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FOREWORD

The Australian Nuclear Association (ANA) inaugurated a series of biennial national conferences in
1995 to be held in alternate years to the series of international Pacific Basin Nuclear Conferences,
of which the Ninth in the series was hosted by the ANA in Sydney in May 1994. The main objective
of these national conferences will be to present information on all aspects of the peaceful uses of
nuclear science and engineering in Australia and to place this information in a world context and in
a readily understood form.

The conference in 1995 had the theme "Nuclear Science and Engineering in Australia" and consisted
mainly of papers invited from leading experts in areas of topical interest in nuclear science and
technology. This second conference in 1997 has the same theme and again consists mainly of invited
papers on the following topics:

(1) Expansion of Uranium Resources;
(2) Radioactive Waste Management;
(3) Research Reactor Safety and Applications;
(4) Applications of Accelerators and Related Facilities;
(5) Radiation and Related Research; and
(6) Nuclear Regulation in Australia.

The opening keynote address by Professor Helen Garnett, Executive Director of ANSTO, on
"Achievements and Future Directions", is particularly appropriate in view of the recent
announcement by the government that funding will be provided to ANSTO to build a replacement
research reactor for HIFAR at Lucas Heights. The second address is by Dr Clarence Hardy,
Executive Chairman of ANA 97, on the topical issue of "The Contribution of Nuclear Science and
Technology to Sustainable Development".

The texts of the papers presented orally and as posters are included in this Handbook. The posters
include two from the winners of the David Culley Award in 1995 and 1996. This Award was
instituted by the ANA in 1993 to encourage work in nuclear science and technology in schools and
colleges in recognition of the interests in education of Mr David Culley, a former Treasurer of the
ANA, who died in 1992.

The ANA is pleased that the early registrations received for this conference as this Handbook went
to the printers have confirmed its expectations that a broad spectrum of persons would attend from
government, industry, the universities and the public.

The assistance of the members of the Conference Committee is gratefully acknowledged as also is
the work of Mrs Margaret Lanigan as Conference Manager.

Dr Clarence J. Hardy
Executive Chairman and Editor
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FINAL TECHNICAL PROGRAM
Thursday, 16 October 1997

09.00 Opening of Conference
Dr N. R. McDonald, President, ANA

09.10 Keynote Address:
"ANSTO - Achievements and Future Directions",
Emeritus Professor H. M. Garnett, Executive Director, ANSTO

10.00 Tea/Coffee Break

Session 1: "Expansion of Uranium Resources"

Chairman - Mr I. Hore-Lacy, General Manager, Uranium Information Centre

10.30 "ERA's Ranger Uranium Mine",
Mr W. Davies, Energy Resources of Australia Ltd

10.55 "Expansion at Olympic Dam",
Mr C. Lewis, Western Mining Corporation

11.20 "The Kintyre Uranium Project",
Mr B. Larson, Canning Resources Pty Ltd

11.45 "Plans for Uranium Mining by COGEMA",
Mr F. Bautin, COGEMA Australia and Mr C. Hallenstein,
Afmeco Mining and Exploration Pty Ltd

12.10 "The Honeymoon Project - Australia's First In Situ Leach
Uranium Project?",
Mr M. Ackland, Southern Cross Resources Inc.

12.40 Lunch in Macleay Rooms

Session 2: "Radioactive Waste Management"

Chairman - Dr A. Jostsons, ANSTO (if available)

13.40 "Update on the National Low Level Waste Repository Study",
Dr S. Veitch, National Resource Information Centre, Canberra

14.05 "Status of Rehabilitation of the Maralinga and Emu Sites",
Mr R. Rawson, Mr P. Davoren and Ms C. Perkins,
Dept of Primary Industries and Energy, Canberra

14.30 "The ANSTO Waste Management Action Plan",
Dr D. Levins, ANSTO

15.00 Tea/Coffee Break

Session 3: "Research Reactor Safety and Applications"

Chairman - Dr N. R. McDonald, President, ANA

15.30 "The Probabilistic Safety Assessment of HIFAR",
Dr R. F. Cameron, ANSTO

15.55 "The Importance of HIFAR to Nuclear Medicine",
Mr N. Wood, Australian Radioisotopes

16.20 "The Contribution of HIFAR to University Research",
Dr R. B. Gammon, Executive Officer, AINSE

17.00 End of Session

18.00-20.00 Welcome Reception and Poster Display,
including David Culley Award Posters
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FINAL TECHNICAL PROGRAM
Friday, 17 October 1997

09.00 Keynote Address:
"The Contribution of Nuclear Science and Technology to Sustainable
Development", Dr C. J. Hardy, Executive Chairman, ANA 97

09.50 Tea/Coffee Break

Session 4: "Applications of Accelerators and Related Facilities"

Chairman - Dr R. B. Gammon, AINSE

10.20 "Recent Developments in Basic Nuclear Research within Australia"
Professor T.R. Ophel, ANU; President, AINSE

10.45 "ANTARES - Recent Research and Future Plans",
Dr C. Tuniz, ANSTO

11.10 "The National Medical Cyclotron - An Australian Experience in Technology",
Mr R. K. Barnes, National Medical Cyclotron, ANSTO

11.35 "Cyclotron-produced Radioisotopes and their Clinical Use at the Austin
PET Centre",
Dr H. J. Tochon-Danguy, Austin and Repatriation Medical Centre, Melbourne

12.00 "Nuclear Fusion Research in Australia",
Professor A. D. Cheetham, University of Canberra;
Chairman, Australian Fusion Research Group

12.25 "Access to Major Overseas Research Facilities",
Dr J. W. Boldeman, ANSTO

12.50 Lunch in Macleay Rooms

Session 5: "Radiation and Related Research"

Chairman - Mr J.C.E.Button, Consultant

14.00 "Radiation Research in AINSE-Affiliated Universities",
Mr D. F. Sangster, University of Sydney

14.25 "Exposure to Background Radiation in Australia",
Dr S. B. Solomon, Australian Radiation Laboratory, Melbourne

Session 6: "Nuclear Regulation in Australia"

Chairman - Dr N. R. McDonald, President, ANA

14.50 "Nuclear Regulation in Australia - Future Possibilities",
Mr J. Carlson and Mr J. Bardsley, Australian Safeguards Office, Canberra

15.15 "The Australian Radiation Protection and Nuclear Safety Agency.
A New Body for the Regulation of Radiation Usage in Australia"
Dr K. H. Lokan, Australian Radiation Laboratory, Melbourne

15.40 "Monitoring Occupational Exposure to Ionizing Radiation",
Mr J. C .E. Button, Radiation Safety Consultancy, Engadine, NSW

16.10 Closing Remarks
DrN. R. McDonald, President, ANA
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LIST OF POSTER PRESENTATIONS
18.00-20.00, 16 OCTOBER

1. "A PIXE-PIGE Study of Gold Mineralisation in Lateritic Terrain, Tanami Desert, Australia",
by Dr J. C. van Moort and Mr Xu Li, University of Tasmania

2. "The Decay and Fission of Uranium",
by Dr P. D. Norman, Monash University

3. "Present Knowledge of the Effect of Cracks on Radon Emanation from Tailings, with Implications
for Mine Rehabilitation at Olympic Dam",
by Mr J. R. Storm, Mr J. R. Patterson, University of Adelaide, and
Mr R. Scholefield, Western Mining Corporation

4. "Stellerator Fusion Neutronics Research in Australia"
by Dr S. Zimin and Dr R. C. Cross, University of Sydney, and
Dr R. L. Dewar and Dr H. J. Gardner, ANU

POSTERS BY
DAVID CULLEY AWARD WINNERS

1995 Pymble Ladies College, Pymble, NSW

1996 Loyola College, Mount Druitt, NSW
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THE AUSTRALIAN NUCLEAR ASSOCIATION INC.

rjnJ\
(ANA)

The Australian Nuclear Association Inc (ANA) is an independent voluntary
incorporated organisation of persons with an interest in nuclear topics drawn from
the professions, business, government and universities. The principal aim of the
ANA is to provide opportunities for members to meet on a regular basis. A second
aim is to publish a bi-monthly newsletter "Nuclear Australia" to report mainly on
events in the nuclear field in Australia, and this is sent to members and subscribers
worldwide. Other aims are to make awards to recognise outstanding contributions
to nuclear science and technology, and to support education and training.

Meetings are usually held bi-monthly at the Australian Museum, Sydney, on the
third Thursday in the month, and usually include a technical lecture by a leading
expert in the field. A joint program of meetings is arranged with the Nuclear Panel
of The Institution of Engineers, Australia, with the Panel hosting meetings on the
second Tuesday in each alternate month at Engineering House, Milson's Point,
Sydney.

The ANA hosts international and national conferences, eg. the 9th Pacific Basin
Nuclear Conference in Sydney, 1994, and the First Conference on Nuclear Science
& Engineering in Australia, 1995. The next two major conferences are the Second
International Conference on Isotopes and the Second Conference on Nuclear
Science & Engineering in Australia, in October 1997. The ANA is a Member of the
International Nuclear Societies Council and the Pacific Nuclear Council and has
bilateral cooperation agreements with a number of overseas Nuclear Societies.

Persons interested in obtaining further information on the ANA should contact:
The Honorary Secretary, Australian Nuclear Association Inc.

POBox85 Peakhurst NSW 2210 Australia.
Tel.61.2.9579.6193; Fax 61.2.9570.6473;

Email: cjhardy@ozemail.com.au
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Energy Resources of Australia Ltd
ACN 008 550 865

ERA
proudly supports the

Second Conference on Nuclear Science
& Engineering in Australia

ERA is the third largest uranium producing company
in the world selling uranium oxide from the Ranger Mine

in the Northern Territory.

The Company is currently seeking approval for its
second uranium mine, Jabiluka, also located

in the Northern Territory.

For further information please contact the Public Affairs Department on
Ph (02) 9256 8900 or Fax (02) 92511817.

A Member of the NQWTH Group
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AUSTRALASIAN RADIATION PROTECTION SOCIETY
Incorporated in South Australia

The Australasian Associate Society of the International Radiation Protection Association

The Australasian Radiation Protection Society Inc (ARPS) is a
professional society of members engaged in one or more aspects of
radiation protection.

The primary objective of the Society is to promote the principles and practice of radiation
protection, and to this end it seeks to:

• establish and maintain professional standards of radiation protection practice

• encourage co-operation among persons engaged in radiation protection activities

• provide for and give support to scientific meetings on topics related to radiation
protection

• encourage publications in the field of radiation protection.

The Australasian Radiation Protection Society was founded in 1975 and has more than
250 members. Members are engaged in a variety of activities designed to ensure the safe
use of both ionizing and non-ionizing radiation for a wide variety of applications, in
medicine, pure and applied science, industry and mining. ARPS is the Australasian
associate society of the International Radiation Protection Association (IRPA).

The Society publishes its own journal '''Radiation Protection in Australia" four times a
year. The journal is circulated to members and to a number of libraries in Australia, New
Zealand and overseas. A Newsletter is published quarterly informing members of ARPS
activities.

ARPS holds an annual scientific meeting and the State Branches hold local meetings on
a more frequent basis. The annual scientific meetings for the next 3 years will be held in
Melbourne in 1998, in Perth in 1999 and in Sydney in 2000.

Anyone with an interest in radiation protection is welcome to enquire about membership
of the Society or about participation in the annual scientific meetings. All enquiries should
be addressed to:

The ARPS Secretariat, Telephone: (61 3) 9347 9633
P.O. Box 27, Facsimile: (613) 9347 4547
Parkville, email: arps@vicnet.net.au
Victoria, 3052,
Australia
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AU9816831
OPENING ADDRESS

ANSTO - Achievements and Future Directions

EMERITUS PROFESSOR HELEN M GARNETT,
Executive Director, ANSTO, Private Mail Bag 1, Menai, NSW 2234 Australia

SUMMARY

Over the past ten years ANSTO has evolved into a forward thinking, proactive nuclear science and
technology Organisation. Its vision for the future is " for nuclear science and technology to be accepted as
benefiting all Australians and for ANSTO to be acknowledged as the premier nuclear science and technology
organisation within the Asia Pacific Region". To strive toward this vision requires ANSTO to continue to
develop its nuclear-based infrastructure, develop new knowledge in areas where nuclear science and
technology has the potential for generating future socio-economic benefits and to use existing knowledge and
know-how to deliver quality services and products to our customers for effective management of a wide range
of scientific, industrial, environmental and medical problems.

