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Cover illustration:
Zirconolite Atomic Structure image generated by the Advanced
Materials Program arid drawn using 'ATOMS', a computer program
for displaying atomic structures (copyiight Eric Dowty, USA).
The background image is SYNROC that has been polished, etched
and photographed under reflective light.
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FOREWORD

Professor Helen Garnett

Through its research and development activities and the operation of nuclear
facilities. ANSTO provides the focus for Australias endeavour in nuclear science
and technology. This knowledge and experience enables ANSTO to advise the
Government on a wide range of issues associated with the nuclear fuel cycle and
the operation of nuclear facilities. ANSTO also utilises its resources and skills to
assist industry in developing new or improved technologies.

The safe and effective operation of ANSTO's research reactors and accelerators
and the continued enhancement of the use of these facilities for the benefit of
Australia draws on the core skills of staff from all of ANSTO's scientific and engi-
neering units - Advanced Materials. Applications of Nuclear Physics. Biomedicine
and Health. Engineering. Environmental Science. Computing Centre, Health and
Safely. National Medical Cyclotron and Nuclear Technology.

ANSTO retains a discipline-based structure with a large proportion of the research
staff being located in the four major research units. Advanced Materials. Applica-
tions of Nuclear Physics. Biomcdicine and Health and Environmental Science.
Research is also undertake to improve the safety of its nuclear and other industrial
plant by the Safety and Reliability Centre and continual improvements in scientific
computing, particularly visualisation and advancement of reactor codes are under-
taken by staff of the Computing Centre and Nuclear Technology.

ANSTO has the advantage of a multidisciplinary team of engineers and scientists
based on a single site. Hence, as well as discipline-based research and develop-
ment, interdisciplinary activities are fostered and multidisciplinary teams are formed
as required to ensure the best possible outcomes for each project.

ANSTO's planning activities have previously identified nine key research activi-
ties where the Organisation can make significant contributions and which rale highly
for either potential economic return, societal improvement or .strategic interests in
the future. They are:

Applied Accelerator Technologies
Advanced Ceramics
Radiopharmaceutical Chemistry
Radionuclides: Environmental and Industrial Applications
Resource Processing
Safety Engineering
Structural Analysis and Crystallography
Surface Engineering
Waste Management

The Organisation currently aims to be a world centre of scientific excellence in a
minimum of four of these key research activities by the Year 2000.

The Program Advisory Committees have recently evaluated the outcomes of the
research in these key activity areas undertaken during 1993/94 and reviewed the
projects proposed for 1994/95.

The recommendations of these Committees together with an internal review of
performance, which evaluates the progress towards strengthening key areas, and
potential for exploiting strategic linkages, give rise to the plans contained herein.

ANSTO works together with local industry to ensure that the activities of its
nuclear research are used in problem focused applied research and development lo
improve the competitiveness of industry and facilitate ecologically sustainable
development.



CONTENTS

ANSTO is continuing to increase its collabo-
rative research with twenty-seven Australian
universities through A1NSE and for 1994/95
is providing training through direct supervi-
sion and scientific and technical support on its
unique facilities to over 172 postgraduate stu-
dents. This is an increase of 5bV< over the
past year. There are now over 190 projects
being undertaken at ANSTO by University
research staff, this having increased by over
25^ per year for the past two years.

ANSTO has strong bilateral and multilateral
linkages with countries in the Asian-Pacific
region, Europe and North America. During
the 1994/95 financial year those linkages will
be furthered through commercially funded
research and development projects, collabora-
tive strategic research and specialist training
activities thereby expanding Australia's inter-
national networks and strengthening its science
and technology base.

ANSTO will continue to play a role in facili-
tating and managing access for all Australian
scientists to Big Science facilities overseas
including the Australian National Beamlinc
Facility, on a world-class synchro;r=>n at the
Photon Factory in Tsukuba, Japan, the ISIS
neutron spullution source at the Rutherford
Appleton Laboratory in the United Kingdom
and the high energy physics facilities at CERN
in Geneva. Swit/.erland.

The outputs from ANSTO's scientific and
engineering activities have increased in quan-
tity and quali ty over the past year. The publi-
cation output for 1993, has risen substantially
over the past year. The Engineering Program
has been accredited under AS390I by Stand-
ards Australia and quality practices arc being
introduced across the Organisation.

Indeed, over the past year under d i f f icu l t
circumstances, ANSTO staff have continually
improved their efficiency and maintained their
commi tment to ANSTO and Aus t r a l i a s
national science and technology endeavours.

The planned outcomes of the proposed
research and development activities for 1994/
95 outlined in this document depend on the
ongoing dedication, innovativcncss and com-
petency of the Organisations staff.
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ADVANCED
MATERIALS

PROGRAM DIRECTOR:
DEPUTY DIRECTOR:
TOTAL RESOURCES:

DR ADAM JOSTSONS
DR RON HUTCHINGS
83 person years
$8.37M

PROGRAM ADVISORY COMMITTEE

Dr G R Belton. Chief Scientist, BHP Research. New-
castle Laboratories, NSW
Dr R M Hobbs, General Manager, Research and Tech-
nology, BHP Research, Port Kembla Laboratories,
NSW
Prof P L Rossiter, Chairman, Department of Materi-
als Engineering, Monash University, Victoria
Dr M Skalsky. Head of Bio-Interface Research,
Telectronics Pacing System, NSW
Dr N J Sligar, Manager, Technology Development.
Pacific Power, NSW

DrAdamJoMsons Dr 1 O Smith, General Manager, Comalco Research
Centre, Victoria
Dr D A Taylor, Taylor Ceramic Engineering, NSW

PROGRAM OBJECTIVES

To develop the Synroc process, and pursue its com-
mercialisation, in conjunction with appropriate part-
ners at the national and international level.

To maintain a core capability in materials science and
engineering to ensure the safe operation of ANSTO's
nuclear facilities, and to advance Australia's broader
interests in nuclear science and technology.

To enhance Australia's industrial competitiveness
through transfer of our nuclear science and technol-
ogy to local industry by:

further development of techniques for the testing
and characterisation of materials in order to improve
remaining life assessment of industrial plant;

development of improved processing routes for the
manufacture of specialised ceramics and refractories:
and

development of cost effective surface engineering
technologies.

Electron micrograph showing a polished section through a zircon
containing metamict zones distinguished as darker bands within
the crystal



ADVANCED
MATERIALS

PROGRAM OVERVIEW
AND STRATEGY

The Program is a major centre of materials expertise
in Australia with a multidisciplinary team of motivated
ceramicists, metallurgists, physicists, chemists, engi-
neers and earth scientists. Project capability is fre-
quently enhanced through formation of teams with the
expertise resident in other ANSTO Programs. The
Program is equipped with world class facilities for
materials characterisation and has extensive ceramics
processing facilities capable of piloting processes and
products from the laboratory bench to near industrial
scale.

The current expertise and facilities have firm founda-
tions in the priority areas of ANSTQ's nuclear sci-
ence and technology activities. The Synroc project
requires strengths in the area of ceramic processing
and a detailed understanding of the technologies of
the nuclear fuel cycle. The safe and efficient opera-
tion of H1FAR demands an active program of remain-
ing life monitoring and an understanding of the
effects of irradiation on structural materials for on-
going safety assessments. The Program maintains a
core of metallurgical expertise for the specification,
testing and assessment of replacement components for
HIFAR to support ANSTO's Engineering and Nuclear
Technology Programs.

The unique national skills and facilities developed
within the Program to meet ANSTO's core nuclear
science and technology objectives are utilised through
market-driven applied research for local industry. The
facilities and expertise are complementary to those
existing elsewhere in Australia. Partnerships are
formed frequently with research teams from the
CSIRO, Defence Science and Technology Organisa-
tion (DSTO) and Universities in order to further inter-
actions with industry. The Synroc project plays a
significant role in maintaining Australia's international
profile in nuclear science and technology. It repre-
sents the major innovative Australian contubution to
the global endeavour in nuclear science and technol-
ogy and provides ANSTO with an entry into interna-
tional organisations active in the nuclear fuel cycle.
These continuing contacts enable ANSTO to provide
author i t a t ive and independent briefings to the
Government on policies and technologies associated
with the nuclear fuel cycle.

Gel Microsphcrcs

The Program has established extensive strategic alli-
ances with national and international R&D institutions.
Access to unique facilities are provided to University
research teams under the A1NSE program and coop-
erative research projects initiated by the Program with
selected University Departments ore used to enhance
strategic research in priority areas. Advanced Materi-
als Program is a core partner in the Cooperative
Research Centre (CRC) for Materials Welding and
Joining.

The effectiveness of the Program's transfer of nuclear
science and technology to local industry has been
strengthened by the inputs from its Advisory Com-
mittee which represents the experience of large and
small to medium Australian enterprises. The work
program is also influenced by continuing interactions
with current and prospective clients and partners. Stra-
tegic interactions arc continuously developed with
complementary research groups in universities, indus-
try and overseas institutions to enhance our research
in the core activities. Appropriate links have been
developed with CSIRO and other organisations for
commercial exploitation with industry of the results
of our research.



ADVANCED
MATERIALS

The core skills andfacilities of the Advanced Mater-
ials Program have evolved over the years with changes
in ANSTO's nuclear science ami technology focus. An
extensive refurbishment of laboratories ami accom-
modation lias been completed and the facilities for
processing, testing and characterisation of materials
are world class and often unique in Australia. The
current major areas of core expertise and facilities
include:

CORE ACTIVITIES, SKILLS AND
FACILITIES

(a) Synroc Demonstration Plant
(MrAlanRidal)

This commercial scale plant is used to develop and
optimise Synroc processing technologies. A
nuiltidisciplinary team of materials scientists and
engineers has developed and scaled-up advanced
ceramic powder processing technologies in order to
provide feedstocks for the Demonstration Plant.
Appropriate supporting plant has been developed for
filtration of slurries of fine powders, powder calcina-
tion, spray drying and high temperature hot-pressing
of ceramics under controlled conditions. Comprehen-
sive facilities are available for quality control of Synroc
and intermediate products.

(b) Wastcform Durability
(Dr Kaye Hart)

The chemical durability of various waste matrices is
evaluated by standard leaching tests and sensitive
chemical and radiochemical analyses. Models of
Synroc leaching under repository conditions are be-
ing developed on llie basis of modem speciation codes
based on extensive testing of non-radioactive Synroc
containing simulated waste, radioactive Synroc and
natural mineral analogues. The extensive facilities and
expertise together with expertise from the Environ-
mental Science Program is used to develop environ-
mentally acceptable processes for treatment of domes-
tic ores containing radioactive elements.

(c) High Temperature Fabrication
(Dr Geoff Stevens)

The large scale ceramic plant used in the development
of Synroc fabrication routes is utilised in market-driven
projects for local industry in a number of ceramic
applications, including advanced refractories. Spe-
cialised ceramic powder preparation facilities have
been utilised to produce tonne quantities of material
for industry. Facilities include specialised cold-and
hot-isostatic presses and controlled atmosphere
uniaxial high-temperature hot presses. The fabrica-
tion facilities can be employed at temperatures in
excess of 2000"C and their size permits development
of industrial prototypes.



CORE ACTIVITIES, SKILLS AND
FACILITIES

(d) Sol-gel Science and Technologies
(DrJohnBartlett)

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 con-
trol 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 nanostructurcd devices.

Basic strategic support to our applied R&D on sol-gel
processes has been provided through the construction
of a unique Colloid Characterisation Facility. This
facility consists of a multi-angle static light scattering
spectrometer, two autocorrelators for photon correl-
ation spectroscopy measurements, and Fourier Trans-
form-Infra Red (FT-1R), FT-Raman and Ultraviolet/
Visible/Near Infra Red (UV/VIS/NIR) vibrational
spectrometers. These enable simultaneous, in xitu
measurements of the structure, chemistry and morphol-
ogy of nanoparticles during their formation and
aggregation. The versatility of this facility is being
extended by construction of a Raman microprobe
accessory.

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

In view of the underlying role played by sol-gel sci-
ence across a broad range of emerging technologies,
ANSTO has identified this field as a key strategic
research activity within Advanced Ceramics.

ADVANCED
MATERIALS

(e) Materials Characterisation

The properties of engineering materials are structure
sensitive. At the atomic level, the structure of materi-
als is being studied using X-ray, neutron and electron
diffract ion methods (Dr Cliff Ball) . On a
microslruclural level the Program has well equipped
optical metal lography laboratories (Mr John
Warmeant) , analyt ical transmission electron
microscopy laboratories (Dr Kath Smith) and scan-
ning electron microscopy/X-ray microprobe analysis
(Dr Arthur Day).

Advanced crystallographic studies are also being pur-
sued in overseas facilities using X-ray and neutron
beams where suitable domestic inslruments arc not
available. The Program utilises accelerator and neu-
tron scattering facilities in partnership with Applica-
tions of Nuclear Physics, and Secondary Ion Mass
Spectroscopy (SIMS) in partnership with Environmen-
tal Science at ANSTO. The SIMS instrument will
enhance our capabilities in a broad range of surface
sciences and technologies.

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 assess-
ment. The expertise and facilities for mechanical test-
ing cover fracture mechanics, fatigue, creep and stress
relaxation. The high temperature testing equipment
can be operated at temperatures up to 15()()"C and in-
cludes sophisticated thermal shock tests (Mr Paul
Slathers). Sensitive hardness measurement instru-
ments and wear testers are available to support
surface engineering. The destructive test facilities are
supplemented by null-destructive testing equipment
for 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 imaging and neutron radiography (Mr Bob
Harrison).

A comprehensive ceramic powder characterisation
facility has been established to support the applied
projects (Mr Ross Campbell). High temperature
dilatomcters and a combined Differential Thermal
Analysis/Differential Thcrmograviinctric (DTA/DTG)
apparatus are capable of operation in excess of 2(K)0°C
(Mr David Cassidy).



ADVANCED
MATERIALS

CORE ACTIVITIES, SKILLS AND
FACILITIES

(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 a luminium components in
HIFAR gives rise to transmutation-induced precipi-
tates and point defect clusters that harden components
of HIFAR and reduce their ductility. The Plasma
Surface Engineering project can model the penetra-
tion of energetic ions into materials. Staff engaged on
the Synroc project study changes in minerals that have
undergone structural damage from the decay of
naturally occurring radioactive elements. Advanced
Materials and Environmental Science together use
their considerable expertise and facilities to charac-
terise alpha decay in electronic materials and to
develop processing techniques to minimise uranium
and thorium contents in Australian mineral products.

(g) Handling of Radioactive Materials
(Mr Alan Brounscombe)

A special laboratory exists to handle actinide contain-
ing materials in a series of glove boxes. This enables
the production, testing and characterisation ofSynroc
doped with americium (Am), curium (Cm), neptunium
(Np) and plutonium (Pit). A low-oxygen glove box
has been commissioned to enable the leaching of these
radioactive Synroc specimens under controlled reduc-
ing conditions.

Large scale engineering facilities such as a vacuum
melting and casting furnace and an extrusion press are
capable of fabricating nuclear materials.

This range of core expertise and facilities also sup-
ports research activities in other Programs within
ANSTO and are utilised in applied research and
development in industrially motivated activities un-
der a variety of collaborative and commercial arrange-
ments. Our commercial clients are from the manu-
facturing, minerals processing, mining and pharma-
ceutical industry sectors.



SYNROC
LEADER: DR LOU VANCE

The Advanced Materials Program is rcsponsihlc for
research and development of improved radioactive
waste conditioning technologies. This work is linked
to activities in the Environmental Science Program
which are focused on the migration of radiomiclides
in the environments around repositories. The Advanced
Materials Program has three waste projects.

BACKGROUND

Synroc is an advanced titanate ceramic comprising a
stable assemblage of phases chosen for the i r
gcochemical stability and collective ability to immo-
bilise radioactive elements present in high-level
nuclear wastes (HLAV). More than a decade of re-
search into Synroc has confirmed its outstanding
chemical durability. The feasibility of production of
good quality Synroc on a commercial scale (10 kg/hr)
has been demonstrated in the Synroc Demonstration
Plant (SDP) on a non-radioactive basis using simu-
lated HL\V. From operating experience with the SDP
and cont inuing R&D on Synroc fabrication, a
conceptual design of a radioactive plant has been pro-
duced to guide on-going research on process simplifi-
cation and patenting strategies.

Most of the past research at ANSTO has been focused
on Synroc-C, the formulation designed for HLW from
reprocessing of commercial spent fuel. More recently,
we have concentrated en optimisation of Synroc
formulations for:

advanced reprocessing strategies employing partition-
ing of fission products and minor actinides, and

remediation of liquid defence wastes stored in tanks.

The part i t ioning strategies and defence waste
remediation provide strong opportunities for Synroc
to be utilised in combination with the more mature
vitrification concepts to optimise HLW conditioning
through minimisation of the overall volume of HLW
for disposal.

OBJECTIVES

The development of Synroc as an advanced waste form
for HLW management and progression of its commer-
cialisation in conjunction with appropriate partners at
the national and international level.

WASTE
MANAGEMENT

LEADER: DR LOU VANCE

RECENT WORK
AND ACHIEVEMENTS

The new Synroc precursor plant was scaled-up and
commissioned to produce microsphere feedstocks.
Sufficient feedstocks were produced to test liquid
HLW impregnation and hot-pressing at the 10 kg scale.
These results have confirmed Hie choice of the dry
precursor route for the conceptual radioactive Synroc
plant.

A laboratory scale controlled atmosphere Synroc proc-
ess plant has been commissioned to confirm process
advantages from an inert atmosphere canyon chosen
for the conceptual design. Work has continued on the
optimisation of bellows containers to increase the
packing density of Syr.roc in a disposal canister.

Zirconolite-rich Synrocs have been developed for the
immobilisation of high loadings of actinide elements
from partitioned waste streams whilst maintaining the
process flexibility inherent in the Synroc-C formula-
tion that was designed to immobilise all the elements
present in HLW from the reprocessing of commercial
spent fuel.

Single phase specimens of the major Synroc phases
have been prepared under conditions that can be rep-
licated for accelerated radiation damage tests in the
fabrication facilities in the WASTEF facility of Japan
Atomic Energy Research Institute (JAERI). A series
of leach tests of these samples has commenced and
JAERI is currently studying the effects of alpha dam-
age acceleration in Cm-doped perovskite. The leach-
ing results from Cm-doped specimens suggest the
existence of an alpha radiolysis effect that will need
to be addressed in the future.

The JAER1/ANSTO co-operative research program on
Synroc is on schedule and discussions have com-
menced on the possibility of a joint program beyond
the current five year phase. Accelerated alpha-dam-
age measurements on sodium-free HLW in Synroc do
not show any evidence of micro-cracking.

Studies of Pu incorporation in Synroc have been initi-
ated and evidence suggests the potential waste
loadings, on a chemical basis, could be as high as 20-
30 wt%. Specimens have been prepared for a com-
prehensive evaluation of the valence of actinide
elements in Synroc to provide an improved basis for
crystal-chemical design of Synroc for various act inide-
rich waste streams.



WASTE
MANAGEMENT

The study of radiation damage effects and geochemical
alteration of natural mineral analogues of Synroc
phases has been extended. This information is essen-
tial for long-term modelling of Synroc behaviour in
the repository environment and supplements the
accelerated damage tests carried out in the coopera-
tive program with JAERI, Zirconolite from
hydrothermal vein rock samples from Adamello, Italy,
containing thorium and uranium oxides (up to 17 \vt%
ThO: and 9 wt% UO,) has been examined in a col-
laborative study with Dr R Giere of the University of
Basel, Switzerland.

An initial scries of leaching experiments in the con-
trolled atmosphere glove box has shown that the leach
rate of Np in reducing solutions, in a 28 day test, is
I.lxl05g.m":d"'; that is a factor of 10 lower than that
measured in oxygen-saturated water.

Two research contracts have been started, with USA
Department of Energy (DOE) funding, to address
aspects of HLW remediation with Pacific Northwest
Laboratories (PNL), Hanford, Washington and Law-
rence Livermorc National Laboratory (LLNL),
Livennorc, California.

WORK PLANNED FOR 1994-95

The formulation and testing of Synroc for applications
in waste partitioning strategies pursued by France and
Japan. Partitioning permits the consideration of the
parallel use of Synroc and glass to immobilise differ-
ent waste streams with overall reduction of HLW
volume.

Meeting milestones in the contract on the Integrated
Plan for Hanford Waste Remediation Task study.

Studies of the immobilisation in Synroc of surplus
USA military Pu.

The continuing development of a database on long-
term durability of Synroc based on extensive leach-
ing of non-radioactive Synroc; actinide-dopcd Synroc;
accelerated radiation damaged Synroc under
cooperative research projects with JAERI; and stud-
ies of natural mineral analogues of Synroc containing
U and Th. These studies arc part of the development
of models of Synroc leaching for regulatory assess-
ments of the long-term safety of Synroc.

Initiation of a cooperative study with Commissariat
Energie Atomique (CEA), France on leaching of HLW
forms.

The continuing process development to refine the con-
ceptual design. The key activities relate to liquid HLW
impregnation of sol-gel based microsphere precursors;
development of improved bellows containers, and
improved thermal shock resistant pressure pads. The
focus in 1994-95 will be on process steps relevant in
defence waste remediation.

KEY INTERNATIONAL COMPONENTS

International research linkages provide enhancement
to the Synroc program and an independent confirma-
tion of Synroc as an advanced second generation
wasteform. The ANSTO Synroc program is now
linked with key organisations in all countries engaged
in commercial reprocessing of spent fuel. Coopera-
tive research programs exist under formal agreements
with JAERI, Japan and CEA, France. A letter of
intent was signed to extend existing bilateral activi-
ties in HLW research on a tripartite basis between
ANSTO, JAERI i>nd CEA. Confidentiality agreements
were concluded last year with British Nuclear Fuels,
pic, UK and the Radioactive Waste Management Cen-
tre, Japan. A letter of intent was signed in May, 1994
between ANSTO and MINATOM, Russia on
cooperation in nuclear science and technology includ-
ing evaluation of Synroc as a waste form for HLW in
Russia. These linkages complement earlier coopera-
tive agreements with the China National Nuclear
Corporation; AEA Technology, UK; and ENEA, Italy.
In the USA we have contracts on waste remediation
with Battclle, PNL, Hanford and LLNL, Livermore.
Additional informal cooperative research linkages
exist with institutions in Europe and North America.

Participation in the work of the IAEA, Vienna takes
place through membership of the International Waste
Advisory Committee and coordinated research
projects on HLW management. We aiso participate in
the work of the OECD, Nuclear Energy Agency on
HLW partitioning and transmutation.

10



CEMENT WASTE FORMS
LEADER: DR LAURIE ALDRIDGE

WASTE
MANAGEMENT

BACKGROUND

Cements are widely used for the encapsulation of low-
level (LLW) and intermediate-level (ILW) radioactive
wastes. Cement waste forms can be safely stored,
transported and disposed. Earlier studies, supported
by the CRC on Waste Management and Pollution
Control, have been completed, on immobilisation in
cement of toxic non-radioactive wastes, such as
arsenic (As). The research is focused on:

applied R&D of cements for the encapsulation to
national and international standards of LLW stored
at Lucas Heights;

strategic basic research on modelling of reaction
mechanisms in cement and the dependence of dura-
bility on microstructure; and commercial contract
R&D for local industry.

OBJECTIVES

The development of cement-based waste forms for
LLW and ILW from ANSTO's nuclear activities.

RECENT WORK
AND ACHIEVEMENTS

Research on hydrated cement aimed at the understand-
ing of calcium silicate hydrate gel formation and the
evolution of pore structures of hydrutcd cement pastes
has been pursued by small angle neutron scattering
studies. The results are being utilised in the develop-
ment of predictive models of cement hydration and
durability utilising the supercomputer. Cooperative
studies have been initiated with the University of Tech-
nology, Sydney on the immobilisation of caesium (Cs)
exchanged zeolites in cement systems. Strategic link-
ages have been developed with Blue Circle Southern
Ccmcni Ply Ltd. The use of additives to improve the
setting ability of cement based systems for radioac-
tive waste encapsulation has been reviewed.

WORK PLANNED FOR 1994-95

The focus of current activities is to produce a critical
review of international practice on encapsulation of
LLW into cements with particular attention to wastes
currently stored at ANSTO. On the basis of the
review and national codes for LLW disposal at near
surface repositories, a test program will be initiated
using local materials and will be supplemented by
standard leaching tests. The basic strategic studies on
cement nano-structures will proceed at existing
levels.

The strategic linkages with cement manufacturers will
be enhanced.

KEY INTERNATIONAL COMPONENTS

Cooperative research projects exist in USA with the
National Science Foundation Centre for Science and
Technology of Advanced Cement-Based Materials,
University of Illinois; Champaign-Urbana and Biosym
Technologies, San Diego on modelling of the struc-
ture of hardened cement pastes.

I I



WASTE
MANAGEMENT STABILISATION

AND PROCESSING OF
RADIOACTIVE MINERALS

LEADER: DR KAYE HART

Alpha track imaging as used to examine the distribution of
radioactivity in a mineral product

BACKGROUND

This is a commercially funded project carried out in
cooperation with the Environmental Science Program.
It will utilise expertise and facilities at ANSTO to
develop innovative solutions for local industry; to
remove naturally occurring radioactive contaminants
in mineral sands, to optimise waste management and
to add value to exports

OBJECTIVES

Technology transfer of nuclear science and technol-
ogy to develop environmentally acceptable processes
to remove natural radioactivity from mineral products.

RECENT WORK
AND ACHIEVEMENTS

Three major studies have been completed for com-
mercial clients from the mineral sands industry.
Extcnial funding has exceeded revenue targets. The
alpha track measurements on electronic materials have
progressed to the stage where an automatic counting
system could be specified. A contract has been let to
a local company to supply hardware and software.

WORK PLANNED FOR 1994-95

To complete existing projects for commercial clients
according to contract milestones and to secure new
projects.

To commission an automatic alpha track counting
system to iilcniify low levels of radioactive contami-
nants in electronic materials.

KEY INTERNATIONAL COMPONENTS

Contract research for Fujitsu Ltd, Japan, a leader in
the development of advanced high density electronic
components whose eventual performance is affected
by the presence of naturally occurring radioactive
species from the U and Tli decay series.

LONG TERM OBJECTIVES

This project is designed to maintain an effective
capability within ANSTO, in partnership with the
Environmental Science Program, to provide commer-
cial services and contract research lo the minerals
sector to enhance its international competivcncss.

Ultrasonic Atomiser used in spraying Sol-gel
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FUNCTIONAL CERAMICS
LEADER: JIM WOOLFREY

ADVANCED
CERAMICS

LEADER: JIM WOOLFREY^

The Advanced Materials Program lias excellent
capahilities in the processing of advanced ceramics
as a result of t lie focus provided hy the Synroc project.
These skills and facilities are Itcing increasingly uti-
lised hy industry. The research activities in advanced
ceramics are directed to:

the development of improved functional ceramics,
particularly through the utilisation of sol-gel technolo-
gies; and

the application of high temperature fabrication meth-
ods to the manufacture of high quality hulk ceramics
including advanced refractories.

