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SUMMARY The Australian Institute of Nuclear Science and Engineering (AINSE) is a collaboration between
the Universities and the Australian Nuclear Science and Technology Organisation (ANSTO). Its aim is to foster
research and training in areas associated with the applications of Nuclear Science and allied techniques. AINSE
is now into the fifth decade of this unique association and in 2001 can claim the active membership of thirty-six
of the publicly funded Universities in Australia plus the University of Auckland and its NZ government partner
the Institute for Geological and Nuclear Sciences (IGNS). The widespread membership has brought with it a
breadth of research areas and the traditional domains of fundamental nuclear science and allied engineering have
found that they are now the stable platforms from which are launched environmental, archaeological, biomedical
and novel-materials science.

ANSTO's fifth decade will see the replacement of HIFAR with a state of the art research reactor that will bring
biological applications to a sharper focus. A new accelerator-mass spectrometer will be commissioned during 2002
and is funded, in part, by a $1 M R E F grant which itself recognises the quality and track record of all AINSE
members' research. It will significantly assist a wide range of dating applications and also provide support to ion
beam analysis (IBA) experiments.

AINSE will continue to aid community collaboration with its conferences, workshops and participation in national
conferences such as the AIP Congress, Vacuum Society, etc. On the international scene it is actively participating
in major conferences to be held in Australia. The winter school is a venture into the undergraduate sphere.

INTRODUCTION

Since its inception in 1958, AINSE has forged links
between the universities and the Australian Nuclear
Science and Technology Organisation (ANSTO), with
its unique national facilities for nuclear and applied
nuclear resrearch. The union has also provided the
focus for collaboration between ANSTO personnel and
University Researchers. Further, AINSE has organised
and supported workshops and specialist conferences
which have fostered a national collaboration and
brought internationally acknowledged researchers into
the Australian nuclear arena.

AINSE's mission is to advance research, education and
training in nuclear science and engineering and their
applications within Australia. It acts as the key link
between the tertiary sector, ANSTO and major nuclear
science, engineering, nuclear medicine and associated
facilities. It also looks outwards and is recognised as
the peak body representing the universities and
ANSTO to funding bodies such as the Australian
Research Council (ARC)

MEMBERSHIP

The initial membership of ten universities in 1959
has grown to the position now where 37 federally
funded Australian universities are members.

The dramatic growth in the late 1980s to the early
1990s is in no small part due to the evangelical
efforts of Professor Robert Breakspere - an ex-
President of AINSE. During this period the newly
created universities, especially those outside major
capital cities, saw AINSE as a means to achieve
access to major rresearch facilities which their
own budgets clearly precluded them from self
ownership. The latest addition to the membership
list is the Australian Catholic University. Looking
further afield, AINSE's membership included the
University of Aukland in New Zealand together
with its NZ government partner, the Institute for
Geological and Nuclear Sciences (IGNS). Now
that AINSE has all Australian universities as its
members it truly represents a unique national
collaborative research community "CRC"! with
goals common to all members.
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AINSE FINANCES

AINSE operates on a high-efficiency low-budget
structure. The main source is a subscription from
all members. Each dollar of university subscription
is supported by two dollars of matching funds from
ANSTO. The University annual subscription is
derived from a formula based upon each member's
uptake of awards. The expected benefit to members
is hence 3 for 1. Subscriptions range from around
$6,000 to in excess of $70,000. The subscriptions
have been increasing and for 2001 totalled over
$1.9M. In 2001, AINSE recognised the increasing
pressure on universities caused by reduced federal
funding and introduced a new minimum
membership level. This will help AINSE to give
support to universities with embryonic or
transiently low levels of research activity.

AINSE derives significant income from outside
resources. The combined strength and track record
of its members have enabled AINSE to manage
successful applications to gain a series of Research
Infrastructure and Equipment (RIEF) Grants from
the Australian Research Council. Areas such as
Secondary Ionisation Mass Spectrometry (SIMS),
Neutron Scattering and more recently Accelerator
Mass spectrometry have provided substantial input
to AINSE's mission to advance new techniques and
facilities to Australian researchers. The most recent
RIEF grant for example is for a new accelerator for
accelerator mass spectrometry and ion beam
analysis studies. This new facility will allow
archaeology, quaternary science, and ion beam
analysis projects to be significantly advanced. The
cost of the accelerator is of the order of S2.7M
with $1M coming from ARC and the residual from
ANSTO, AINSE and 28 interested member
universities.