The recent positive announcement by Government to replace HIFAR with a modern facility will enable
ANSTO to plan to achieve this vision with renewed vigour and determination. ANSTO was formed in April
1987 when the ANSTO Act 1987 replaced the provisions of the Atomic Energy Act (1953). The Act
provided the basis for the development of nuclear science and technology for many years ahead. In the
foreword to the first Annual Report under the ANSTO name, the then Chairman, Professor Collins, stated.
\ldblquote The AAEC regarded itself as principally a research and development organisation, hi contrast,
ANSTO now has four parallel activities, each with its own justification: the conduct of research and
development, the provision of expert technical advice, the operation of national nuclear facilities and the
commercial marketing of products and services.

hi the ten years which have elapsed, ANSTO has continued to review and evaluate what it does and how it
does it. At the end of its first decade, it has enhanced the productivity from its research and development
activities, received a positive evaluation on the impact that the application of this knowledge is having on the
minerals and other industrial sectors, and focussed its research and development into a few areas where
substantial teams of ANSTO staff, working cooperatively with staff from universities, other national
organisations and industry, can get to the future first and have significant impact.

ANSTO's effort in the provision of expert technical advice to Government and industry has grown as has the
quality and quantity of services and products it provides nationally. Our predictions for the future are for
further substantial growth in the demand for our specialised services and products, and strategies to become
a regional supplier have been formulated. With regard to the development of facilities there have been
substantial developments over the last decade. The Australian National Tandem Accelerator for Applied
Research (ANTARES) has been developed to the stage that it is now providing world class measurement
capabilities and a new heavy ion microprobe is being added to enhance the instrument\rquote s capabilities.
The Cyclotron and associated radioisotope production facilities have been commissioned and further products
are planned from this facility. A unique secondary ion mass spectrometer has been installed and is widely
used by ANSTO and the member universities of AINSE. Access to second and third generation synchrotron
light sources is now being provided for researchers across Australia through an ANSTO managed program.
The use of the reactor has continued to diversify and world class diffractometers have been installed.



Over the next eight years, as the replacement reactor project proceeds, further instruments will be developed
so that in ten years time Australia will have a leading edge medium flux reactor facility with world class
capability in selected areas of neutron science and be an acknowledged regional centre, particularly in cold
neutron science.

No review of the past or view to the future would be complete without reference to the changes that have
occurred within the Organisation and in our external relations. Today there is good cooperation across
ANSTO, with cross-divisional teams formed to achieve desired outcomes becoming the norm. The
organisation is also working to position itself in the community as a responsible neighbour to nearby
residents, a responsible citizen within the Shire and a premier science and technology organisation renowned
nationally and internationally.

*****
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ERA's Ranger Uranium Mine

WARREN DAVIES, General Manager - Marketing, Energy Resources of Australia Ltd
Level 18, 1 Macquarie Place, Sydney NSW 2000

SUMMARY - ERA is a uranium enterprise selling uranium from the Ranger Mine in the Northern Territory to nuclear
electricity utilities in Japan, South Korea, Europe and North America. ERA is a public company with 68% of its shares
owned by the Australian company North Limited.

We currently operate one major production centre - Ranger Mine which is 260 kilometres east of Darwin. The first
drum of uranium oxide from Ranger was drummed in August 1981 and operations have continued since that time.

ERA is also in the process of working towards obtaining approvals for the development of a second mine - Jabiluka -
which is located 20 kilometres north of Ranger. The leases of Ranger and Jabiluka adjoin.

The Minister for the Environment has advised the Minister for Resources and Energy that there does not appear to be
any environmental issue which would prevent the preferred Jabiluka proposal from proceeding.

Consent for the development of ERA's preferred option for the development of Jabiluka is being sought from the
Aboriginal Traditional Owners.

Ranger is currently the third largest producing uranium mine in the world producing 4,237 tonnes of U3O8 in the year
to June 1997.

1 RANGER OPERATIONS

At the end of 1994 ERA completed mining of Ranger # 1
and in 1996 the pit was converted to a tailings repository.
At 30 June 1997, approximately 4.5 million tonnes of
Ranger #1 ore remained on stockpile.

In January 1996 ERA returned to year round milling,
following several years of campaign operations involving
6 months of milling and 6 months of mining. This mode
of operation was introduced in 1991 in response to the
low price for uranium.

In May 1996 ERA received approval to commence the
development of its second ore body at Ranger - referred
to as Ranger #3 - located only several hundred metres
from the mined out Pit #1. Initial development
commenced in June 1996 and full scale mining
commenced in July this year with a new mining fleet.

ERA has also completed a 50 per cent expansion of its
process plant thereby enabling production to be lifted to
5,000 tonnes per year from July 1997.

2 JABILUKA

ERA released the draft Environmental Impact Statement
(EIS) for the Jabiluka uranium mine in October 1996.
The Draft EIS was on public display for three months

and public comments were submitted to the authorities.

In response to these public comments ERA prepared the
Supplement to the EIS for submission to the
Commonwealth and Northern Territory Government
authorities in order for final environmental approvals to
be considered. The Supplement was submitted in June
this year.

In August the Minister for the Environment, Senator Hill
completed his assessment of the EIS and recommended
to the Minister for Resources and Energy, Senator Parer,
that there does not appear to be any environmental issue
which would prevent the preferred Jabiluka proposal
from proceeding.

Development of Jabiluka means the Company must
comply with both Commonwealth and Northern Territory
Acts of Parliament.

The EIS for Jabiluka examined a number of options and
identified two main options for the development of the
Jabiluka uranium deposit which contains 90,400 tonnes
of uranium oxide.

ERA's preferred option is to mill the Jabiluka ore at
Ranger which would ensure there was minimal
environmental impact. Under this proposal the mine site
will disturb less than 20 hectares of land.



The mine would be located on the opposite side of a
hill to the Magela wetlands and out of sight from the
tourist road. Located next to the underground mine
will be a small run-off water retention pond. Ore will
be trucked by a haul road located completely within
the ERA leases and will not enter the Kakadu National
Park. Tailings will be placed in the Ranger open pits
which will be rehabilitated at the end of the mine life.

The EIS was prepared by Kinhill Engineers and
addressed all pertinent issues in regard to the Jabiluka
Project. In addressing the preferred option, the EIS
identified several factors:

• Less than 20 hectares of land will be required
for the Jabiluka mine site and related
facilities - two thirds the area of Parliament
House - with the haul road covering a further
54 hectares;

• There will be no mining and associated
operations or haulage within Kakadu
National Park;

• Only clean water is to be released from the
Jabiluka mine site and there will be no
adverse impact on the downstream
ecosystems;

• Predicted radiation levels will be well below
international guideline levels and there will
be no health risk to employees or the general
public;

• The Aboriginal community is predicted to
receive approximately $210 million (1996
dollars) in royalties over the mine life, in
addition to royalties already being received
from the Ranger Project; and

• Access Economics predicts the Jabiluka
Project will contribute $3.8 billion of benefits
to the Australian people and $6.2 billion to
the Gross Domestic Product of Australia.

Consent for the development of ERA's preferred
option for the development of Jabiluka is being sought
from the Aboriginal Traditional Owners.

Aboriginal approval already exists for the previous
owner's (Pancontinental), original concept of a
stand-alone mill, underground mine and tailings dam
on the Jabiluka Lease.

ERA has an alternative option (option two) which
also involves above-ground facilities on the
Jabiluka lease. However these would be much
smaller and more modern than the original
approved Pancontinental plan and located near the
entrance of the proposed underground mine on the
opposite side of the hill to Magela Creek and the
tourist road. Agreement would be sought from the
Traditional Owners if this option were to be
pursued.

Both ERA options are grounded in the use of
world's best practicable technology and would
create minimal environmental impact, refined
through operations developed over 17 years at
Ranger.

Both options are designed to be environmentally
superior to the original Pancontinental plan.

3 GAINING APPROVALS FOR A NEW
URANIUM MINE

Before a Company can even consider the export of
uranium from Australia a strict approval process
applies. As ERA is currently going through this
process with Jabiluka I will use this as a case study
to demonstrate the approvals process to you.

Jabiluka requires environmental approval,
Aboriginal consultation and final mining approvals
before development can proceed.

In order to achieve environmental approvals an
Environmental Impact Statement or EIS was
prepared by the Company based on guidelines
formulated by the Commonwealth Environment
Protection Agency and the Northern Territory
Department of Lands, Planning and Environment
who jointly assess the EIS. The guidelines were also
available for public comment before finalising. This
process is governed by the Commonwealth
Environment Protection (Impact of Proposals) Act
1974 and the Northern Territory Environmental
Assessment Act 1982.

In the case of Jabiluka, the Commonwealth
Government also announced that a Social and
Cultural Impact Study of the Region would be
undertaken in parallel with the EIS process. This
announcement followed the expression of concerns
by some Aboriginal Traditional Owners in the area
who believe development of the region has had
some negative impacts on their people.

In order to address this issue, the Company
provided part-funding for the comprehensive



Kakadu Region Social Impact Study (KRSIS). This
examined the social and cultural impact of development
(including industries such as mining and tourism) on the
lives of the Aboriginal people of the Kakadu Region.

Findings of the KRSIS were released by the Minister for
the Environment in August and will be put in place by an
implementation committee. The final recommendations
are positive initiatives aimed at securing economic
independence for the local Aboriginal community. ERA
is committed to active participation in the implementation
of the initiatives set out in the KRSIS.

ERA recognises it must do more to meet the concerns of
the Aboriginal owners that have been highlighted during
negotiations for Jabiluka and is developing several
proposals in order to work with the community towards
achieving social and economic independence.

Aboriginal consultations are also extremely important in
securing the development of Jabiluka. In 1982
Pancontinental - the previous owners of Jabiluka -
reached agreement with the Northern Land Council
(NLC) to mine Jabiluka under the Northern Territory
Aboriginal Land Rights Act This agreement provides for
a change of concept in the project and the agreement was
assigned to ERA on the purchase of Jabiluka in 1991.

The NLC is the legal representative of the Traditional
Owners and ERA must negotiate through the NLC to
seek agreement of the Traditional Owners to the change
in concept The Company can not negotiate directly with
Traditional Owners. ERA will need to put its case to the
NLC regarding the "change of concept", which may then
consult with Traditional Owners before making a
decision. There is a role for a broader Committee if an
impasse is reached.

If environmental and Aboriginal approvals are received
the Northern Territory Uranium Mining (Environment
Control) Act comes into play. Once mining approvals are
granted under this Act the Company is able to commence
operations.

Finally the Company must apply to the Commonwealth
for an export licence - the mechanism by which the
previous Labor Government was able to prevent new
mines from being developed. This should not cause any
concern under the current Government if all requirements
are met by the Company.

All new uranium mines in Australia will have to work
within existing strict Commonwealth legislation,

however different State or Territory Acts will have
slightly different specific requirements under that
umbrella.

4 EXPORT MARKETS

ERA currently sells uranium to seven out of the top ten
nuclear electricity utilities in the world.

Over the last few years the Company has fulfilled its
contracts with both uranium produced from the Ranger
mine and uranium supplied from a contract with Katep,
an Agency of the Kazak Government. This was more
cost effective during times of low prices, however the
contract has now finished and all of ERA's contracts are
filled by Ranger material.