These applied areas of ceramics R&D arc supported
hy strategic research in core areas of technology that
underpin the market driven initiatives. Sol-gel
science has heen identified as one of the priority
research activities within ANSTO's Advanced Ceram-
ics R&D program. Sol-gel ceramic coating technol-
ogy supports the Surface Engineering activity.

BACKGROUND

Sol-gel technology development was ini t iated at
ANSTO to provide improved routes for Synroc pre-
cursor powder production. The technology has since
been transferred to non-nuclear applications in pro-
viding innovative solutions for functional ceramics
such as thick and thin films in dielectric, piezoelec-
tric, photochromic and sensor applications. Sol-gel
chemistry has also been applied to surface films on
optical products and for corrosion and abrasion resist-
ant coatings on graphite, metals, ceramics and refrac-
tories. The pervasiveness of sol-gel science is further
demonstrated by our work in the development of
ceramic membranes with controlled pore size for the
filtration of hot process liquids.

The sol-gel technology is based on strategic studies
of colloid behaviour. A FT-Raman spectrometer has
recently been commissioned to complement our
unique Colloid Characterisation Facility (CCF), which
now consists ofFT-IR, FT-Raman, UV/VIS/NIR/MIR,
stat ic l igh t scat ter ing and photon-correlat ion
spectrometers. These are all interconnected by fibre
optics, on circulatory systems, to provide real time,
simultaneous, in-siln analysis of nanoparticle forma-

tion, structure and aggregation. A FT-Raman
microprobe is presently being constructed with sup-
port from Biorad Ply Ltd. Strategic basic research
into sol-gel chemistry is pursued actively through link-
ages with domestic and foreign universities and
includes ioint PhD programs.

OBJECTIVES

To be a leader in sol-gel ceramic research and tech-
nology.

To enhance the competitiveness of local industry by
transfer of our nuclear science and technology to
improved functional ceramic.;.

RECENT WORK
AND ACHIEVEMENTS

The basic studies on the preparation of concentrated
titanate sols (exceeding 1100 gin TiO: per litre) have
been instrumental in the development of advanced
feedstocks for Synroc fabrication. These unique con-
centrated sols have also permitted the init iat ion of
exciting Small Angle X-ray and Neutron Scattering
studies (SAXS/SANS) with French colleagues that are
generating new results on sol ullrastructures. The
experiments on the integrated CCF are providing new
insights into the processes occuring at the solution/
solid interfaces during nuclcat ion and growth of
ceramic powders.

The sol-gel program provides a core technology which
is being used at ANSTO to prepare a wide range of
advanced ceramic materials , inc lud ing Synroc.
nanoceramics. electronic ceramics, thin films and
membranes, mult icomponent powders, etc. The
major current achievements are:

the successful demonstration of the abili ty to produce
alumina coatings up to 10 (.tm thick from sol-gel tech-
niques in a single dip coating on graphite and metallic
substrates. This work has been supported by a
Department of Industry, Science and Technology
(DIST) grant with partners from Monash University,
The University of Technology, Sydney, Materials
Research Laboratories. DSTO. Silicon Technologies
Australia Ply Ltd., Comalco Aluminium Ltd and
AWA Defence Industries;
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ADVANCED
CERAMICS

prototype, transparent conductive coatings with spe-
cific spectral properties have been produced under a
contract from the Department of Defence;

thick film and ceramic/polymer composite prototype
piezoelectric transducers have been developed in col-
laboration with several companies and the CSIRO
Ultrasonics Laboratory;

ceramic membranes, with controlled pore sizes in the
range lOnm to lOf im for microfiltration and ultra-
filtration of hot process liquids, were developed with
funding by an Energy Research and Development Cor
porution (ERDC) grant in collaboration with CSR Ltd
and the School of Chemical Engineering and Indus-
t r ia l Chemistry, Univers i ty of NSW. A f inal
report has been presented to ERDC and discussions
have commenced about addit ional funding for
commercialisation;

collaborative research on monolithic sol-gel mullite
and nanocompositcs for thermal shock resistance has
commenced with research institutes in China, under
a bilateral science and technology program between
Australia and China; and

development of tilanale ion-exchangers and tcmplated
ion selective absorption media and membranes is con-
tinuing within the Synroc project.

WORK PLANNED FOR 1994-95

The Synroc oriented sol-gel studies will focus on the
development of ti tunutc ion-exchangers for defence
waste remediation, in-silu denitration of wastes by
titanatcs and strategic studies on ion selective absorp-
tion media and membranes.

Ultrastructure studies of titunatc sols and gels will be
continued %vit!i CEA, France. The collaboration is
utilising the unique French capabilities in SAXS/
SANS and our unique capabilities with the CCF. The
ability to produce stable sols with high solids content
at ANSTO has been essential to provide information
with sufficient sensitivity to lest different theoretical
models of sols.

The FT Raman Microprobe will be commissioned on
the CCF.

Strategic studies in collaboration with universities will
address hydrolysis of zirconium alkoxides; titania col-
loid formation in micelles; photochemistry of porous
titania sol-gel films; and the role of anion chemistry
in sol-gel processing of titania. These projects are
enhanced through cooperative research with Univer-
sity of Auckland, NZ, Monash University. Queens-
land University of Technology, University of New
South Wales and University of Technology, Sydney.

The project on sol-gel mullite preparation and fabri-
cation is continuing under the China/Australia agree-
ment withTianjin University.

Industry-related projects under D1ST grants will be
completed, involving testing of prototype high energy
density capacitors and development of ceramic coat-
ings and films.

A clean-room laboratory will be developed to enable
new strategic studies on chemical templating, by
manipulation of micelle sol structures, to form two
dimensional (2-D) layers, and possibly, three dimen-
sional (3-D) nanostructures, for use in optical films,
self-assembling nunocompositcs and highly selective
chemical sensors and pumps.

KEY INTERNATIONAL COMPONENTS

The Program has extensive formal and informal col-
laborative projects with laboratories in the United
Kingdom, the United States of America, France, Ger-
many, Italy, China, Korea, Japan and New Zealand,
as well as local laboratories and universities. The main
partners in international collaborative programs are:

CEA, Saclay, France on colloidal ultrastructurcs in
concentrated sols, gels and powders;

Tianjin University, China on synthesis and fabrica-
tion of sol-gel mullite; and

Biorad Pty Ltd USA on construction of a FT-Raman
microprobe.

LONG TERM OBJECTIVES

The long term objective is to carry out strategic
research on sol-gel processes that will contribute to
the development of key technologies in functional
ceramics industries in the next century.
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HIGH TEMPERATURE
FABRICATION

LEADER: DR GEOFF STEVENS

BACKGROUND

This project was initiated to facilitate joint basic stra-
tegic research with universities (through A1NSE) on
high temperature ceramic processing, to utilise
unique fabrication facilities associated with the
Synroc project and to participate ;n bilateral science
and technology projects; and utilise expertise and
facilities in ceramic processing associated with the
Synroc project to provide technology transfer to
local industiy.

OBJECTIVES

Development of improved processing routes for the
manufacture of specialised ceramics and refractories
to enhance the competitiveness of local industry
through transfer of our nuclear science and technol-
ogy.

RECENT WORK
AND ACHIEVEMENTS

The first phase of a project to assist a local company
to commercialise silicon carbide plates has been com-
pleted. Pilot scale production was developed within
the Program to provide full scale plates for interna-
tional testing. Following outstanding test results, the
company was required to scale up production. This
was outside the scope of our facilities and Australian
industry. A member of our team spent three months
transferring the technology to a German manufacturer.
The project is proceeding well and the company is
continuing to fund process optimisation.

A new industrial driven project to investigate the crack-
ing behaviour of carbon anodes in aluminium smelt-
ing is currently underway. The first stage involved
determining the mechanical properties and thermal
shock behaviour of a variety of industrial and labora-
tory anodes. Factors promoting cracking have been
identified and modified anodes have been prepared
for evaluation.

A collaborative R&D project was established with a
small manufacturer to develop and test aluminium
titanate thermocouple sheaths. Early tests have been
promising. A consultant has been retained to advise
on market size and feasibility of commercialisation.

The first stage of the project on high performance sili-
con nitride under the China/Australia Joint Science
and Technology Commission Program has been
successfully completed.

ADVANCED
CERAMICS

WORK PLANNED FOR 1994-95

The project on carbon anodes will continue with the
evaluation of modified anodes. Construction of a high-
temperature ceramic mechanical testing unit and a
thermal shock testing instrument will improve our
capability in evaluating ceramics for high tempera-
ture applications.

A number of minor projects arc aimed at the develop-
ment of advanced ceramics and refractories. It is
intended to increase interaction with local industry on
practical problems.

KEY INTERNATIONAL COMPONENTS

Collaborative research under the China/Australia Joint
Science and Technology Commission Program with
China Building Materials Academy and the CSIRO
Division of Materials Science and Technology on the
hot isostatic pressing (HIP) of high strength and high
fracture toughness silicon nitride.

Joint project with the Universi ty of Karlsruhe,
Germany on the mechanical properties of a commer-
cial silicon nitride ceramic.

Collaboration with the Nagaoka University of Tech-
nology, Japan, on HIP of ceramic materials.

LONG TERM OBJECTIVES

The establishment of strategic linkages with industry
and other research organisations active in the devel-
opment of advanced refractories and ceramics.
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SAFETY
ENGINEERING
(MATERIALS

ASSESSMENT)
LEADER: MR BOB HARRISON

PLANT LIFE MANAGEMENT
LEADER: MR BOB HARRISON

The Advam ed Materials Program is developing and
applying Materials Assessment technologies as part
of the overall ANSTO program on Safety Engineer-
ing. Key competencies are maintained in the areas of
radiation damage effects in materials, development
of non-destructive evaluation (NDE) techniques
relevant to research reactors, finite element analysis
and design, and the assessment of remaining life and
structural integrity of research reactor components.
A structured program is heing undertaken on the
remaining life of certain critical components of the
HIFAR reactor, including the Reactor Aluminium Tank
(RAT). Work is undenvay to determine the mechani-
cal properties of irradiated material which has been
removed from service, enabling remaining life
estimates to he made with increased confidence.

Remaining life assessments are also undertaken on a
collaborative and contract basis across a broad range
of industry, with particular focus on the power gen-
eration and petrochemical industries.

There arc two projects on Safety Engineering within
the Advanced Materials Program.

BACKGROUND

The remaining life of HIFAR lias been assessed on
the basis of extensive generic data on the effects of
neutron irradiation on aluminium alloys. This assess-
ment is continuing with the testing of specimens from
components removed from the core of the reactor. An
ultrasonic imaging instrument has been purchased for
non-destructive examination of the RAT and its welds.
A strategic alliance has been formed with Pacific
Power to apply our expertise and facilities for plant
life niiinugctnent to fossiJ fired electricity generation
plant. Projects have also been sourced from the Aus-
tralian Electricity Supply Industry Research Board
(AESIRB) and we participate in an ARC funded
project on remaining life assessments for boiler
tubing with the University of NSW.

Contract research is carried out for companies engaged
in the power, petrochemical and mineral processing
sectors.

OBJECTIVES

Development of improved techniques for the moni-
toring and assessment of safety and remaining life of
ANSTO"s nuclear plant.

Further development and application of remaining life
technologies to enhance Australia's industrial com-
petitiveness through transfer of our nuclear science
and technology.

RECENT WORK
AND ACHIEVEMENTS

Two projects have commenced in the Welding and
Joining CRC: the welding of thermally r'.odified
structures and the determination of defect acceptance
levels in thin walled pipeline girth welds. The other
partners in the CRC are BHP Slab and Plate Products
Division, Port Kembla. CSIRO Division of Manufac-
turing Technology. Adelaide, the Welding Technology
Industry Association of Australia and the Department
of Materials Engineering, University of Wollongong.
ANSTO is the lead organisation in the first project.
Test welds have been made in two standard creep-
resistant, low-alloy steels with a third steel currently
being welded. Charpy impact tests have been per-
formed on all three materials which show them to be
severely embrittled. Test pieces are being prepared
for creep, fracture toughness, tensile and further
Charpy tests of the heat affected zone (HAZ) of welds.
Extensive optical, transmission and scanning electron
microscopy has been performed on the base material,
with further work to be performed on the thermally
modified and repair welded materials.

A second, three year, collaborative project with
Pacific Power, 'Structural integrity and life extension
of welded boiler header', commenced in June 1993.
The aims are to assess the structural integrity of a
number of operating boiler headers using existing and
novel methods. Tests on header samples are in
progress for high temperature assessment and a new
small punch test method has been developed and vali-
dated for low-temperature integrity assessment.

An ARC project with the UNSW has the main aim of
developing advanced maintenance forecasting and
remaining life assessment techniques for boiler
tubing.
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SAFETY
ENGINEERING
(MATERIALS

ASSESSMENT)

A strategic acoustic imaging project is developing
methods of improving the amount of information that
can be obtained from ultrusonic NDE techniques by
using 3D reconstruction algorithms and other data
processing methods. Potential applications will be in
the inspection of the RAT, the sizing of defects in
industrial plant for remaining life estimation and in
general NDE. A small project was undertaken during
the year in the related field of sonar imaging. Discus-
sions are under way with the main sponsor to transfer
this technology from naval applications to industry.

The project on the remaining life of HIFAR contin-
ued with the sectioning of the flux scan tube and the
second fuel rod liner. The mechanical test specimens
are currently being prepared in the HIFAR hot cells.

WORK PLANNED FOR 1994-95

A significant increase in effort is planned in the HIFAR
remaining life assessment to enable a comprehensive
examination of key reactor components.

Procedures will be developed, tested and validated dur-
ing the year on tasks such as the inspection of the RAT
welds and wall thickness, a hardness survey and
replication of surface features. All these activities are
designed to increase the confidence in the assessment
of the structural integrity of the RAT.

The CRC project on thermally modified structures is
moving into an intense mechanical testing phase, with
a variety of tests being performed both at ANSTO and
BHP. A large amount of data will be generated.

A second, validation phase, of the ARC boiler tube
project will be developed in collaboration with the
UNSW and Pacific Power.

The second year of the Pacific Power project focuses
on the development of a model for assessing the
effects of various power station operating conditions
on the life consumption and margin of safety for a
welded header. Newly developed miniaturised test-
ing techniques for measuring toughness, tensile and
creep properties are being combined with complex 3D
stress analysis to develop a system that will be incor-
porated into Pacific Power's on-line damage assess-
ment system.

A major seminar on the remaining life of turbine
rotors is being organised by ANSTO with sponsor-
ship by AESIRB. This will involve participation by
overseas experts in addition to ANSTO staff, and
attendance by experts from the majority of Australian
power utilities.

Further development of the 3D ultrasonic imaging sys-
tem will involve the optimisation of reconstruction
algorithms and the development of visualisation
techniques to assist in defect characterisation. The
activities in plant life management will be extended
to the cement industry.

LONG TERM OBJECTIVES

To provide an integrated approach to the problems of
plant life management, to ANSTO and Australian
industry.

Mr Bob Harrison operating a Zip Scan (|a Plus)
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SAFETY
ENGINEERING
(MATERIALS

ASSESSMENT)

BACKGROUND

The engineering analysis project had its genesis in the
conceptual design of a radioactive Synroc plant. The
expertise has bui l t up in computer aided
design (CAD), finite element analysis (FEA) with the
N1SA suite of codes and more recently in the devel-
opment of computer aided manufacture (CAM) of
ceramic components in association with ANSTO's
Engineering Program.

OBJECTIVES

'To develop modem CAD and stress analysis tools to
support projects in the Program and to transfer the tech-
nology to local industry.

ENGINEERING ANALYSIS
LEADER: MR DON MERCER

RECENT WORK
AND ACHIEVEMENTS

Three dimensional CAD drawings have been prepared
of the HIFAR reactor tank and internal aluminium
components to support the development of inspection
techniques for the extended shut-down of HIFAR in
1995.

The conceptual design of the radioactive Synroc plant
was reviewed with consultants.

A ceramic knee prosthesis has been designed and a
prototype has been manufactured using CAD/CAM
techniques as part of a Grant for Industrial Research
and Development (GIRD). A provisional patent
application has been filed.

The NISA FEA code has been utilised in three projects
within the CRC on Materials Welding and Joining.
We are a key partner in a project on hydrogen induced
cold cracking in weld HAZ with BHP, and have pro-
vided assistance to CSIRO, in a project on the model-
ling of the gas metal arc welding process. Support is
also provided for a CRC project for the plant life man-
agement group.

WORK PLANNED FOR 1994-95

The completion of the project on the ceramic knee
prosthesis.

Continue support for HIFAR remaining life assess-
ment.

Meet the schedule of milestones on projects within
the CRC on Materials Welding and Jo in ing .

Engineering stress analysis for plant life management
projects.

The development and implementation of an effective
local area computer network (LAN) to link all research
activities within the Program.

LONG TERM OBJECTIVES

To develop an integrated engineering design capabil-
ity within the Program, based on finite element and
boundary element methods with relevance to the
design of safe metallic and ceramic components
under severe operating conditions.

Ceramic Knee Prothcsis
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PLASMA SURFACE
ENGINEERING

LEADER: DR RON HUTCHINGS

SURFACE
ENGINEERING

LEADER: DR RON HUTCHINGS

It is now widely recognised that optimum perform-
ance of industrial materials frequently requires modi-
fication of the surface of such materials in order to
enhance resistance to wear, abrasion and corrosion,
whilst utilising the underlying material to confer prop-
erties such as strength, fatigue resistance and stiff-
ness. 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 ofmatc'-'i-
als with novel, or improved, performance character-
istic.''. 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, lias resulted in Surface Engineer-
ing being identified as a key research activity.

BACKGROUND

A range of surface modification techniques has
emerged in recent years. As these techniques move
into the industrial environment, it is becoming appar-
ent 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 Program is complemented by
metal ion implantation capabilities in the Applications
of Nuclear Physics Program.

The development of Plasma Immersion Ion Implanta-
tion (PI1), 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, which
also involved MM Metals, University of Adelaide and
CSIRO Division of Applied Physics. Further exter-
nal linkages have been forged with overseas research
groups and with the University of Wollongong on the
application of plasma processing to ferrous alloys.

An external review of the PI3 project, commissioned
in December 1992, reported that ANSTO was at the
forefront of research in this area and that it was a field
of major industrial potential.

OBJECTIVES

To undertake research at the forefront of the science
and technology of plasma surface treatment.

To develop cost effective surface engineering tech-
nologies to enhance Australia's industrial competitive-
ness through transfer of nuclear science and technol-
ogy.

RECENT WORK
AND ACHIEVEMENTS

The Plasma Laboratory has been reconstructed and
now has a fully operational PI3 facility. The sale of a
PP system to the Technical University of Clausthal,
Germany was agreed. The sale is funded by the
German BMFT (Bundcs Ministerium fur Forschung
und Technologic).

A joint ARC application with the University of New
England (UNE) was successful to study radio
frequency plasmas for the nitriding of metals. This is
a basic strategic project aimed at understanding the
parameters which control nitriding, with the potential
of developing a controlled nitriding process which does
not require the use of hydrogen, cracked ammonia etc.

During the reconstruction of the PP facility, the
opportunity was taken to design an integrated compu-
ter-based control system. The necessary interlace
packages have been developed and commissioned.

Strategic studies of nitrogen implantation by PP into
steels have been carried out in close cooperation with
universities. Three final year students from the Uni-
versity of Wollongong completed projects in 1993.
One doctoral student from the University completed
his studies on die steels in 1993 and a second is
expected to complete his thesis on austcnitic stainless
steel during 1994. A ycar-in-industry student from
the University of Technology, Sydney is currently
participating in the initial phase of work on the ARC
funded project with UNE.
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X^ ENGINEERING

WORK PLANNED FOR 1994-95

Research on Pi' wi l l concentrate on two areas: fur-
thering our understanding of the mechanisms which
enable the technique to be more precisely controlled
and identifying significant industrial applications for
the process. Applications research will be carried out
with loca' industry and through the collaboration with
the Technical University of Clausihal. This collabo-
ration will also be used to explore possible routes to
commercialise the Pi' technology in Europe.

At the more strategic level, the role of the energetic
implantation of ions, relative to that played by ther-
mal diffusion processes, will be further investigated.
In particular, the influence of these parameters on
microstructure will be studied in collaboration with
the University of Wollongong and Labaratoire
d'Analyscs par Reactions Nucleaires (LARN), Namur,
Belgium.

The influence of plasma parameters, on the nitriding
of steels, will be investigated as part of the ARC funded
project with UNE.

A new microhardness tester will be commissioned
during the latter part of 1994. This instrument will
use the same type of cont inuous depth sensing
approach that has been developed in recent years to
study the hardness of nano-layers. It is planned to use
th is machine to extend (his type of analysis to
accurately study hardness profiles in the microhardncss
load range. This technique will also be applied to the
mechanical characterisation of sol-gel derived, ceramic
films.

KEY INTERNATIONAL COMPONENTS

Technical University of Clausthal. Germany - Prof
Barn- Mordike (Director, Institute forWcrkstoffkunde)
- collaborative research on assessing the metallurgi-
cal effectiveness of PI', through a program funded by
the BMFT.

University of Birmingham, UK - Prof Tom Bell (Di-
rector. Wolfson Institute of Surface Engineering) -
Three-way collaboration with the University of
Wollongong. including student exchange, aimed at
understanding the effects of Pi' treatment on harden-
ing and wear resistance.

LARN. Belgium - Dr Guy Terwagne - collaboration
on the microstrtictural effects of Pi' treatment of steels,
especially through the application of Conversion Elec-
tron Mossbauer Spectroscopy.

University of Wisconsin-Madison, USA - Prof John
Conrad - interaction on plasma diagnostics and the
comparative methods of plasma generation for plasma
based ion implantation.

Staff from the Pi' project have accepted invitations to
serve on international committees oiganising major
conferences in 1995 on surface modification by plasma
techniques.

LONG TERM OBJECTIVES

Surface Engineering represents a key area of technol-
ogy for enhancing the competitive position of the
manufacturing sector through the cost effective use of
materials. Overseas surveys have shown that improve-
ment of existing technologies is likely to have much
larger market impact than the introduction of radically
new technologies. The demand for environmentally
friendly processes will continue to rise as further
legislation is introduced. Low pressure plasmas
provide a controllable, pollutant free medium for
surface treatment. ANSTO's expertise in plasma
physics, materials science and engineering, and
surface analysis, provide the ideal basis to pursue
strategic research in Plasma Surface Engineering.
Collaborations such as that with the Technical Uni-
versity of Clausthal will help tap into developments
in Europe which may be appropriately implemented
in Australia.

Plasma Treatment of gear wheel
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INTERFACIAL
SEGREGATION
IN MATERIALS

LEADER: DR JANUSZ NOWOTNY

BACKGROUND

Properties cf surfaces and grain boundaries differ from
those of bulk materials because of segregation of natu-
ral or deliberately added impurities. This segregation
influences the mechanical, chemical and electrical
properties of materials and their processing. Control-
led manipulation of intcrfacial segregation provides a
route to smart materials such as sensors. The project
was initiated in 1991 to underpin the Program's
applied nuclear R&D projects in waste conditioning,
surface engineering and advanced ceramics. Active
linkages have been established with local and over-
seas universities and research institutes. The current
focus is on segregation and surface engineering of
ceramic materials.

OBJECTIVES

Strategic basic investigations of surface and grain
boundary segregation in materials to support core
applied research on:

ceramic processing including dcnsification and grain
size control;

high temperature strength and chemical durability of
materials; and

functional ceramics and metals with unique engineered
properties for sensor and other applications.

RECENT WORK
AND ACHIEVEMENTS

The exper imental fac i l i t ies were s igni f icant ly
advanced during 1993/94 with the commissioning of
apparatus for the study of high temperature equilibria
and specimen preparation under controlled oxygen
activity. The High Temperature Kelvin Probe has been
constructed to enable the determination of work
function of ceramic materials up to 1000"C under con-
trolled gas phase composition. Work function is the
only surface sensitive tool for characterisation of sur-
face properties at elevated temperatures in a control-
led gas environment. The surface and bulk composi-
tion of barium titanatc has been determined in asso-
ciation with the Surface Characterisation Centre at the
School of Chemistry of the University of NSW.
Barium titunatc is an electronic ceramic material whose
applications depend on the deliberate manipulation of
interface segregation.

SURFACE
ENGINEERING

The surface composition of mullite/zirconia compos-
ites has been investigated in collaboration with the
Industrial Research Institute of Ishikawu, Kana/.awa,
Japan. The gas/solid reactivity of mullitc/xirconkt
composites makes them a candidate for oxygen
sensors. Doped barium titunutcs are used as dielectric
materials. The niobium diffusion kinetics in barium
titunatc have been detennined in collaboration with
the Laboratory of Solid State Chemistry. University
of Nancy. France.

WORK PLANNED FOR 1994-95

A cooperative study with Ceramic Fuel Cells, Ltd,
Clayton. Victoria wil l be initiated to characterise
oxygen transport kinetics and electrode processes
in zirconia. This will be based on work function meas-
urements and on diffusion studies based on ISO/"'O
isotopic exchange.

The determination of electrical effects accompanying
the gas/solid reactions in the oxygen/zirconia system
in collaboration wi th the Univers i ty of NSW.

Modification of the High Temperature Kelvin probe
will be carried out to improve the response time in
order to record changes in surface potential during fast
processes of oxygen chemisorption.

The determination of grain boundary diffusion of
several metal isotopes in cobalt oxide.

Systematic studies will be continued on the niobium/
barium titunatc and the mullite/zirconia systems.

KEY INTERNATIONAL COMPONENTS

Strong international links have been established with
key European research centres through collaboration
in a BRITE-EURAM Project wi th International
Science and Technology Program support. Current
international partners arc: Natural Energy Institute,
Universi ty of Hawaii, USA, University of Kiel ,
Germany, Max-Planck-Institute for Metals Research,
Stu t tgar t , Germany, Technical Un ive r s i ty of
Eindhoven, Holland. University of Marseille, France,
Industrial Research Institute of Ishikawa. Kanazawa.
Japan, Tokyo Institute of Technology, University of
Tokyo,Japan

LONG TERM OBJECTIVES

The project aims to develop an experimental and theo-
retical basis for the control of interface segregation to
engineer functional ceramics with tailored properties.
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APPLICATIONS OF
X^NUCLEAR PHYSICS

PROGRAM DIRECTOR: DR JOHN BOLDEMAN
TOTAL RESOURCES: 77 person years

$7,610,000

DrJohn Boldcman

PROGRAM ADVISORY COMMITTEE

Dr Charles Barnes, ResCarc Limited, NSW
Dr Jay Davis, Associate Director, Lawrence Livennore
National Laboratory, California
Prof Jim Williams. Electronic Materials Engineering,
Australian National University, ACT
Mr George West, Chief Executive Officer, Steritcch,
Victoria
Dr Alex Samarin, Consultant, Sydney, NSW
Dr Richard Pay I ing, BHP Coated Products Division,
NSW
Prof John White, Head, Physical & Theoretical Chem-
istry, Australian National University, ACT
Mr Ian Frazer. Managing Director, ETP-Oxford Ply
Ltd, NSW
Dr Neville Fletcher, Electronics Materials Engineer-
ing, Australian National University, ACT
Prof Jim O'Donnell. Chemistry Department, Univer-
sity of Queensland. Qld

PROGRAM OBJECTIVES

The development and promotion of research programs
on national nuclear science facilities such as charged
particle accelerators and neutron beam instruments,
thereby encouraging strategic research in nuclear
science and technology at ANSTO, in tertiary institu-
tions, and industr ial research and development
laboratories.

