (ERDC) Grant.

A new Synroc formulation has been developed to
immobilise liquid wastes which result from the
reprocessing of MTR fuel and are stored at Dounreay,
U.K. These wastes contain high levels of process
contaminants that are not usually present in wastes from
the reprocessing of spent fuel from nuclear power plants.

During the past year we have concentrated on the
development of Synroc for wastes from advanced
reprocessing strategies employing waste partitioning.
These activities are being pursued in partnership with
JAERI, Japan and will be extended to include CEA,
France.

A new glove box suite has been commissioned to study
the leaching mechanisms of Synroc under controlled
reducing conditions existing in deep geological
repositories to provide data for the development of models
of the long term behaviour of Synroc. New projects have
been initiated on the study of alpha damage in natural
zirconolite with high uranium and thorium contents. The
samples come from granites of the Swiss Alps and the
study is being done with Dr. Giere of the University of
Berne, Switzerland.

Results of greatly accelerated alpha damage tests carried
out by the Japan Atomic Energy Research Institute (JAERI),
under co-operative programs with Ansto have confirmed
the long term stability of Synroc (greater than 10,000
years) deduced from earlier observations on natural
radioactive minerals that have been the basis of the
design of Synroc.



Work Planned

Our n&D Program en Synrcc "as a icr.j7c%vri focus jvh'.ch
parallels the international research into high level waste
(HLW) management, including waste partitioning, and
addresses scientific issues aimed at improvements to the
wasteform, development of models of leaching under
repository conditions, and process development. To
accelerate prospects for Synroc commercialisation we
are emphasising activities that:

Envisage the parallel use of Synroc and glass to handle
different waste streams in reprocessing plants employing
waste partitioning.

Relate to wastes from past reprocessing activities currently
stored in tanks in various countries.

Co-operative research with a number of overseas
institutions on Synroc waste forms continues. To progress
commercialisation, the forming of strategic linkages with
key organisations active in nuclear waste management
has become a major priority.

Milestones

October 93
Initiate joint programs on remediation of U.S. defence
wastes.

Commission controlled-atmosphere laboratory-scale
Synroc plant to confirm process advantages envisaged
in the conceptual design.

Commission plant for large-scale production of Synroc
microspheres.

November 93
Present reports to biannual Ansto/JAERI Steering
Committee.

December 93
Initiate joint pre-f easibiiity study on the utilisation of Synroc
by Japan with the Radioactive Waste Management Centre
(Japan) and Japanese industry.

Report on collaborative studies on:

Natural zirconolite as an analogue of alpha-decay in
HLW wasteforms.

The stability of Synroc in Mol clay, at the Migration 93
Conference in U.S.A.

Report on zirconolite-rich Synroc for the immobilisation of
actinide wastes at the MRS Conference in U.S.A.

Initiate collaborative project with CEA, France on actinide
and fission product release from glass and Synroc under
repository conditions.

January 94
Complete initial review of sol-gel titanate ion exchangers.

February 94
Complete final ERDC report on sol-gel feedstocks for
advanced processing of Synroc.

April 94
Complete review of conceptual Synroc plant design.

May 94
Present biannual report to Ansto/JAERI Steering
Committee.

Present a series of reports on Synroc, including the
results of the joint Ansto/JAERI program, to the Pacific
Basin Nuclear Conference, Sydney.

June 94
Complete evaluation of advanced containers for hot-
pressing of Synroc.

Artist's impression of the
conceptual building

design for a Synroc plant



C e m e n t W a s t e F o r m s

L e a d e r : D r L a u r i e A l d r i d g e

Background

Cement has been identified as providing a cost effective
route for the immobilisation of a range of undesirable
wastes. Cement waste forms can be safely stored,
transported and disposed. The Program is carrying out
strategic basic research, in conjunction with Australian
Numerical Simulation and Modelling Services (ANSAMS),
to develop piedictive models in the areas of cement
hydration and durability. These fundamental studies
provide the background for the development of reliable
encapsulation processes for low level nuclear waste. In
addition, we are involved in applied R&D activities in the
areas of specific toxic waste immobilisation and contract
research to increase the competitive position of the local
cement industry.