The ability to continue supply from third party contracts
during times of low production for the Company has
allowed ERA to write long term contracts for the future,
particularly with the planned increase in production in
mind. ERA has remained a competitive supplier on the
world market and is now in a position to take advantage
of its low cost ore reserves.

ERA supplies uranium only to countries which comply
with strict bilateral safeguards to ensure that the uranium
supplied by the Company is used only for the generation
of clean electricity.

The Australian Safeguards Office keeps account of all
nuclear material in Australia and all uranium exported by
Australian Companies. All this uranium is tracked right
through the fuel cycle and is also closely monitored by the
International Atomic Energy Agency. No uranium has
ever been diverted from civil to military uses under this
system. In fact, nuclear weapons are being dismantled so
the uranium can be diluted and used in the aftermath of
the Cold War to generate nuclear electric power.

The largest export market for ERA is Asia which takes
47.1 per cent of the Company's uranium. This is closely
followed by North America where 33.5 per cent of the
Company's uranium is consumed in power plants. The
Company also supplies to Europe with 19.4 per cent of
sales.

5 MANAGING A URANIUM MINE BESIDE A
SENSITIVE NATIONAL PARK

Over fifty separate Acts of the Commonwealth and
Northern Territory regulate ERA's Ranger mine. Ranger
is one of the most highly regulated mines in the world due
to its proximity to Kakadu National Park.



Ranger is monitored by two environmental authorities,
The Commonwealth Office of the Supervising Scientist,
which was originally set up specifically to monitor
uranium mines in the region and the Northern Territory
Department of Mines. Ranger works closely with these
authorities to ensure Best Practicable Technology (BPT)
or world's best practice is the governing premise of its
operations in all areas. It is the most stringently
monitored mine in Australia.

Ranger Mine has an exceptional environmental record.
Ranger must operate that way at all times as it is located
next door to the sensitive and diverse, World Heritage
listed, Kakadu National Park.

In fact the environmental expertise that has grown around
the mine has led to the establishment of a new subsidiary
of ERA - ERA Environmental Services (ERAES),
located in Darwin. ERAES provides environmental
services for industry throughout the Northern Territory
and is currently expanding to include international
customers.

Ranger undergoes two independent Environmental
Reviews every year to which environmental groups and
the general public are invited to join the NT Government,
the OSS, the NLC and Traditional Owners. Once again
the most recent Biannual Environmental Performance
Review highlighted that Ranger has had no
environmental impact on the surrounding area as did the
most recent Annual Report of the Supervising Scientist.

Over sixteen years of operations at Ranger and there has
been no negative environmental impacts on the sensitive
Kakadu ecosystems. This, along with the health and
safety of our employees and community, is the number
one priority of ERA.

These findings were confirmed in May in the Senate
Inquiry into Uranium Mining and Milling in Australia.
The majority report, including Senators from the
Coalition and the Australian Labor Party concluded:

"that the principal findings of the Ranger Uranium
Environmental Inquiry (the Fox Report) has [sic] been
vindicated by two decades' experience. Fox stated that
"The hazards of mining and milling uranium, if those
activities are properly regulated, are not such as to
justify a decision not to develop Australian mines ".

The office of the Supervising Scientist in its submission
to the Senate Inquiry stated:

"The co-existence of a uranium mine with a major
national park for over 16 years, with no adverse

impacts on the ecological integrity of the park, has to be
considered a notable achievement. "

ERA achieves high standards of environmental
management because we are committed to this through
both our research programs and financially.

In the last financial year the Company spent $2.0 million
on environmental research to improve environmental
practice at Ranger, undertaking 30 research projects.
ERA is committed to spending at least $ 1.0 million a year
on research.

This on top of a budget of over $4.0 million per year for
the Ranger environment department which employs 20
people including specialist scientists and environmental
professionals. The services of the Company's earlier
mentioned environmental subsidiary Company are also
utilised extensively.

I emphasise this because ERA takes its responsibility to
the neighbouring Park very seriously. Our critics often
forget that we live in this environment and our children
live in this environment. We are committed to ensuring
the Park remains pristine and beautiful for generations to
come.

As a Company ERA is fortunate in that it can prove its
environmental credentials by the work that the
Independent bodies who monitor our operations do. Their
reports consistently show the Company is responsible
and has had no detrimental impact on the Park.

6 MANAGING A URANIUM MINE ON
ABORIGINAL LAND

Over the past 18years to 30 June 1997, a total of $132.2
million have been paid in royalties to the Aboriginal
Benefits Trust Account plus $5.1 million as rental.
Thirty per cent of royalty payments to the Traditional
Owners have traditionally been paid to the Gagudju
Association Inc. In addition, $39.4 million has been paid
to the NT in royalty payments which is on-paid to the
Aboriginal community.

The Gagudju Association - representatives of the
Traditional Owners of Ranger - have invested some of
their share of the earnings in such businesses as the
famous Gagudju Crocodile Hotel at Jabiru, the Gagudju
Cooinda Lodge at Yellow Waters, a mechanical and civil
engineering workshop, a construction business, a buffalo
farm and Mobil service station.



The Gagudju hotels have contributed significantly to
tourism in the Kakadu area as has the infrastructure set
up due to the mine such as access roads and the town of
Jabiru.

The Traditional Owners of the Ranger Project Authority
are closely consulted on all major operating decisions
made by the mine through their representatives, the
Northern Land Council.

ERA is very aware that it is a guest on the property of the
Traditional Owners and the Company strictly upholds the
belief system of the Traditional Owners. All operations
are kept well away from sacred sites or sites of cultural
significance. The Company has worked closely with the
Traditional Owners in order to identify these areas.

Furthermore it is recognised by all employees of the
Company, who undergo lessons in the local Aboriginal
culture as part of their induction, that to do anything at all
which may endanger relationships with the Aboriginal
community leads to immediate dismissal. Fortunately this
has been a very rare occurrence as employees of the
Company respect the local culture.

Like all relationships the Company and the Traditional
Owners have undergone teething problems. One case
study I would like to talk about is a water release the
Company proposed to make in the 1994/95 wet season.

Although the Company met all the legal guidelines to
release water from its Retention Pond #2 the Traditional
Owners objected to the release. The Company and the
authorities attempted to explain to the Traditional
Owners that the release of the water would not cause any
damage to the Magela Creek, and certainly would not be
harmful to those Traditional Owners who still use the
Creek as a food and water source. Although scientifically
this was correct, the Company had failed to recognise the
social implications of its decision to release the water.

All the scientific arguments were put to the Traditional
Owners to no avail.

The Traditional Owners took out an injunction against
the Company. The Court case was won by the Company,
as the water was in no way harmful. However, by this
stage, ERA recognised the social impacts this proposal
was to have on the Traditional Owners and made the
decision to respect their wishes and not release the water.
Working with the Traditional Owners we were able to
devise an alternative method of disposing of the water
through wetland filtration.

This has taught the Company a very valuable lesson in its
relationship with the Traditional Owners, particularly that
we must be aware of underlying cultural concerns, which
for the community, are often more important than the
technical concerns. We are guests of the Traditional
Owners and must try to work as closely as possible with
them to ensure their land is protected.

7 CONCLUSION

Companies such as ERA must be open and honest in all
their dealings in order to ensure the community has
confidence in their operations. As uranium is a
particularly emotive subject and Ranger and Jabiluka are
located close to sensitive ecosystems on Aboriginal land
it is important that ERA be accountable to the public.

This has been achieved successfully over the last sixteen
years of operations at Ranger with the appraisal of the
independent authorities who monitor this operation.
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EXPANSION AT OLYMPIC DAM

CHRIS LEWIS
Western Mining Corporation

PO Box 474 Marleston South Australia 5033

SUMMARY The Olympic Dam orebody is the 6th largest copper and the single largest uranium orebody in the
world. Mine production commenced in June 1988, at an annual production rate of around 45,000 tonnes of copper and
1,000 tonnes of uranium. WMC announced in 19% a proposed $1.25 billion expansion of the Olympic Dam operation
to raise the annual production capacity of the mine to 200,000 tonnes of copper, approximately 3,700 tonnes of uranium,
75,000 ounces of gold and 950,000 ounces of silver by 2001. Further optimisation work has identified a faster track
expansion route, with an increase in the capital cost to $1.487 billion but improved investment outcome, a new target
completion date of end 1999, and a new uranium output of 4,600 tonnes per annum from that date.

1. INTRODUCTION

WMC is the owner and operator of the Olympic Dam
copper uranium and precious metals mine and
processing plant in South Australia.

The orebody was discovered by WMC in 1975
following a series of theoretical studies into the
formation of copper deposits in the Olympic Dam area
of the Stuart Shelf in South Australia. The location was
selected on the basis of coincident gravity and magnetic
abnormalities, and the presence of favourable tectonic
lineaments. The first drill hole intersected 38 metres of
1% copper at a depth of about 350 metres below the
surface.

Olympic Dam is situated 560 kilometres north, north
west of Adelaide in semi-arid conditions. The deposit
occurs within Mid-Proterozoic age granitic rocks which
are about 1600 million years old. It is overlain by a 260
- 350 metre thickness of sedimentary rocks.
Underground mining is conducted by long hole open
stoping. Latest reserve figures show that the resource
contains Proved and Probable Reserves of 569 million
tonnes of copper, uranium oxide, gold and silver
mineralisation, with an average copper grade of 2.0%
and uranium oxide grade of 0.6 kg/tonne. This equates
to around 340,000 tonnes U3O8 in reserves, enough to
ensure production for over 200 years at current output
levels. The Olympic Dam orebody is the 6th largest
copper and the single largest uranium orebody in the
world.

In 1979 a joint venture was formed between WMC
(51%) and British Petroleum (49%) to develop the
Olympic Dam resource. After government approvals
had been obtained, construction of the project took place
between 1986 and 1988. Mine production commenced
in June 1988, at an annual production rate of around
45,000 tonnes of copper and 1,000 tonnes of uranium.
The project was officially opened in November 1988.

Two optimisation expansions were undertaken (in June
1992 and June 1995). Optimisation I. raised annual
production to 66,000 tonnes of copper and 1,400 tonnes
of uranium. Optimisation II. raised annual production
to current levels of 85,000 tonnes of refined copper and
1,500 tonnes of uranium.

In April 1993, WMC acquired BFs 49% interest in
the project. Later that year preliminary work and
scoping studies began to determine the next level
of production.

On 15 July 1996, the Directors of WMC announced a
proposed $ 1.25 billion expansion of the Olympic Dam
operation to raise the annual production capacity of the
mine to 200,000 tonnes of copper, approximately 3,700
tonnes of uranium, 75,000 ounces of gold and 950,000
ounces of silver by 2001.

Further optimisation work has identified a faster track
expansion route, which enabled us to announce on 12
February 1997 a new target completion date of end
1999 and a new uranium output of 4,600 tonnes per
annum from that date. The advanced schedule increases
the capital cost to $1,487 billion but offers a
considerably improved NPV for the investment.
Cumulative production to date has been over 500,000
tonnes of copper and 11,000 tonnes U3O8.

2. MARKETS

2.1 Why expand?

The answer to this question lies not only in the expected
markets, but also in the cost reductions we aim to
achieve. The result will be higher earnings and a
substantial improvement in our ROI.

2.2 Copper

Copper sales generate about 70% of Olympic Dam's
annual revenue.



The principal uses for copper are in the construction,
transport and communication industries. World wide
consumption of refined copper is around 12.2 million
tonnes per annum growing at about 3 to 4 per cent per
annum Growth rates in Asia are much higher at around
8 to 10% per annum.

In 1996, mine production of copper was 10.9 million
tonnes and is forecast to grow at about 4% per annum.

Copper is a commodity and therefore experiences price
cycles. In the last 10 years the London Metal Exchange
(LME) price has been as low as 70 cents a pound (US)
and as high as $ 1.40 a pound (US).