Participation in and management of Australian use of
international neutron scattering, synchrotron radiation
and high energy physics facilities, thereby assisting
graduate training in the universities and fostering
Australian benefits from developments in high tech-
nology.

Expansion of the use of the accelerator mass
spectromctry service, both nationally and internation-
ally, to make major contributions in the understanding
and remediation of severe environmental problems
such as the greenhouse effect.

The application of charged particle beams and ionising
radiation to industrial, biological and environmemal
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 AND STRATEGY

The Program carries out strategic and collaborative
research and provides the underlying nuclear scientific
support to areas within ANSTO; the Australian
Universities via the Australian Institute of Nuclear
Science and Engineering (AINSE); and CS1RO Divi-
sions via collaborative projects and Australian indus-
try, including small business. Many of the projects arc
multi-disciplinary where the skills of specialists in
specific areas are assisted by the nuclear physics based
measurement skills and analytical capabilities of the
staff. The Program also has a large international
collaborative research effort which exploits comple-
mentary international facilities.

High priority is given to the quality and quantity of
scientific output as measured by publications in
referced international journals and presentations at
international conferences. The Program has been very
successful in recent years in achieving its publication
goals. Anotherhigh priority has been the promotion of
appropriate scientific research on the major facilities
developed and operated by the Program.

The level of interaction with the Australian University
community has doubled in the last two years. There
are now 139 collaborative projects with the Australian
Universities with 112 post graduate students depend-
ent upon these interactive programs for their higher
degrees. The interaction with CSIRO has also
increased with major joint programs in global change
and oceanography. The Program aims to anticipate the
evolution of scientific research and to develop, where
funds permit, appropriate facilities either within
ANSTO or internationally for the general benefit of
the Australian research community.



CORE ACTIVITIES,
SKILLS AND FACILITIES

APPLICATIONS OF
NUCLEAR PHYSICS

The specific research projects and the areas of
collaboration arc determined b\ the major experimen-
tal equipment within the Program. The facilities
available comprise; nine neutron scattering instru-
ments on the HI FAR reactor, including the t\\-o world
class neutron powder diffractometcrs; three charged
particle accelerators, including the new tandem accel-
erator, ANTARES; and a range of other instruments.
These include a Metal Vapour Vacuum Arc ion
implantcr. Deep Level Transient Response
Spectrometers and the Australian National Standard
Radiation Metrology facilities. To supplement these
Australian based facilities, the Program is managing
and has developed, in collaboration with the Austral-
ian Defence Force Academy and the CSIRO Division
of Materials Science and Technology, the Australian
National Bcamline Facility (ANBF) on the synchro-
tron storage ring of the Photon Factory at Tsukiiba,
Japan. The Program also manages Australian use of
the world's premier neutron spoliation source, ISIS, at
the Rutherford Appleton Laboratory (RAL) in the
United Kingdom, and is involved in the development of
a new surface rejlectometer there, SURF. The
Program is a full participant with the Universities of
Melbourne and Sydney in the Australian High Energy
Physics program at CERN in Switzerland. Another
aspect of the international program is the manage-
ment for Department of Industry, Science and Tech-
nology (DIST) of the Access to Major Research Facili-
ties Program.

The Program undertakes research in two keyANSTO
research activities; Applied Accelerator Technology
and Structural Analysis and Crystallography. Big
Science research is also supported.

(a) Accelerator Mass Spectrometry
(Dr C Tuniz)

Following the installation of ANTARES, an interna-
tionally competitive capability in Accelerator Mass
Spectrometry (AMS) has been established and this is
being applied in a diverse range of disciplines from
Quaternary science to studies of global change, envi-
ronmental degradation and biomedical applications.
In the technique of AMS, a high voltage particle
accelerator is used as part of a mass Spectrometry
system to permit ultra trace element analysis with
sensitivities to one part in 10". The Program's previ-
ous research in nuclear Safeguards R&D is now being
re-established through the application of AMS to
Environmental Monitoring and support of a Compre-
hensive Test Ban Treaty.

(b) Accelerator Applications
(Dr D Cohen)

The capabilities of ANTARES, the 3 MV Van de
Graaff accelerator and other supporting apparatus are
exploited to provide a wide variety of high energy
particle beams which can be applied to study the
surface and near surface regions of materials of special
interest. The established reputation of the staff in the
application of charged particle beams has been applied
specifically in recent years to aerosol pollution
monitoring.

(c) Neutron Scattering
(Dr C Howard)

The nine neutron scattering instruments on the HIFAR
reactor are used to exploit the special properties of
neutrons to study various new materials and their
properties. The range of projects extends from studies
of ceramics such as partially stabilised zirconia, to
structures of high temperature superconductors,
fullerenes and magnetic materials.

(d) Synchrotron Radiation
(Dr R Garrett)

The Program manages the ANBF at Tsukuba. The
ANBF now provides a capability for X-ray Absorption
Fine Structure (XAFS) studies, and in many respects
the best X-ray powder diffractometer in the world.
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APPLICATIONS OF
NUCLEAR PHYSICS

Aerosol sampling unit in front of
Van de Graaff accelerator

(e)

CORE ACTIVITIES,
SKILLS AND FACILITIES

High Energy Physics
(Dr I Donnelly)

In this activity the aim is to contribute to an under-
standing of the fundamental properties of particles and
reached an important milestone early this year. The
preparatory work over the last two years by the inter-
national consortium for the NOMAD experiment was
completed and data acquisition commenced at CERN.
This will continue until 1997 and aims to resolve one
of the major mysteries of fundamental science, i.e.
whether neutrinos have mass. Progress has also been
made in another experiment, called ATLAS, to be
mounted on the Large Hadron Collider at CERN
scheduled for startup in 2003. This experiment aims to
search for the Higgs boson, the key problem in the
understanding of the physical world.

(0 Short Term Development Program
For 1994/1995, the Program intends to complete the
refurbishment of the single crystal neutron
spectrometers on H1FAR, commission a new injection
line on ANTARES, install a heavy element AMS
facility and finish the development of the ANBF. The
year will also see a consolidation of the Aerosol
Sampling Program and expansion of the AMS
activities.

Carousel sample unit on the new high intensity ion source

Venafro Chessmen
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ACCELERATOR MASS
SPECTROMETRY

LEADER: DR CLAUDIO TUNIZ

APPLIED ACCELERATOR.
TECHNOLOGY ?

BACKGROUND

The Quaternary Science community in Australia has
assigned the highest priority to the development of an
Accelerator Mass Spectrometry (AMS) facility for
high precision analysis of radiocarbon and other long-
lived cosmogenic isotopes for applications in archae-
ology, geomorphology, hydrology and paleo-
climatology. In response to this need ANSTO
acquired a 10 MV tandem accelerator (ANTARES)
which has been reconfigured as an advanced and
versatile AMS facility.

A variety of long-lived tracers and chronometers such
as beryllium-10 (U)Be), carbon-14 (I4C), aluminium-
26 (26A1), chlorine-36 (3"C1), calcium-41 <41Ca), and
iodine-129 (129I) can now be analysed by the ANTARES
AMS facility with detection limits corresponding to
isotopic ratios of 10'15. Hence, novel programs in
environmental science, biomcdicinc and materials
science, based on the ultrasensitive analysis of these
radioisotopes, can be developed in Australia. Interdis-
ciplinary and multi-institutional cooperation is critical
for the success of this enterprise.

OBJECTIVES

Implement research programmes based on the use of
accelerator mass spectrometry in Quaternary science,
global change, environmental science, biomcdicinc
and nuclear safeguards.

RECENT WORK
AND ACHIEVEMENTS

A versatile AMS facility for multi-isotope analysis
with high precision and high throughput is now fully
operational. A bcumline at 35°on the switching mag-
net is equipped with a Wien filter and a multi-anode ion
detector for dedicated high precision MC measure-
ments. A second bcamline on the 55°port of the same
magnet features a high resolution electrostatic
analyser, a Bragg delectorand a time-of-flight system
for the analysis of other long-lived radioisotopes.
Measurements of 14C, 2"A1, "Cl and 1:"I are already
being performed on these two lines.

All the ANTARES components required for high
precision analysis arc operational, including systems
for fast switching of isotopes and terminal voltage
stabilisation. About 20 unknown samples per day are
analysed with an overall accuracy of 1-2%. The new

60-sample ion source has been fully tested off-line. Its
installation on-line will allow high-throughput analy-
sis of I4C with 0.5% precision.

Sample preparation is an integral part of the AMS
facility and there are two laboratories for this purpose:
a clean room for processing of low-level environmen-
tal samples and a laboratory for the dual puipose of
complex chemical pretrealment and for sample
curation. A database system has been developed to
provide ready access to sample ownership, history and
status.

Since becoming fully operational in July 1993, the
AMS facility has been used to analyse about 500
samples in collaborative projects with several scien-
tific institutions.

AMS analysis of I4C in teeth from archaeological sites
showing anomalous electron spin resonance dates has
been useful in establishing new archaeological dating
methods in collaboration with ANU.

The puzzle of the Venafro Chessmen was solved by
radiocarbon dating showing the mediaeval origin of
these artefacts, attributed for the past 50 years to the
ancient Romans (collaboration with the University of
Naples).

Groundwaters near uranium deposits have been
analysed for WCI to study the water-rock interaction
(collaboration with the Universities of Turin and Paris-
Sud).

The analysis of 2(1A1 in brain tissues of aged and young
rats demonstrated the accumulation of aluminium
ingested through drinking water (collaboration with
Sydney Water Board and the Australian Institute for
Biomcdical Research).

The ANTARES AMS group played a key role in the
organisation of the 6th International Conference on
Accelerator Mass Spectromctry held in Australia and
attended by more than 140 AMS scientists from
several countries.
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WORK PLANNED FOR 1994-95

The national research program in Quaternary science,
funded by the Australian Research Council (ARC) and
AINSE. involves collaboration with more than 20
Australian universities and AMS analysis of nearly
1000 samples from 80 projects covering ;i wide range
of disciplines.

The diversity of these projects is illustrated with some
selected examples: high resolution study of past
atmospheric I4C variations from analysis of annual tree
rings of Tasmanian Huon pine (University of Sydney
and CSIRO, Division of Atmospheric Research);
dating of human-megafatina associations and environ-
mental change in Australia (University of NSW);
dating of prehistoric aboriginal rock pictures and burial
sites (Universities of New England and South
Australia): UC and uranium analysis in corals to
calibrate the |4C timescale for the past 40.000 years
(ANU); dating stick-nest rat middens from inland
Australia (University of NSW); the use of AMS "'Cl
and I2''I for dating of mineralisation in the secondary
/one of Ihc Broken Hil l ore body (University of
Melbourne); glacial history of the northern Charles
Mountains (Antarctica) region using in-sitii produced
'"Be and :i'Al to model rock surface exposure history
(University of New England); long term storage of
components in the sub-arc mantle: implications for the
chemical evolution of the earth (Universi ty of
Melbourne). A large fraction of the total AMS
beamtime during 1994-1995 will be devoted to UC
analysis in samples from these projects.

Two projects, the first to determine the age of air
trapped in ice and thus enable the radiocarbon dating
of ice layers, and the second to study ventilation rates
of the Southern Ocean have been funded by the
National Greenhouse Advisory Committee (in
collaboration with CSIRO, Antarctic Cooperative
Research Centre and Flinders University). Ice cores
from the Antarctic ice sheet covering the past 40,000
years have been provided by the Australian Antarctic
Division. Department of Environment, Sports and
Territories.

The main effort at the moment is the improvement of
techniques forradiocarbon analysis in I0-50microgram
samples. The seawater samples from the Oceanogra-
phy Project have been collected. Inlcr-laboralory
calibration with the Woods Hole Oceanographic
Centre (USA) are planned for the first set of samples.
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Studies of cthanol carcinogenicity with I4C have been
funded by AINSE and are being developed in collabo-
ration with the Department of Biochemistry, Univer-
sity of Queensland.

The program of environmental monitoring for nuclear
safeguards will be extended to include the AMS analy-
sis of uranium and plutonium. For this work a third all-
electrostatic beamline equipped with a high resolution
electrostatic analyser and a time-of-flight detector is
being constructed on the 0° port of the analysing
magnet.

KEY INTERNATIONAL
COMPONENTS

A variety of I4C samples are being analysed in collabo-
ration with the University of Paris-Sud (France), the
University of Turin (Italy) and the University of Read-
ing (UK), to study groundwatcr systems in Africa and
in Europe. A PhD student from the University of Turin
visited ANSTO for three months to develop chemistry
processing for groundwaler samples.

Uranium samples provided by the National Institute
for Nuclear Physics and the University of Milan are
being analysed to study the spontaneous emission of
I4C in the trans-lead region. Members from the Milan
group visited ANSTO during the feasibility study. An
Italian scientist will visit ANSTO again in September
1994 to complete the experiment on about H) uranium
samples.

Agreements arc being established with the Interna-
tional Atomic Energy Agency (IAEA) for the analysis
of |:''I for safeguards monitoring.

LONG TERM OBJECTIVES

The research programmes supported by the ANTARES
AMS facility are part of a multi-disciplinary effort
involving a wide array of scientific institutions and
government agencies to solve problems of interna-
tional concern such as global climate change, soil
erosion, nuclear safeguards and amis control, nuclear
waste management, environmental pollution and
carcinogenicity of food.



ACCELERATOR
APPLICATIONS

LEADER: DR DAVID COHEN

APPLIED ACCELERATOR
TECHNOLOGY

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 (MEV VA) metal ion accelerator,
a medium voltage (3 MV) high current Van de Graaff
accelerator mainly for gaseous ions and the high
voltage (10 MV) tandem accelerator, ANTARES, 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, metal-
lurgy, corrosion and surface segregation effects,
electrochemistry and surface passivation studies, poly-
mers, metal polymer adhesion and the measurement of
tracer elements in the environment;.'! and biological
sciences.

Assembling one of the Tandem beamlines

OBJECTIVES

To perform world-class research and development on
ANSTO's accelerators and assist in the transfer of this
technology to Australian industry and tertiary institu-
tions.

To investigate the specific applications of metal ion
implantation with particular emphasis on selected
engineering and biomedical materials and compo-
nents.

RECENT WORK
AND ACHIEVEMENTS

The use of ANSTO accelerators has been promoted
nationally with most universities in Australia through
25 AINSE projects, CS1RO and local industries.
Internationally, there has been collaborative research
with more than 15 overseas organisations and labora-
tories. Some of the 1993-94 highlights include:

Data collection for the Aerosol Sampling Program was
completed. This is a three year, $400,000 Energy
Research and Development study into contributions of
fuel combustion to pollution by airborne particles in
urban and non-urban environments. The project was
carried out in collaboration with the NSW Environ-
ment Protection Authority, Pacific Power, University
of NSW and Macquarie University.

The ion beam analysis (1BA) techniques used in
aerosol analysis have been successfully promoted
nationally with similar fine particle collaborative
programs running or about to commence in Western
Australia, South Australia, Queensland and other
areas of NSW such as Broken Hill, Newcastle and the
Hunter Valley region.

Multi-elemental IBA techniques have been used to
fingerprint fine panicle sources in NSW and to
estimate their individual contributions to the total fine
particle loading using known meteorological data.

The first nuclear physics experiment performed on
ANTARES was completed in collaboration with the
University of Melbourne and groups from TRIUMF in
Canada and studied highly excited states in silicon.
The results have been accepted for publication in
Physics Review. Funding was obtained from DIST
(DITAC) to establish an Australian/French collabora-
tion on Accelerator Applications. A delegation of six
Australians attended the 1st Workshop in Saclay,
France in 1993.
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The heaviest (|:71) highest energy (112 MeV) ions used
to date on ANTARES were seen to perform recoil
t ime-of-f l ight experiments on semiconductor
samples. The experiments were performed in collabo-
ration with the University of Lund, Sweden and Royal
Melbourne Institute of Technology and were most
successful.

Ion implantation is an established technique for modi-
fying the properties of solid surfaces. The application
of this technique is being investigated, specifically
focussing on metal ions, for a range of materials
including metals, ceramics and polymers. The centre-
piece of these activities is the MEVVA ion source.
This system, which was developed at ANSTO, is being
used to implant materials for the following purposes:
improving the wear resistance of selected steels, modi-
fying the electrochemical behaviour of aluminium
alloys, and altering the biological reactivity of alumina.
Preliminary work is also underway on polymers to
determine the nature and extent of ion beam induced
changes to key properties of this widely used class of
materials. In most cases, the research has a strong
application orientation with useful improvements to
specific properties being targeted for study. Comple-
menting this research is the development of ion im-
plantation equipment to satisfy in-house requirements
and for commercial sale. One supply contract has been
finalised.

The new ion source and the Tandem accelerator
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WORK PLANNED FOR 1994-95

Establish a major collaboration with the Bureau of
Meteorology, University of NSW, Curtin University
and CSIRO Division of Atmospheric Research to
study fine particles using the POLDER satellite during
1995-96. This proposal will use ANSTO ground
sampling units at sites at Broken Hill, Cape Grim in
Tasmania and in Sydney.

Collaborate with Thailand on a two year project to
place up to 10 ANSTO designed fine particle sampling
units into Chiangmai, Thailand. This project will also
include the training of Thai scientists, on the 3 M V Van
de Graaff accelerator at ANSTO, in accelerator based
IBA techniques for aerosol analysis.

Continue collaborating in a five year Cooperative
Research Program with the IAEA. This project
involves the measurement of fine particles in the cities
of 18 countries. Air sampling units are currently
operating at Lucas Heights and in Sydney that will
monitor 2.5 |am and 10 [im diameter particles in a
specially designed stacked filter system. IBA tech-
niques will be used to analyse these filters.

The 2nd French/Australian Workshop will be held at
ANSTO during February 1995 in conjunction with the
International Ion Beam Materials Modification
Conference being run by ANU.

Participate in a French/Swedish/Australian collabora-
tive experiment in Uppsala, Sweden using high energy
(GeV ions) recoil time of flight experiments on their
110 MeV cyclotron to study metal alloy contacts to
GaAs semiconductor components. Experiments will
commence in the second half of 1994.

Complete the major report on the three year study into
ambient fine particle aerosols in the Wollongong,
Sydney and Newcastle areas.

Complete data collection and ion beam analysis at two
key sites in Newcastle for a comprehensive study of
fine particles and their effects on asthma patients.

Under funding from the Environmental Trust
Program, complete the combining of the ion beam
analysis aerosol data with an extensive meteorological
data base. This will enable fine particle composition
on a given day to be linked to wind direction and speed
on that day.
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TECHNOLOGY

To complete the fabrication and testing of an ion
implantation system suitable for processing large com-
ponents; to perform ion implantation of extrusion dies
and assess efficacy of treatment, and to determine the
structure of modified surface layers on metal ion
implanted alumina ceramics.

Complete contract for supply of metal ion implanta-
tion equipment to Dokuz Eylul University, Turkey.

KEY INTERNATIONAL COMPONENTS

The project is currently interacting with more than a
dozen key international laboratories and research
institutions on new and improved applications of
accelerator-based ion beam analysis techniques.

In the areas of ion beam techniques foraerosol analysis
the collaboration involves the University of California
and Lawrence Livermore Laboratory in California;
Argonne National Laboratory in Illinios; Clarkson
University in New York; National University in
Singapore; and University of Gent, Belgium. The five
year IAEA Coordinated Research Program involving
Australia and 18 other countries on Applied Research
in Air Pollution using nuclear related analytical tech-
niques is also an important international collaboration.

There are also key collaborations on surface analysis
and surface modification techniques with the Univer-
sities of Lund and Uppsala in Sweden, Gescllschaft fur
Schwerionenforschung in Germany and University of
California at Berkeley.

LONG TERM OBJECTIVES

The long term objectives are to develop new and
improved accelerator-based ion beam analysis
techniques on ANTARES and associated accelerators
and assist in the transfer of accelerator-based tech-
nologies to Australian industry and tertiary institu-
tions.

Antarcs
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STRUCTURAL
ANALYSIS AND

CRYSTALLOGRAPHY
NEUTRON SCATTERING

LEADER: DR CHRISTOPHER HOWARD

A research area of high priority not only for the
Applications ofNudearPhysics Program but for most
Australian University departments is Structural
Analysis and Crystallography. Within the Program,
the pursuit of this research objective has t\vo compo-
nents, Neutron Scattering and Synchrotron Radiation.

BACKGROUND

Neutrons have special properties which make the
scattering of neutrons a powerful technique for the
investigation of materials. Neutron scattering is
generally complementary lo 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 H1FAR 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 approxi-
mately one hundred Australian scientists from univer-
sities, 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 (AUS ANS)
which is now being commissioned.

OBJECTIVES

The primary objective is lo 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 develop-
ment 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 RAL) forcertain applications which
cannot be undertaken at the HIFAR reactor.

Mr David Howcll adjusting the 2 TAN Goniometer
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RECENT WORK
AND ACHIEVEMENTS

A large number of experiments were completed,
including:

Research

Deuterated Fullerenes ('buckv balls')
The carbon-deuterium compound C""D"> has been
studied both at Lucas Heights and RAL and a new
structural model has been obtained.

Cubic Stabilised Zirconia
A general model for the structure of this disordered
fluorite-typc material has finally been obtained from
the data we recorded at Los Alamos in 1992. In
conjunction wi th force model calculations, the
observed phonons (or lack thereof) have been
explained.

Deuterium Ordering in Palladium I)euteride(I'dl))
A sample of Pd containing D forced into it under
pressure, was examined at low temperature (50K)
using the Medium Resolution Powder Diffractometcr
(MRPD). Depending on the temperature and pressure,
different patterns have been observed and one struc-
ture has been solved consistent with D ordering on its
usual octahedral site. There is no indication that D
moves to the tetrahedral site.

Magnetism in MnPS,
The magnetic phase diagram of MnPS, has been stud-
ied using the MRPD. Magnetic ordering is established
as the temperature is lowered by a two stage process:
two dimensional magnetic antiferromagnetic ordering
occurs around 120K, and full three-dimensional order-
ing at about 80K.

Flux Creep in Bi (22I2)-
a High Temperature Superconductor
Development of a two-dimensional polarisation analy-
sis method on LONGPOL (long wavelength polarised
neutron spectrometer) has permitted the accurate
determination of the ordered and disordered compo-
nents of the trapped flux in a Bi,Sr,CaCu,Ox high
temperature super-conductor. We have used this
method to determine changes in the flux pinning
energies around the irrcvcrsibility temperature.

Instrument Development

Several months have been spent examining the beam
profile of the AUSANS neutron beam at the exit of the
out-of-pile collimalor (just before the penetration of
the beam through the walls of the reactor containment
building). The absolute flux has been measured and
agrees with the original predictions. A skew profile is
obtained, which can be explained by the wavelength
variation in the source flux distribution, air scattering,
detector efficiency, etc. These measurements are
expected to be reproduced at the sample position when
the beam line is evacuated. Meanwhile, the AUSANS
detector has been assembled (but with a front window
which does not yet meet specifications), to enable
signals from the anode and cathodes to be recorded and
electronic circuits to be tuned.

The number of detector channels on the MRPD has
been increased from 8 to 15, a new windows-based
control program has been installed on the High Reso-
lu t ion Powder Diffractometer ( H R P D ) and a
cryorefrigerator (to 3.6K) for powder samples has
been commissioned and is now in use. The new single
crystal diffractometer (for 2TanA) has been delivered
and is undergoing bench tests.

WORK PLANNED FOR 1994-95

Research

Carry out powder diffraction studies, at temperatures
ranging from 3.6K to 2023K, of materials, such as
transformation toughened ceramics, new magnetic
materials, fast ion conductors, perovskite based struc-
tures and Synroc related materials.

Promote applications of single crystal diffraction in
low temperature structure determination of moder-
ately complex molecules, as a basis for the analysis of
X-ray data.

Continue to develop new methods of data analysis
including the use of new software tools, to ensure
efficient processing of the ever increasing output of
data from the neutron beam facilities.

Continue to provide university researchers with scien-
tific and technical support and access to appropriate
neutron beam facilities (via AINSE).
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Continue collaboration with several universities and
overseas organisations on new neutron beam
techniques, including beam modulation, neutron
clepolarisation and the use of a small area detector on
a four circle single crystal diffractometer so that \vc
can continue to provide world class facilities into the
21st century.

Collaborate with various university groups and CSIRO
on research into the structure and function of various
carbon fullerenes ('bucky balls') and derivatives, host-
guest macrocyclic complexes, organometallics, high
critical temperature superconductors, and minerals.

Instrument Development

Continue commissioning of AUSANS.

Complete a major upgrade of the single crystal
diffractometcr (2TanA) including the installation of a
sample cryorcfrigerator, and commence the upgrade
of the 2Tan monochromator shielding and a second
single crystal diffractometer (for 2TanB).

Improve the performances of the HRPD and MRPD by
increasing the numberof dctcctorchanncls and install-
ing a higher resolution option on the HRPD. These
improvements wil l consolidate the position of MRPD
as an instrument capable of recording high quality
diffraction patterns at a rapid rate, and improve HRPD
so as to be fully competitive with similardiffractomctcrs
installed in overseas laboratories.

Continue collaboration with Monash University and
the Hahn-Mcilncr Institute, Berlin, in the development
of a He-3 polariscr and super-mirrors to improve the
quality of data produced by LONGPOL.

Perform a feasibility study on the option of installing
a cold neutron source on (he I OH port of H1FAR to
enhance the flux of long wavelength neutrons avail-
able to experimenters.

In the coming year staff will undertake an IAEA
sponsored expert mission to The Office of Atomic
Energy for Peace, Thailand to specify neutron collima-
tors for their new reactor.

KEY INTERNATIONAL COMPONENTS

Strong international links in the scientific field have
been maintained with three distinguished international
scientists attached to the group in the last year.

Dr. Garry Maclntyre from the Institut Laue-Langevin
visited for three months in 1993. He worked on the use
and development of the single crystal facilities and
demonstrated the use of a small area detector in single
crystal diffraction. Collaboration will continue as the
new single crystal diffractometer is installed.

Professor David Elliot from Arkansas Tech University
also visited for three months and used the HRPD to
characterise some commercial liquid crystal poly-
mers.

Dr Masaki Takata from Nagoya University visited for
one month and recorded accurate high resolution
powder data from several materials, with a view to
applying maximum entropy methods toextract precise
information on the nuclear density distributions.

Several experiments were conducted overseas using
the ISIS spallation neutron source at RAL. These
visits were funded by the DITARD (now DIST)
Access to Major Facilities Program.

A substantial contribution was made to the IAEA
sponsored RCA Workshop on the Utilisation of Re-
search Reactors held at Lucas Heights 26 April-13
May 1994. Approximately half the lectures were
given by Neutron Scattering staff and they supervised
two practical sessions.