Recent Work and Achievements

Commissioned the JAF calorimeter for studies on the heat
of hydration during the setting of cement based systems
interacting with waste during the solidification/stabilisation
process.

Undertook a small angle scattering study of cement
cured for different times, and with silica fume additions, to
understand the evolution of the gel pore structures in
hydrated cement pastes. This work is being carried out
together with the Centre of Cement Composite Materials,
University of Illinois at Urbana-Champaign and also uses
the modelling facilities of the supercomputer of ANSAMS.

Made significant progress on the understanding of the
microstructurs and the reactions that take place in arsenic/
cement systems.

Milestones

November 93
Complete a report on the application of cement technology
to low-level radioactive wastes.

January 94
Complete major report to CRC for Waste Management
and Pollution Control on the microstructure and aqueous
reactions for arsenic immobilised in cement based
systems.

January 94
Complete report on the pore structure of cement based
systems using small angle neutron scattering.

June 94
Complete report on the use of additives to improve the
setting ability of cement based systems containing
radioactive wastes.

Work Planned

During the coming year it is necessary to define and
implement a series of structured investigations to address
the issues involved in applying cement technology to the
immobilisation of low and medium level nuclear waste.
The group will continue to provide input to the CRC
project on arsenic wastes which is managed by the
Environmental Science Program. Underlying work on the
modelling of the microstructures and reaction mechanisms
in cement will be continued in support of our applied
development projects.



ANSAMS facilities have been used to model the final stages of hydration of
calcium silicate hydrate - a key element in the strength of concrete



/As a d/recf resu/f of the requirements of the Synroc project the Program has
developed excellent capabilities in the processing of advanced ceramics.
These skills and facilities are being increasingly applied to a wide variety of
industrial applications. The focal points of our research into advanced ceramics
are:

The development of improved functional ceramics, particularly through thesol-
gel route.

The application of high temperature fabrication methods to the manufacture of
high quality ceramic items.

The development of strategic linkages with local industry to transfer our
ceramics technology to the refractories industry.

These applied areas are supported by strategic research in core areas of
technology that underpin our diverse market driven initiatives.

F u n c t i o n a l C e r a m i c s
L e a d e r : D r J i m W o o l f r e y

Background

The recent achievements and planned activities are
described below against the specific projects. Most
individual projects usually have a three year focus
consistent with the aims dictated by particular external
customers . Our longer term objective is to develop key
technologies that will influence the ceramic industries
beyond 2000. The milestones refer to 1 year perspectives.

Functional ceramics focuses on the development of:

Ceramic films and coatings on glass, metallic and graphite
substrates and dielectric films with support from a DITARD
grant in collaboration with Monash University, The
University of Technology, Sydney, Materials Research
Laboratories, DSTO, Silicon Technologies Australia Pty
Ltd., Comalco Aluminium Ltd and AWA Defence Industries.
Coatings up to 10 nm thick (fired) have been produced
from a single dip coating. Transparent conductive coatings
on glass are also being investigated for the Department
of Defence.

High energy density capacitors in collaboration with
CSIRO Division of Applied Physics and Telectronicj Pty
Ltd. The project was supported by a DITARD grant and
concluded in March 1993. The present activity is aimed
at evaluation of prototype capacitors being fabricated in
the USA and further development of advanced dielectric
compositions.

Thick film and ceramic/polymer composite piezoelectric
transducers in collaboration with several companies and
the CSIRO Ultrasonics Laboratory to commercialise
technology developed in previous years.

Ceramic membranes, with controlled pore sizes in the
range 10nm up to 600nm, for microfiltration. and
ultrafiltration of hot process liquids with funding by an
ERDC grant in collaboration with CSR Ltd and the School
of Chemical Engineering and Industrial Chemistry, the
University of N.S.W. Present work is directed at evaluation
of performance characteristics, obtaining additional
funding for commercialisation and assessing alternative
applications.

Collaboration on the development of monolithic sol-gel
mullite and nanocomposites has commenced with
research institutes in China.