Olympic Dam produces high quality LME Grade "A"
refined copper cathode and will find ready markets in
Australia, Asia and Europe for all expanded production.

2.3 Uranium

This is the area which will interest the nuclear industry.
Some well known facts follow:

More than 17 per cent of the world's electricity is
generated by nuclear energy. Many developed countries
generate more than 30 per cent of electricity through
nuclear power.

Current worldwide primary uranium production is
about 39,000 tonnes U3O8.

Current reactor requirements are about 85% above this
level at around 75,000 tonnes U3O8 per annum.
Reactor requirements are forecast to increase steadily.

New and existing uranium mines together with supplies
from the dilution of military material for use in civil
reactors are expected to fill some of the supply void.

Demand has outstripped mine production and civil
stockpiles of uranium in industrialised countries have
been steadily diminishing.

In the context of the above, WMC is confident that it
will be able to secure new uranium supply contracts to
absorb its expanded output.

2.4 Gold/Silver

Gold and silver would continue to be sold into local
bullion markets.

2.5 Costs

Under the expansion, WMC will achieve economies of
scale and lower average costs of production which will
help to soften the risk of volatile commodity prices and
propel Olympic Dam towards the lowest cost quartile on

the copper cost curve.

3. KEY ELEMENTS OF THE EXPANSION

The Olympic Dam expansion entails:

* An increase in mine production from
approximately 3 million tonnes per annum to
approximately 8.5 million tonnes per annum.

* The installation of a new 38 ft diameter autogenous
mill.

* A new direct to blister Outokumpu smelter.

* An expanded tankhouse.

* Substantial infrastructure and ancillary services.

Currently the mine is producing approximately 10,000
tonnes per day of ore. Once the expansion plan is
completed the production level will be increased to
25,000 tonnes per day. At this level of operation the
mine will be one of the largest of its type in the world.

Key components of the mine expansion program
include:

* A new 7 metre diameter shaft, 865 metres deep and
equipped to hoist +9 million tonnes of ore to
surface. This will complement the two existing
shafts.

* A new underground gyratory crusher.

* An underground automated electrical rail haulage
system to collect and move the broken ore to the
main underground crusher.

* 5 new 4.5 metre diameter exhaust air raises and 3
new 4.5 metre diameter fresh air raises.

* Expanded mine services including electrical
distribution, mine pumping, saline water supply,
maintenance facilities and mine monitoring and
control systems.

* An expanded fleet of mine development and
production equipment.

Infrastructure associated with the expansion includes.

* A new 265 km (275 kV) power line from Port
Augusta to Olympic Dam.

* A new construction village and caravan park.

* More than 100 new houses in Roxby Downs.



* A new health and medical centre in Roxby Downs
to be built by the South Australian Government.

* Site services which will require:
6 km of potable water supply pipelines
10 km of process water supply pipelines
15 km of sewer gravity and pressure mains
3 km of stormwater draining pipes
22 km of communication conduits

Once completed, the expansion will have involved:
* Project Management Hours -1,200,000
* Engineering Hours - 840,000
* Off-site Fabrication Hours - 2,500,000
* Construction Hours

Direct - 3,500,000
Indirect - 700,000

Materials and facilities to be installed include:
Concrete - 70
Structural Steel and Plate work - 20,000 tonnes
Electrical Cables - 500 km
Piping - 350 km
Underground tunnelling - 74 km
Earthworks - 13,000,000 m3
275 kV Powerline - 265 km
600 mm diameter waterline - 135 km

3.1 Jobs and Population

Currently:
1,000 jobs on-site; and
3,000 jobs created off-site (using accepted multipliers
for the mining industry).

As result of expansion:
An additional 1,000 jobs on-site during the 3 year
construction program.

Using accepted industry multipliers, up to 3,000
additional jobs will be created off-site in areas such as
manufacturing, transport and in general labor market.

Up to 200 new permanent full-time jobs at completion
of the expansion.

Approximately 600 additional permanent residents at
Roxby Downs between now and 2000.

142 additional houses at Roxby Downs.

Temporary population increase of around 1300 during
the construction program.

3.2 Benefits to Australia

An expansion of Olympic Dam would mean a
considerable boost to the Australian economy and a
major increase in revenue for the South Australian
Government.

The $1.487 billion investment represents expenditure of
about $1000 for every man, woman and child in South
Australia.

Based on previous experience, approximately 70
percent of the total project expenditure of $ 1.487 billion
will be within SA.

Royalty payments and other revenue to the State
Government will rise sharply.

Subject to metals prices, revenues would rise from $390
million at present to approximately $750 million in
1999/2000.

4. GOVERNMENT & ENVIRONMENTAL
ISSUES

An Indenture Agreement, in the form of the Roxby
Downs (Indenture Ratification) Act 1982, between
WMC and the State of South Australia covers a range of
issues including:

environmental management and protection;
water supplies;
provision of infrastructure such as:

power;
public health services;
education facilities; andother public services.

The 1982 Indenture envisaged copper production up to
a level of 150,000 tonnes per annum. In late 1996, this
Indenture was amended and now envisages copper
production to 350,000 tonnes per annum. This
amended Indenture was ratified by the South Australian
Parliament in December 1996.

The entire project has recently undergone a full
environmental review following its designation in 1995
under the Commonwealth Environmental Protection
(Impact of Proposals) Act. This process confirmed the
original EIS approvals granted in 1983. The Indenture
obliges WMC to submit a new EIS to the State and
Commonwealth governments seeking approvals for a
production rate of up to 350,000 tonnes per annum.
This approval level will provide the flexibility for future
expansion. There are, however, no current plans in
place to increase the annual capacity above
approximately 8.5 million tonnes of ore and 200,000
tonnes of copper per annum.

A draft EIS was published for public review in May
1997, and was open for public comment for
approximately 3 months. All submissions will now be
addressed by WMC in a formal supplementary
document and will be considered by WMC and
Government . All approvals are expected within this
year. The document will also be subject to internal and
external review by relevant experts from WMC and the
State and Commonwealth Governments.
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4.1 Water

Olympic Dam is located in the driest State of the
world's driest continent. Water is a particularly
important resource in such an environment.

Water is extracted from two borefields in the Great
Artesian Basin to the north of Olympic Dam. Borefieid
A has been in operation since the mid 1980s and
Borefieid B since September 1996.

Current licences enable Olympic Dam to draw within
limits which are based on modelling of 42 megalitres
per day of water from the Great Artesian Basin.
Currently Olympic Dam and Roxby Downs consume
approximately 15 megalitres per day. The present
estimates indicate the average daily water requirement
for 200,000 tonnes production will be 34 megalitres per
day.

WMC is confident that the Olympic Dam water licences
will enable production to increase ultimately to 350,000
tonnes.

Water requirements will be met via Borefieid A on the
South western shores of Lake Eyre and the southern
extremities of the GAB at an abstraction rate of 6
megalitres per day; and, Borefieid B on the eastern
shores of Lake Eyre and more than 100 km further into
the GAB, to provide the balance of water requirements.

A 1995 study of the GAB by the Australian Bureau of
Agriculture Resource and Economics (ABARE) showed
daily recharge of the SA section of the GAB totals 450
megalitres. Daily extraction is around 233 megalitres as
follows:
* pastoral bores - 130 megalitres
* mound springs - 66 megalitres
* Moomba oil and gas fields

22megaltres
* Olympic Dam and Roxby Downs - 14.3

megalitres

4.2 Other Environmental Issues

The Olympic Dam tailings retention system has recently
been upgraded to minimise risk of seepage. This has
been done by the installation of decant towers and
double lined evaporation ponds.

The area covered by the evaporation ponds will increase
by about 50 per cent.

5. CONCLUSIONS

Olympic Dam is a world class orebody, without parallel
in terms of size, geology and product diversity. WMC
is embarking on its largest ever single capital
investment in order to raise the productivity of this
marvellous resource, and to demonstrate its commitment
to remain a reliable and stable supplier of copper,
uranium and precious metals to the world's metals and
nuclear industries for many decades to come.
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The Kintyre Uranium Project

BRUCE LARSON
Canning Resources Pty Ltd, Level 20, Central Park

152-158 St Georges Terrace, Perth, WA 6000

SUMMARY The Kintyre Uranium Project is being developed by Canning Resources Pty Ltd, a subsiduary of Rio
Tinto (formerly CRA). The work on the project includes the planning and management of a number of background
environmental studies. The company has also commissioned studies by external consultants into process technologies,
mining strategies and techniques for extracting the uranium ore from the waste rock. In addition, Canning Resources
has made a detailed assessment of the worldwide market potential for Australian uranium in the late 1990s and into the
21 st century.

1. INTRODUCTION

The discovery of the Kintyre uranium deposit in 1985
was made by Rio Tinto Exploration Pty Ltd, a wholly-
owned subsidiary of Rio Tinto Limited. Rio Tinto's
ongoing investigations of the Rudall River area began in
1972 and they remain responsible for identifying the
geological potential of the region. The company
employs about 100 geoscientists and is one of
Australia's largest explorers. From its Western Region
office in Perth, Rio Tinto Exploration conducts several
large-scale exploration programmes in the western half
of Australia.

The development of the proposed Kintyre uranium mine
is the responsibility of Canning Resources Pty Ltd, also
a wholly-owned subsidiary of Rio Tinto (formerly
CRA). Canning Resources is a small team of
engineering and commercial specialists based in Perth.
The company conducts feasibility and development
studies on energy resources throughout Western
Australia.

The work on the Kintyre project includes the planning
and management of a number of background
environmental studies. The company has also
commissioned studies by external consultants into
process technologies, mining strategies and techniques
for extracting the uranium ore from the waste rock, .hi
addition, Canning Resources has made a detailed
assessment of the worldwide market potential for
Australian uranium in the late 1990s and into the 21 st
century.

The Rio Tinto Group is the world's largest mining
enterprise. The Group was formed in December 1995,
when CRA Limited and The RTZ Corporation PLC
formed a AS26.7 billion group under a Dual Listed
Companies structure. A global restructure followed
shortly after along with a group name change to Rio
Tinto. Each company retains its stock exchange listing
and share register in its own country.

The Group includes wholly and partly owned
companies, with interest in copper, iron ore, coal,
titanium dioxide feedstock, aluminium, gold, diamonds,
salt and other minerals. Rio Tinto's world-wide
operations comprise exploration, mining, mineral
processing, research and development, and marketing
activities.

The diverse range of mines and processing facilities
controlled by the Group are world-class and generally
low-cost. At the present rate of production, the
company's ore reserves are sufficient to support existing
operations well into the next century.

A sustained programme of exploration and research and
development is also securing future growth. In addition
to uranium, the company has made significant new
discoveries of coal, heavy minerals and gold, ensuring
that Rio Tinto will add new operations to its portfolio in
the next decade and beyond.

2. RIO TINTO AND URANIUM

Rio Tinto has had extensive experience in the uranium
industry, having been involved in uranium exploration,
mining and rehabilitation almost continuously since
1952. hi that year, the company Rio Tinto, was
appointed/commissioned by the Federal Government to
manage the Rum Jungle mine in the Northern Territory.

However, Rio Tinto's main involvement with uranium
in Australia has been through Mary Kathleen Uranium
Ltd (MKU). In 1955, Rio Tinto (later to merge with
Consolidated Zinc to form CRA) decided to bring into
production the Mary Kathleen uranium deposits,
discovered just a year earlier in Queensland. In 1956,
the UK Atomic Energy Authority contracted to purchase
4,080 tonnes of uranium concentrate, and in June 1958
only 27 months later a uranium mine was brought into
production and a complete town was constructed near
the site.
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Production continued until 1963, when the contracts
were fulfilled, and the operations were then placed on a
care and maintenance programme. However, the search
for new markets continued and in the early 1970s new
contracts were obtained. Production of concentrates was
recommenced in 1976.