LONG TERM OBJECTIVES

The long term objectives will be to continue the
upgrade of the neutron scattering facilities on HIFAR
so as to significantly increase (he size of the Australian
neutron scattering community and expand the range of
interest. If successful, this should create the environ-
ment where a new research reactor becomes extremely
attractive. Concurrent with the expansion of HIFAR
based research, it is planned to increase the interaction
with international facilities, i.e. RAL.
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LEADER: DR RICHARD GARRETT
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BACKGROUND

Synchrotron radiation is an intense source of X-rays
produced by high energy electron and positron storage
rings. Typically the X-ray intensities produced by
synchrotron sources are 10,000 times greater than
conventional laboratory X-ray lubes, anda much larger
range of X-ray energies is available. Consequently
synchrotron radiation is now an indispensable tool in
many areas of X-ray research, and it has spawned a
number of new techniques which are not possible with
conventional laboratory sources. The ANBF grew
from the perceived need to expand the access of
Australian scientists to this essential research tool.
The first recommendation of the 1990 ASTEC review
Small Country-IB ig Science, was to construct the AN BF
at the Photon Factory, Tsukuba, Japan, one of the
worlds best synchrotron radiation facilities. The ANBF
operates undera memorandum of understanding signed
between ANSTO and the Photon Factory in July 1991.
The project is funded by a consortium comprising
ANSTO, Australian Defence Force Academy, ARC,
CSIRO, DIST and the ANU.

The beamline and phase I monochromator were in
operation at the Photon Factory by the beginning of
1993, and nine experiments were performed by
Australian research groups by June 1994. ANSTO
beamline scientists have been in residence at the Pho-
ton Factory since June 1992 to provide training and
experimental support to Australian users.

The ANBFproject funds Australian experiments at the
ANBF and at other beamlines at the Photon Factory.
The funds cover travel and living costs for the experi-
mental teams.

The development of the beamlinc instrumentation will
continue into the coming years. To fully utilise many
of the techniques at the ANBF, sample cnviroment
cells are needed and will be developed. For example,
a hot/cold stage for the diffractometer will allow
temperature studies to be performed using the time
resolved capabilities in powder mode. A cold stage is
also important for protein crystals.

Richard Garrett aligning the phase two inonochromator at
ANSTO, in preparation tor shipment to Japan

Garry Foran loading imaging plates into the dil'fractomeier in a
powder diffraction experiment
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ANALYSIS AND

CRYSTALLOGRAPHY

OBJECTIVES

Operate and develop the ANBFand associated instru-
mentation, a world class X-ray diffraction beamline at
the Photon Factory synchrotron light source, in
Tsukuba. Japan. To promote the use of the ANBF and
other synchrotron radiation facilities by ANSTO and
other Australian scientists.

RECENT WORK
AND ACHIEVEMENTS

Installation of the primary diffractometer forthe ANBF
at the Photon Factory and to commission the
diffractometer in its various modes of operation. In
particular the emphasis has been on high resolution
powder diffraction using Imaging Plate detectors. In
this mode, it has been demonstrated that the ANBF
dilfractometer is a truly unique instrument. Powder
diffraction data can be collected with resolution com-
parable to the best existing synchrotron beamlincs, in
a fraction of the time. A full pattern can be collected in
about 10 minutes at the ANBFcompared with about 10
hours on conventional powder instruments.

The triple axis and protein modes of the diffractomctcr
were also partly commissioned. The diffractometer
triple axis performance is outstanding. In this case the
main feature of the instrument is the ability to evacuate
the chamber enclosing the diffractometer, thus elimi-
nating the background signal due to air scatter of the X-
ray beam. Preliminary tests were made in the protein
diffraction mode of the diffractometer, although the
full development of this technique must await the
installation of the phase II focusing monochromator.

The X-ray absorption fine structure (XAFS) capabili-
ties of the ANBF were steadily upgraded during the
year, and in April 1994 a fluorescence detector was
installed. The phase I monochromator was upgraded
toailow the rejection of high order harmonics in the X-
ray beam. These harmonics were a serious problem for
several techniques, principally XAFS.

The new techniques available with the installation of
the diffractomcter produced a large increase in the
experiments performed at the ANBF by Australian
research groups. A total of 21 experiments from 10
universities, ANSTO and CSIRO were accommo-
dated by the ANBF in 1993-94.

WORK PLANNED FOR 1994-95

The final major beamline component, the phase II
monochromator. will be installed at the ANBF in
October 1994. This monochromator features a fixed
exit beam height (the X-ray beam from the phase I
monochromator moves vertically when the energy is
changed) and a focusing second crystal to increase the
X-ray intensity on small samples. With the focusing
monochromatoravailable, the protein diffraction mode
of the diffractometcr will be commissioned.

Work will continue on commissioning and refining all
experimental techniques available at the ANBF. The
operation of the diffractometer in powder mode will
continue to be the focus of effort. Further work
remains to be done on the extraction of actual photon
count data from the Imaging Plates, and the more
conventional detector modes of powder data collec-
tion need additional development. On site analysis
software will be provided for XAFS and powder
diffraction.

KEY INTERNATIONAL COMPONENTS

The key international component of the project is the
collaboration with the Photon Factory under which the
ANBF has been installed and is operated. Several
collaborative research projects between Australian
and Japanese scientists have begun because of the
establishment of the ANBF. Other international links
have been extended with the National Synchrotron
Light Source at Brookhaven National Laboratory and
with the Advanced Photon Source at Argonne
National Laboratory, both in the USA.

LONG TERM OBJECTIVES

Continue to increase the access of Australian scientists
to synchrotron radiation. As a first stage, the ANBF
has provided the first Australian resource of synchro-
tron radiation in the hard X-ray region. A number of
opportunities are being considered for further devel-
opment. These include additional facilities at the
Photon Factory, and beamlines at the new third genera-
tion synchrotron facilities, for example the Advanced
Photon Source and the Advanced Light Source (both
in the USA). The ultimate goal is the construction of
the Australian Synchrotron Light Source.
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staff testing a new accelerator module for the large HADRON Collider



BIG SCIENCE
HIGH ENERGY PHYSICS

LEADER: IAN DONNELLY

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 foremost
laboratories for particle physics is CERN in Switzer-
land, where large accelerators produce beams of ultra
high energy particles which then collide with fixed
target materials or with other particle beams. Interac-
tions between particles during these collisions can
produce new states of matter, and information can be
deduced about the structure of elementary partic'es
and the forces between them. Very large and sophis-
ticated detectors are used to measure the results of such
collisions.

ANSTO and particle physics groups from the Univer-
sities of Melbourne and Sydney 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 develop-
ments in this frontier area of research and the technol-
ogy that it requires.

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 indi-
cate that neutrinos have mass, which is one of the
major questions in particle physics.

ATLAS is a detector which is being developed to study
high energy (14 TeV) proton-proton collisions in the
Large Hadron Collider to be built at CERN. The
Australian groups are involved in the development of
the innerdetcctorcomponcnt of ATLAS. ATLAS will
search for a particle called the Higgs boson. Its
discovery would lead to an understanding of why
panicles have mass. This requires new technologies as
the inner detector will be subjected to a large radiation
flux which can destroy conventional detectors.
ANSTO's experience in radiation detector technology
has allowed the laboratory to make significant contri-
butions to this program. The contribution to ATLAS
is based on the gallium arsenide (GaAs) grown at
ANSTO using the liquid-phasc-cpitaxy (LPE) method.

OBJECTIVES

To enhance Australian high energy physics research
through participation in major experiments at CERN.
The Australian groups have responsibility for the
design and maintenance of the veto plane component
in the NOMAD detector, and will participate in experi-
ment operation and data analysis. ANSTO is a member
of the CERN RD8 collaboration to research and
develop solid-state detectors based on GaAs, for use in
ATLAS. This material is less susceptible to radiation
damage than conventional solid-state detector
materials.

RECENT WORK
AND ACHIEVEMENTS

The consortium designed, installed and tested the
NOMAD veto plane, which consists of arrays of
scintillator paddles coupled to photo-multipliers and
readout electronics. Most of this was carried out at
CERN. NOMAD began data taking in April 1994, and
the veto is working efficiently. Major contributions
made by ANSTO include optimisation of
photomultiplier performance to maximise veto
efficiency, and modification and use of computer
software for simulation of events in NOMAD.

Supplementary studies of semi-insulating (SI) GaAs
have also been made. Major achievements this year
have been:

continued strong interaction with the RD8 program,
with one aim being the development of a strip detector
based on LPE GaAs; a comprehensive study of radia-
tion damage effects in GaAs; and studies on the hydro-
gcnation of SI GaAs which have given information on
the properties of this material that determine detector
efficiency.
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BIG SCIENCE

WORK PLANNED FOR 1994-95

Maintain the NOMAD veto and participate in running
the experiment and in data collection. Simulation of
events in NOMAD and analysis of these events in
conjunction with analysis of experimental data.

Growth of LPE GaAs under optimised conditions.
Continue study on effects of surface and volume
modification of GaAs using radio frequency and
microwave plasma systems. Experimental and
theoretical study of time-dependent pulses from GaAs
detectors.

Study of radiation damage repair using annealing
techniques.

Simulation of events in the ATLAS inner detector to
aid detector design.

KEY INTERNATIONAL COMPONENTS

NOMAD involves 20 institutes. The closest interac-
tion is with CERN and the Universities of Dortmund,
Germany and Padova, Italy.

ATLAS involves 130 institutes. The closest interac-
tion is with CERN and the Universities of Glasgow,
Scotland, Bologna, Italy and Freiburg, Germany.

LONG TERM OBJECTIVES

The timetable for NOMAD is operation during 1994-
1996, 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.

The ATLAS detector will not be fully operational
before the end of the decade. 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
detectors, accelerators, supercomputing and super-
conductor technologies.

The NOMAD Detector at CERN
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B1OMED1CINE
AND HEALTH

ACTING DIRECTOR:
TOTAL RESOURCES:

PROF HELEN M GARNETT
35 person years
$3.61 M

PROGRAM ADVISORY COMMITTEE

Professor Provan Murray, Director, Nuclear
Medicine. Prince of Wales Hospital. NSW
Professor John Bremner. Department of Chemistry,
University of Wollongong. NSW
Professor Robin Bcndall, Head. Department of
Chemistry and Biochemistry. James Cook University
of North Queensland. Queensland
Professor Roy Jackson. Head, Department of
Chemistry. Monash University. Victoria
Professor John Mattick. Director. Centre for Molecu-
lar Biology and Biotechnology. The University of
Queensland. Queensland
Dr Christopher Ro\ve, Director. Department of
Nuclear Medicine, The Queen Eli/.abeth Hospital.
South Australia
Dr Victor Kalff. Physician in Nuclear Medicine.
Alfred Hospital. Victoria
Dr Robert Howman-Giles, Head. Department of
Nuclear Medicine. The Royal Alexandra Hospital for
Children. NSW
DrCarmel Hillyard. Director. Research and Develop-
ment. AGEN Biomedical Limited. Queensland
Dr Mary Rickard, Director. Central Sydney Area Breast
X-ray Program, Rachel Forster Hospital. NSW

PROGRAM OBJECTIVES

To improve Australia's health care industry through
research and development of novel radio-
pharmaceuticals for diagnosis and therapy.

To promote key areas of research in the structure and
design of radiopharmaeeuticals and related drugs.

PROGRAM OVERVIEW AND STRATEGY

The Program aims to improve health care delivery in
Australia, primarily through research and develop-
ment of new applications for radionuclides.

The principal areas of emphasis are the development
of specific diagnostic and therapeutic agents for
selected cancers, neurodegenerative and cardiovascu-
lar diseases, based on radionuclides produced in cyclo-
trons and nuclear reactors.

The radiopharmaceutica! development is supported by
expertise in synthetic organic chemistry, biochemis-
try, radioisotope and generatorproduction, radiochemi-
cal separations, radionuclide processing, automation,
radiophannacology and molecular and cellular
dosimetry. The Program is enhancing its expertise in
measurement, analysis, modelling and biodistribution
studies to support these developmental activities.

Interdisciplinary collaboration including postgrad-
uate research training, is underway with a number of
national organisations and with the University of
Sydney. University of Wollongong, University of
Western Sydney. Australian National University
(ANU) and University of Melbourne. The Program is
currently undertaking preclinical and clinical trials
with university teaching hospitals including the Royal
Prince Alfred Hospital, St George Hospital, Royal
Alexandra Hospital for Children, Royal North Shore
Hospital and Prince of Wales Hospital, Sydney;
Fremantle Hospital. Sir Charles Gairdner Hospital,
Perth: Alfred Hospital, Heidelberg Repatriation
Hospital and Austin PET Centre, Melbourne: Flinders
Medical Centre and Queen Elizabeth Hospital.
Adelaide.

The interchange of technology with Australian and
overseas industry is accomplished by networking and
co-development activities. Currently the program is
collaborating with Agen Biomedical Ltd., Queensland
and Biomira Inc.. Edmonton, Canada. The prime
transfer, where possible, will be to Australian Radio-
isotopes.

The Program networks extensively with researchers in
the radiopharmaceutioal sciences overseas. Collabo-
rations arc established with the Oak Ridge National
Laboratory (ORNL), Harvard Medical School,



CORE ACTIVITIES,
SKILLS AND FACILITIES

BIOMEDICINE
AND HEALTH

University of Nebraska and Johns Hopkins Univer-
sity, USA; Ben Gurion University, Israel: Research
Centre Julich, Germany; Nishina Medical Cyclotron,
and Tohoku University, Japan; The University of
Alberta and Alberta Cancer Bourd, Canada. In
addition, the Program is involved in International
Atomic Energy Agency (I AF.A) Coordinated Research
Projects.

The Program has been instrumental in facilitating
collaboration in nuclear biomedicine with France, and
regional cooperation 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 Korean
Atomic Energy Research Institute (KAER1), South
Korea, and this interaction has already generated a
patented radiopharmaccutical.
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During the 1994195 fiscal year, stuff will move into
new accommodation providing adequate laboratory
facilities and hot cells. These will be equipped to
undertake complex organic synthesis and labelling in
the short time frame essential for radiopharmaccutical
preparation.

The research .staff undertaking syntheses,
radiolahclling and radiomtclidc development are sup-
ported hy expertise in appropriate areas. These in-
clude cell culture in vitro analyses to evaluate the
stability and specificity of potential
radiopharmaccuticals. Properties studied include
serum stability, receptor binding behaviour,
radiotoxicity and chemical toxicity. The Program has
expertise andfacilities to perform in vivo radiotoxicity,
biodistribution and competition studies and to make
detailed assessments of the radiation dose associated
with the use of either diagnostic or therapeutic
radiopharmaceuticals using both preclinical and
clinical data. It provides a biological dosimetry serv-
ice for the measurement of dose due to accidental
radiation exposure based on the ohscrvedfrequcncy of
chromosomal aberrations in blood lymphocytes. Tech-
nk/ties such as X-ray crystallography and X-ray and
neutron scattering combined with sophisticated data
processing are used to provide detailed information
on the structure of biologically active compounds.
This will improve the understanding of
radiopharmaccutical interactions and assist in the
design of agents for specific purposes.



RADIOPHARMACEUTICAL
CHEMISTRY

BACKGROUND

An essential pan of radiopharmaceulical development
is the choice of radionuclides with appropriate decay
schemes for any proposed diagnostic or therapeutic
application. Nuclides must also have suitable
chemical and physical properties for incorporation and
the efficient labelling of the relevant molecular or
biological component of a radiophannaceutical. Such
nuclides must be identified and methods for their
production developed.

Improved dosimetry is required for those
radiopharmaceuticals which interact directly with
individual cells. Current methods must be modified to
provide accurate cell dose estimates and it is desirable
that such dose estimates be verified experimentally
using radiobiological techniques. These techniques
can be applied in the assessment of the impact of
radiopharmaceuticals on cells and in studies of the
effects of low radiation doses.

OBJECTIVES

Radionudide Development
Iden t i fy radionucl ides su i t ab le for radio-
pharmaceuticals and develop methods for the
production, chemical separation and purification of
the radionuclide to the standard required for medical
use. There is particular interest in nuclides which can
be obtained 'carrier free' for efficient labelling of
biomolecules.

Develop scale-up processes for the production of
those radionuclidcs where pre-clinica! studies show
promise and collaborate in clinical trials. Transfer of
technology to Australian Radioisotopes for commer-
cialisation.

Dosimetry
Establish the dosimetry for all radiopharmaceuticals
developed within the Program.

Extend current methods of dosimetry to application at
the cell level and use radiobiological techniques in the
assessment of radiopharmaceutical dose and the
effects of low dose irradiation.

RADIONUCLIDE DEVELOPMENT
AND DOSIMETRY

LEADER: MR ERIC HETHER1NGTON

RECENT WORK
AND ACHIEVEMENTS

Holmium-166 labelled microspheres being developed
for therapy of liver rnetastases have been used in pre-
clinical studies in collaboration with Fremantle
Hospital. Single Photon Emission Computed
Tomography (SPECT) imaging methods were devel-
oped to enable the quantitaiion of liver activity uptake.
This forms the basis of the dosimetry of the agent.

An alumina column generator to supply rhenium-188
for labelling research was developed in collaboration
with scientists from ORNL and the Japan Atomic
Energy Research Institute (JAER1). The generator
requires high specific activity tungsten-188 produced
at ORNL."

Chemical studies have been completed of several
metal-tungstate gel systems which could form the
basis of a generator which could use low specific
activity tungsten-188 that could be produced in the
ANSTO reactor HIFAR.

A technique using reverse phase ion exchange
chromatography has been developed for the produc-
tion of carrier-free holmium-166 for labelling applica-
tions. Holmium-166 is produced with its radioactive
parent dysprosium-166 by neutron irradiation of dys-
prosium-164 oxide.

Cold chemistry studies, forming part of the work to
develop holmium-166 macroaggregates for radiation
synovcctomy in the treatment of rheumatoid arthritis,
have been completed.

Experimental results of the effects of irradiation
conditions on cellular biology have been published.
Preliminary evidence has been obtained indicating an
adaptive response to radiation exposure whereby an
initial low dose may reduce the biological damage due
to a later higher dose.
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RADIOPHARMACEUTICAL
CHEMISTRY

WORK PLANNED FOR 1994-95

Complete biodistribution and toxicity studies on
holmium-166 microspheres for therapy of liver
metastases. If satisfactory, proceed to clinical trials at
Fremantle Hospital.

Rhenium-188 from a generator requires reduction to
oxidation state Re(V) or Re(lV) to be suitable for
direct antibody labelling. An electrochemical cell is
being developed to achieve this reduction. Several
labelling studies are planned.

Improve the process forexlracting holmium-166 from
irradiated dysprosium to provide a carrier free product.
It must also be possible to perform repeat extractions
as fresh holmium-166 grows-in through decay of
dysprosium-166.

Inves t igate production of ho lmium-166
macroaggregates for use in radiation synovectomy in
the treatment of rheumatoid arthritis and perform
pre-clinical studies.

Develop a routine radiotoxicity assay for therapeutic
radiopharmaceuticals and evaluate the radiotoxicity of
monoclonal antibody B72.3 which is specific to colon,
ovarian and breast cancer.

Continue investigation of adaptive response to radia-
tion exposure and further characterise the effect.

Develop software for calculation of ccH and small
tumour doses due to electron irradiation and investi-
gate the biological effect of low energy Auger electron
irradiation.

Verify cell dose calculations by comparing the
damage to radiolabclled blood cells with that produced
by a known dose delivered by external irradiation.

Evaluate methods for the measurement of the
biological effects of radiation.

KEY INTERNATIONAL COMPONENTS

Tungsten-188 used in generators supplying rhenium-
188 for radiopharmaceutical research is obtained from
ORNL. Further development of the generator and
separation of carrier-free holmium-166 and continu-
ing collaborations with Dr S Mirzadeh of ORNL.

The work on holmium-166 macroaggregates is a
collaboration with Dr Kyung-Bae Park of KAERI.
South Korea, and forms part of a patent application on
metal macroaggregatcs for therapy.

The development of therapeutic radiopharmaceuticals
and their dosimctry and studies of the effects of low
level radiation doses are components of separate IAEA
Coordinated Research Programs.

LONG TERM OBJECTIVES

Complete the development of a radiolabelled
microspherc-based radiopharmaccutical forthc therapy
of liver mctastases, collaborate in clinical trials and
commercialise the agent.

Provide high purity carrier free rhenium-188 and
holmium-166 for therapeutic radiopharmaccuticals
requiring high specific activity for efficient 'labelling.
These radionuclides have chemical and decay proper-
tics appropriate for specific applications.

Improve the accuracy of the dosimetry of therapeutic
radiopharmaceuticals through the development of
software for calculating electron energy absorption for
radionuclides incorporated into individual cells and
through experimental verification of the method of
calculation. Improved dosimctry is essential before
wide acceptance of therapeutic radiopharmaceuticals
can be achieved.
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RADIOPHARMACEUT1CAL
CHEMISTRY

BACKGROUND

The incorporation of cyclotron radionuclides. such as
the positron emitters fluorine-18 and carbon-11 for
Positron Emission Tomography (PET) and the gamma
emitter iodine-123 for SPECT. into phurmaccuticuls,
provides mechanisms to detect changes in biochemi-
cal processes that lead to disease. Work is focussed on
exploiting radiotraccrs for PET and SPECT.
Although hundreds of molecules are potentially avail-
able as radiopharmaceuticals. their use in medicine is
limited by the conflicting requirements of synthesis,
quality control and radionuclide half-life. Advances in
molecular nuclear medicine and in drug development,
are dependent upon quantitative imaging with PET
and development of an arsenal of new
radiophamiaceuticals.

OBJECTIVES

Develop new diagnostic radiopharmaccuticals, based
on the cyclotron-produced radionuclides suitable for
PET and SPECT imaging, to detect biochemical and
physiological changes in diseases such as epilepsy,
Alzheimer's disease, heart disease, cancer and in-born
errors of metabolism.

Develop new and efficient methods for the incorpora-
tion of these short-lived radionuclides into organic
molecules and substrates, and develop commercial
processes for radiopharmaceutical production.

Develop modules for routine production of PET and
SPECT radiopharmaceuticals and improve systems
for their purification and isolation.

Dr Lee Collier preparing a sample for HPLC purification
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MOLECULAR
RADIOPHARMACEUTICALS

LEADERS: DR ANDREW KATSIFIS,
DR LEE COLLIER

RECENT WORK
AND ACHIEVEMENTS

The availability of radionuclides from the National
Medical Cyclotron has resulted in an expansion of
research and development of molecular
radiopharmaceuticals, particularly those based on
iodine-123. Clinical evaluation of 4-l'~M]lodo-
dexetimide COMDEX) has continued during 1993-94
at the Queen Elizabeth Hospital, Adelaide, for the
study of patients with epilepsy or Alzheimer's disease.
The study of patients with Alzheimer's disease has
been completed. Preliminary results have attracted
considerable interest in other iodine-123 labelled mol-
ecules with potential in the study of neurodegenerative
diseases. A study of Dopamine D-2 receptors in
patients with idiopathic Parkinson's disease and
Parkinsonian syndrome using '-'I-1BZM has com-
menced at the Sir Charles Gairdner Hospital, Perth.

Preclinical evaluation of L-l'-MlIodo-alpha-methyl
tyrosine ('-'I-IMT) has been completed and clinical
trials are planned with the Royal Prince Alfred
Hospital Sydney for the diagnosis of brain tumours,
radiation necrosis and melanoma.

The development of modules for the semi-automated
production of '-'I-IDEX, 12JI-IMT, and i:'I-IBZM is
near completion. A 'General Synthesis Module' is also
under construction. A method for the semi-automated
sterile filtration of radiopharmaceuticals has been
produced and has passed initial validation. To
complement the work with 12;<I-IMT, a series of sele-
nium-containing analogues of dihydroxyphenyl-
alanine (DOPA) have been synthesised as potent
inhibitors of melanin biosynthesis for the study of
melanoma. /// vitro biological evaluation of these
compounds is in progress in collaboration with the
University of Alberta, Canada.

The signing of an inter-institutional agreement with
the Heidelberg Repatriation Hospital, Melbourne, has
resulted in the continued evaluation of N-methyl-4-
[ml]iodo-dexctimide (i:;tImethyl-DEX), a derivative
of dexetimide, for the study of myocardial muscarinic
receptors in animal models. The preclinical evalua-
tion of 4-l7f'Br]Bromodexetimide (76Br-DEX)' using
PEThas also been completed at the Service Hospitaller
Frederic Joliot Orsay, France, as a component of the
Australia-France Cooperation in nuclear biomedicine.
7flBr-DEX has potential clinical applications in assess-
ment of neurological disorders such as Parkinson's
disease and epilepsy.



RAD1OPHARMACEUTICAL
CHEMISTRY

A novel Dopamine Dl receptor ligand. A-69024, has
been labelled with carbon-11 and evaluated in rodents
and non-human primates. In parallel the synthesis and
preliminary evaluation of iodinated and fluorinated
piperidine based compounds for the study of sigma
receptors using PET and SPECT have also been com-
pleted and /// vivo evaluation is in progress. The above
compounds will be useful to study neurological disor-
ders such as schizophrenia.

The research and development efforts have also been
expanded into the synthesis, radiolabelling and bio-
logical evaluation of tracers for PET and SPECT
studies of Dopamine D-l, benzodiazepine and sigma
receptors which are implicated in several
ncurodegcnerative disorders.

The radiosynthesis of l"C]-methyl SCH-23390, a Dl
receptor antagonist for the study of schizophrenia has
been carried out. Preclinical evaluation is in progress
with the Austin Hospital and the National Institute of
Mental Health, Melbourne.

WORK PLANNED FOR 1994-95

Complete Phase I clinical trial with |:'I-IDEX in
patients with temporal lobe epilepsy at the Queen
Elizabeth Hospital, Adelaide.

Complete Phase I clinical trial with i:'I-IBZM at the
Sir Charles Gairdner Hospital, Perth, and initiate trials
in patients with schizophrenia at the Westmead
Hospital, Sydney.

Complete validation of automated module for the
production of I2;|I-IMT and begin clinical trials at the
Royal Prince Alfred Hospital, Sydney.

Initiate clinical trials with Iodine-123 lodoazomycin
Arabinoside (I23I-IAZA) for the study of hypoxia and
critical ischemia at the Fremantle Hospital, Perth.

Complete preclinical evaluation of i :MmethylDEX in
biological models at Heidelberg Repatriat ion
Hospital, Melbourne.

Complete prototype for the General Synthesis Module
and the final semi-automated system for the produc-
tion of I2'1-IBZM.

Prepare and complete preliminary in vim evaluation
of an i:'I-labellcd benzodiazepine partial agonist and
the i:M-labelled Dopaminc DI receptor analogue of
A69024.

Complete the in vitro evaluation of selenium-contain-
ing DOPA analogues and begin the /'// vim evaluation.

Complete /// vitro and /'/; vivo evaluation of a scries of
piperidine based sigma ligands.

Optimise the radiosynthesis and evaluation of carrier-
free lsF-Fluorodopa.