Secure partners for the development of new products
based on our nanotechnology.

Milestones

November 93
Commission FT-Raman Spectrometer for Colloid
Characterisation Facility.



December 93
Complete testing of commercial prototype High Energy
Density Capacitors and evaluate commercial potential.

Complete ERDC grant on ceramic membranes and secure
funding tor pilot scale evaluation.

February 94
Report to 8th International Conference on Surface and
Colloid Science (Adelaide) on the co-operative study with
Saclay, France on the ultrastructure of Synroc precursor
sols and the structure of redispersible titania gels.

April 94
Initiate a new co-operative project under the Ansto/CEA
agreement on advanced structural studies of titinate sols
and gels.

Report to MRS Conference (San Francisco) on colloid
formation in sol-gel zirconia systems.

Ji;r>e 94
Complete DITARD grant on ceramic coatings, evaluate
commercial applications. Obtain commercial funding for
further coating and dielectric film development.

Secure partners for the development of new products
based on our nanotechnology.

Dr Kim Finnic operates Ansto 's unique colloid characterisation facilities, whilst Dr John Bartlett discusses
results with a post-graduate student
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January 94
Complete the first phase of technology transfer to local
industry of silicon carbide tile production.

June 94
Complete the assessment of the first stage of the
collaborative project on high performance silicon nitride
under the China/Australia Joint S&T Commission Program.

Recent Work and Achievements

The current work is based on applied research with
industry and strategic research through co-operation
with Curtin University of Technology, University of Western
Australia, the University of New South Wales and Nagaoka
University of Technology of Japan. The work centres on
the use of the Sinter-HIP in diverse applications such as
alumina, zirconia toughened alumina, sialons and various
composites. The collaborative research with China
Building Materials Academy and the CSIRO Division of
Materials Science and Technology on the HIP processing
of high strength and high fracture toughness silicon
nitride has progressed with interchange of scientists
within the three organisations.

A boron nitride material with close to theoretical density
has been produced by HIP processing and its properties
are being evaluated for industrial applications. We have
completed the first phase of the research program with
Rojan Advanced Ceramics on developing thermocouple
sheaths under the Western Australian Government - Ansto
Memorandum of Understanding.

Joint development of silicon carbide tiles with a local
industrial partner has been progressing well and tests on
scaling-up of production to an industrial level have been
initiated. An aiuminium titanate type material has been
developed with excellent resistance against molten
aluminium, copper, lead and zinc. These materials will be
produced on a large scale with industry to evaluate their
refractory properties.

Work Planned

Introduction of advanced manufacturing methods to
Australia in conjunction with industry and universities by
use of sinter-HIP processing.

Development of advanced refractories based on some of
the above materials investigated.

Milestones

December 93
Establish a collaborative R&D project with industry to
develop aluminium titanate for refractory applications. Dr Dan Perera delays Ansto's cold isosMtic press
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It is now widely recognised that optimum performance of industrial materials
frequently requires modification of the surface of such materials in order to
enhance resistance to wear, abrasion and corrosion, whilst utilising the
properties of the underlying material to confer strength, fatigue resistance,
stiffness etc. A parallel situation also applies to the case of the electrical and
electronic behaviour of materials. Controlled modification of the surface or
interface structure holds the key to the development of materials with novel, or
improved, performance characteristics. Recognition of this fact, combined
with the extraordinary range of surface analytical techniques available through
Ansto's Advanced Materials, Applications of Nuclear Physics and Environmental
Science Programs, has resulted in Surface Engineering being identified as a
key research activity.

P l a s m a S u r f a c e
E n g i n e e r i n g

L e a d e r : D r R o n H a t c h i n g s

Background

A range of surface modification techniques has emerged
in recent years. As these techniques move into the
industrial environment, it is becoming apparent that
plasma-based technologies offer improved process
control and reduced levels of environmental impact
compared with many traditional processes. In view of this
trend, Ansto's expertise in plasma physics has become
increasingly focused on plasma surface engineering,
moving away from its earlier focus on fusion related
research. Work on nitrogen ion implantation in the
Advanced Materials Program is complemented by metal
ion implantation capabilities in the Applications of Nuclear
Physics Program.