MKU's contracts in the 1970's and 1980's included
deliveries to power utilities in Japan, the United States
and Europe. By 1982, with contracted tonnages
produced and reserves diminished to uneconomic levels,
operations ceased at the Mary Kathleen mine. By the
end of the mine's second life, 8,800 tonnes of U3O8 had
been produced.

MKU has successfully rehabilitated the Mary Kathleen
operations to the highest environmental standards, at a
cost of about $19 million. The rehabilitation of the Mary
Kathleen Uranium Mine was awarded the 1988
Engineering Excellence Award by the histitution of
Engineers, Australia.

Since the mid 1970s, uranium has remained one of the
target commodities in Rio Tinto's exploration
programme and it is this approach that led to the
delineation of the Kintyre deposit and the identification
of the uranium potential of the Rudall region.

The development of the proposed Kintyre uranium
project by Canning Resources will further extend Rio
Tinto's impressive record in uranium and add
significantly to the wealth of Australia.

3. PROJECT DESCRIPTION

3.1 Introduction

Canning Resources has completed a pre-feasibility study
into the proposed development of the Kintyre uranium
resource in the North West of Western Australia. The
discovery of this world-class uranium resource came
after surface investigation of a number of radiometric
anomalies detected during airborne surveys of Rio Tinto
leases in the Rudall region. Despite the deposits having
a very small surface expression, ground surveys and
drilling confirmed the presence of a significant ore body
at Kintyre.

With an area of about 15,000 square kilometres, Rudall
River National Park is the largest national park in
Western Australia, and the second largest in Australia.

3.2 Location

The Kintyre uranium Project lies on the edge of the
Great Sandy Desert in the Eastern Pilbara region of
Western Australia, about 1,200 kilometres NNE of
Perth, {see figure 1).

The Kintyre Project area of 6 sq km is adjacent to the
northern boundary of the Rudall River National Park,
which was designated in 1977 to preserve and
demonstrate an arid desert dry river eco-system.

4. ESTIMATED ORE RESOURCE

A resource of 36,OOOt of U3O8 has been estimated in
the immediate Kinryre area. This includes the Kinryre,
Whale, and Pioneer ore deposits.

Drilling has identified an indicated resource of 24,000t
of U3O8 and more than 11,000 tonnes of inferred
resources at a 0.5kg/t U3O8 cut off grade. Drilling has
begun to upgrade these resources and prove up
additional reserves.

The potential value of the associated bismuth, gold,
platinum and palladium mineralisation has yet to be
assessed.

5. THE KINTYRE ADVANCEMENT
PROGRAMME (KAP)

In anticipation of a change to the Federal Government,
preparatory work commenced in September 1995 to
revisit the project. In May 1996, approval was given to
progress the project to a full feasibility status, sufficient
to seek Board approval to proceed to the production
stage. This study is now underway and includes :-

A review of the technical parameters and the
completion a full engineering study and
financial analysis.
Environmental approval from both State and
Federal Governments.
Accommodation with Aboriginal Traditional
Owners and neighbouring communities, and
Indications from potential customers for the
purchase of the product.

5.1 Technical Issues

5.1.1 The Resource

The primary mineralisation at Kintyre does not outcrop
and the mineral occurs in discrete veins, with minimal
dissemination through the host rock, {see figure 2).
Both of these factors make accurate definition of the
resource, based on drilling data, difficult. In order to
obtain more detailed information on the mineralisation,
closer spaced drilling and an underground excavation
were undertaken. The latter included a small shaft, a
drive and a crosscut to intersect the ore body. The
objectives of this exercise were to>

see the mineralisation and assess its nature and
continuity.
establish the control on vein locations and
density.
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investigate grade control procedures and
amenability to selective mining.
compare grade estimates from drill holes and
bulk grades.
provide data on close spaced grade variability to
develop variograms for grade predictions.
compare radiometric measurements with
chemical assays.
provide a bulk sample for metallurgical
purposes.

A comprehensive programme of sampling the mined
sections, channel sampling and sub-horizontal drilling
was completed in the excavation. The walls were
logged and photographed.

The data gained has resulted in a geological model
which varies from the original and has assisted in
gaining a more accurate picture of the mineralisation.
This model has been tested with the previous drill data
to better define the complex geology and has highlighted
that extra data is necessary to more accurately plan an
efficient mining strategy.

Geochemical and geophysical data are being studied to
define the parameters that could lead to better selection
targets in existing resources and other potential sites, to
improve the quality and quantity of the resource in the
immediate vicinity of Kintyre. The study has indicated
that part of the ore body may be more economically
recovered by underground mining methods.

5.1.2 Process

Whilst the vein type mineralisation at Kintyre is difficult
to quantify with traditional exploration methods, this
property provides opportunities to simplify the
processing stage. The difference between a vein type
deposit and a more common disseminated type is
demonstrated in, figure 3. When a disseminated ore is
broken down into smaller pieces, the pieces vary only
marginally in Uranium content from each other and from
the original ore. However, in the case of a vein type
deposit, many barren pieces are produced and the
Uranium is concentrated in a smaller volume of ore. By
using the natural properties of the Uranium mineral
which differ from the host rock, these Uranium rich
pieces can be separated to produce an upgraded
product.

The properties used to sequentially upgrade the ore at
Kintyre are its radioactivity and relatively high density.
The processes used to achieve this are radiometric
sorting and gravimetric separation. A simplified flow of
ore using these techniques are shown in (figure 4). The
figure also shows how the ore can be sequentially
upgraded prior to it entering the hydro-metallurgical
section of the process, with minimal loss in contained
metal. Significant savings in capital costs from a small,

compact plant with reduced reagent consumption and
the minimisation of the volume of a waste product (solid
tailings) are also major gains.

The bulk sample produced from the trial excavation was
the subject of a series a pilot scale trials:-

1. Crushing and screening,
2. Ore Sorting,
3. Heavy Media Separation, and
4. Hydro-metallurgical process.

The first three of these trials were conducted at site,
whilst the wet processing pilot scale testing was
conducted at the Australian Nuclear Scientific
Organisation's facility at Lucas Heights. The trials
confirmed our expectations from previous work and our
preferred flow-sheet.

The radiometric sorter and heavy media separation
(HMS) trials confirmed the earlier test results. Typical
results from these trials are shown in figures 5&6.
Other information from the tests enabled the project
team to develop models to assess the economic benefit
of the pre-concentration phase and establish a design
envelope of optimum feed grades to the hydro-
metallurgical process. Optimum feed grades to the
Hydro-metallurgical plant were developed at various
production rates as shown in figure 7. Design data such
as process flows, rheology and reagent addition rates
were also established.

Also of major importance was the successful application
of the selective precipitation step which will allow the
project team to proceed with flow-sheet design which
may permit the exclusion of the solvent extraction step.

The preferred flow-sheet for the processing of the
Kintyre ore shown in figure 8 was successfully trialled.

5.1.3 Environmental

The environmental approval process was triggered in
June 1996, with the application to the Federal and State
governments for project designation. As expected the
highest level of assessment for a resource project, an
Environmental Review and Management Programme
(ERMP) with the State and an Environmental Impact
Statement (EIS) in Federal arena, was required.
Guidelines for these submissions have been approved at
both levels.

The major issues to be addressed are the disposal of
solid and liquid wastes, Occupational Health and Safety
and site rehabilitation.

Data for the completion of the submissions has been
gathered since the early exploration. Further analysis
and testing during the hydro-metallurgical pilot plant
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has provided further data on waste disposal options and
radiometric criteria. The finalisation of mining strategy
and process design will allow the draft documents to be
completed early next year. A further period of 9-12
months is expected before final approval from both
governments is obtaine

5.1.4 Native Title

Negotiations are continuing with a team representing the
three Aboriginal claimant groups. These discussions are
being conducted in a friendly and cooperative
atmosphere. Overall relationships with the Aboriginal
people remain cordial.

A Social Impact Study initiated by Canning Resources
is being carried out.

5.1.5 Market

Under the restructural global group. CRPL reports to
the Rio Tinto Energy Group, along with Rossing
Uranium Limited (RUL) and Rio Tinto Mineral
Services Limited (Minserve). This arrangement will

provide stronger market support through Minserve's
expertise in marketing the product. The development of
the Kintyre project has the potential to offer Rio Tinto's
customers a more diverse and reliable supply from a
broader base in two separate countries.

6. CONCLUSIONS

The Kintyre Uranium project has an opportunity to
achieve production status by the turn of the century,
some fifteen years after its discovery. The removal of
the Three Mine Policy has given renewed hope to it's
revival.

The Kintyre Advancement Programme has confirmed a
number of favourable aspects of this project, particularly
the processing stage, which ensures that the project can
be developed using a low cost, compact and flexible
plant.

Nevertheless the most significant factor affecting the
future of this project and, many other potential projects,
is the current product price. This price is insufficient to
justify the necessary investment to bring this project to
production.
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J/-^ Onning Resources Ply. Limited

Map Showing Location of the Kintyre Deposit

Figure

J/-^ Canning Resources Pty. Limited

Cross-Section of the Kintyre Deposit
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'~ Canning Retource* Pty. Limited

Upgrade of Hydro-Metallurgical Plant Feed
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Annual production at a fixed feed rate at various fees grades:
18kg/t = 1500tpa(3.2Mlbs)
27kg/t = 2200tpa(5.0Mlbs) Figure 4
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Predicted Performance Curve for Radiometric Sorter
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Optimum Hydro-Metallurgical Plant Feed Grade
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Plans for Uranium Mining by COGEMA

FRANCOIS BAUTIN, General Manager, Operations, COGEMA Australia Pty Ltd
COLIN HALLENSTEIN, Exploration Manager, AFmeco Mining and Exploration Pty Ltd

GPO Box 2142 Darwin NT 0801

SUMMARY The COGEMA group is currently evaluating three uranium deposits, Koongarra in the NT and
Manyingee and Oobagooma in WA, with regard to their development potential. The Koongarra deposit, with
some 14,000 tonnes of contained U3O8, is the most advanced, as detailed mining plans and an EIS had been
prepared by previous holders of the deposit. An agreement with the Aboriginal Land Owners of the area had also
been negotiated with the Northern Land Council, but had not been ratified by the then Commonwealth
Government. The sandstone-hosted deposits at Manyingee and Oobagooma contain resources of about 7000
tonne and 10,000 tonne of U3O8 respectively. It is possible that the deposits are amenable to in situ leaching
techniques, and this - together with a determination of possible additional field investigations - is being
evaluated. COGEMA, through its subsidiary AFmeco Mining and EXploration Pty Ltd, is furthermore
embarking upon a sizeable exploration program in West Arnhem Land, NT. The exploration interests include
geological units which are considered to be prospective for world-class uranium deposits.

1. INTRODUCTION

The COGEMA Group has had a presence in
Australia since 1972, with a prime objective of
discovering and developing uranium deposits.
Efforts in the early years resulted in the discovery of
the Oobagooma deposit in WA in 1981, but uranium
exploration thereafter went into hiatus until the early
1990s, when the Group farmed into tenements in
West Arnhem Land, NT (Figure 1).
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Figure 1. COGEMA group interests in Australia

COGEMA has furthermore acquired, as a result of
international transactions in 1993 and 1995, the
Koongarra deposit in the NT (previously owned by
Denison) and the Manyingee deposit in WA
(previously owned by Total) (Figure 1).

The Group's uranium activities are now conducted
out of an office in Darwin. COGEMA, through its
Perth-based subsidiary Mines and Resources
Australia Pty Ltd also explores for gold in WA and
Victoria. The Group has discovered two gold
deposits in WA: Baxter (1991) and White Foil
(1996). The administrative head quarters of
COGEMA Australia Pty Ltd is in Sydney.