KEY INTERNATIONAL COMPONENTS

Australia-France collaboration on Nuclear
Biomedicine

The evaluation of 76Br-DEX and [7"Br|bromo-
mcthyldexetimidc using PET at the Service Hospitalier
Frederic Joliot, Orsay, France.

The evaluation of |' 'C] A-69024 with the Johns Hopkins
Medical School, Baltimore, USA.

The development of selenium anti-melanoma agents is
in collaboration with the University of Alberta, and the
Alberta Cancer Board, Canada.

LONG TERM OBJECTIVES

Research into new and specific radiopharmaccuticals
for SPECT and PET imaging will provide a simple and
non-invasive means of diagnosis for the evaluation of
ncurodegenerativc and cardiovascular diseases and
cancer.

Improving the technology for the rapid and efficient
incorporation of short-lived radionuclidcs into phar-
maceuticals will enable large scale synthesis suitable
for automated production and commercialisation.
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RAD1OPHARMACEUTICAL
CHEMISTRY MACROMOLECULAR

RADIOPHARMACEUTICALS
LEADERS: DR SUZANNE SMITH,

DR RICHARD NICHOLSON

BACKGROUND

Proteins and peptides which demonstrate selectivity
for cancer cells have been used to transport and target
radionuclides to these cells. The approval in 1991 of
the first radiolabelled antibody in the USA and Europe,
for the diagnosis of colorectal and ovarian cancer,
opens the door to a new range of agents for use in
clinical nuclear medicine.

Modified liposomesand immunoliposomcshuvc been
developed thai exhibit low uptake in the liver and
spleen and high uptake in target tissue. They provide
an alternative mode by which to transport radionuclides
for diagnosis and therapy.

To display the characteristics, such as the physical
properties ofthe radionuclide and the selectivity of the
molecular recognition unit (MRU) (protein, peptide,
immunoliposome, or receptor), particular attention
must be paid to the chemistry of radiolabelling. This
chemistry may involve the at tachment of the
radiomiclide directly to the MRU, or via a bifunctional
ligand. As each rudionuclidc has very different coor-
dination chemistry, the bifunctional ligand is designed
and synthesised to address these requirements.

OBJECTIVES

To develop new bioradiopharmaccuticals forlhe diag-
nosis and treatment of cancers, such as ovarian, liver,
colon and breast. Research is specifically focused
toward the development of new radiolabelling tech-
nology and the design of new bioconjugates. to ensure
that the integrity ofthe molecular recognition unit and
physical properties ofthe radionuclide are optimised.

The development of receptor mediated methods for
targeted radiopharmaceutical delivery, internalization,
and transport across the blood-brain barrier.

Develop a novel drug-delivery system using
immunoliposomes that can be used for both
radioimaging and chemotherapy.

RECENT WORK
AND ACHIEVEMENTS

Evaluation of Technetium-99m 3B6/22 antifibrin
antibody as a diagnostic agent for lung cancer has been
completed in collaboration with AGEN Biomedical
Ltd, the Royal Brisbane Hospital and Prince Charles
Hospital, Brisbane.

Provisional patent coverage has been filed on a scries
of aminothiol ligands in USA and Europe for lipophilic
complexes designed for radiotherapy of primary liver
cancer.

Methods have been developed for characterisation of
chemical ly modif ied an t ibody fragments by
clcctrospray mass spectromctry in collaboration with
the University of Wollongong.

Design and construction of stability constant
apparatus for the characterisation of bioconjugatcs and
their complcxation behaviour has been completed.

A titanium-45 labelled anti-tumour agent has been
synthesised, for incorporation in characterised
liposomes.

Dr Suzanne Smith examining binding affinity of a purified
antibody
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RADIOPHARMACEUTICAL
CHEMISTRY

WORK PLANNED FOR 1994-95

Consider the naturally occurring transferrin cycle
endocytosis pathway to develop receptor-mediated
methods for the non-destructive delivery of bioactive
molecules to and into target cells, including across the
blood-brain barrier for diagnosis and therapy.

Evaluate the diagnostic utili ty of Tc-99m DD-3B6/22
antibody fragment for ovarian cancer in collaboration
with AGEN Biomedical Limited and Wollongong
Hospital.

Evaluate the use of rhenium-188 in potential therapeu-
tic radiopharmaceuticals; including rhenium-188 DD-
3B6 antibody fragments for ovarian cancer therapy,
the evaluation of rhenium-188 aminothiol ligands
solubliscd in lipiodol in rat tumour models, and the
design and synthesis of improved ligands for rhenium-
188 radiolabelling. Rhenium-188 labelled
radiophannaceuticals will also be evaluated for therapy
of melanoma breast and colon cancer.

Evaluate ligands, developed by AND for use in
radiolabelling of proteins with copper-64 and copper-
67, for use with PET and SPECT for monitoring and
possibly therapy (using copper-67) of colon cancer
and its metustutic disease.

Investigate the design and synthesis of novel
bioconjugalcs and linkers for use in radiolabelling
proteins and pcptides with radionuclides such as
holmium-166, dysprosium-166 and rhenium-188.

To evaluate indium-111 labelled modified liposomcs
containing titanium-45 labelled anti-cancer complex
as a possible rudiopharmuccuticul for the detection of
colon cancer using PET and SPECT.

Synthcsise and characterise radiolabcl led
immunoliposomcscontaining titanium-45 labelled anti-
colon cancer agents for /// vivo evaluation.

KEY INTERNATIONAL COMPONENTS

Oak Ridge National Laboratory. USA: Development
of technology for the use of holmium-166 and dyspro-
sium- 166 therapeutic agents.

Nishina Memorial Cyclotron Centre, Japan Radioiso-
tope Association. Morioka. Japan: Development of
rhenium based lipiodol agents for liver cancer therapy.

Harvard Medical School, Harvard University, USA:
Clinical applications of radiopharmaceuticals.

Department of Chemistry. Ben Gurion University of
Negev. Beer-Sheva. Israel: The characterisation of
bioconjugates.

The Hebrew University of Jerusalem. Israel: Pharma-
cological evaluation of new radiophannaceuticals.

LONG TERM OBJECTIVES

Evaluate diagnostic u t i l i ty and commercial viabil i ty of
Tc-99m-3B6/22 for staging and monitoring recur-
rence of ovarian cancer.

Develop non-invasive methods for directed delivery
of racliopharmaceuticals into tumour cells and
diseased tissues or the brain.

Develop rhenium-l86/rhenium-l88 iodised oil as a
commercial product for internal radiotherapy of
hepatic tumours.

Develop imnumoliposomes based on radiophanna-
ceuticals for radioimaging and radiotherapy of colon
cancer.

Develop commercially viable radiopharmaceuticals
based on the nuclides holmium-166. dysprosium-166
and rhenium-188.
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RADIOPHARMACEUTICAL
CHEMISTRY BIOMOLECULAR STRUCTURE

AND DESIGN
ACTING LEADER: DR ROBERT KNOTT

BACKGROUND

ANSTO has expertise in techniques important to
bioinolecular structure determination and visualisa-
tion. This expertise is being supplemented through a
network of collaborations with other institutions so
that ui

Routine structure determination, databases of infor-
mation, and computer calculations arc important for
the development of biologically active compounds,
and for the investigation of the molecular interactions
involved in the observed clinical effect.

The principal method used for the determination of
high resolution biomolccular structure is X-ray
crystallography. A partnership with the School of
Chemistry, University of Sydney, facilitates the acqui-
sition of three dimensional (3D) structural information
on molecules synthesised by the Program. This will
assist in the evaluation of radiophannaceulicals, and
(he development of more effective agents. Other
experimental techniques being implemented are multi-
dimensional nuclear magnetic resonance; neutron
crystallography: electrospray mass spectrometry;
microscopy; X-ray and neutron scattering from non-
crystalline particles; and extended X-ray absorption
fine structure.

To ensure llie availability of a comprehensive suite of
software packages, a powerful computer system for
the processing of large data sets is essential for this
work.

<,- rf* *'
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RADIOPHARMACEUTICAL
CHEM1STRY

OBJECTIVES

To support radiopharniaceutical development by
implementing a strategy in structure-aided drug
design. Structural information must be obtained and
processed into a form immediately applicable to the
chemistry in progress. The information may be a
complete 3D structure of an isolated molecule or
molecular assembly, or, a detailed description of a
single atom involved in a critical area of an interaction.

RECENT WORK
AND ACHIEVEMENTS

Current activities involve a study of the structure of
rhcnium-chelator; computer modelling of ligands for
brain and heart receptors; computer construction of
molecular recognition units: and investigation of the
structure of a specific mouse monoclonal antibody
fragment (DD-3B6) which has proven diagnostic use.
The high resolution structure of small molecules
related to development of rhenium compounds for
liver cancer therapy has been determined by X-ray
crystallography.

A Molecular Graphics Laboratory has been estab-
lished. Two computer codes are being installed to
open up new areas of investigation. The Sybyl
Computer Code facilitates a range of calculations on
small molecules, and the real-time display of the
results. ThcGAUSSIANComputcrCodewillbeuscd
to calculate the energies, structures and other molecu-
lar properties of chemical systems.

One Australian Postgraduate Research Award (Indus-
try) Scholarship, two Australian Institute of Nuclear
Science & Engineering (AINSE) Student Awards and
three AINSE Research Grants are active in areas
directly related to biomolecular structure and design.

WORK PLANNED FOR 1994-95

Continue collaboration with the University of Sydney
on small molecule crystallography. The investigation
of the structure of DD-3B6 monoclonal antibody
fragments will be undertaken with the initial task of
growing suitable single crystals. X-ray and neutron
diffraction methods will be used to determine the
structure of the protein calmodulin and to explore the
protein-solvent interaction. The Molecular Graphics
Laboratory will be upgraded and software packages
and databases will be installed as required.

KEY INTERNATIONAL COMPONENTS

Collaboration with Prof Benno Schoenborn (Life
Sciences Division. Los Alamos National Laboratory.
USA) to investigate protein-solvent interactions
important in the understanding of biomolecular
interaction using X-ray and neutron diffraction
techniques. Collaboration continues with Prof Robert
Handschumacher (Yale University Medical School.
US A) on the structure of cyclosporin-A and its receptor
cyclophilin.

LONG TERM OBJECTIVE

The long term objective is to exploit structure-aided
drug design to the extent that it makes a major contri-
bution to the development of radiopharmaceuticals
for clinical practice.

Peter Shhniidt preparing an elisa plate for reading
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ENVIRONMENTAL
\ SCIENCE
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Dr Hurley Wrisilit. Environment Manager. Kimberly-
Clark. NSW
Dr Keith Mullette, Chief Scientist and General
Manager, AWT Science & Environment. NSW
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Section. NSW Environment Protection Agency, NSW
Dr Stuart D Miller. Environmental Geochemistry
International, NSW
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Victoria
Ms Dianne Gayler. Assistant Secretary, Pollution
Avoidance Brunch, Commonwealth Environment
Protection Agency, ACT

Dr Wally Zuk

DR WALLY ZUK
DR DES LEVINS
96 person years
$8.68 M

PROGRAM OBJECTIVES

The overall objective of the Program is to earn' 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 governments, their agencies, private institutions
and companies to protect, improve and conserve the
natural environment within the context of sustainable
development:

assist the Commonwealth Government to further its
international initiatives, meet treaty obligations and
respond appropriately on technical and policy issues
requiring authoritative environmental advice:

assist Australian industry in advancing Australia's
competitive position in the world economy; and

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.

PROGRAM OVERVIEW
AND STRATEGIES

The Program is a multidisciplinary team, comprising
biologists, microbiologisls, chemists, engineers,
geologists, geochemists. physicists and applied
mathematic ians , wi th special expert ise in the
application of nuclear science-based and related
technologies to the understanding of environmental
processes.

To meet the Program objectives, our strategies are:

toestablisheffective national and international strategic-
alliances, with private sector companies, government
R&D agencies and other organisations, that fu rlhcrour
R&D capabilities focusing on key designated areas;

to work with industry towards implementation and
commercialisation of our research results:

excellence in the provision and interpretation of
environmental data; and

to attract and hold the highest quality scientific and
technical professionals available.
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ENVIRONMENTAL
SCIENCE

The Program possesses extensive state-of-the-art
analytical laboratories and instrumentation, much of
which is unique in Australia. Research projects focus
on defining, modelling and understanding the chemical,
physical and biological processes associated with the
generation, transport and interactions of radioactive
and other pollutants in air. water and the ground. The
research is not only targeted on resolving current
concerns but also on anticipation and prevention of the
occurrence of future problems.

The research projects in the Program contribute to
three of ANSTO's designated key research areas,
namely. Resource Processing, Radionuclides -
Environmental and Industrial Applications and Waste
Management. They are strongly focused on the
following five themes:

the development of site-specific, environmentally
acceptable strategies forclose-down and rehabilitation
of uranium and othermineral 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 geosphcre,
including the environmental processes that may affect
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, to dating of
sediments, fish, corals and archaeological samples and
to tracking of airborne pollutants on a global scale; and

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' monitors of
p o l l u t a n t s , thereby p rov id ing measures of
environmental quality.

The research complements and provides scientific
support for the development and implementation of
practical solutions to specific environmental problems
of 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.

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.

Research l inks are maintained with academic
institutions, industry and other government agencies
at trie national anil international level. Of particular
note, the Program is a key partner in the Cooperative
Research Centre (CRC) for Waste Management and
Pollution Control Ltd, where special techniques and
expertise developed by the Program, through its nuclear
science-based core activities, are being applied to
several m u l t i d i s c i p l i n a r y projects related to
conventional and hazardous solid and liquid waste
problems. The CRC Project areas in which the Program
is involved include, inter alia: integrated mapping
technologies for dense non-aqueous phase liquid
contaminants; management and disposal of arsenic
wastes; biological odour control; and improved
processes for management of municipal solid wastes.
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ENVIRONMENTAL
SCIENCE CORE ACTIVITIES,

SKILLS AND FACILITIES

Tin- Program's core activities, skills andfacilities are
distrihiaed across five major organisational groups
and a small unit, described helow. from which
specialists are drawn into project teams to address
mnllidisciplinary problems.

(a) Environmental Phjsics
(l)r Ian Ritchie)

This group's expertise is in understanding and
quantifying the mechanisms that drive the generation
of pollutants arising from pyritic oxidation of mine
\\astes and how the reaction products are transported
and dispersed by water flow. Key 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 How through reacting porous media;
and. the delineation of opt imum solutions for
rehabilitation of mine sites affected by acid mine
drainage. The group also has extensive expertise in
radon emanation and dispersion, which includes:
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
geotechnicaltool. The group carries out meteorological
studies for airborne pollutant environmental impact
assessments and atmospheric transport and dispersion
modelling of air pollutants.

(b) Environmental Chemistry
(I)r Richard Lowson)

The expertise of this group is centred around the
chemistry of aqueous solutions, with special emphasis
on chemical speciation, redox, photoredox, solution/
precipitation, colloids and solution surface interaction.
The group's scientists and technicians have extensive
knowledge and experience in aqueous chemistry, with
well-defined strands in: the chemistry of mine wastes
and mill tailings; sediments and sediment remediation:
geochemical modelling: and analysis of inorganic and
organic species to trace levels in the environment. The
group is multidisciplinary and possesses skills in
geology and geochemistry, mathematics and
computing, microbiology and electronics. Projects
serviced by this multidisciplinary team include:
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.
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CORE ACTIVITIES,
SKILLS AND FACILITIES

ENVIRONMENTAL
SCIENCE

(c) Chemical and Waste Engineering
(I)r Des Levins)

This group provides chemical engineering and waste
management expertise to the 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 expertise 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 chemical engineering equipment and has a
pilot plant facility for larger scale work.

(d) Ecological Impacts
(I)r Peter Airey)

This group encompasses skills in the application of
radioisotopic techniques to dynamic studies of
environmental and industrial processes, as well as
environmental biology and botanical expertise. The
main research strengths and interests include: radiation
dose assessments in freshwater, marine and terrestrial
organisms chronically exposed to low concentratkv.s
of radionuclides; freshwater ecology, ecotoxicology
and biological indicators of pollution in the context of
resource processing effluents and rehabilitation of
uranium and other mining sites; 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 siltaiion and to
pollutant transport studies in the near offshore coastal
region.

(c) Kadiounalytical Applications
(Mr John Fardy)

This group focuses on the development and application
of medium and low-level radiochemical procedures,
including neutron activation analysis techniques, to
measuring the levels and fate of radionuclidcs 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 also has expertise in isotope geochemistry
and in the development and application of isotopic and
rudionuclidc techniques to age dating of marine
organisms, archaeological ar tefacts , and of
environmental processes, such as sedimentation.

(0 Secondary Ion Mass Spectrometry
(I)r Kathryn Prince)

This unit specialises in the surface analysis and imaging
of microstructural features on samples. Samples studied
can be either insulators (e.g. minerals, shells, bones),
conductors (e.g. metals), or semi-conductors.
Elemental characterisation can be performed in either
analysis or mapping mode. Detection limits, in the
order of the parts per million .can often be achieved for
individual elements. The variation with depth of
various elements can also be monitored with sputter
depth profiling. All analyses are performed in .\irit on
the sample.
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ENVIRONMENTAL
SCIENCE

The Program is well equipped with a broad range of
specialist facilities and modern analytical
instrumentation; these include:

radiochemical and isotopic analysis facilities, using
high resolution gamma spectroscopy, l iquid
scintillation counting, including medium and low-
level radiochemical laboratories; facilities for
instrumental and radiochemical neutron activation
analysis; high sensitivity rudon/thoron measurement,
monitoring and calibration equipment; parts-per-trillion
and parts-per-billion uranium analysis by laser-induced
phosphorimetry;

a Secondary Ion Mass Spectrometer (SIMS) (Cameca
51") for surface and depth elemental profiling;

inorganic analysis by ion chromatography (1C), atomic
ubsorbtion spectrophotomctry (AAS-flame/graphile
furnace/vapour generation), inductively coupled
plasma atomic emission spcctrometry (ICP/AES) and
inductively coupled plasma mass spectrometry (1CP/
MS);

organic analysis by gas chromatography (GC), gas
chromalography/mass spectrometry (GC/MS), Fourier
transform infra-red spectroscopy (FTIR);

mineral analysis by X-ray diffractometry (XRD), X-
ray fluorescence spectroscopy (XRF) and FTIR;

equipment for unit operations including crushing and
grinding, particle classification and sizing, physical
beneficiation, flotation, leaching (atmospheric and
pressure), solid/liquid separation, solvent extraction
(mixer settlers and pulse columns), ion exchange and
waste treatment;

pilot plant and engineering bay faci l i t ies for
metallurgical, chemical and waste processing studies,
including columns and associated instrumentation for
leaching and oxidation studies on ores, waste heaps
and tailings;

a suite of microbiology and biology laboratories,
inc lud ing fac i l i t i e s for ccotoxicology and
biomonitoring;

a survey boat with advanced navigation and specialised
facilities for marine sampling and survey work;

laboratory and field instrumentation for measuring
thermal conductivities, gas diffusion coefficients and
gas permeabilities in mine waste material;

meteorological data acquisition systems and
atmospheric transport and deposition models; and

extensive computing facilities, including workstations,
access to a Fujitsu VP2200 supercomputer, and a suite
of computer codes forgeochemical modelling and for
modelling oxidation rates of pyritic rock heaps and the
transport of pollutants by groundwater flow.
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CLEANER PROCESSING
TECHNOLOGY

CO-ORDINATOR: DR DES LEVINS
LEADERS: DR BOB RING, DR KAYE HART,

DRGINGKHOE

RESOURCE
PROCESSING

BACKGROUND

The project area draws upon the Program's expertise
in chemical engineering, applied chemistry and
extractive metallurgy and the Advanced Materials
Program's facilities and expertise in mineralogy 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 and waste
treatment technologies, especially wastewater
treatment. The main focus of activity is the processing
of radioactive materials - uranium ores, rare earth
concentrates and mineral sands. Funicular attention is
given to the fate of radionuclidcs in metallurgical
processes and the immobilisation of radioactivity.

Research is also undertaken into the treatment and
management of arsenic wastes which are often
generated during the processing of uranium, copper,
gold and nickel ores. This research is funded in part by
the CRC for Waste Management and Pollution Control
Ltd.

The group has facilities to develop processes from the
bench scale through to pilot plant demonstration. The
project area has strong links with industry and a proven
record of technology transfer to the mining industry.

OBJECTIVES

To develop and refine technology for the processing of
radioactive ores, plant solutions and waste streams
with Ihc 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

Two studies have been completed on the treatment of
contaminated waters arising from the Hooding of
uranium mines in Germany and advice provided to the
German Ministry for Economics on treatment options
for waslewaters containing arsenic, uranium and
radium.

New processes have been developed for the production
of high purity cerium compounds from the Ml Weld
monazite concentrate and supply of samples for market
evaluation.

Design data has been provided for a feasibility study
on rare earth production.

Processes to remove radioactivity and immobilise
wastes from mineral sand products have been invested
in a pilot plant.

A provisional patent for a new method of oxidation of
trivalcnt arsenic has been lodged.

Arsenic-bearing cementitious waste forms have been
produced which meet regulatory and long-term leach
test procedures.!

It has been demonstrated that coprecipitatcd non-toxic
cations such as calcium and magnesium can be used to
improve the environmental stability of iron-arscnatc
compounds.

The behaviour of silica in in hydrometallurgical
circuits has been characterised.

The generation of fundamental data on solvent
extraction equilibria and the kinetics of solvent
extraction in rare earth systems.

WORK PLANNED FOR 1994-95

Assessment of the long-term stability of wastes
containing low-levels of naturally-occurring levels of
radioactivity arising from the processing of mineral
sand products.

Upgrading of radioactive uranium tail ings with
emphasis on resource recovery.

Complete research into the dynamics of rare earth
solvent extraction circuits using rare earth radioisotopcs
as tracers.

Investigate removal and recovery of metals from
radioactive sludges and flue dusts.

Participation in Australian Mining Industry Research
Association project to characterise and remove
contaminants from mineral sand products.
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RESOURCE
PROCESSING

Preparation of a Patent Cooperational Treaty
international patent application for arsenic oxidation
method.

Elucidation of the mechanisms responsible for the
stabilisation of iron-arsenate compounds in calcium-
rich environments.

Validation of a new method to determine the oxidation
state of arsenic in solids.

Stability-testing of arsenic wastes from WISMUT
GmbH operations, Germany.

Follow-up consultancy on water treatment processes
for German uranium mining.

Strategic research into separation of cerium and thorium
from process liquors by solvent extraction and
membrane technology.

Complete phase II of Malaysian Bilateral Gas Flow
Studies.

KEY INTERNATIONAL COMPONENTS

Cooperative research program on kinetics of rare earth
solvent extraction with Beijing General Research
Institute for Non-Ferrous Metals, China.

Involvement in Advisory Committees and Consulting
Panels of the International Atomic Energy Agency

Transferor technology of arsenic oxidation method to
MSE Inc., Montana and gaining ol" United States
Environment Protection Agency accreditation for a
pilot scale demonstration of patent technology.

Commercial consultancies with WISMUT GmbH on
waste water treatment processes al uranium mines in
eastern Germany.

Participation in a working group of the International
Organisation forStandardisation on the characterisation
and chemical durability of solid wastes.

LONG TERM OBJECTIVES

To facilitate the development of a rare earth production
industry in Australia.

To develop a versatile, cost effective process for
immobilisation of radioactive wastes arising from
mineral processing operations.

To be pre-eminent in the Held of arsenic waste treatment
and to commercialise technology and expertise.

To establish ANSTO as a centre of excellence in
separation technologies (including solvent extraction
and ion exchange) for process and waste treatment
applications.

Cleaner Processing Technology
The settling ponds associated with the in-.\itn uranium mine of Wismut GmbH al Konigslcin near Dresden. ANSTO completed a
feasibility study of a plant to treat the contaminated waler after the mine was Hooded.
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CHEMISTRY AND GEOCHEMISTRY
OF SITE REHABILITATION

COORDINATOR: DR RICHARD LOWSON
LEADERS: DR PAUL BROWN,
DRJOSICK COMARWGND,

DR MARIANNE JAMES

BACKGROUND

Mining and industrial practices of the past have left an
unacceptable burden on land and water resources.
There is a growing demand for land and water reuse
through the recovery of degraded sites for productive
or recreational activities. New ventures require
effective environmental protection measures to be in
place prior to commissioning. Key gcochemical areas
have been identified to support the decision making
process: these are: chemical characterisation of soil
profiles: chemical characterisation of overburden:
predictive assessment of water quality with time and
void hydrology; chemical characterisation of tailings,
acid mine drainage, neutralisation and gcochemical
stability; water quality in abandoned mines and
associated solute production rate, transport and
treatment.

OBJECTIVE

Through pursuit of a geochemical research program,
to develop strategics for mitigating the transport of
pollutants through the environment.

RECENT WORK
AND ACHIEVEMENTS

Quantification of the attenuation of solutes in uranium
mine ({tilings water by soil and rock down-gradient of
the Ranger tailings clam.

Geological, hydrological, gcochemical and geophysical
definition of ground water contaminant plumes
associated with mine tailings dams.

Evaluation of the environmental impact of the
development of the North Ranger II ore-body and the
associated transport corridors to the Ranger Mill.

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

Generation and validation of predictive models for the
near surface dispersion of secondary mineralisation
and radio nuclidc/ground water migration down
gradient of weathering primary uranium mineralisation.

Elucidation of the chemical mechanisms for the
production of acid mine drainage.

RESOURCE
PROCESSING

Description of the chemical impact of the products of
acid mine drainage on waste rock and effluent streams.
Development of a gcochemical transport program as a
module within 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.

WORK PLANNED FOR 1994-95

Theoretical developments
To develop a description for the kinetics of geochemical
processes.

To develop algorithms describing non-equilibrium
adsorption in terms of a phenomenological process.

Development of a computer code using Monte Carlo,
multivariant logic and neural network techniques for
describing geophysical processes.

Experimental developments
Determination of the kinetics of the natural weathering
and mineral oxidation processes.

Determination of adsorption and dcsorption kinetics,
and hysteresis phenomena.

Operation of column experiments as a data source for
geochemical modelling.

Field measurement
The collection and collation of field data relevant to the
theoretical developments of the group.

The development of remote sensing techniques to
assist in environmental management.

Technology transfer
The transfer of computer codes and other research
products to the market place.

LONG TERM OBJECTIVES

To develop and integrate user-friendly computer
programs to predict speciation, adsorption and kinetics
in the geochemical environment.
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RESOURCE
PROCESSING BIOLOGICAL IMPACTS

OF DEVELOPMENT
CO-ORD1NATOR: DR PETER AIREY

LEADERS: DR M AHSANULLAH,
MR RON SZYMCZAK

BACKGROUND

This project area is an extension of on-going research
into the environmental impact of uranium mining and
milling and includes investigations related 10 biological
processes and ecotoxicology.The skills are now applied
to investigation of the ecological impacts of general
mining and industrial development. The practice of
ecotoxicology is changing in response to steadily
improving environmental management and the
increasing requirement for more cost effective and
rapid testing procedures.

OBJECTIVES

To refine behavioural aversion methodologies.

To develop and assess accelerated testing procedures.