The development of Plasma Immersion Ion Implantation
(PI3), as a new technique for improving the wear resistance
and overall service life of tool materials, has provided the
principal focal point for our surface engineering activities.
The initial phase of the PI3 development was funded in
part by a GIRD grant, which also involved MM Metals,
University of Adelaide and CSIRO Division of Applied
Physics. Further external linkages have been forged with
the Royal Australian Mint on the application of the PI3

process to die steels, and with the University of Wollongong
on the application of plasma processing to ferrous alloys.

Recent Work and Achievements

Progress in the commercialisation of the PI3 process was
seriously delayed as the result of a laboratory fire in
November 1992 which totally destroyed the PI3 system.
Despite this setback a number of positive advances were
made during the past year:

•Ansto was granted an Australian Patent on the PI3

process.

• Initial experiments in conjunction with the University of
Wollongong demonstrated the ability of PI3 to harden
austenitic stainless steels without compromising their
corrosion resistance.

•Collaboration with LARN, Namur, Belgium on the
application of conversion electron Mossbauer
spectroscopy revealed new information on the metastable
nitrides produced by PI3.

•Presentations at the 1st International Workshop on
Plasma-Based Ion Implantation resulted in wide
recognition of the lead role which the Ansto group has
taken in demonstrating the advantages of implanting at
elevated temperatures.

Alternative laboratory space has been refurbished to
provide a new Plasma Laboratory and the construction of
a replacement PI3 system is now well underway. Dr. Guy
Terwagne from LARN spent a sabbatical year at Ansto
working in a joint collaboration with staff of Plasma Surface
Engineering Group, and the Accelerator Group in the
Applications of Nuclear Physics Program. During his stay
Dr. Terwagne developed improved techniques for
compositional depth profiling of PI3 treated materials.

Work Planned

Development work aimed at commercialisation of the PI3

system will be complemented by research into the
metallurgical effects produced by PI3 treatment. In addition
initial investigations will be undertaken to explore the



efficacy of low-pressure radio-frequency piasmas for
direct nitriding. The long term aim of the project is to
develop environmentally friendly treatment processes
which wilt assist Australian manufacturers to achieve
improved competitiveness in the elaborately transformed
manufactures sector over the coming decade. Specific
tasks for the future include:

Construct and commission the new PI3 system.

Undertake investigation of the role of operating parameters
such as temperature, energy and dose on the surface
finish of treated materials.

Carry out experiments to elucidate the optimum
accelerating potential for implantation into specific
materials.

Undertake systematic field trials to identify applications of
greatest potential.

Design, install and commission a heating/cooling stage
to enable implantation dose and treatment time to be
varied independently.

Milestones

October 93
Complete construction of PI3 system to allow initial high
voltage implantations to commence.

January 94
PPsystem fully commissioned - able to be used in routine
manner for standard treatment of components.

April 94
Identify preferred applications for extended field trials.

June 94
Complete formal agreements
commercialisation of the PI3 system.

to facilitate

Dr George Collins testing the new PP system



/Advanced Materials Program is developing improved techniques for the
monitoring and assessment of the safety ofAnsto's national nuclear plant as
part of a broader effort in Safety Engineering.

M a t e r i a l s A s s e s s m e n t

L e a d e r : M r B o b H a r r i s o n

Background

The Materials Assessment Group maintains key
competencies in the areas of radiation damage effects in
materials, development of NDE techniques relevant to
research reactors, finite element analysis and design
activities and the assessment of remaining life of research
reactor based components. Remaining life assessments
are also undertaken on a contract basis across a broad
range of industry, with particular focus on the power
generation and petrochemical industries.

Recent Work and Achievements

A 3-year collaborative project has recently been
commenced with Pacific Power. This project is a
continuation of a previous three year project, successfully
completed in 1992, and uses the methodologies
developed in that work to assess the remaining life of
boiler headers in Pacific Power plants. A further aspect of
the work involves the determination of the margin between
design life and safe operating life of headers by
reassessing design data in the light of recent materials
data and improved component sampling nethods.