2. KOONGARRA

History
Since its discovery by Noranda in 1970 in the
Alligator Rivers Region of the Northern Territory,
the Koongarra deposit has been the object of
numerous projects, studies and agreements. From
1970 to 1978, the mine development was studied by
Noranda. This was also the period of the Alligator
River Study, the Ranger Uranium Environment
Inquiries and the establishment of both Kakadu
National Park and the Aboriginal Land Rights (NT)
Act. The mine site area became then Aboriginal
Land but was not included in the Park. From 1978 to
1981 an Environmental Impact Statement was
submitted and approved. In 1980 Denison bought the
deposit from Noranda and proposed shortly after an
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optimised project that was also approved. An
agreement with the Northern Land Council was
negotiated between 1981 and 1991. It was then
forwarded for ratification to the Minister for
Aboriginal Affairs but the Federal Government
declined its approval. Several requests from
Denison, the NLC and the Traditional Owners to
obtain consent were denied. Later on Denison
reoriented its assets and COGEMA acquired the full
ownership of the project in two steps in 1993 and
1995.

Geology and Reserves
The deposit is located 35 km south of Ranger and 15
km east of the sealed road from Jabiru to Cooinda.

The orebody was evaluated from the results of the
initial drilling at the time of the discovery. No
additional drilling has since been carried out. The
recoverable reserves are estimated to contain 14000
tonne of uranium oxide in ore at an average grade of
0.8% uranium oxide.

The uranium mineralisation occurs in Cahill
Formation metamorphic rocks in the hanging wall of
a reverse faulted contact with the sandstone of the
Kombolgie Formation (Figure 2). The orebody has
the shape of an elongated wedge 450m long
and approximately 100m deep. Substantial
accumulations at the top of the unweathered zone
reach a width of 30m.

secondary
mineralisation

\\V KOONJGARRA REVERSE
\\ \ FAULT 2ONE

KOMBOLGIE FORMATION \ \ \ I K
ISANDSTONE! v \ \ \

Q , , , , 5|0

Figure 2. Schematic geological section of the
Koongarra orebody

A second orebody was identified deeper but along
the same reverse fault in which the main deposit lies.
Though poorly explored this orebody has been
evaluated to contain 1900 tonne of uranium.

The Project as Approved
The Project as presented by Denison in 1983 (Figure
3) consisted of:

• an open pit mine of about 5,000,000 bcm of
which 2,000,000 bcm can be extracted by
ripping and scrapping. Mining would be
completed in about two years.

• a processing plant utilising a conventional
treatment system: milling, leaching,
liquid/solid separation in a CCD circuit,
concentration and purification by solvent
extraction, precipitation washing, calcining
and packaging of concentrate,

• a tailings disposal system where after
neutralisation the tailings are stored in
especially dug pits in impervious weathered
schist,

• a water management system based on a no-
release objective. Ponds are designed to
contain and evaporate all waters coming from
the project areas: process water, ore and
waste stockpiles run off, and plant area run
off.

• a power station and all necessary support
facilities.

It was planned that the personnel would be bus-in
and out between Darwin and the Site. The existing
air strip and the access road would be upgraded.

The decommissioning work involved progressive
rehabilitation of each part as soon as achievable:

• the mine pit was planned to be backfilled to
surface with waste material and revegetated
just after mining was completed.

• the two tailings disposal pits were to be
capped with an appropriate cover including
an impermeable barrier, erosion protection
and top soil for revegetation.

• all other areas would be rehabilitated at the
end of the site activity.

Perspectives
Since Denison withdrew from the Koongarra Project,
no work has been done in the field. COGEMA
decided in 1996 to reassess the feasibility of all
aspects of the project. This study is currently being
undertaken in Darwin by the Koongarra Project
Team and its consultants. The results will enable
decisions as to whether development approvals will
be sought. Obviously the new study will review the
design taking into account the current best practices
and regulations.
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KOONGARRA PROJECT

Figure 3. Diagram of the Koongarra Project

The status of the site has not changed for a long
time. Only a core shed remains of the facilities
installed at the time of exploration. On the legal
side, almost all agreements, licences and
authorizations had been prepared but not finalized.
It is also an objective of the current work.

3. MANYINGEE

History
Subsurface anomalous uranium was first discovered
by Total Mining Australia Pty Ltd in 1974 in the
northern part of the Carnarvon Basin. It followed an
intense regional study. The area was drilled until
1984 but only the Manyingee site proved to bear
significant mineralisation. After two pumping tests
confirming the suitability of solution mining, it was
decided to test the in-situ leaching method already
utilized in Texas and Wyoming for similar types of
deposit In support of the application to perform the
test, an extensive Notice of Intent almost at the
standards of an EIS, was submitted to the WA
Department of Mines. The five-spot in-situ leaching
test was carried out in 1985 for 5 months. The design
of the test involved 1 pumping well, 4 injection wells
and several monitoring wells, injection of oxygen,
hydrogen peroxide and sodium hypochlorite as
oxidants and carbon dioxide as a dissolving agent. A
high level of safety was set up for the completion of
the wells and the test and as a consequence no
failure, leakage or excursion of chemicals occurred.
About 470 kg of uranium concentrate were
produced. The test gave indications on the dynamics

of the uranium oxidation and dissolution but because
of permeability heterogeneity at the test location the
results were disappointing. It was suggested that
better results could be achieved with a more
elaborated well pattern and other oxidants.
However, the uranium market situation of this period
prevailed and triggered the suspension of the studies
and tests.
In 1993 COGEMA became the major shareholder of
the project when it acquired Total's uranium assets.

Geology and Reserves
Uranium mineralisation, as uraninite and coffinite,
occurs as palaeochannel deposits in the lower
members - the Yarraloola Conglomerate and the
Birdrong Sandstone - of a Cretaceous fluvial to
marine sedimentary sequence. The lower members
are overlain by the marine Muderong Shale.
Uranium is associated with originally reduced
sediments which have been oxidised by ground
waters percolating through the confined aquifer
below the Muderong Shale. The mineralisation
generally conforms to the shape of a variable, but
mostly continuous, subhorizontal upper limb of a
classic roll front deposit. Lithological changes,
chemical variations, the presence of pyrite and
organic matter, and palaeochannel morphology
control its distribution. The average grade is about
0.12% uranium oxide.

Potentially economic uranium is present in two
connected lenses termed Manyingee 1 and
Manyingee 2 (Figure 4). Manyingee 1 mineralisation
is present at depths of 70 to 100 m within the lower
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Birdrong Sandstone and the upper Yarraloola
Conglomerate. Manyingee 2 is smaller and with
mineralisation at depths of 45 to 95 m in the lower
Birdrong Sandstone-Yarraloola Conglomerate
contact.

Total resources are evaluated at about 7000 tonne of
uranium oxide. However, depending on the
constraints related to the in-situ leaching method,
such as cut-off grade and intersection length, the
recoverable resource might be in the order of 5000
tonne of uranium oxide.
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Figure 4. Geology of the Manyingee uranium deposit

Perspectives
Since the mid 1980s, the technique of ISL has
improved and more experience has been gained with
the development of operations in Wyoming and
Texas. COGEMA is currently the operator of several
ISL mines in Wyoming. The Manyingee deposit is
consequently being reexamined in the light of this
new knowledge. The previous results are the basis of
the new assessment and there are as yet no proposals
for new tests or field studies.

4. OOBAGOOMA

History
From 1978 to 1983 an exploration programme for
sandstone uranium was conducted by COGEMA's
subsidiary AFMECO along the northern margin of
the Canning Basin. Exploration involved
interpretation of Landsat imagery and subsurface
petroleum exploration data, airborne magnetic and
radiometric surveys, gravity and hydrological studies
as well as extensive drilling and down hole
geophysical surveys. Reverse circulation air core
and diamond drilling totaled 57 000 m. Maximum

drill depth was 250 to 300 m. As a result, five major
palaeodrainage systems were located, but only the
Yampi Embayment, was found to contain interesting
mineralisation.

The in-situ leaching method was studied and a
pumping test confirmed that the permeability is
suitable. The economic context for uranium at this
time did not encourage further investment and the
project was put on hold.

Geology and Reserves
The uranium mineralisation occurs in Lower
Cretaceous deltaic sediments - the Yampi Sandstone.
The sediments were deposited in the Yampi
Embayment, a northwesterly oriented, fault
controlled graben approximately 55 by 40 km in
area, and flanked on three sides and underlain by
Precambrian metamorphic basement (Figure 5). The
thickness of the sediments is 60 to 150 m.
Mineralisation is hosted by a sandstone and siltstone
unit which is rich in organic matter and pyrite and
which is from 48 to 85 m below the surface.

There are two specific mineralised horizons: an
upper of I to 5 m thickness and a lower which is 1 to
6 m thick. They are separated by about 20 m of
barren to poorly mineralised material. The upper
horizon is less continuous than the lower due to
surface oxidation, but exhibits classic roll front
configurations. Mineralisation occurs as a number
of interconnected lenses, and appears to be
controlled by a combination of sedimentological,
structural and redox factors.

HMN DISTRIBUTARY
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Figure 5. Geology of the Oobagooma uranium
deposit
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Total geological resources have been estimated at
10 000 tonne contained uranium oxide at an average
grade of 0.12%. However, depending on the cut off
grade and the accumulation constraints for ISL, the
recoverable resource may vary from 3000 to 7000
tonne of uranium oxide.

Perspectives
Again for this project, the existing data are being
reexamined to evaluate possible new field
investigations and opportunities for development.
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Figure 6. COGEMA group exploration interests in
West Arnhem Land

5. URANIUM EXPLORATION

The COGEMA group, through its subsidiary
AFmeco Mining and Exploration Pty Ltd, resumed
active exploration for uranium in 1991, when it
commenced farming into the Queensland Mines Pty
Ltd exploration tenements in West Arnhem Land.
Cogema now has interests in exploration tenements
and applications totaling about 10,000 square km in
Arnhem Land (Figure 6), of which some 2,000
square km have been granted to date. All this area is
subject to the provisions of the Aboriginal Land
Rights (Northern Territory) Act, and negotiations
with the Northern Land Council for new Exploration
Agreements under the Act are on-going.

The geological basement of the exploration areas
includes the Cahill Formation and its
metamorphosed equivalents, which host all of the
known uranium deposits in the region (Ranger,
Jabiluka, Nabarlek and Koongarra). It is hence
considered to be highly prospective ground for
uranium exploration, with good possibilities for the
discovery of new world-class uranium deposits.

6. CONCLUSIONS

The COGEMA group has over recent years
intensified its uranium-related activity in Australia.
The Koongarra deposit in the Northern Territory is
the focus of current appraisals which will enable
decisions as to whether development approvals will
be sought. The smaller sandstone-hosted deposits of
Manyingee and Oobagooma in Western Australia are
also being evaluated with regard to possible
additional field investigations and development
opportunities. A grass-roots exploration program is
being initiated in West Arnhem Land, Northern
Territory, with the aim of discovering new world-
class uranium deposits. This confirms COGEMA's
confidence in the development of uranium mining in
Australia, which possesses about 30% of the world's
low-cost uranium reserves.
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The Honeymoon Project
Australia's First In Situ Leach Uranium Project

M C ACKLAND, President and CEO, Southern Cross Resources Inc.
PO Box 1513 Toowong Queensland 4066

SUMMARY The Honeymoon uranium deposit is one of several roll front uranium deposits in South Australia. It
was discovered in 1971, the project developed in the 1970's, and was ready for demonstration of the hi Situ Leaching
(ISL) production techniques by January 1983, when the project was stopped, despite it having met the environmental
approvals to proceed, for political reasons; the ALP's "three mines policy". From 1983 until March 1996 the project was
mothballed.

hi late 19% Southern Cross Resources Inc. (SCRI) reached agreement with M M to purchase its uranium interests in
Honeymoon, Goulds Dam and EL 2310 whilst simultaneously acquiring Sedimentary Holdings NL's interests in EL
2310. By April 1997 these interests were consolidated in SCRI's wholly owned subsidiary, Southern Cross Resources
Australia Pty Ltd which is the operating company. Activities are presently underway to rehabilitate the existing treatment
plant and continue the program that was outlined in the approved 1981 Honeymoon Environmental Impact Statement.