Access for AINSE members to ISIS, the most
powerful pulsed neutron source in the world at the

Rutherford Laboratory in the U.K. has also been
supported by ongoing RIEF grants to the extent of
$255,000 per annum.

In these ways, the return on AINSE subscription to
members is significantly increased.

AINSE AWARDS

AINSE provides support for users in member
organisations to gain access to ANSTO's major
nuclear science and engineering facilities, and other
agreed sites, for the purposes of research and
training.

The research areas supported by AINSE are those
for which the opportunity exists for developing
collaboration with ANSTO and which also require
the use of the unique research facilities at ANSTO's
research laboratories.

The awards enable researchers from member
universities to gain access to facilities and also
support travel and accommodation to remain at the
ANSTO site during periods of experimentation.

Projects are peer reviewed by specialist committees
of AINSE. Each committee comprising a balance of
AINSE and ANSTO research personnel. These
committees assess the science and the ANSTO
facility compatibility in their respective areas and
allocate awards of facility time or numbers of
samples for study. There is a concession to AINSE
members, in recognition of the collaborative
aspects of this research.

Most facilities are over subscribed by applications
but nevertheless a large fraction of applications
receive some support.

Increasing membership has created a larger funding
pool by increasing subscription income. In addition,
increasing uptake of AINSE awards, together with
income from external grants, has also acted to
increase the total number of awards and funds
allocated to them. Over the period 1998 - 2001 the
funding to AINSE projects has increased by about
20%.

POST GRADUATE TRAINING AWARDS

To encourage closer collaboration between
ANSTO and member Universities, AINSE awards
supplement scholarships to higher degree students
whose project involved use of ANSTO facilities.
Competition for these awards is vigorous and only
first class honours students holding an APA or
equivalent are considered. The stipend for the
award is $7500 pa and the student also receives
facility access time to the equivalent of $5500.
Travel and accommodation are provided for
periods of attachment to ANSTO. Whilst at



ANSTO the student is closely supervised by a
member of the ANSTO research staff. In this way
the collaboration between ANSTO and the
university is enhanced and the student gains
experience in a non-university research
environment. Should the project stimulate further
collaboration between the university and ANSTO,
extra facility support is often forthcoming. Some
student projects are not directly in areas of active
interest within ANSTO but participation by
ANSTO personnel helps that organisation keep a
watching brief on areas which may have future
potential. In 2001 AINSE supported some 32
studentships.

UNDERGRADUATE TRAINING-
WINTERSCHOOL

In 2001 AINSE successfully ran the fifth
winterschool in which one senior undergraduate
from each of the member universities attended a
four and a half-day intensive course held at Lucas
Heights. The school gives the students lectures, and
hands-on experimental time on five major facilities
such accelerators, irradiation sources, radioassay,
natural radioactivity and neutron scattering.
Students work in small teams and are supervised by
ANSTO personnel, some university workers and a
few AINSE postgraduate scholars who are
excellent role models and a valuable interface
between the students and senior staff. The student
response is highly encouraging and most express
surprise that such a wide range of science is being
conducted at ANSTO especially in the non-nuclear
areas of research which nevertheless derive their
analytical procedures from nuclear techniques.

It is pleasing to note that several honours projects
have evolved from attendees at the winterschool
and one, at least, has carried through to a current
PhD program as an AINSE Postgraduate Scholar.

AINSE CONFERENCES

A crucial part of the AINSE activity is to bring
together the AINSE grantees and ANSTO
personnel as well as the outside research
communities including industry to regular
conferences and workshops. In this way researchers
can pool experience both with one another as well
as with the ANSTO facility providers. The
conferences usually reflect areas within the realm of
the Specialist Committees. Over a period of two
years all areas of AINSE's interests are covered.
The areas currently are

• Nuclear and Particle Physics

• Nuclear Techniques of Analysis

• Plasma Physics

• Neutron Diffraction/Scattering

• Radiation Chemistry/Biology

• Quaternary Science

• Nuclear Techniques in Environmental Science

• Radiopharmaceuticais

• Biological applications of SIMS.

AINSE also collaborates in co-hosting conferences
for external interests in the general area of applied
nuclear science For example, the 2002 South
Pacific Environmental Radioactivity Association's
(SPERA) conference on monitoring in the South
Pacific and the International Association for
Radiation Research (IARR) World Congress in
2003.