A structured program is being undertaken on the remaining
life of certain critical components of the HIFAR reactor. A
life assessment of the Reactor Aluminium Tank has
revealed nothing to question the conservative nature of
the design and indicated that the tank had a life
considerably beyond the expected operating life. Further
work is under way to determine the mechanical properties
of irradiated material by sectioning part of two fuel rod
liners which have been removed from service. This will
enable a better understanding of the materials data of
HIFAR to be established, enabling remaining life estimates
to made with increased confidence.

A collaborative project with Pacific Power has been
commenced funded by the Australian Electricity Supply
Industry Research Board (AESIRB) which involves the
study of the remaining life of turbine rotors. The main aim
of the project is to allow utility management to make
assessments, independent of the original rotor
manufacturer, of the remaining life of a rotor. Current
ESAA guidelines are being reviewed and information will

be gathered from all utilities to provide a more unified
approach for Australian power generators.

A Remaining Life consulting service is being actively
marketed to Australian industry. This service stems from
the experience gained in assessing the remaining life of
HIFAR. Work has been carried out on both power and
petrochemical plant.

The Group is a key partner in the Cooperative Research
Centre on Welding and Joining. Current involvement is in
three areas:
•welding of thermally modified structures
•the effect of constraint on weld performance
•the modelling of the gas metal arc welding process.

This involvement has resulted in the development of
strategic links with the other key partners (BMP Slab and
Plate Products Division, CSIRO Division of Manufacturing
Technology, Adelaide and the Universities of Wollongong
and Adelaide), and industrial partners.

The Engineering section has commenced the third year of
a 3-year GIRD grant investigating the design of a ceramic
knee prosthesis. Prototype testing is currently underway.

The NDE section is developing three dimensional
holographic imaging techniques using ultrasound with
the aim of detecting and characterising defects in
engineering materials. A commercial sponsor has been
found for work in a related area.

The Mechanical Testing section has continued its close
association with Hawker de Havilland providing
mechanical and environmental testing for pre-production
and production components for the MDX helicopter
project. This has necessitated the attainment of stringent
Quality Assurance standards set by McDonnell Douglas
in the US.

Work Planned

The study of the mechanical properties of irradiated
aluminium specimens from HIFAR will continue when the
second fuel rod liner is sectioned. The information gained
from this and the previous liner will assist in the further



assessment of the remaining life of the reactor aluminium
tank of HIFAR. Other support activities to HIFAR and
Moata include the visual inspection of fuel elements.

The AESIRB project on turbine rotors will require contact
with all utilities - thus enabling the group to make wide
contact with a major Australian industry.

Two further grant proposals have been submitted in the
area of power station boiler tube failure analysis and
prevention.

Develop the remaining life consultancy service to include
other Australian industries through a directed marketing
effort.

Extend the CRC project to include other industrial partners;
in particular the power generation and petrochemical
industries.

Development of the NATA standard Quality System in the
Mechanical Testing Section to cover all aspects of work
within the Group has commenced. The aim is to have an
AS 3901 system installed in 18 months.

Milestones

October 93
Commence mechanical testing component of CRC project
on the welding of thermally modified structures.

December 93
Commence sectioning of second HIFAR fuel rod linet.

Establish link between ANSAMS supercomputer and the
NDE laboratory to enable algorithm development for 3-D
ultrasonic imaging.

Finish writing and testing its interface code for conversion
between NISA and H3DTAP Finite Element Packages for
CRC project on the effect of restraint on the occurrence of
HAZ cold cracking.

February 94
Implement remaining life marketing plan.

March 94
Complete draft quality manual for the Group.
Develop database of information on turbine rotors in
Australian power utilities.

Jun94
Complete assessment of resource requirements and
inspection capabilities for the NDW of welds in the HiFAR
aluminium tank.

May 94
Complete development of a model for the kinematic
motion of the knee as part of the GIRD grant on the
development of a cementless knee prosthesis.

Don Mercer

demonstrates the finite

element modelling

capabilities available

within the program
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