To extend routine ecoto.xicology testing to sediments.

To improve laboratory based simulation of complex
environments especially in the coastal zone. In related
work, the radioisotope phosphorus-32 is being used to
study phosphorus fluxes as part of a systematic
investigation of the impact of development on the
Great Barrier Reef.

RECENT WORK
AND ACHIEVEMENTS

Recent work has been directed towards applying new
approaches to monitoring the behavioural aversion of
indicator fish species to sediments with and without
small loadings of heavy metals. A'flinwiinn has been
constructed which comprises a dual flow system and a
barrierlcss divide allowing fish an unimpeded choice
between the contaminated and non-contaminated
sediment flows. Considerable success has been
achieved applying the tidal simulator to ccotoxicology
studies in the coastal zone. The study of the phosphorus
fluxes within the Fitzroy River delta in North
Queensland has been completed.

WORK PLANNED FOR 1994-95

The emphasis in the ccotoxicology work in the coming
year will shift towards establishing rational bases for
accelerated testing, and refining and extending
behavioural aversion studies. ANSTO will contribute
to new marine studies directed towards investigating
the impact of river flows on the coastal zone.

LONG TERM OBJECTIVES

To integrate various avenues of ecotoxicology inves-
tigations, including in vitro testing, behavioural aver-
sion studies and monitoring the impact of effluent re-
lease on critical ecosystems in order to interpret the
findings in terms of environmental risk assessment and
calculate the most cost effective means of achieving a
predetermined level of environmental protection.

Freshwater bivalves used in Pollution monitoring of the
Hawkesbury-Nepcan River System
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ACID MINE DRAINAGE
CO-ORDINATOR: DR IAN RITCHIE

LEADERS: DR JOHN BENNETT.
DR DAVID GIBSON

WASTE
MANAGEMENT

BACKGROUND

A major source of water pollution associated with
uranium and other mining operations derives from the
generation of sulphates and acid due to the oxidation of
pyrite in waste rock. Long term reduction of the
environmental impact of acid mine drainage is best
achieved through gaining a thorough understanding of
all facets of the phenomenon. A program of field and
laboratory measurements is combined with predictive
mathematical modelling to gain the necessary
understanding of the physical, chemical and biological
principles involved.

OBJECTIVES

To define and quantify the sources, mechanisms and
production rates of acid in pyritic wastes.

To develop mathematical models of the acid-generation
process.

To examine methods for reducing the rate of acid mine
drainage to environmentally acceptable levels.

RECENT WORK
AND ACHIEVEMENTS

Completion of a project for Bolidcn Mineral AB in
Sweden (odcvelopclosureoptionsfortheAitik Copper
Mine in northern Sweden. In this work the value of
combining a number of field measurement techniques
was demonstrated. A mathematical model was
developed to assess the effectiveness of various covers
that could be used to reduce the oxygen flux into the
waste rock, thereby reducing the oxidation rate and the
production rate of pollutants.

Completion of a study, funded by the Canadian Mine
Environment Neutral Drainage (MEND) program, at
the Heath Stecle mine site to investigate the gas transport
mechanisms in pyr i t i c waste through f ie ld
measurements and modelling.

WORK PLANNED FOR 1994-95

To obtain a detailed understanding of the nature ofwater
and pollutant transport in waste rock dumps. Techniques
will be developed to measure water How rates and
collect water samples for chemical analysis in the
unsaturated portion of waste rock dumps.

Measuring gas diffusion coefficients in a vvasic rock dump at a
mine in ihe Arctic north of Sweden, prior to recommending
pollution control methods

To develop a technique for measuring the oxygen flux
into soil, or waste materials, by direct measurement on
the surface.

To investigate the role of wind generated pressure
gradients as a force driving oxygen into waste dumps,
and if appropriate incorporate the effect into the
mathematical model of oxidation in dumps.

To carry out column studies to determine the
dependence of the intrinsic oxidation rate of pyritic
mine wastes on factors such as oxygen concentration
and temperature. The information gained will be used
as input data for mathematical modelling of the
geochemistry of pyritic wastes.

KEY INTERNATIONAL COMPONENTS

The international components of this project include
in terac t ion wi th an indus t ry- funded min ing
environmental research program (MEND) in Canada,
Gibraltar Mine (USA), Boliden Mineral AB (Sweden),
ADI Nolan, Davis (Canada), Newmont Mining (USA),
Bureau of Mines(USA)and the Royal Swedish Institute
of Technology.

LONG TERM OBJECTIVES

To extend current mathematical models of pyritic
oxidation to more fully predict the acid generation
processes and the transport of contaminants.
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WASTE
MANAGEMENT RUM JUNGLE POST-REHABILITATION:

POLLUTION LOADS
LEADER: DR JOHN BENNETT

ECOLOGICAL IMPACT
LEADER: DR ROSS JEFFREE

BACKGROUND

Uranium and copper were mined at Rum Jungle in the
Northern Territory between 1954 and 1971. During
this time a severe acid mine drainage problem
developed, in \vhich iron pyrile, present in the waste
rock dumps oxidised to produce sulphuric acid and
metal sulphates. These products leached from the
dumps and presented a major environmental pollution
problem, contaminating regional groundwaler and
surface water systems.

In the early 1970s, an environmental study of the site
identified the majorsources of pollution, and ecological
investigations in the Finniss River System quantified
the degree of detriment to the aquatic fauna. A
rehabilitation strategy was developed for the site in the
late 1970s and was implemented from 1982 to 1986. A
monitoring program, undertaken from 1982 to 1992.
confirmed that the rehabilitation works had been largely
successful in terms of the original design criteria.
Preliminary ecological studies, conducted from 1991
to 1993 have also indicated appreciable recovery in
fish diversity and abundance in the Finniss River.

With improvements in the understanding of the
processes of acid mine drainage and the rate-limiting
mechanisms controlling pollution generation rates.
and in view of the desirability of quantifying the
effectiveness of the rehabilitation measures, the
Commonwealth Government has funded a five-year
scientific study of the Rum Jungle site and impacted
waterways by ANSTO and a number of Northern
Territory government agencies.

Undertaking a maeroinveriebratc survey of the Finniss River. NT Algae growth at a mine seepage exit, near the Finnis River
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MANAGEMENT

OBJECTIVES

To quantify oxidation rates in White's and Intermediate
waste rock dumps, to assess how these oxidation rates
and consequent pollution generation rates have been
changed by the rehabilitation works, and how they will
change in the long term.

To relate these pollution generation rates to
concentrations in drainage waters through in-sini
measurement and geochemical modelling.

To quantify pollutant loads from Dyson's waste rock
dump and, if they are found to be environmentally
significant, to quantify oxidation rates in this dump.

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

To investigate the underlying physiological and
ecological processes that explain the recovery process
in this fresh water 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.

RECENT WORK
AND ACHIEVEMENTS

Field data collected during the 1982-92 monitoring
period, related to oxidation rates in the waste rock
dumps and dump hydrology, have been maintained in
computer databases.

Detailed studies have begun on the distributions and
abundances of bcnthic macro-invertebrates in the
heavily impacted East Branch of the Finniss River.

A survey of the distributions and abundances of macro-
crustacea in the Finniss River system has been
completed. The absence of atyid prawns has indicated
current detriment in the Finniss River downstream of
its junction with the East Brunch.

Healthy algal mat in ihn lower casl branch of the Finniss River

Databases have been compiled on annual cycles of
metal concentrations in the waters of the East Branch
for use in ecological risk assessment.

WORK PLANNED FOR 1994-95

Institute a program of regular field measurements to
enable oxidation rates in the waste rock dumps to be
quantified.

Devise and implement a scheme to quantify pollution
loads from Dyson's waste rock dump.

Develop and deploy an instrument to measure oxygen
fluxes through the waste rock dump covers.

Prepare a paper on the recovery of fish in the East
Branch of the Finniss River in relation to improvements
in post-rehabilitation water quality.

Begin Phase 2 of investigations on the distributions
and abundances of bcnthic macro-invertebrates in the
Finniss River.

Begin Phase 2 of the field studies on macro-crustacea
ecology in the Finniss River.

LONG TERM OBJECTIVE

Over a five year period, to use the Rum Jungle uranium
mine site and the Finniss River as a natural laboratory
to validate pollution generation models and to measure
the tolerance of aquatic species to known pollutant
loadings.
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WASTE
MANAGEMENT RADIOACTIVE WASTE

TECHNOLOGY
LEADER: DR JOHN HARRIES

BACKGROUND

This project coordinates the application of expertise
within the Program to the management and disposal of
radioactive waste and the cleanup of radioactively
contaminated sites. Of sped fie concern are the selection
of a site fora 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 tennbchaviourofradionuclides
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.

This project involves interaction with the Advanced
Materials Program, which has complementary
technology on waste immobilisation and materials
characterisation, as well as the Heallh 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 fora 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.

To study fundamental processes retarding the transport
of radioactive waste products in the environment.

RECENT WORK
AND ACHIEVEMENTS

A report was prepared on the status and options for
long-term management of spent HIFAR fuel.

A transport plan was prepared for the movement of
CSIRO and Defence waste to an interim storage site in
Australia.

Participated in the study team for the establishment of
a low-level repository in Australia.

The establishment of scientific evidence forme surface
complexation modelling of radionuclide sorplion on
natural materials.

WORK PLANNED FOR 1994-95

Complete, as part of ANSTO team, the commercial
contract on treatment and conditioning of waste at
Australian Defence Industries Si Marys.

Provide-technical support for removal of CSIRO waste
from Lucas Heights.

Continue effort on options for HIFAR spent fuel
management.

Develop modelling capability for assessing low-level
radioactive waste repositories.

Coordinate ANSTO Environmental Science and
Advanced Materials contribution to the Maralinga
Rehabilitation Project.

Further experimental studies aimed at eliciting the
mechanism for .sorplion of uranium-series radionuclides
on minerals.

KEY INTERNATIONAL COMPONENTS
Par t ic ipa t ion in IAEA Coordinated Research
Programme on the safety assessment of near surface
radioactive waste disposal facilities.

Implementation of a Uniied States Nuclear Regulatory
Commission/United States Geological Survey funded
project on radionuclide .sorplion processes through the
University of NSW.

LONG TERM OBJECTIVE

To work towards the establishment of a national
radioactive waste disposal facility.
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REMEDIATION OF
TOXIC SEDIMENTS

LEADER: DR PETER HOLDEN

WASTE
MANAGEMENT

BACKGROUND

The sea bed 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.
Consequently harbour development has effectively
stopped because of the inability to dispose of the
dredged material and harbour beds are biologically
dead in some areas. The Department of Industry,
Science and Technology has approved funding under
the GIRD scheme to assist the collaborators in studies
into the selective recovery and treatment of
contaminated dredged sediments. The studies are
applied to Sydney Harbour and associated waterways.
The project is a three year project and commenced in
March 1993.

RECENT WORK
AND ACHIEVEMENTS

Pilot studies to define and quantify the nature of the
ha/ard have been carried out prior to the application
for funding under the GIRD scheme.

Physical separalion/beneficiation schemes for
concentrating toxic fractions have been evaluated.

Phase selective leaching schemes for large scale
sampling and characterisation of sediments from
Sydney Harbour, Parramatta River and Cooks River
have been published.

WORK PLANNED FOR 1994-95

Determine inorganic and organic contaminant load on
sediments.

Commence evaluation of chemical leaching schemes.

Continue development of microbiological remediation
technologies.

OBJECTIVES

Physical, chemical and ecotoxicological
characterisation of the marine sediments.

Development of civil engineering (dredging) and
chemical engineering (physical benef ic ia t ion)
techniques to concentrate the toxic fraction.

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

Development of microbiological methods for the
removal of organic toxic hazards from the sediments.

To define and quant i fy the toxic ha/arcl of the
sediments of Sydney Harbour and associated
waterways.

To develop technologies to treat the ha/ard which will
permit industrial and recreational development of
Australian contaminated waterways.

Clarke Oxygen Electrode Respirometry
Rcspiromciric studies may he used to quantify rates of
degradation or pollutants at the en/.yme level
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RADIONUCL1DES:
ENVIRONMENTAL

AND
INDUSTRIAL

APPLICATIONS

RADON IN THE ENVIRONMENT
LEADER: DR STEWART WHITTLESTONE

Radon and thoron flux measurements contribute to a study of
trace »as emissions from the soils (in collaboration with the
CSIRO Division of Atmospheric Research)

BACKGROUND

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

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

This project involves collaboration with CSIRO.
Bureau of Meteorology. Australian Radiation
Laboratory and many overseas organisations.

Radon gas measured at (lie bleak , remote site of Macquaric Is. traces air mass movement over the Southern Ocean
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APPLICATIONS

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
levelsof global airpollution.radon sources and potential
health risks from radon.

RECENT WORK
AND ACHIEVEMENTS

Analysis of thoron flux from Hawaii and -i:Pb
measurements at Mauna Loa Observatory is complete.
It has been demonstrated that :i:Pb is present in air
which has passed close to lava fields, a matter of some
importance to atmospheric chemists studying reactive
species which are affected by ground contact, even
when the ground itself is not the source of those
species.

Laboratory tests of a small scale prototype of a new
radon detector have been completed. A larger prototype
of a version suitable for deployment at remote locations
has been installed for evaluation at the Cape Grim
Baseline Air Pollution Station in Tasmania.

A study of o/one measurements at the Cape Grim
Station has involved modelling sources and sinks of
o/one over the Australian mainland and Tasmania.
Radon concentrations measured by ANSTO have been
an important component of data used to verify the
model.

Rock movement associated with mining activity can
be dangerous. A study has shown that it may be
feasible to use radon emission from mine walls as a
predictor of such movement. New rugged, highly
sensitive instrumentation developed at ANSTO could
form the basis of a ha/.ard monitoring system.

Radon and thoron flux measurement techniques
developed at ANSTO have been deployed in research
into trace gas emissions from small ecosystems.

Local society is undisturbed by the scientific program at
Macquarie Is.

WORK PLANNED FOR 1994-95

Further research into radon and radon daughters as
tracers in small ecosystems and the global atmosphere.
This will include installation of a :i:Pb detector at Cape
Grim.

Evaluate radon as predictor of outbursts in coal mines
in collaboration with Queensland University of
Technology.

Install recently developed baseline radon detector at
Macquarie Island.

Measure radon emanation from coal ash.

Conduct an intercomparison of radon daughter
measurements in baseline atmospheres with the Centre
des Faibles Radiations. France.

Investigate the use of radon daughter gradients to
evaluate dry deposition of pollution, in collaboration
with New Mexico Insti tuteof MiningandTechnology.
USA.

KEY INTERNATIONAL COMPONENTS

The exchange of data and col laboral ion on atmospheric
and pollution studies involve the following laboratories:
New Mexico Institute of Mining and Technology
(USA), the Climate Modell ing and Diagnostic
Laboratory of the National Oceanic and Atmospheric
A d m i n i s t r a t i o n (USA). Na t iona l Centre for
Atmospheric Research (USA). Env i ronmen ta l
Measurements Laboratory (USA), Bureau of Mines
(USA), National Institute of Water and Atmospheres
(NZ), Laboratoire de Modelisation du Climate ct
I'Environment (France). Centre des Faibles Radiations
(France).
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BACKGROUND

Isotope techniques are widely used to study current
and past oceanic transport processes. Over the years,
extensive studies have been made of the transport of
sediments u ilhin the frameu ork of port development,
the evaluation of deep ocean sewage outfalls, the use
of plankton to monitor ultra low levels of radionuclides.
the application of uranium series analysis to measure
the residence times of sediment fines in the water
column, the dynamics of nutrient transport in the
coastal /one and of the baseline levels of heavy metals
in Torres Strait, off the NSW coast and in coral cores.
Extensive collaboration with the Australian Institute
for Marine Science (AIMS) and the CS1RO. Division
of Coal and Energy Technology has been developed
over the years. The neu ly acquired transportable survey
boat wil l e.xtend the capabilitiesof this research project.

Collecting sediment samples by scuba in Torres Strait

RADIONUCLIDE, TRACE ELEMENT AND
CONTAMINANT TRANSPORT WITHIN THE

COASTAL ZONE AND OFF-SHORE
CO-ORD1NATOR: DR PETER AIREY

LEADERS: MR ALAN DAVISON,
MR RON SZYMCZAK. DR ROSS JEFFREE

OBJECTIVES

To apply radioactive tracer technology to the
investigation of the transport of selected components
of sewage released from the deep ocean outfalls.

To monitor and interpret ultra low levels of transuranic
elements at selected study sites.

To interpret systematic variations in the levels of ultra
trace elements in the water columns and in coral cores
in terms of current and past oceanic processes.

To contribute to fundamental knowledge in, for
instance, the effect of scale on ocean dispersivities and
aspects of paleoclimate.

RECENT WORK
AND ACHIEVEMENTS

The offshore tracer work has been extended to include
specific labelling of the grease component of the
sewage. Mathematical models can now be tested on
the different components separately. The program of
technology development continues with the integration
of the navigation system with the depth profilingof the
tracer plume in real time.

The first stage of the comparison of concentrations of
natural and artificial radionuclides in plankton from
Fiench Polynesian and Australian coastal waters was
completed. Plutonium-239 and -2-40 were found
sporadically in waters from both regions with the
highest levels being found more consistently in samples
from Tuamotu-Gambier Archipelago, French
Polynesia.

Baseline studies off the NS Wcoast and in theGladstone
harbour were completed. Uranium series data from
Torres Strait samples are being evaluated.

WORK PLANNED FOR 1994-95

The evaluation of Sydney's North Head sewage outfall
will be completed together with a parallel study off
Penang under the Australian Malaysian Bilateral
Program of Nuclear Technical Cooperation. The new
survey vessel wil l be used to systematically evaluate
sand movement off the NSW Coast.

The second stage French-ANSTO collaborative study
of ultra-low levels of radionuclides in the oceans will
commence.
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An investigation will be made on the systematic
variation of trace heavy metals in coral cores from
AIMS, and the data interpreted intennsofpast HI Nino
effects off the outer Great Barrier Reef. ANSTO's
contribution to the Fly and Ama/on River Study on the
influence of tropical river systems on coastal
oceanographie processes will commence. Related work
will include the conducting of a major IAEA Training
Course on Marine Radioactivity with AIMS.

KEY INTERNATIONAL COMPONENTS

IPSN/ELSE (Instiuit de Protection et de Surele
Nudeaire/Laboratories d'Etude et de Surveillance de
I 'Envi ronement ) Papeete French Polynesia, is
combining with ANSTO in the radioiuiclide monitoring
study.

US National Science Foundation and Australian
Government Department of Industry. Science and
Technology (through AIMS) are funding the Fly and
Ama/on River Study.

Australian International Development Assistance
Bureau is funding the ANSTO/UTN (Malaysian
Nuclear Energy Uni t ) study of the evaluation of the
Penang off-shore sewage outfall .

The IAEA is funding a wide range of activities under
the Regional Cooperative Agreement (RCA) for Asia
and the Pacific and conducting the Regional Training
Course on Marine Radioactivity.

LONG TERM OBJECTIVES

To apply nuclear related techniques to model a number
of important water-borne dispersion processes
including offshore sand migration; impact of
paleoclimate on oceanic circulation patterns: the impact
of rivers in coastal oceanographic processes and the
distribution of radionuclides in the South Pacific.

Processing seawater for irans-uranics in the Gulf of Papua

Collecting sedinienting particles on hoard the RV Franklin for Irans-uranics
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APPLICATIONS OF NEUTRON
ACTIVATION ANALYSIS AND

MEDIUM LEVEL RADIOCHEMISTRY
LEADER: MR JOHN FARDY

BACKGROUND

The project provides expertise and access 10 medium-
level radiochemistry. including neutron activation
analysis (NAA). to site-wide projects and external
organisations. It involves collaboration with Pasminco
Metals - Sulphides Ply Ltd: BHP Research: Sydney
University; Australian Federal Police: Papua New
Guinea Department of Mining and Petroleum: and the
CSIRO Division ot" Coal & Energy Technology.
ANSTO possesses the only full-range analytical facility
for NAA in Australia, thereby providing a unique
capability fordctenniningtraceelementsconcentrations
in a wide range of samples.

OBJECTIVES

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

RECENT WORKS
AND ACHIEVEMENTS

The assessment of radioactivity in x.inc slags, coals, fly
ash. gyprock. plaster hoard and iron ores was continued
for Pasminco. CSIRO, CSR and BHP Research.

The geochemistry of several Sydney basin ore bodies
was characterised in collaboration with geologists from
the University of Sydney.

The Geological Survey Division. Department of Mining
and Petroleum. PNG. was assisted in their resource
assessment of Western PNG using NAA.

A rapid monitoring procedure was provided for tracing
the fate of PCB's in a number of removal processes
currently under investigation by CSIRO.

Key trace elements were monitored during the
production of plastics and oils for Kemcor, Callex and
Shell.

As the National Coordinator for Nuclear Techniques in
Australiu.thc project contributed to the United
Nations Development Program/Regional Cooperative
Agreement Project on the Use of Isotopes and Radiation
to Strengthen Technology and Support
Environmentally Sustainable Development.

The project contributed to the IAEA/RCA Project
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Phase 11. Off-site Emergency Program, on the
Intercomparison of Radioactivity Measurements for
Environmental Samples.

A Technical Cooperation mission for the IAEA to the
Atomic Energy Research Establishment, Savar. Dhaka.
Bangladesh, was completed to advise staff on methods
and techniques for improving their NAA program and
to assist the development and practical applications of
radiochemical NAA.

WORK PLANNED FOR 1994-95

Continue providing NAA trace element characterisation
of geological samples for geologists from PNG
Department of Minerals and Petroleum and Australian
universities.

Provide ready access to organisations requiring
radioactive assessments of solids and liquids.

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

Continue collaboration with CSIRO in monitoring
PCB's in removal/destruction processes under
development and in characterising the trace element in
Australian coals.

Study the relationship between blood selenium levels
and the eye disorder, macular degeneration, in
collaboration with the Eye and Vision Research
Institute.

Collaborate with the University ol'NSW in investigating
the role of trace elements in the colour chemistry of
Australian opals.

Completion of stage II on the radioactive assessment
of slags for use as blast material.

Finalise a report on the intercomparison of NAA and
non-nuclear techniques for halogen determinations in
coals and fly ash.

LONG TERM OBJECTIVES

Creation of an expert laboratory on nuclear analytical
techniques which can support the IAEA program of
education and development throughout the South-East
Asian region.



APPLICATION OF RADIOISOTOPES
TO THE STUDY OF NATURAL.

PROCESSES
CO-ORDINATOR: DR PETER AIREY

LEADERS: MR JOHN FARDY, MR GREG ELLIOTT,
DR HENDRIK HEIJNIS, DR ROSS JEFFREE

RADIONUCLIDES:
ENVIRONMENTAL

AND
INDUSTRIAL

APPLICATIONS

BACKGROUND

Natural radioactivity arises mainly from primordial
elements (especially uranium and thorium) and their
daughter products. These are dispersed in soils and
rocks and some of them, after being leached by rain
wiiter, reach surface waters and eventually end up in
rivers and oceans. Knowledge of the chemistry and
concentration of these radionuclides in a particular
environment is an important scientific tool in the
understanding of the mechanical, chemical and ageing
processes that have occurred 'Hiring the geological
history of the earth.

The environmental isotopes beryllium-7, caesium-
137 ( l l7Cs) and lead-210 (:"' Pb) are widely used to
study the cumulative effects of erosion and sediment
redistribution over time scales ranging from months to
many decades. The techniques are being developed to
a stage where they are being used to calibrate erosion/
productivity models and applied to the assessment of
agricultural and forestry management practice on
erosion. Complementary to erosion studies is the
application of environmental isotope techniques to the
investigation of contaminant transport in the biosphere.
Particular attention is being paid to the measurement
of transfer factors of fission products (particularly
"7Cs) in tropical river systems, to the use of bivalves
and the osleoderms from crocodiles as archival monitors
of selected heavy metal po l lu tan t s and to the
development of biological monitors for pollution.

OBJECTIVES

To develop low-level racliochemical 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 complete the national soil reconnaissance program
and the erosion studies in the cotton and wheat
plantations and in the Eden and Oberon forests in
NSW.

To assess the erosion status of the Gympie. Qkl, hoop
pine plantation.

Tocomplele the first stage of the sewage sludge impact
study at Goulbum. NSW.

To measure the transfer factors for IV7Cs from fresh

water to fish in the Finniss River, NT.

The evaluation of bivalves and the osteodenns from
crocodiles as biological monitors for either copper or
lead using SIMS technology.

RECENT WORK
AND ACHIEVEMENTS

Measurements and interpreted data were finished for
:'"Pb sedimentation procedures used to identify changes
in plankton production due to increased U V radiation.

The :'"Pb ageing, sedimentation and erosion studies
with the Universities of Tasmania. Macquarie, Sydney
and New England were completed.

The uranium/thorium (U/Th) core dating of calcrete-
nodules in the Bandung Basin, Java, in collaborative
investigations with the Free University, Amsterdam
were completed.

Low-level radioanalysis was provided on bore-waters,
dr i l l ing f lu ids and formation cut t ings for B11P
Petroleum and BHP Minerals.

The U/Th dating of interglacial peat beds from
Tasmania and Germany was finalised so that geologists
can better understand the formation of peal deposits.

Low-level t r i t ium data was provided for the Australian
Geological Survey Organisation.the University of
NSW, the Northern Territory Power and Water
Authority and Queensland Inst i tute of Technology.

The major R&D achievement in the area of erosion and
sedimentat ion has been the completion of the
applications of environmental isotopes to monitoring
the impact of agriculture and forestry management
practice on erosion.

Samples of fish species (top predators) and water
samples have been collected upstream and downstream
of the contaminated east branch of the Finniss river for
measurements of the "7Cs transfer coefficients.

It is planned to implement a Surface Compilation
project as part of the Analogue Study in the Alligator
Rivers Region. The study is currently being negotiated
with the Nuclear Energy Agency, OECD.
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The initial collaboration with the University of Rouen.
France for the SIMS study of freshwater mussels for
archival monitoring is nearing publication. Further
studies are underway.

LONG TERM OBJECTIVES

To establish a centre of excellence in Quaternary
dating research in collaboration with the University of
Wollongong.

To expand our program of research on the geology of
Antarctic fjords in collaboration with the Institute of
Antarctic and Southern Ocean Studies and the
University of Tasmania.

To extend the use of radioisotopes to the study of soil
erosion and othcrcontaminant transport problems, and
to refine existing mathematical models of such
processes.

WORK PLANNED FOR 1994-95

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

Study the feasibility of U/Th dating of long palaeo -
environmental records from Victoria and Queensland.

Commence retrospective monitoring of sedimentation,
erosion and contamination in Port Hacking and
Woronora rivers using core samples from these areas.

To complete and formally report on the results of the
national soil reconnaissance program.

To complete and report on erosion studies in plantations
in NSW and Queensland.

Measure the impact on the application of sewage
sludge on the crodability of soil at the Goulburn field
site using environmental and artificial isotopes.

Commence studies of the mineralisation of nitrogen
and phosphorus in the sludge using isotope methods.