The program involves the development of Australia's first In Situ Leaching (ISL) mining project.

1 INTRODUCTION

The Honeymoon uranium deposit is situated some 80
kilometers NW of Broken Hill in the Frame
Embayment area. The resource identified consists of
the Honeymoon deposit and its contiguous extension,
Honeymoon extended and East Kalkaroo which
occurs in EL 2310. The size of the resource is
tabulated in Table 1. Included in this table is the
Gould's Dam deposit that is situated 75 kilometers to
the north west of Honeymoon.

The orebody is located in the convex margin of a
major bend in the Yarramba Paleochannel and is

situated within coarse grained basal the overlaying
clay and paleo valley slope at a depth of about 110
meters. The Yarramba Paleochannel is comprised of
three sub-horizontal permeable sand layers, the
upper, middle and basal aquifers. These are separated
by clay layers, with the uranium mineralisation
occurring mainly in the basal sand unit. The aquifers
contain water of distinctly different composition. The
upper aquifer has some potential for stock watering
but the middle and basal aquifers are unacceptable for
stock due to the high sulphate, chloride and radium
content.

DEPOSITOR
PROSPECT

Honeymoon
(resources est ISL)
Honeymoon
Extension
(resource est ISL)
East Kalkaroo
(resource est ISL)
Goulds Dam

Yarramba
Prospect
Total
Recoverable

RESOURCE
CATEGORY

Measured

Measured

Indicated

Inferred

Not Determined

TONNES OF

u,o,
3400

300

900

2300

6900

MILLIONS
OF LBS

7.5

0.6

2.0

5.1

•

15.2

GRADE %

u,o,
0.157

0.14

0.14

0.14

•

Table 1. Uranium Resources - Honeymoon and Gould's Dam
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2 HISTORY OF THE PROJECT

Exploration for Tertiary sandstone uranium in the
Southern Lake Frome Embayment commenced in
the late 1960's by Carpentaria Exploration P/L,
E.A.Rudd Pty Ltd., and Sedimentary Uranium N.L.
In the early 1970's, Mines Administration P/L and
Teton Exploration Drilling company did likewise.
The exploration philosophy of these groups followed
that successfully employed in the Tertiary basins of
Wyoming in North America.

Figure 1. Locality Plan

Regional assessment identified potentially
favourable buried fluviate sands adjacent to uranium
enriched source rocks. The genetic model assumed
leaching from permeable sands, transport down the
hydrological gradient and deposition at a reduction
oxidation interface.

Exploration methods employed open hole rotary
drilling and wireline geophysical logging as a
reconnaissance exploration method. Other methods,
such as surface resistivity and gravity surveys were
also used to locate and map tertiary palaeochannels.

In 1970, Sedimentary discovered the East Kalkaroo
deposit and the Yarramba deposit. By November

1972 the Minad Teton JV had discovered
Honeymoon and by 1973 the Goulds Dam deposit
had been identified. Because of the size, grade and
configuration of the Honeymoon deposit, it was
decided that the key to the development of these
deposits was the successful demonstration of the in-
situ leaching technique to recover uranium oxide.

From hereon the project went through a number of
stages as data was acquired, the orebody delineated
and feasibility studies concluded. The project was
now run by a Joint Venture consisting of two major
Australian companies and a small North American
exploration group, and it would be fair to say at the
time progress was slow due to problems associated
with one of the partners financial situation. Such
delays that this situation caused later became quite
important in the project missing the window of
opportunity to commence operations.

Key events were as below:

May 1975 Drilling indicates 2220 tonnes of
U3O8 @ 0.2 % grade.

June 1979 Estimates upgraded to 3400 tonnes
U3O8

July 1979 Second series of Push Pull tests.
Meetings with FIRB. Descision to
proceed.

Jan 1980 J V Partners agree on parameters
for demonstration plant

May 1981 EIS approval by State and Federal
Governments

Nov 1981 Commitment to
demonstration plant

construct

Nov 1982 S.A. State elections- change of
Government

Mar 1983 Federal Govt Elections. A.L.P.
Three mine policy comes into
effect. S.A. Government refuses
to grant a production license.

In the period from 1983 until 1996 the Australian
Labour Party remained in power in Australia and the
uranium industry remained in the doldrums. With
the change in government in March 1996 and the
abandonment of the " three mines policy" companies
were again prepared to dust off the old files and to
look at what was happening in the world of uranium.

In May 1996 Sedimentary Holdings N.L., now a
gold mining company commissioned a study into the
significance of its uranium interests in EL 2310. The
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study concluded that whilst 1SL treatment of the
uranium at East Kalkaroo was feasible, there was a
strong case for amalgamating the uranium interests
in the area. Accordingly a strategy was implemented
resulting in the consolidation of the Honeymoon,
Gould's Dam and Tertiary uranium in EL 2310
under the ownership of Southern Cross Resources
Australia P/L which is wholly owned by Southern
Cross Resources Inc. Sedimentary Holdings N.L.
owns some 35% of Southern Cross Resources Inc.

Southern Cross Resources took possession of the
properties from MIM on 15 May 1997.

3 DEVELOPMENT PLANS

The present plans for the development of the
Honeymoon Property are similar to those that were
outlined in the EIS that was approved back in 1981,
utilising the plant, albeit rehabilitated that was built
inl982.

It is anticipated that the development will proceed in
three stages.

• Refurbishment of the Existing Facilities
• A Demonstration Phase
• Commercial Operation

Refurbishment of the existing facilities has
commenced, with the appointment of Ausenco
Limited as engineers for the plant refurbishment
program. The initial site assessment has been
completed with the plant being considered to be in
remarkably good condition for its age. Whilst there
has been some wear and tear as a result of the efflux
of time, the major effort required to bring the plant
up to operational standard is the reinstallation of
those items of equipment that were removed as part
of the mothballing process, namely the camp and
accommodation buildings, the water supply, the
power supply and the other services, along with the
miscellaneous equipment and transport.

It is anticipated that the plant refurbishment will be
sufficiently advanced to commence commissioning
the plant for the demonstration phase in December
1997.

The demonstration phase of the program involves
running the plant at a rate of 25 litres per second for
a period of approximately 18 months during which
time operators and Southern Cross Resources
technical staff will develop an understanding and an
appreciation of the subtleties of ISL operations.
During this period a revised EIS will be submitted to
the State and Federal Authorities to cover the
operations as they develop both at Goulds Dam,
Honeymoon and EL 2310. The exact duration of the

demonstration phase will to some extent be
dependent upon what is found to be of significance
in terms of well field management and the rate of
extraction of uranium.

The commercial operation of the plant will follow a
plant expansion to lift production to approximately
100 litres per second (equivalent to 460 tonnes
U3O8 per annum) or higher depending upon the
results of the demonstration phase and markets. It is
anticipated that the commercial process plant will be
an extension of the existing demonstration plant but
incorporating some more up to date high capacity
mixer settler combinations and vacuum drying of the
yellowcake product.

4 THE PRODUCTION SYSTEM

The production system to be employed at
Honeymoon is the use of solution mining that has
come to be known generally in the uranium
production industry as in situ leaching (ISL). This
technique was developed in the United States and
now accounts for around 95% of all United States
uranium production.

To be amenable to solution mining a uranium
deposit must have the following characteristics:

• The ore must occur as a near horizontal body
in porous, permeable, undisturbed strata,
usually sandstone, confined above and below
by impermeable strata.

• The ore should be located below the water
table, usually in an acquifer.

• The mineral should be in a form that is
readily leached

Basically the technique involves the recirculation of
treated ground water through the uranium bearing
sandstone formation, to oxidise and solubilise the
uranium which is pumped to the extraction plant
where the uranium is removed from the leach
solution by solvent extraction. The stripped solution
is recharged with oxidant and recirculated back to
the ore body. In this case the oxidant is an acid
ferrous/ferric sulphate solution that will have a ph of
2.8 to 3.0, or in layman's terms will have the same
acidity as a good red wine or Coca-Cola!

In the solvent extraction section the uranium is
concentrated in an organic phase from where it is
stripped to a final aqueous phase from which it is
precipitated with a combination of Sodium
carbonate and hydrogen peroxide and uranyl
peroxide. This product is dried and shipped as a
traditional yellow cake product to the customer
conversion facility. A diagrammatic flowsheet of
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the in situ leaching system is shown as Figure 2 and
a general flowsheet of the extraction plant is shown
as Figure 3.

The extraction technology used is highly
conventional and there is little process risk involved
in this area. The art in operating ISL projects is tied
up in the interpretation of the ore body

characteristics and the management of the well field
through the individual well life cycles. In this regard
the Honeymoon Project is different from most of the
operations in operation today as the oxidant is an
acid sulphate rather than a carbonate based oxidant.
The differences are summarised in the following
paragraph.

Figure 2. Schematic Uranium Leach and Recovery Systems
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5 HONEYMOON IN COMPARISON
WITH U.S. OPERATIONS

The Honeymoon deposit has the desirable
characteristics as indicated in Table 2 where

these are shown in comparison with similar
operating mines in the United States

USA OPERATIONS HONEYMOON
DEPOSIT DESCRIPTION

Area Size
Subsurface Depth (m)

UjO8 Reserves (t)
Average Grade U,O8 (%)

Permeability
Aquifer TDS (ppm)

Leach System
Oxidant

Pregnant Liquor U3O8

Preflush or Pretreatment
Recovery Method

Groundwater End Use

0.1-5.0
100-300

2,000-25.000
0.08-0.15

Low-moderate
500-4,000

suitable for stock and domestic purposes

Carbonate

o3
60-80

Not required
Resin - IX
As before

0.24

no
3.360
0.16

High-very high
15.000-18.000

very saline, unsuitable for stock or domestic
purposes
Sulphate

Fe2(SO4)? & O ;

150
Planned - to reduce TDS

Pilot plant is SX IX
Remains unusable

INFRASTRUCTURE
Operational Mode

Housing/Accommodation
Electricity

Airstrip
Access Roads

Water Supply (domestic/camp)

Near established towns and workforce

Not required
Local Grid

Not required
Sealed and unsealed

Portable quality acquifers

Near Broken Hill. Flyin - Flyout; semi desert
location

Transportable Camp
On-site diesel

Required
Unsealed

Treated water

Table 2. Honeymoon & USA Operations Comparison

6 ENVIRONMENTAL AND POLITICAL
ISSUES

Any new uranium operation faces a plethora of
environmental issues that must be addressed to
comply with the some twenty one South Australian
Government Acts, fifteen Commonwealth
Government Acts and four Codes of Practice.
Southern Cross recognises that it will have to
comply with these acts and at the same time
convince the general public that the 1SL technique is
essentially a very safe and environmentally benign
method of uranium production. To this end it is the
company's intention to operate in the most
transparent manner as possible consistent with good
operating practice so that interested may visit the
during normal operations to get an appreciation of
the technique.

Aboriginal land claims and the Wik decision are
another matter that must be addressed by the modern
Australian miner. Southern Cross takes the view that
negotiation rather than litigation is the way to
proceed and anticipates that these matters can be
satisfactorily resolved.

7 CONCLUSION

It is now twenty-six years since the discovery of the
Honeymoon and associated uranium deposits in the
Cumamona Province, and the project has yet to be

commercialised. Later and larger discoveries such as
Olympic Dam have been developed during a period
where the impediments to development were the
politics of the Australian uranium policy. With the
end of the cold war and the significant reductions
underway on weapons stockpiles, the completion of
the test bans and the perceived reduction in the
threat of nuclear war, there appears to be a reduction
in the opposition to nuclear power.

Superimposed on this scenario is the perception that
greenhouse gas emissions from conventional thermal
power stations are contributing to climate change,
and one feels that in some quarters the nuclear
power option will be taken to higher levels of
production in the coming century. Southern Cross
feels that the sentiment towards uranium mining has
changed in Australia, although the regulatory and
the environmental controls are tending to get tighter
rather than more relaxed.