CURRENT RESEARCH AND FUTURE
PROSPECTS

The research focus of AINSE members is. as it
should be, not static. The traditional areas of pure
nuclear science are evolving into interdisciplinary
projects. Currently the areas gaining in momentum
are environmental science, archaeometry, bio-
medical and the science of novel materials. This
growth is emphasised by the fact that in 2000, of
the 201 awards 15% were to researchers who had
never previously held an AINSE award.

The AINSE membership enables teams of workers
to combine forces to gain access to major
international facilities eg the ISIS facility at the
Rutherford Laboratory in the U.K. This facility is
the worlds largest pulsed neutron source and in
2001 AINSE member users were awarded 43 days
of access time with a face value of S1.34M. The
projects are so highly rated by ISIS that value is
added to the subscription of $400,000. This
membership fee comes from an AINSE brokered
RIEF grant involving ANSTO and some AINSE
member universities. The capability at ISIS
compliments that at ANSTO.

In this way AINSE is helping members to reach out
to world facilities beyond the immediate confines of
Australia.

The immediate future for AINSE is strongly
influenced by the prospect of the replacement
research reactor. The higher performance of this
facility brings into play the local solution of more
complex molecular structural problems. The series
of workshops being held around the country reveal
that intricate biological systems may be successfully
studied by neutron diffraction/ neutron scattering
techniques. It is anticipated that this area and
material sciences will see significant developments
in the next decade.



Accelerator based projects have grown dramatically
with the increased usage of the 10MV tandem, the
3MV Van de Graaff, the ARPANSA and Auckland
University Linear Accelerators and medical
cyclotrons. These facilities have been applied to the
widest range of areas of study.

REVIEW OF AINSE RESEARCH AREAS

Accelerator Science

Ion beam analysis techniques probe surface and
sub-surface structures. The techniques, are non-
destructive, involve irradiation with protons, alpha
particles and heavier ions as appropriate. The
analysis comes from Proton Induced X-Ray
emission (PIXE), Proton Induced Gamma Ray
Emission (PIGE), Rutherford Back Scattering
(RBS), Recoil Analysis and Time of flight
spectroscopy.

These techniques combine with others in geological
studies, characterisation of ancient ceramics and
metal artefacts, zoological projects of lizard
physiology and in the production of new opto-
electronic materials. One environmental application
involves studying the surface of cement stabilised
waste containments to examine the potential for
leaching out of toxic materials.

Environmental Science

Analysis of environmentally significant materials is
achieved using Secondary Ion Mass Spectrometry
(SIMS), environmental radioactivity by lead-210
and caesium-137 dating methods, uranium/thorium
observations for Quaternary dating and neutron
activation analysis (NAA) using the reactor
HIFAR.

Isotopic analysis of sediments in marine areas in
Tasmania are showing the chronology of changes in
marine fauna. Similar projects are under way in
Sydney harbour. Monitoring of the metal
concentrations in Northern Territory rivers from
acid mine drainage in the vicinity of mining
operations has shown a reduction since remediation
commenced. Further, use of radioactive copper-64
has enabled the biokinetics of copper uptake in
river fish to be traced and the mechanism of
tolerance be examined. In other areas, vanishing
gold in mining industry extraction procedures was
examined by SIMS to see if losses occurred by
adsorption of gold on to carbon inclusions on ore
surfaces. An AINSE studentship is involved in
analysis of the effluent from a number of sources in
a river estuary in northern Darwin where unwanted
algae and plankton blooms are toxic to other, more
desirable, organisms.

Accelerator Mass Spectrometry

AMS is an extremely sensitive analytical tool to
identify and assay selected isotopes. Isotopic

concentrations as low as 1 part in 1 0 ^ can be
measured for isotopes such as carbon-14,
beryllium-10 aluminium-26, calcium-41, and iodine-
129. Carbon-14 analysis is most widely known and
used in various areas where "organic" dating is
required ie archaeology, quaternary science, global
climate change and nuclear safeguards. Dating of
the early history of the Australian continent as well
as deep-water oceanographic analysis is ongoing.

Continuous cosmic ray interactions with natural
isotopes such as oxygen and silicon build up the
cosmogenic isotopes such as beryllium-10 and

aluminium-26- These isotopes markers for the
dating of geological samples and are currently
being used to analyse the age of ares of Antarctica

The acquisition of a dedicated carbon-14 AMS
system will significantly increase the productivity of
this area of study following its commissioning in
2002.