. ~ , ,- , in^-, ,- , ,. Dr Richard Lowson and Wismut staff at the Ronncnburg open
Implement Stage 1 ot the '"Cs freshwater translcr cut Germany

study.

Use of SIMS to study the distribution of plutonium in
lichens from the former weapons test site at Maralinga.

Initiate studies of coral reef growth and fossil reefs on
Lord Howe Island.

KEY INTERNATIONAL COMPONENTS

The transferfactorstudy for 1J7Cs is being implemented
through the IAEA Coordinated Research Program on
Tropical Transfer Parameters. The sewage sludge
project was implemented with the participation of an
IAEA Fellow.

NEA (Nuclear Energy Agency, OECD): It is currently
planned to implement the Surface Complexation
project through the NEA/ASARR (Analogue Study in
the Alligator Rivers Region) which is currently being
negotiated.
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ENVIRONMENTAL
SCIENCE

udies of sustainability of soil use indicate soil erosion rates of
|Q tonnes per hectare per year occur on potato lands. These very
gh erosion rates indicate that extra control measures should be,.,
inlemented

Regeneration of Rum Jungle, NT
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SAFETY
AMD RELIABILITY

CENTRE
CENTRE MANAGER
TOTAL RESOURCES

Dr Ron Cameron

A GROUP WITHIN
THE HEALTH AND SAFETY

PROGRAM

DR RON CAMERON
8.5 person years
$350,000

CENTRE OBJECTIVES

To develop and apply techniques to assess and
enhance the safety and reliability of nuclear facilities
and other industrial engineering facilities throughout
Australia.

To ensure that safely assessment capabilitiesat ANSTO
are consistent with best international practice.

To develop methods for assessing environmental risk
from major industrial facilities and to promote the
establishment of acceptability standards for environ-
mental risk.

CENTRE OVERVIEW AND STRATEGY

The Safety and Reliability Centre is a major centre of
safety and reliability expertise in Australia. It provides
services to ANSTO. to government and to Australian
industry, either directly or through its joint venture
with the University of Sydney, the Australian Centre
of Advanced Risk and Reliability.

The Centre maintains core competencies in nuclear
safety assessment and applies or develops risk and
reliability techniques, which are at the forefront of
international capabilities. Skills and techniques devel-
oped within this program are transferred to Australian
industry through consultancy, through training courses
and through a club membership scheme. Commercial
clients come from a wide range of industries, including
mining, electricity generation, metals, offshore oil and
gas. food manufacturing, transport, water and sewage.

Research and development is carried out in safety and
reliability techniques, either as required for ANSTO
use, or as requested by government departments under
specific grants. Government grants contribute to
research and development activities in nuclear safe-
guards effectiveness and in environmental risk assess-
ment. Other topics of importance relate to methods for
modelling the effects of human error on safety, appli-
cation of reliability techniques in maintenance and
methods for establishing and analysing failure data.

The Centre has established links with overseas organi-
sations working in similar fields.

The Safety and Reliability Centre performs commercial work for
a wide range of .:.i.i".v'rics, including petrochemicals

70



CORE ACTIVITIES,
SKILLS AND FACILITIES

SAFETY
AND RELIABILITY

CENTRE

Core activities involve ihe maintenance ami develop-
ment of safety ami reliability assessment expertise,
including unique capabilities in the application of
probabilistic safety techniques. Key skills are:

a) Equipment failure data collection and analysis
Essential to understanding plant behaviour, to deter-
mining critical items in maintaining safely and avail-
ability and to understanding the likelihood of failure.

b) Development and application of risk assessment
techniques

The Centre reviews, develops and applies techniques
for safety assessment to maintain core competencies
for nuclear and non-nuclear safety,

c) Environmental risk assessment
The development and application of methods for com-
bining the likelihood of a release with the consequence
to obtain measures of environmental risk.

d) System Reliability Modelling
Understanding the interaction of the components within
the system is the key to determining how individual
events can combine to causp system failure or other
undcsircd outcomes. i

Systematic assessment can point to the most cftcctive ways ol"
minising risks of storage of hazardous materials
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SAFETY
RELIABILITY TECHNIQUES APPLIED

TO MAINTENANCE AND TESTING
CO-ORDINATOR: DR RON CAMERON

LEADERS: HOWARD WITT, SIMON BASTIN

BACKGROUND

Large amounts of time and effort are invested in
maintaining industrial plant in a safe and productive
slate. Many of the decisions about maintenance are
based on past practice and heuristics, rather than on
proper analysis of the plant. To make this process more
efficient and effective, reliability analysis can be
adapted to model the working of the system, to use
trends in failure data to predict future performance and
to provide guidance on the criticality of the failure to
plant integrity.

The reliability of equipment, its suitability and the
suitability of its maintenance can change as the plant
ages due to obsolescence and other factors. It is
important that the safety case be kept up to date to show
that such effects are not reducing the margin of safety
to unacceptable levels. ANSTO's HIFAR reactor is
such an ageing plant.

OBJECTIVES

To develop effective strategies for maintenance, test-
ing and safety assessment using reliability techniques
and to apply these strategies to ageing plant.

RECENT WORK
AND ACHIEVEMENTS

Reviews of the best international practice in reliability
techniques have been made in this area to guide the
direction of the research and development. These have
focused attention on the need to assure the reliability of
critical safely equipment as ihe most effective direc-
tion for reliability research at ANSTO. Initial steps
have been taken to set up a work program with the
Nuclear Safety Unit (NSU) and HIFAR staff to
efficiently and effectively process the records of main-
tenance activities at HIFAR.

A good working relationship has been established with
Woodside Offshore Petroleum Ltd and BHP Ltd. A
key issue for Woodside is the most appropriate interval
for the testing of instruments such that unnecessary
testing is avoided but production and safety targets are
not compromised. A key issue for BHP is the record-
ing and processing of plant history to determine main-
tenance action schedules which provide maximum
cost benefit from the emerging equipment condition
monitoring techniques.

WORK PLANNED FOR 1994-95

The Centre will continue to work wi th the above
companies and seek further commercially funded
research and development in this area.

The records of HIFAR's engineered safety features
will , in collaboration with NSU and HIFAR staff, be
assessed and efficient and effective analysis tech-
niques will be investigated to give early warning of
undesirable reliability degradation due to ageing and
other causes.

Regular inspection and testing detects potential problems and
improves reliability. The Safety and Reliability Centre has per-
formed research into optimising test intervals
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ENVIRONMENTAL RISK
ASSESSMENT

LEADER: DR RON CAMERON

SAFETY
EMG1MEEHIMG

BACKGROUND

A number of environmental disasters over the past few
years have focused attention on the infrequent but
potentially catastrophic consequences of major
releases from industrial activities. Routine emissions
to the environment are regulated under state environ-
mental protection policies, but infrequent accidents
are less easy to regulate because no clear principles are
laid down for acceptability. In addition, there is no
agreement on how risks from such accidents should be
assessed.

OBJECTIVES

To assess the current state of development of method-
ologies forenvironmental risk assessment for acciden-
tal releases.

To develop possible approaches to quantification of
environmental risk and ways of deciding on its accept-
ability.

RECENT WORK
AND ACHIEVEMENTS

Over the past year, the Centre has been developing
software which will allow industry to assess the like-
lihood of a pollution release from its activities. This
software lakes into account failure of equipment,
failure of containment systems and failure of clean-up
systems. It also allows some comparison of the
environmental severity of various pollutants. This
software is based on the data collection systems
developed for HIFAR and under the IAEA Research
Reactor Coordinated Research Program.

In order to differentiate the nature of the risk, the term
'environmental' has been proposed to describe all
effects of pollution, including that to human health,
while the term 'ecological' is proposed for effects on
flora and fauna. In parallel with this activity, the
Centre has been involved in providing advice to gov-
ernment on development of criteria for hazardous
industry ecological risk assessment and collaborating
with staff from ANSTO's Environmental Science Pro-
gram on the data needed to fill some of the gaps in the
risk assessment method.

There is a growing public pressure for systematic assessment of
environmental risks. The Safety and Reliability Centre is helping
to develop standard approaches and criteria

WORK PLANNED FOR 1994-95

During the next year, the emphasis of the work will be
on promoting the development of effective frame-
works for performing environmental risk for acciden-
tal releases from industrial activities. A report for
government on methods for performing ecological
risk assessment will be finished by the end of 1994.
Additionally, there will be further research into ways
of communicating the environmental risk and of estab-
lishing acceptability criteria for ecological risk.
Collaborative research possibilities with the CRC on
Waste Management and the Commonwealth Environ-
mental Protection Authority will be investigated.

LONG TERM OBJECTIVES

The aim of the project is to contribute to the develop-
ment of an overall framework for performing environ-
mental risk, suitable fora wide range of industries and
a range of possible pollutants.
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SAFETY

EMGSMEER8NG HUMAN ERROR ANALYSIS
LEADER; OR ROM CAMERON

BACKGROUND

Risk and reliability assessments have traditionally been
based on analysis of the likelihood of failure of sys-
tems. This has lead to the development of highly
reliable systems for reactor control and safety. How-
ever, as equipment failure rates have decreased, the
contribution of human errors to accidents has become
more important. These human errors were fundamental
components of the accidents at Three Mile Island.
Bliopal. Piper Alpha and Chernobyl. Hence, human
error analysis and assessment capabilities are essential
for demonstrating integrity of industrial plants. The
nuclear industry is leading the way in this area.

~:Ssr^

OBJECTIVES

The project aims to develop and maintain competen-
cies in human error analysis and assessment to enhance
the safety of nuclear and non-nuclear plant.

RECENT WORK
AND ACHIEVEMENTS

During the past year, the Centre has been reviewing
international developments in human error assessment
and quantification and has selected a number of
methods for application and further development.
Trials of these approaches have been made at ANSTO
and with a number of other industries, including rail-
ways.

Results of these studies have indicated that a number of
methods are suitable for establishing the likely nature
and magnitude of errors in rule-based or skill-based
activities, but few methods have any potential for
determining the nature or likelihood of cognitive errors
such as those arising from wrong decisions.

A key clement in the human error assessment approach
is the application of task analysis to understand the
likely errors with the task and the error-producing
conditions, which affect operator performance.

WORK PLANNED FOR 1994-95

Further trials of the methodologies are planned with
selected HIFAR operations to determine their applica-
bility over a range of types of activity. A report on the
trials will be produced during the year.

This will be followed by the construction of a frame-
work for applying human error, looking at the various
elements of the process including the data collection,
task analysis and quantification. A recommended
approach will be developed.

LONG TERM OBJECTIVES

To contribute to the development of methods for
human error assessment, which can be eventually
combined with those for equipment failure assessment
in an integrated approach.

Human error is responsible in some way for almost all industrial
accidents. The Safety and Reliability Centre is developing meth-
ods of human error analysis for use in HIFAR and other industries
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Dadachova. E., Mir/adeh. S., Lambrecht, R.M., & Kamioki.
I I . 1994, Alumina-based 1S8W-lssRe Biomedical Generator
- Physical and Chemical Study of Tungstate Ion adsorption on
AhOjs, paper presented to 5th Internnlion,:! Symposium on the
Synthesis and Applications of Isotopes and lsi>topically Labelled
Compounds. Strasbourg. France. 20-24 June, 155.

Dadachova.E.. Mir/adeh. S.. Lambrecht, R.M.. lletheringlon,
E.,& Knapp.F.F. 1994. Separation of Carrier Free ' ""Ho from
'°Dy in a Biomedical Generator System, paper presented to
5lh International Symposium on the Synthesis and Applications
of Isotopes and Isotopically Labelled Compounds, Strasbourg,
France. 20-24 June. 153.

Goodman. M.M. Kabalka, G.W., Golsick. T., Shoup, tt
Waterhouse, R.N. 1994. Synthesis of Radiohalogen Brain
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Imaging Agents, paper presented to 5th International Sympo-
sium on the Synthesis and Applications of Isotopes and
Isotopically Labelled Compounds, Strasbourg, France. 20-24
June. 53.

Humphries. I.R.J.. Allen, B.J and Gaskin.KJ. 1993. Hydrogen
Background in Total Body Nitrogen (TBN) Estimations, paper
presented to Appropriate Technology Body Composition. Mel-
bourne, 23- 24 September.

Jackson. T.W.. Kojima. M. & Lambrecht. R.M. 1993.
Diaminodisulfied (DADS) Ligands. Useful Alternatives to
Dianiinodithiol (DADT) Ligands IbrTechnetium and Rhenium,
paper presented to H)th In terna t ional Symposium on
Radiopharmaceutical Chemistry. Kyoto, 25-28 October, J. La-
belled Compounds and Radiopharm., 35,27.

KallT, V.. Van Every, B., Barton, H.J.. Westgarth. P.D..
Lambrecht, R.M., Jamicson C. and Kelly. M.J. 1993, Feasi-
bili ty of Planar Cardiac F-18 Fluorodeoxyglucose (FDG)
Imaging with a Gamma Camera, paper presented to Annual
Meeting of the Ausiralia New Zealand Society of Cardiology,
New Zealand, August. ANZ Journal of Medicine. 23,51.611.

Kamioki, 11.. Mir/.adeh, S., ct Dailachova, E., 1994, Preclinical
Evaluation of a ' SS\y. 18SRC Biomedical Generator, paper pre-
sented to 5th International Symposium on the Synthesis and
Applications of Isotopes and Isotopically Labelled Compounds,
Strasbourg, France, 20-24 June, 154.

Kamioki. II.. Mir/.adeh. S.. & Lambrecht. R.M. 1994, Pre-
clinical Evaluation of 188\v/18SRe Biomedical Generator, pa-
per presented to 10th In te rna t iona l Symposium on
Radiopharmaccutical Chemistry. Kyoto. 25-28 October 1993.
J. Labelled Compounds and Radiopharm.. 35, 279.

Kassiou. M., Loc'h, C., Boltlaiuler. M., Lambrecht. R.M.,
Katsifis, A., Schmid, L.,Oltuvuiuni. M., Ma/.iere, M. & Ma/.iere,
B. 1994, Preparation and Pharmacological Evaluation of a New
Central Muscarinic Cholinergic Receptor Imaging Agent:
|7°Br|-4-Bromode.xetimide, paper presented to 10th Interna-
tional Symposium on Radiopharmaceutical Chemistry, Kyoto,
25-28 October 1993, J. Labelled Compounds and Radiopharm.,
35.229-231.

Kassiou, M.. Katsifis. A., Lambrecht, R.M., Eu. P., & Hicks,
R. 1994,| i23||.N-Melhyl-4-lododexetimidc: A Radioiodinatcd
Ligand for SPECT Studies of Myocardial Muscarinic Receptors,
paper presented to 10th I n t e r n a t i o n a l Symposium on
Radiopharmaceutical Chemistry. Kyoto. 25-28 October. 1993,
J. Labelled Compounds and Radiopharm., 35,232-233.

Kassiou, M., Loc'h. C., Lambrecht, R.M., Valette. 11., Katsifis.
A., Fuscau, C., Ma/.iere. M. & Ma/.iere, B. 1994, Preparation
and Biodistribution of |7°Br|-N-Mcthyl-4-Bromodcxctimide:
A Potential Radiotraccr for Myocardial Muscarinic Receptors,
paper presented to 10th I n t e r n a t i o n a l Symposium on
Radiopharmaccutical Chemistry, Kyoto, 25-28 October. 1993.
J. Labelled Compounds and Radiopharm., 35. 227-228.

Kassiou, M., Schcffel, U., Ravcrl, H.T., Mathews, W.B..
Musachio, J.L., Lambrccht, R.M. & Dannals, R.F. 1994, [C-
11 ]A-69024: A Selective Non-ben/.a/.cpine Ligand for In Vivo
Studies of Dopamine Dl Receptors, Proceedings of the 41st
Annual Meeting of the Society of Nuclear Medicine, Orlando,
Florida, 5-8 June. Journal of Nuclear Medicine, 35, 250P.

Mallesch.J.L., Allen, B.J., Moore, D.E., McCarthy, W., Jones,
R. Stenning, W.A., Shugg, D., Wilkinson, S. 1993, The
Pharmacokinetics of D,L P-Borono-Phenylalanine.Fructose in

Human Patients with Metastatic Melanoma, paper presented to
COSA 20th Annual Scientific Meeting. Penh Western Australia.
24-26 November.

Meriaty.H.,Rosenfeld.A.. and Allen. BJ. 1993, MOS Semi-
conductor Dosemeters for Radiotherapy, paper presented to
Physical Sciences in Medicine and Biomedical Engineering
Conference, Melbourne, 20-23 September.

Mir/adeh. S., Di Bartolo. N. Smith. S.V. & Umbrecht. R.M.
1994. '^°Dysprosium-'Dfylolmium //; Vivo Generator, paper
presented to 10th Internat ional Symposium on
Radiopharmaceutical Chemistry, Kyoto. 25-28 October 1993,
J. Labelled Compounds and Radiopharm., 35,276.

Mir/.adeh. S.. Hetheringion, E., Knapn. Jr. F.F. & Lambrecht,
R.M. 1994. Carrier-free lW)Hofrom '66Dy/1Wll!o Biomedi-
cal Generator System, paper presented to IOth International
Symposium on Radiopharmaccutical Chemistry. Kyoto, 25-28
October 1993, J. Labelled Compounds and Radiopharm.. 35,
273.

Prosser, J.S. 1993. Developments in Biological Dosimetry for
Radiation Accidents, paper presented to 18th Annual Austral-
ian Radiation Protection Society Conference, Sydney, 5-8 Oc-
tober. 42.

Rosenfeld.A.. Meriaty, II.and Allen, BJ. 1993. Semiconduc-
tor Dosimeters for Mixed Gamma-Neutron Fields, paper pre-
sented to Physical Sciences in Medicine and Biomedical Engi-
neering Conference, Melbourne. 20-23 September.

Schmidt, P., Smith, S.V., Di Bartolo, N. & Lambrecht, R.M.
1994, A Novel Biofunctional Chelator for Labelling Proteins
with °^Cu and "^Cu, paper presented to I Oth International
Symposium on Radiophamiaceutical Chemistry, Kyoto. 25-28
October 1993, J. Labelled Compounds and Radiopharm., 35.
371.

Shugg. D., Allen. B.J., Rodger, D., and Dwycr.T. 1993, Brain
Cancer Incidence, Mortality and Case Survival: Results of
Surveillance at Two Australian Cancer Registries, paper pre-
sented to COSA 20lh Annual Scientific Meeting, Perth West-
ern Australia, 24-26 November.

Smith. R.C., Aslani.A. and Allen. B.J. 1993. Is Total Body
Nitrogen A Predictor of Complications in Cancer Chemotherapy,
paper presented to Appropriate Technology Body Composition.
Melbourne, 23-24 September.

Smith. R.C., Aslani.A. and Allen. B.J. 1993, Potential Errors
in Using Body Surface Area to Predict Total Body Nitrogen
and Chemotherapy Dose in Cancer Patients, paper presented
to Appropriate Technology Body Composition, Melbourne. 23-
24 September.

Smith, S., Mir/addi. S., Di Bartolo. N. & Lambrecht. R.M.
11>J4, Dysprosium-166/1 lolmium-166 (' A6Dy/'(lfil lo) In Vivo
Generator, paper presented to XIX International Symposium
on Macrocyclic Chemistry, Lawrence, Kansas. USA. 12-17
June.

Smith, S.V, Van den Abbcele, A.D., Baranowska-Kortylewic/.,
J.Jones, PL., Lambrecht, R.M., Adelstcin,SJ.& Kassis.A.I.
1994, A New Three-Step Strategy Using the Avidin-biotin Sys-
tem for Radioimaging Tumours, paper presented to 10th Inter-
national Symposium on Radiopharmaccutical Chemistry, Kyoto,
25-28 October 1993, J. Labelled Compounds and Radiopharm.,
35,392.
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So. Lc Van & Lambrecht. R.M. 1994. Development of Alterna-
tive Technologies lor a Gel-Type Chromatographic 99mfc

Generator, paper presented to 10th International Symposium
on Radiopharmaceuiical Chemistry- Kyoto. 25-28 October 1993,
J. Labelled Compounds and Radiopharm.. 35.270.

Turner. J.H., Claringbold. P.O., Klemp, P.F.B. Norman. P.E..
Clancy, R J-. 1 letherington, E.1— Najdovski, L. and Lambrecht.
R.M. 1993. Hepatic Arterial llolmium-166 Microsphere Ra-
diotherapy of Liver Metastases: A Sped Dosimelry Model in
the Pig. paper presented to European Association of Nuclear
Medicine Congress 1993, Lausanne. Swit/erland, Palais de
Beaulieu, 10-14 October, European Journal of Nuclear Medi-
cine. 20,9S6.

Wallace. S.A.. Allen, B.J. and Mathur.J.N. 1993, Monte Carlo
Neutron Plv.iton Transport Calculations: Road to Modelling from
CT Scans, paper presented to Physical Sciences in Medicine
and Biomedical Engineering Conference, Melbourne, 20-23
September.

UNPUBLISHED CONFERENCE ABSTRACTS/

SEMINARS

Boundy, K.L. Rowe. C.C., Banulen. L.. Lambrecht. R.M.,
Katsifis. A. & Kassiou. M. 1994, SPECT Neurorecepinv Imaging
in the Human Brain: Cholinergic Receptors in Normals,
Alzheimer's Disease and Temporal Lobe Epilepsy, paper pre-
sented to 3rd International Symposium on Advances in
Kadiopharmaceuticals. Sydney, 25 February.

1 letherington, E.L.R. 1993, Australian Experience in the Pro-
duction of '66l lo and '°^Dy for use in Nuclear Medicine, pa-
per presented to IAEA Regional Workshop on the Production
of Radionuclides for Palliative Therapy of Skeletal Metastases,
Buenos Aires. 29 Nov to 3 Dec.

HelhcrinHton, E.L.R. 1993, Calculation of Dose for Therapeu-
tic Radiopharmaceuticals, paper presented to IAEA Regional
Workshop on the Production of Radionuclides for Palliative
Therapy of Skeletal Melasiases, Buenos Aires, 29 Nov to 3
Dec.

1 letherington. E.L.R. 1993. Production o f ' 8flRe and ' 88Re in
Nuclear Reactors for Use in Nuclear Medicine, paper presented
to lAuA Regional Woikshop on the Production of Radionuclides
for Palliative Therapy of Skeletal Metaslases, Buenos Aires,
29 Nov to 3 Dec.

Kassiou, M, Schel'l'e), U., Ravert, H.T.. Matthews, B., Musachio,
J., Lambrecht, R.M. & Dannals. R.F. 1994, Developments in
Carbon-II Labelled Dopamine Dl Receptor Ligands, paper
presented to 3rd International Symposium on Advances in
Radiopharmaccuticals, Sydney, 25 February.

Katsifis, A. 1993, Advances in Nuclear Medicine using PET
& SPECT, Department of Pharmacology, University of Syd-
ney, 28 July.

Kalsifis, A. 1993, 4-| 12-MlIododcxetimide & N-melhyl-4-
|' 23| llododcxetimide Radioiodinated Ligands for the Study of
Muscarinic Receptors of (he Brain and Heart Using SPECT,
Australia-France Seminars on Nuclear Medicine, Service
Hospitaller Frederic Joliot, Orsay, 18 November.

Kalsifis, A. 1993, Radiopharmaceutical Development for
Melanoma, Australia-France Seminars on Nuclear Medicine,
Centre J Perrin, Clermont-Ferrand, 24 November.

Lambrecht, R. 1993, Radiopharmaceutical Chemistry, Depart-
ment of Inoruanic Chemistry. University of Sydney, 3 Septem-
ber.

Lambrecht. R. 1993, Progress in Radionuclide and
Radioph'MTnaccutical Development, Australia-France Seminars
on Nuclear Medicine, Service I lospitalier Frederic Joliot. Orsay,
17 November.

Lambrecht, R. 1993, Recent Developments in
Radiopharmaceutical Development, JAER1 Tokai Establish-
ment, Japan on 22 October.

Lambrecht, R. 1993, Nuclear Medicine in Australia, Australia-
France Seminars on Nuclear Medicine, Centre J Perrin,
Clermont-Ferrand. 24 November.

Prosser, S. 1993, Invited speaker on Chemical and Radiation
Induced Chomosomal Aberrations. Prince of Wales Hospital.
6 July.

Smith, S, 1993, Radioactive Drugs Kill Cancer, invited speaker
at National Forum on Scientific and Chemical Research Ap-
plied to the Environment, Medicine and Materials, 1 lori/.ons of
Science - Chemistry. University of Technology, Sydney, 7 July.

Turner. J.I 1, Claringbold, P.G., Cameron. P.J., Martindale, A.A..
Clancy, RJ., Hetherington, E.L., Najdovski, L. & Lambrecht,
R.M. 1994. Holmium-166 Microsphere Liver Radiotherapy:
A Preclinical SPECT Dosimetry Study in the Pig, paper pre-
sented lo 3rd Internat ional Symposium on Advances in
Radiophannaccuticals, Sydney, 25 February.

OTHER

Newspaper articles - 6

Radio - I

Television - 3

ENVIRONMENTAL SCIENCE PROGRAM

BOOK CHAPTERS

Pritchard.T. R., Lee. R. S. & Davison, A. 1994, Dispersion of
Effluent from Sydney's New Deep Water Outfalls: Part 2
Observations of Plume Behaviour, Mix ing Processes in
Estuaries and Coastal Seas.

Ring, R.J. (co-author) 1993, Uranium ExtractionTechnoLogy.
IAEA Technical Report Scries No. 359, International Atomic
Energy Agency, Vienna.

Ritchie, A.I.M. 1994, The Waste-rock Environment, The
Environmental Geochemistry of Sulfide Mine-Wastes, Short
Course Ilandbook, vol. 22, cds. D.W. Blowes and J.L. Jambor.
Mineralogical Association of Canada, Waterloo, Ontario.

Ritchie, A.I.M. 1994, Su'.fide Oxidation Mechanisms: Controls
and Rates of Oxygen Transport, The Envi ronmenta l
Geochemistry of Sulfide Mine-Wastes, Short Course I landbook,
vol. 22, eds.W. Blowcs and J.L. Jambor, Mineralogical
Association of Canada, Waterloo, Ontario.

Waite.T.D. & Payne, T.E. 1993, Uranium Transport in the Sub-
surface Environment, Koongarra - A Case Study, in Metals in
Groundwater, eds. H.E. Allen, E.M. Perdue & D.S. Brown,
Lewis Publications, Chelsea, Michigan, 349-410.
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JOURNAL ARTICLES (REFEREED)

Ahsanullah. M. & Ying, \V. 1993. Tidal Rhuhm and
Accumulation of Cadmium from Water and Sediment by Soldier
Crabs. Mar. Poll. Bull. 26. 1.44-48.

Florence. T.M..Stauber. J.L.& Ahsanullah. \1. ll>93. Toxicity
of Nickel Ores to Marine Organisms. Science of the Total
Environment, 148. 139-156.

Giles. M.S.. Twining. J.R.. Williams. A.R.. Jcffree. R.A. &
Domcl. R.U. (in press) Radioaecology of the Former Nuclear
Weapons Testing Site at Maralinga. South Australia, u i t h
particular regard to the Ingestion Pathway of Human Expo-.ure.
Radiation Protection in Australia.

Harris. P.T.. Baker. E.K.. Cole. A.R. & Short. S.A. 1993. A
Preliminary Study of Sedimentation in the Tidally Dominated
Fly River Delta, Gulf of Papua. Coin. Shelf Res.."i3.441-472.

lleijnis. 11.11.. Rudock. J. & Coxon. P. 1993. A Uranium/
Thorium Dated Late IZeminn or l£arly Midlandian Organic
Deposit from Kilfenora between Spa and Fenit. Co. Kerry.
Ireland. J. Quatem. Sci.. 8, 31-43.

lleinrieh. C.A.. Bain. J.H.. & Fardy. J.J. 1993. Bromine/
Chlorine Geochemistry of I lydrotherma! Brines Associated with
Protero/oic Mela Sediment-hosted Copper Mineralisation at
Mount Isa. Northern Australia. Gcochem. et Cosmochim. Ada,
57.2991-300.

llugi.T.. Fardy,J.J..Morgan, N.C.& Swaine. D.J. 1993, Trace
Elements in Swiss Coals J. Proc. R. Soc. NSW, 126. 27-36.

Jeffree. R.A.. Markich, S.J. & Brown. P.L. 1993, Comparative
Accumulation of Alkaline-earth Metals by Two Freshwater
Mussel Species from the Nepean River. Australia: Consistencies
and a Resolved Paradox. Australian Journal of Marine and
Freshwater Research. 609-^34.

Low son. R.T.. Reedy. B.J.& Beanie. J.K. 1993. The Chemistry
of Acid Mine Drainage. Aquatic and Fnvironmental Chemistry.
Supplement lo the Journals. Chemistry in Australia and AWWA
Water. 389-391.

Nanson, G.C.. Price. D.M. & Short. S.A. 1993. The Welting
and Drying of Australia Over the Last 300.000 years. Geology.
20. 79 f-794.

Pantelis, G. & Ritchie. A.l.M. 1993. Rate of Controls on the
Oxidation of Pyrilic Material Imposed by Upper Temperature
L i m i t s on the B a c t e r i a l l y Catalysed Process. FEMS
Microbiology Reviews. I I . 183-190.

Payne. T.F... Davis. J.A. & Waite. T.D. (accepted) Uranium
Retention by Weathered Schists - The Role of Iron Minerals,
Proceedings of Migration 1993 Conference, to be published in
Radioehimiea Acta.

Schulmeister.J.. Short. S.A., Price. D.M. & Murray.A.S. 1993.
Pedogenic U r a n i u m / T h o r i u m and Thermoluminescence
Chronologies and Evolutionary History of a Coastal Dunefield.
Geomorphology, 8,47-64.

Twining. J.R., McGlinn. P. & Hart. K. 1993,The Solubility of
Thorium and Uranium from Respirable Monn/.ite Bearing Dust
in Simulated Lung and Gut Fluids, Radiation Protection in
Australia 11,4. 149-156.

Twining. J.R. (in press). Lelterto the Editor re Paper by Pettersen
et al. 1993, J. Environ. Radioactivity,

Twining J.R. (in press). An Intereomparison of Gamma-
Spectrometry on Two Samples of Biological Origin by Eight
Laboratories in Four Countries. Int. J. Radial. «fc Appl. lustrum.
Pi. A.

Wilson. S.P..AhsanuIlali.M.& Thompson. G.B. 1993. Imposex
in Neogastropods: An Indicator of Tribultytlin Contamination
in Eastern Australia. Mar. Poll. Bull. 26. 1.44-48.

Ying. \V..Ahsanullah. M. & Batiey, G.E. 1993. Accumulation
and Regulation of I leavy Metals by the Intertidal Snail Polinices
Sordidus. Marine Biology, vol. 116.417-422.

JOURNAL ARTICLES (NOT REFEREED)

Whittlestone. S. 1992. Separation of Local from Distant
Pollution at MLO using Pb-212. US Dept. of Commerce.
NOAA/CMDL Summary Report 21.

PUBLISHED CONFERENCE PAPERS

Airey. P.L. 1994 International Cooperation Through Nuclear
Science and Technology - an A u s t r a l i a n Perspective,
International Conference on Applications of Radioisotopes and
Radiation in Industrial Development (1CAR1D - 94) Bombay.
India.

Airey, P.L. and Charlton. J.S. 1994. Radiotracer Applications
in Australia. Proc 9th Pacific Basin Nuclear Conference. Sydney.
331.

Bennett. J.W.. Gibson. D.K.. Ritchie. A.I.M.. Tan. Y. Broman.
P.G. & Jiinsson. 11. 1994. Oxidation Rates and Pollution Loads
in Drainage: Correlation of Measurements in a Pyrilic Waste
Rock Dump, Proceedings of the International Land Reclamation
and Mine Drainage Conference and Third In t e rna t iona l
Conference on the Abatement of Acidic Drainage. Pittsburgh,
PA. 24-29 April. 1994. US Department of ihe Interior. Bureau
of Mines Special Publication SP 06A-94. 440-409.

Duerden. P.. Pescalore. C. & Airey. P. 1994. Alligator Rivers
Analogue Project - An OECD/NEA International Project. Proc
9th Pacific Basin Nuclear Conference. Sydney. 893.

Edis. R.. Koppi. A.J., Payne, T.I:. A: Yanase. N. 1994. Solid
Phase Studies and Uran ium Dis t r ibu t ion at Koongarra,
Proceedings. Fifth CEC Natural Analogue Working Group
Meeting and Alligator Rivers Analogue Project Final Workshop,
eds. II. von Maravic & J. Smellie, Luxembourg. Olfice for
Official Publications of the European Comiiminities. Science
and Technology Series. EUR 15176. 65-70.

Emett. M.& Khoe.G. 1994. Environmental Stability of Arsenic
Bearing Hydrous Iron Oxide Compounds, Extraction and
Processing Div. Congress. TMS Annual Conference. San
Francisco, TMS Publication, ed. G.W. Warren. 153-166.

Fardy, J.J.. McOrist, G.D.. Farrar. Y.J. & Bowles, C.J. 1993.
Sodium, Potassium and Chlorine Status in Australian Foods
and Diets Using Neutron Activation Analysis, Proceedings of
the 8th Aus t ra l ian Conference on Nuclear Techniques of
Analysis. Lucas Heights, Sydney. 17-19 November, 158-160.

Fardy, J.J. 1993, Nuclear Analytical Techniques in Australia,
Proceedings of the UNDP/RCA/IAEA Project Na t iona l
Coordinators Conference, Kuala Lumpur, 21-25 June. 48.

Gibson, O.K.. Pantclis. G. & Ritchie. A.l.M. 1994. The
Relevance of the Intrinsic Oxidation Rate to the Evolution of
Pol lu ted Drainage from a Py r i t i c Waste Rock Dump,
Proceedings of the International Land Reclamation and Mine

89



ANSTO PUBLICATIONS

Drainage Conterenee and Third Conference on the Abatement
of Acidic Drainage. Pittsburgh. PA. April 24-29,258-261.

Gibson. D.K. 1994. Presentation in Proceedings of Expert
Workshop, \\aste Rock Sampling Techniques (MEND Project
4.5.1 Waste Rock Sampling Manual - Phase ID. 11-12 March.
Toronto. Canada. SEMIS Consultants Limited. Proceedings
in preparation.

Hart. K.P.. Brown, S.A. & Levins. D.M. 1993. The Behaviour
of Radionuclides in the Processing of Rare Earth Minerals. Rare
Earths "93 Processing and Utilisation Workshop. Lucas 1 leights.
SOciober. 11-24.

lleijnis, H.H. & van der Plicht. J. 1994. Comparison of
Radiocarbon and U/Th Dales on Some Well Documented
Peatbeds in NW Europe. Proceedings of the 15th intern.
Radiocarbon Conference, Lucas 1 leights, Sydney, 15.

JelTree. R.A.. Markich. S. J. & Broun. P.L. 1993.The Uses of
Bivalves in l:resh\vater Pollution Studies, Invited Paper, 2nd
National Convention of the Malacological Society of the
Philippines, U.P. Diliman. Quo/on City. Philippines. 3-4
December.

Lim,T.M.. Wiblin, W.A.. Levins, D.M. & Tran*\T. 1993, The
Use of Rare Earth Radiotracers in the Study of Solvent
Extraction Kinetics, Rare Earths '93 Processing and Utilisation
Workshop. Lucas Heights, S October. 81-89.

Panlelis. G. 1993. Natural Convection in Pyrilic Mine Waste
Heaps, Proceedings of The Fourth Aus t ra l i an Na tu ra l
Convection Workshop, eds - J. Patterson & S. Armfield, at the
Centre for Water Research LAVA. December 1-3.

Pantelis. G. & Ritchie, A.l.M. 1993. Optimi/ing Oxidation
Rates in Heaps of 1'yritic Material, Proceedings of The
International Biohydrometallurgy Symposium. Jackson Hole,
Wyoming. USA. August 22-25/731-738.

Payne.T.E., Eilis. R.. 1 lerc/eg. A.L., Sekine, K.. Waiie.T.D. &
Yanase. N. 1W The Chemistry and Isotopic Composition of
Koongarra Groutulwaters. Proceedings, f : i f th CEC1 Natural
Analogue Working Group Meeting and All igator Rivers
Analogue Project Final Workshop, eds. 11. von Maravic & J.
Smellie. Luxembourg, Office for Official Publications of the
European Communities, Science and Technology Series, EUR
15176.65-70.

Pritchard, T.R.. Lee. R.S. & Davison, A. 1993. Sydney Deep
Waler Outfalls: /// Sim Observations of Plume Characteristics,
I I t l i Aus t r a l a s i an Conference on Coastal and Ocean
Engineering. Townsville. 53-58.

Seo. T. Edis. R. cX: Payne. T.E. 1994. A Study of Colloids in
Groundwaters at the Koongarra Uranium Deposit. Proceedings,
Fil'lh CEC Natural Analogue Working Group Meeting and
Alligator Rivers Analogue Project Final Workshop, eds. 11. von
Maravic & J. Smellie, Luxembourg, Office for Official
Publicat ions of the European Communities. Science and
Technology Series. EUR 15176. 71-76.

Stauber. J. L., Guntliorpe. L., Deavin, J.. Munday. B. &
Ahsanullah, M. 1994, Applications of New Marine Bioassays
for Assessing the To.xicity Bleached Eucalypt Kraft Mi l l
Eff luents (BEKME), Proc 48th Annual APP1TA General
Conference Melbourne, 511-518.

Stromberg, B., Banwart, S., Bennett. J.W. & Ritchie, A.l.M.
1994, Mass Balance Assessment of Initial Weathering Processes
Derived from Oxygen Consumption Rates in Waste Sulllde Ore,

90

Proceedings of the International Lund Reclamation and Mine
Drainage Conference and Third International Conference on
the Abatement of Acidic Drainage. Pittsburgh, PA. 24-29 April,
1994. US Department of the Interior. Bureau of Mines Special
Publication SP06B-94. 363-370.

Waite.T.D.. Payne. T.E.. Davis. J.A. & Sckine. K.. 1994.
Uranium Sorption Modelling - A Surface Complexation
Approach. Proceedings. Fifth CEC Natural Analogue
Working Group Meeting and Alligator Rivers Analogue
Project Final Workshop, eds. 11. von Maravic & J. Smellie.
Luxembourg, Office for Official Publications of the European
Communities, Science and Technology Series, EUR 15176,
95-100.

Xahorowski. W.. Malfroy. 11.. Davies. P. txi Whiitlesione, S.
1994. Radon and Thoron Flux Densities from Some of NSW
Coal Ash Dams, Proceedings of the Radon in Australia
Symposium 1994. Canberra, 18 February. Proceedings in press.

PUBLISHED CONFERENCE ABSTRACTS

JelTree.. R.. Markich. S. cX; Bro\\n. P. 1993. The Use of
Freshwater Bivalves to Monitor the Levels of Metals in the
Ncpean-Hawkesbury River System. Third In ternat ional
Congress of Medical and Applied Malacology. Camden, N.S.W.,
18-22 October.

JelTree, R. & Markich. S. 1993, Shell Microlaminations of the
Freshwater Mussel llyritlcllu tlcpii:\.\u as an Archival Monitor
of Manganese Water Concentration: Experimental Validation
by Depth Profiling Using Secondary Ion Mass Spectrometry
(SlMS).Third International Congress of Medical and Applied
Malacology. Camden. N.S.W.. 18-22 October.

Jeffree, R.A. 1994, Radionuclide Transfer Factors in Tropical
and Sub-tropical Freshwater Environments: Why They May be
Different from Temperate Regions, South Pacific Em ironmeiitul
Radioactivity Association. Canberra. 15-17 February.

Markich. S.. JelTree. R. & Brown. P. 1993. Valve Movement
Behaviour of the Tropical Freshwater Mussel \clc.\iiiii<niiii>ti\i
(Sowerby) Exposed loSuhlclhal Uranium Water Concentrations,
Third I n t e r n a t i o n a l Congress of Medical and Appl ied
Malacology. Camden N.S.W., 18-22 October.

Markich, S.F., Brown. P.L. & JelTree. R.A. 1994. Migration of
Uranium: Integrating Geochemistry w i t h Biomonitoring to
Predict and Evaluate its Environmental Impact. South Pacific
Environmental Radioactivi ty Association, Canberra. 15-17
February.

Twin ing , J.R. 1994, Measurement of T r i t i a t ed Waler
Transpiration from Tree Leaves Following Root Injection, South
Pacific Environmental Radioactivity Association, Canberra. 15-
17 February.

UNPUBLISHED CONFERENCES/SEMINARS

Ahsaiuillah.M.&Ying.W. 1994. Simulated Tidal Rythms and
Bioaccumulation of Cadmium by Three Marine Invertebrates.
Third International Conference on Trace Metals in the Aquatic
Environment, Aarhus Denmark. (Invited Paper).

Fardy, J.J. 1994, High Resolution Gamma Spectrometry and
Radioactivity Environmental Monitoring, IAEA/RCA Meeting
on Intcrcomparison Program of Radioactivity Measurement for
Environmental Samples, Tbkai, Japan, 21-25 February.

I leijnis, II. 1994, Uranium-series Dating of Closed-system Peat
From Long Terrestrial Records, International Conference on
Geochronology, Berkeley. USA, 6 June - 10 June.



ANSTO PUBLICATIONS

JetTree. R.A.. Twining. J. & Ferris, J.M. 1994. Ecological
Recovery After Acid Mine Drainage Remediation: the Finniss
River. NT., as a Natural Laboratory. Poster Presentation.
Inaugural Conference of the Australasian Society for
Ecotoxicology, Sydney. NSW.

Khoe. G. 1993, Advanced Wastewater Treatment Prix-esses.
Waste Treatment and Environmental Workshop, Asia-Pacific
Minerals Engineering 1993. Bandung. Indonesia, 12-13 July.

Khoe.G. 1993, Management and Treatment of Arsenic Wastes,
Conf. on Asia-Pacific Minerals Engineering 1993, Bandung,
Indonesia. 12-13 July.

Khoe. G. 1993, Treatment of Metal Plating Wastes, Waste
Treatment and Environmental Workshop. Asia-Pacific Minerals
Engineering 1993, Bandung. Indonesia. 12-13 July.

Kluss, T.N. 1994, The Implementa t ion of Indus t r i a l
Radioisotopes in Australia. IAEA/RCA Seminar on Process
Optimisation in the Chemical and Refining Industries. Nuclear
Training Centre. Korea Atomic Energy Research Institute. 22-
24 March.

Kluss, T.N. 1994. Engineering Aspects of ihe Development of
Facilities for the 1 landling and Measurement of Radioisotopes
in the Field. IAEA/RCA Seminar on Process Optimisation in
the Chemical and Refining Industries. Nuclear Training Centre.
Korea Atomic Energy Research Institute, 22-24 March.

Levins. D.M. 1993. Environmental Impact Assessment,
Workshop on Environmental Management and Pollution
Treatment. Ho Chi Minh City. Vietnam. 20-23 July.

Levins, D.M. 1993, Environmental Impact Assessment, Int.
Workshop on Waste Management and Env i ronmen ta l
Management. Bandung. Indonesia. .X-IO July.

Levins. D.M. 1993. Environmental Management - Mining
Indus t ry . I n t . Workshop on Waste Management and
Environmental Management. Bandung, Indonesia, 8-10 July.

Levins. D.M. ll>93. Strategies for Waste Management, Int.
Workshop on Waste Management and Env i ronmen ta l
Management. Bandung. Indonesia. 8-10 July.

Levins, D.M. 1993. Strategies for Waste Management.
Workshop on Environmental Management and Pollut ion
Treatment, llo Chi Minh City, Vietnam, 20-23 July.

Levins. D.M. 1993, Waste Management in M i n e r a l s
Enginering. Int. Conf. on Asia-Pacific Minerals Engineering
1993. Bandung, Indonesia. 12-13 July.

Levins. D.M. 1993, Waste Management in the Process
Industries. Workshop on Environmental Management and
Pollution Treatment, I lo Chi Minh City, Vietnam'20-23 July.

Ring. R.J., Levins D.M. & Marries. J. R. 1994. Australian
Experience in the Rehabilitation of Uranium Mines and Mills.
IAEA Technical Committee Meeting on Planning Management
of Uranium Mine and Mi. I Closures, Liberec, C/ech Republic,
3-6 Mr.y.

Ring. R.J., Levins D.M.. Brown. P., Collier. D.E.. Tapsell, G.J.,
Schreyer. J. & Vogel. D. 1994, Treatment of Contaminated
Water arising from the Flooding of WISMUT Mines, UMTEC
1994, Magdeburg, Germany, 2-5 March.

Ritchie, A.I.M. & Bennett, J.W. 1994. Acid Mine Drainage
Seminar. Presented 23 March. Darwin.

Ritchie. A.I.M. & Bennett, J.W. 1994, Acid Mine Drainage

Seminar, Presented 21 March, Tov\nsville.

Whiulcstone, S. & Zahomvv ski. W. 1993.The Cape Grim 1 luge
Radon Detector, Baseline Atmospheric Program (Australia),
llobart. November.

Whitticstone. S. & Zahorowski. W. 1994. Evaluating the Global
Radon Source. 3rd SPERA Workshop. Canberra. 15-17
February.

Whittlestone. S., Schcry. S.D. & Li. Y. 1994. Thoron Flux
Measurements on Hawaii: Their Implications for Use of Pb-
212 as a Tracer. NOAA/CMDL Annual Meeting, Boulder Co.
USA, March.

Whittlestone. S. 1994. The Role of Pb-212 Measurements at
Baseline Atmospheric Observatories. Pin sics Graduate/Faculty
Seminar, New Mexico Institute of Mining and Technology.
Socorro. NM. USA. 24 March.

Zahorow ski. W.. Gelhally. F.E. & Whittlestone. S. 1993.0/one
anil Radon at Cape Grim, A Study of their Interdependence.
Baseline Atmospheric Program (Australia), llohart. November.

Zuk, W.M.. Jetfree, R.A.. Lev ins. D.M.. Low son. R.T. & Ritchie,
A.I.M. 1994, From Rum Jungle to WISMUT - Reducing the
Environmental Impact of Uranium Mining and Mi l l ing ,
Proceedings 9th Pacific Basin Nuclear Conference. Sydney.
NSW. 935-940.

Zuk, W.M. 1993, Mining-Related Environmental Research at
ANSTO, Proceedings 18th Annual Environmental Workshop
Australian Mining Industry Council. Burnie, Tasmania, 24-29
October, 96-103.'

PUBLISHED MONOGRAPHS

Payne, T.E., Edis, R., Herczeg, A.L., Sekine, K., Seo, T.,
Waite, T.D. & Yanasc, N. 1994, Chemical and Isotopic
Composition of Koongarra Groundwaters, vol. 7 of Alligator
Rivers Analogue Project, Final Report, 185 pages.

Yanase, N.. Payne. T.E. & Sekine. K. 1994, Groundwaier
Geochemistry and Distribution of U-series Radionuclides in the
Koongarra Uranium Ore Deposit, Australia, Progress Report
on Safety Research on Radioactive Waste Management, eds. S.
Muraoka. M. Senoo & K. Sekine, Japan Atomic Energy
Research Institute. JAERI M 94-027.

COMMERCIAL-IN-CONFIDENCE REPORTS

A total of 59 commercial reports were produced in 1993/94.

UNPUBLISHED MONOGRAPHS/THESES

Aarkrog, A., Beltcncourt, A. O.. Bojanowski, \L, Bologa. A..
Charmasson. S.. Cunha, I.. Delfanti. R.. Duran. I:., llohn, E..
Jeffree, R., Pring. Yu Li, Livingston, II. D., Mahapanyawong,
S.. Nies, II.. Smith. J. N., Swift. D.. Baxter. M.S., Osvath. L.
Povinec, P.P. & Sanche/ A 1994, Sources of Radioactivity in
the Marine Environment and Their Relative Contributions to
Overall Dose Assessment from Marine Radioactivity-An IAEA
Coordinated Research Programme. 1AEA-MEL-P3/94. 1-14
May.

Fardy, J.J. 1993, Status of Neutron Activation Analysis in
Australia, Annual General Meeting of Australian Nuclear
Society, Australian Museum, Sydney. 19 August.

Fardy, J.J. 1994, Status of Neutron Activation Analysis in the
Nineties, Meeting of I n s t i t u t e of Nuclear Science and
Technology, Bangladesh Atomic Energy Research
Establishment. Savar, Bangladesh, 17 February.
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Fardy. JJ. & Bowles, CJ. 11W4. Development of HI FAR -
NAA Facilities 1 AHA Meeting on Research Reactor Utilisation,
Lucas Heights, Sydney, 26 April - 13 May.

Fardy. JJ., McOrist. G.I).. Farrar. YJ. & Bowles. CJ. 1W4,
Neutron Activation Analv sis at Lucas Heights, I AHA Meeting
on Research Reacior I'tilisation. Lucas Heights, Sulney. 26
A p r i l - 1 3 May.

Fardy. JJ.. & McOrist. G.I). 1W4. Rapid Delennination of
Selenium in Biological Materials and Vanadium in Coal Using
Instrumental Neutron Activation Analysis, I AHA Meeting on
Research Reacior Utilisation. Lucas 1 leichls. Sulney. 26 April
- 1 3 May.

Fauly.JJ.iV: McOrist. G.I). 1W4. The Determination of Arsenic
and Sodium in Orchard Leaves Using liisinunental Neutron
Activation Analysis. 1AF.A Meeting on Research Reactor
I'lilisation. Lucas Heights. Sydney, 26 April - 13 May.

Mulliem. N.M. Odour in Sew age Treatment Plants; Master of
l. 'jigincering Science. U n i v e r s i t y of New South Wales.
Supervisors: R.Kaye (UNSW) and D..I.M, Stone.

OTHER

Ferris. J.M. I1W4. A Prel iminaiy Account of the Changing
Hcnihic Algal Community in a Section of the Hast Branch of
Ihe Finniss River receiv ing Acid Mine Drainage. Oral and v ideo
presentation. N.T. Power and Water Authority Seminar Series.
20 May. PAWA. Darwin, N.T.

Jeffree. R.A. 1W4. Impacts of the Kuin Jungle Mine Site on
the Finniss River System: A Natural Laboratory for Heological
Risk Assessment. Australian Nuclear Association. Australian
Museum. 17th March.

Jelfree. R.A. IW4. Research Program of the Finniss River
Hcosystem Project. N.T. Power and Water Authority Seminar
Series. PAWA. 20 Mav. Darw in. N.T.

SAFETY AND RELIABILITY CENTRE

PUBLISHED CONFERENCES

Basiin. SJ.. Corran. H.K. and Wilt, 11.11. IW3. Application of
Rel iabi l i ty Analysis 10 Offshore Facilities. Proceedings of the
Second Australian International Oil. Gas ami Petrochemical H\-
li ihi l ion and Conference. Section V. ppl-13. Melbourne

Cameron. R.F. and Saravanainulhu, V. IW4, Probabilistic Ap-
proaches to the Design of Safeguards for Reprocessing Plants,
Proceedings of ihe IAHA Symposium on International Sale-
guards. Paper IAHA/SM-333/20, Vienna.

Cameron. R.F". and Corran. F..R. IW4. A Suggested Approach
for Deriving Risk Criteria for Radiation Protection and l.alnd
Use Planning. Proceedings of the l)th Pacific Basin Nuclear
Conference, pp 665-671. Sydney.

Cameron, R.F. 11W4. Acceptable Risk in the Nuclear Industry,
Pnveedings of the Joint Munro Ccntre/ANCOLD Conference
on Acceptable Risk for Extreme Hvents in tlu- Planning and
Design of Major Infrastructure. Sydney, 26-27 April.

Win. 11.11. 1W4. Using Risk Management Techniques lo 1m-
prove Overall Maintenance Management :Theory and Practice.
Proceedings of the Maintenance Hngineering Society of Aus-
tralia's 1C()MS-1)4. Paper S, Darling'Harbour. Sydney.

Witt. 11.11. 1W3. Using Risk Management Techniques lo Im-
prove Overall Maintenance Management - A Case Study, Pro-
ceedings of the 11R Public Sector Maintenance Management
Conference, Paper 4, Sy dney.

UNPUBLISHED CONFERENCE PRESENTATION

Basiin. S.J. IW. Reliability Analysis Tools for MainVnance
Fnginccrs. 11R Public Sector Maintenance Managenn nt Con-
ference. Sydney.

PUBLISHED MONOGRAPHS

Basiin. SJ. and Nguyen, V. 1W4. TF.ST1NT: A Program lo
Estimate Test Intervals for Groups of Equipment in a Safely
System. ACARRH Report 276. Sydney.

Cameron. R.F. and Sylvester. S. 1W3. Preliminary Ha/art!
Analysis of Chemical Storage at West Canulen Pollution Con-
trol Plant. ACARRH Report 175. Produced as part of the Envi-
ronmental Impact Study. Sinclair Knight, Sydney.

Cameron, R.F. ll)l>.3. Preliminary lla/ard Analysis and Risk
Assessment of the Boy ne Smellers Plain, ACARRH Report 172.
iProduced as part of the Environmental Impact Study. Damos
and Moore. Brisbane.

De Angelis.A..Percra.J.and Win. 11.11. IW. Rel iabi l i ty Data
for 1IIFAR Hngineered Safety Provisions, Internal report pre-
pared for ihe IAHA Co-ordinated Research Project on Reliabil-
ity Data Acquisition for Research Reactor PSA Studies, SRI)/
RD-2()rev 1. Vienna.

Sy Ivester. S. and Bertram. J. l°°3. Preliminary I la/ard Assess-
ment of Chemical Storage at llornsby Heights Sewage Treat-
ment Plant. ACARRH Report 233. Sydney.

Sylvester, S. anil Bertram. J. IW3, Preliminary lla/ard As-
sessment of an A l u m i n i u m Dross Recycling Faci l i ty at
Rutherford, NSW, ACARKE Report 244. s'ydnev.

COMMERCIAL-IN-CONFIDENCE REPORTS

The Program issued 12 commercial reports lo clients.
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