Engineering and Materials

Novel materials and material treatment are highly
active areas. The treatment of surfaces by ion
implantation, for instance, can dramatically improve
corrosion and wear characteristics of metallic
components. Hard coatings such as a thin layer of
titanium nitride (TiN) on drills and machine tools
improve the lifetime many fold. Coatings on valves,
pumps and impellers used in chemical processing
industries reduce corrosion and alleviate friction-
related problems.

University of New South Wales workers are
working on the production artificial bone which is
not rejected by the body and can be used rather
than grafting. University of Auckland researchers
are investigating the electrode surfaces of lithium
ion batteries to improve the rechargeable lifetime of
cathodes. At the University of Technology in
Sydney the nanostructure of cement is being
analysed; nano sized bubbles in metals are
detectable by New Zealand workers and
monolayers of organic acceptors on gold surfaces
are new biosensors of metabolic entities such as
glucose.



Neutron Scattering

Powder and single crystal diffraction; small angle
neutron scattering and polarisation analysis are
techniques based upon the existing reactor HLFAR.
At the ISIS facility neutron reflectometry, vibration
spectroscopy and muon spin resonance facilities are
used by Australian researchers.

Small angle neutron scattering is used by Monash
workers to examine the structure of paper and
wood as they absorb water from the atmosphere
and change structure and properties. Melbourne
chemical engineers examine the role of
aluminosilicate binders in the structure of concrete.
A collaboration between Curtin University and
ALCOA in cooperation with ANSTO examines the
structure of • alumina - an important catalyst.

Radiation Science

In this area, radiation sources are used to initiate
novel chemical processes, modify existing
materials, probe radiotherapeutic mechanisms and
initiate environmental remediation processes.
Radiation sources comprise high intensity cobalt-60
(pond) gamma ray sources and high-energy
electron accelerators.

Curing of polymers such as hydrogels enables
biocompatible materials for used in contact lens
manufacture, wound dressings, and "patches for
slow release drugs. Electron transfer is a
fundamental chemical process. The irradiation of
water produces primary reactive species, which can
trigger specific chemical reactions. An AINSE
student at Melbourne is using the radiation-induced
decomposition of water to release - in situ -
cytotoxic components from a benign carrier
molecule. Oxidation-reduction processes in
irradiated water are being used by Queensland
workers to generate antiglare coatings for
windscreens of cars. Radiation and polymers has
been a long time forte of the chemistry schools at
the Universities of Sydney and Queensland.
Conducting polymers, radiation stable polymers,
surface coatings for space technology, grafted
polymers for biocompatibilty and insulators in
fusion reactors are just a few examples of this
widespread field. Controlled growth of latex
particles for paints and drug release is also a
radiation-induced process.

Radiopharmaceuticals

Radionuclides and radiopharmaceuticals are
essential diagnostic and therapeutic agents in
neurology, cardiology and oncology. The projects
span the range of isotope production, chemical
synthesis, dosage and subsequent diagnostics of
radiopharmacy. Isotope production comes from

reactor neutron irradiation as well as cyclotron
production.

Strategies for diagnostics/therapies involve
identifying essential biochemicals, labelling and
delivery to crucial sites. One example is the use of
rhenium-188 which is used to • -particleirradiate
the lining of an artery which has been subjected to
angioplasty. This procedure inhibits the overgrowth
of normal tissue during the healing process.

Labelled peptides can target tumours in the
intestine; fluorine-18 labelled fluorodeoxyglucose
(FDG) can target lung cancer and with emission
tomography the patient can be accurately
diagnosed.

Plasma Fusion

AINSE supports the National Plasma Fusion
Research Facility at ANU with the provision of
travel and accommodation assistance to the
Australian Fusion Research Group. The projects
are all related to the development of the facility's
plasma confinement and transport system.

CONCLUSION

AINSE is active on an increasing number of fronts.
The membership now includes the University of
Auckland, New Zealand and all of publicly funded
Australian Universities but one - the newly
established University of the Sunshine Coast.
AINSE looks forward to developing links with this
university in the near future.

The available funding is increasing in line with
increased university membership and facility usage.
The ability of AINSE to attract extra support in the
form of ARC grants adds to its research strength.

The advent of a new research reactor and a state of
the art accelerator for AMS and IBA analysis
means that we can confidently expect continuous
expansion of opportunities for research projects.
The range of applications of nuclear based research
is wide, expanding and uses both Australian
facilities as well as some high quality overseas ones.
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