Southern Cross is optimistic that it will be able to
negotiate the barriers that lie before all potential
uranium producers, that the demonstration stage of
the Honeymoon operation will commence operations
in January 1998 and that the project will be in
operation on a commercial basis by the millenium.
We expect that the operation has the potential to
rank in the bottom quartile of world wide uranium
production costs, and as such we welcome
discussions with potential clients.
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Update on the National Low Level Radioactive Waste
Repository Study

S. M. VEITCH, Senior Scientist - Spatial Information Modelling, National Resource
Information Centre, Bureau of Resource Sciences, Barton 2600, ACT, Australia.

SUMMARY Activity to establish a national repository for low-level and short-lived intermediate-level
radioactive waste began in the early 198()'s. From the early I99()'s computer-based geographic information
systems had developed sufficiently so that all of Australia could be quickly reviewed using digital data relevant to
site selection criteria. A three-phased approach to site selection was commenced which included an iterative
process of data collection, interpretation, and public involvement through discussion papers. All of Australia was
reviewed using national-scale data, and eight broad regions were identified and reviewed using regional-scale data.
A third phase report will be released shortly which includes details on the process for identifying the preferred
region of the eight. This region will be the focus for public involvement and for detailed study to identify a site
for the national repository.

1. INTRODUCTION

Active interest and activity in siting a national
repository for Australia's low- and short-lived
intermediate-level radioactive waste began in the
early 198()'s. A joint Commonwealth/State
Consultative Committee (C7SCC) was formed (1)
and the Australian Atomic Energy Commission
(AAEC) undertook a study (2) demonstrating that
existing information could be used for an initial
suitability assessment using the guidelines published
by the International Atomic Energy Agency (IAEA)
(3). Each vState and Territory, with the exception of
Victoria, then undertook initial screening studies
indicating that potentially suitable sites were
widespread in Australia. The Northern Territory
Government subsequently commissioned the
Australian Nuclear Science and Technology
Organisation (ANSTO) to undertake a feasibility
study (4) but later withdrew its support for further
work.

In 1992, the Minister for Primary Industries and
Energy announced that the National Resource-
Information Centre (NRIC) would conduct a new
Australia-wide siting study for a repository. The new
study would use national databases with a geographic
information system (GIS) to review site criteria
defined by the National Medical Health and Research
Council (NIIMRC) (5). A feature of (lie new study
was that it would simultaneously review the whole
country to provide a nationally objective approach.

I3y using a GIS, the assessments of suitability made
against the selection criteria could be varied to show
alternative interpretations revealing areas that
remained suitable despite changes.

2. SITE SELECTION METHOD

The new site selection method and the initial results
of its assessments were presented to the Australian
Public in a Phase 1 Discussion Paper (6). The
method and its GIS interface became known as
ASSHSS - A System for Selecting Suitable Sites
(7, 8, 9). The essential components of ASSESS
were:

• a clearly defined purpose (ie. to select a suitable
repository site);

• access to an established set of selection criteria
(NHMRC, 1993);

• a collection of appropriate geographical data to
address the issues raised by the selection criteria
and conversion of these data to a digital (GIS)
format;

• access to expert, multi-disciplinary teams who
interpreted the characteristics of the data and
assigned ratings of suitability;

• the assembly of the rated data in a GIS with a
graphical display window, point-and-click
menus and on-line information for help and
explanation;

30



• use of the system to interactively compare,
combine or rale differently, all or some of the
data, to show areas that were consistently
suitable;

• re-use of the system by including new or more
detailed information for all of Australia or for
smaller regions.

Of key importance was that a user of ASSESS could
see the result of interpreting of up to twenty
databases in less than a minute. Results were shown
with familiar geographical features such as towns,
roads, coastline, state boundaries and areas of interest
could be magnified to fill the computer screen. All
the data and information about where it came from,
how it was interpreted and its importance for the

selection criteria were immediately available in pop-
up text windows. These features supported the
assertion that the method was open and transparent
in its presentation and operation.

The Phase 1 Discussion Paper outlined the
application of this method in a three-phased site
selection process in which a progressively finer
selection 'sieve' was applied to progressively smaller
areas, ultimately identify a site for the repository.
The emphasis of Phase 1 was the national overview.
Phase 2 Ihe review of several broad regions (10), and
Phase 3, the specification of a preferred region to
select a site. Public comment was sought on this
process (11, 12) and the method was applied
Australia-wide and to the eight broad regions (Figure
1)-

| Ri«a Kalina (SA)

Bloods Range (NT)

| Everarrt (SA)

] Jackson (WA)

~ Marallnga (SA)

Mount Isa (Old)

H Olary(SA/NSW)

| Tanami(NT)

J Great Artesian Basin

;] Murray Darling Basin

Figure 1. The eight regions reviewed during Phase 2 of the study. No areas in the Murray-Darling Basin or the
Great Artesian Basin were considered because of their important water resources and agriculture.

Five of the regions were selected based entirely on
the GIS assessment whereas the others were chosen
because of: public suggestion (Maralinga and Mount
Isa), and an existing State-based repository (Jackson
- Mount Walton East). Detailed information was
compiled for each region and the GIS method was

reapplied. The results were reported to the public
(10) and several responses commented on the
suitability of specific regions (12). The third phase
was begun but was (hen deferred when a Senate
Select Committee was established to report of the
dangers of radioactive waste. The Senate
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Committee's report (13) was tabled in April 1996.
The Commonwealth Government replied and staled
its intention to continue with the repository siting
study.

A third phase report is now being prepared that
describes the method used to identify a preferred
region and the process for identifying a suitable site
within that region. The report will include a request
for public comment and on this basis work will
commence to identify a site for the national
repository.

3. REGIONAL COMPARISON

The Phase 2 report outlined the regional data
collected for each of the eight regions and how it was
assessed to show areas of relative suitability. The
Phase 1 continental assessment established the
context that all the regions could contain relatively
suitable areas and the Phase 2 report demonstrated
that the more detailed regional scale data confirmed
and refined this assessment. All of the regions
displayed potentially suitable areas but at that stage
there was no attempt made to distinguish between
the regions regarding their suitability.

In selecting a single preferred region for more
detailed assessment, it is necessary to compare the
regions with each other. Two techniques are used: a
descriptive comparison where each region is
compared in qualitative terms against the selection
criteria; and an analysis, where the size, shape and
specific location of suitable areas derived from
ASSESS is compared. Together these styles of
comparison provide a relatable description and a
supporting analysis which is capable of
discriminating between the regions to highlight a
preferred region.

4. PUBLIC INVOLVEMENT

An important part of the selection study was, and
will continue to be, the provision of status reports
presented as 'public discussion papers' (6, 10). These
reports have allowed the public and the scientific
community to comment on the progress of the study
and to recommend changes. These comments have
been collated and published as a synthesis of public
views (11, 12) so that everyone with an interest in
the study has been informed of the others' opinions.

Phase 3 of the study will encourage local
involvement and will provide a regional information
service. The process and the information systems
will continue to be open and accessible to the public
through reports and presentations.

5. PREFERRED REGION ASSESSMENT

It is expected that the assessment of a preferred
region will include a review of existing detailed
survey and exploration data. Surveys may exist for
subject areas such as water resources, geology and
mineral potential, biology, anthropology, climate
and land use. Where there is insufficient information,
specific field surveys will be required. These will use
accepted techniques and will apply any appropriate
codes of practice. Any landowner, individual or
group with a direct interest will be encouraged to
contribute to the decisions about a proposed site and
its surroundings.

6. CONCLUSION

The national low level radioactive waste repository
study has encouraged public scrutiny and its
methodology applied successfully to other land use
and site selection issues. Key elements of the study
were its use of geographic information systems with
a graphical user interface, inclusion of a wide range
of expertise and the inclusion of public comment in
the process. The system assembled and used very
large amounts of data for which access was provided
in an interactive and versatile manner. The system
enabled the detailed interrogation of all its datasets,
on-line documentation of the rationale of
interpretations and the ability to provide maps
showing the geographical distribution of suitability.
The time responsiveness, ease of access and broad
acceptance has shown its appropriateness to the site
selection task. Public comment has indicated
significant support for the site selection approach
and its method.
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Status of Rehabilitation of the Maralinga and Emu Sites

Rob Rawson, Assistant Secretary, Minerals Access and Rehabilitation Branch, Department of
Primary Industries and Energy, GPO Box 858, Canberra, ACT, 2601

Pat Davoren, Parliamentary, Projects and Planning Division, Department of Primary Industries
and Energy, GPO Box 858, Canberra, ACT, 2601

Caroline Perkins, Director, Rehabilitation and Radioactive Waste Management Section,
Minerals Access and Rehabilitation Branch,

Department of Primary Industries and Energy, GPO Box 858, Canberra, ACT, 2601

SUMMARY The $100 million rehabilitation of the former British nuclear test sites at Maralinga and Emu, South
Australia, is progressing with implementation of an option identified by a Technical Assessment Group. The Maralinga
Rehabilitation Project was agreed by the Commonwealth and South Australian Governments, and by the Maralinga
Tjarutja traditional owners. The Project, which was assisted by an ex gratia payment of £20 million by the British
Government, is the largest clean-up of a former nuclear test site, and the first to be undertaken on a commercial basis.
The work program is proceeding on time and within budget and is due to be completed in 1998/99. At Maralinga,
plutonium-contaminated soil is being removed and buried in trenches at the Taranaki, TM and Wewak sites, with the
work due to be completed at the end of 1997. After monitoring and clearance by the Australian Radiation Laboratory,
clean soil will be distributed over rehabilitated lots and trenches, and the areas revegetated. At Taranaki, 21 radioac-
tively contaminated burial pits will be stabilised using in-situ vitrification (ISV), a process which melts contaminated
soil by means of large electric currents applied through graphitic electrodes, producing a strong, leach resistant, glass
ceramic block. Construction of ISV equipment is in progress, and the vitrification of the pits due to commence in early
1998. The Emu site does not have a significant plutonium contamination hazard, and will be left without rehabilita-
tion. By the end of 1997, boundary markers will be placed around the Taranaki area at Maralinga, to indicate that the
area is suitable for transit, but not permanent habitation, by the traditional owners. Boundary markers will also be
placed around sites at Emu. Once the clean up is completed, it is intended that control of the site be returned from
Commonwealth to the South Australian Government for addition to the freehold lands of Maralinga Tjarutja.

1. INTRODUCTION

Between 1953-1963, the United Kingdom conducted a
program of nuclear warhead development trials at
Maralinga and Emu, south of the Great Victoria Desert
and north of the Nullarbor Plain in South Australia (1)
(Figure 1). Seven atomic explosions (major trials) were
carried out at Maralinga (Figure 2), and two took place
at Emu. As a result of the tests, fission products were
deposited in radioactive fallout downwind of the ground
zeros, sand was fused into 'glazing' and some radioac-
tivity was induced in the soil (2). However, the major
trials sites no longer present any significant health risk.
All the radioactivity released in the explosions was
either widely dispersed (i.e. world-wide) at the time, or
has decayed to low levels (3).

More extensive contamination was caused by the minor
trials (3). Some experiments involved the detonation of
high explosives surrounding nuclear materials to deter-

mine the susceptibility of nuclear weapons to accidental
detonation during transport and handling. The Vixen
Series of trials dispersed 24 kg of plutonium, most at
the Taranaki site, and the current rehabilitation project
is mainly directed at contamination from these experi-
ments.

In 1985, the Royal Commission into British nuclear tests
in Australia recommended that the test sites be cleaned
up to be fit for unrestricted habitation by the Aboriginal
traditional owners, and that all costs should be borne by
the British Government. To address technical matters
stemming from the Royal Commission, the Australian
Government established the Technical Assessment
Group (TAG), comprising Australian, British and US
scientists. A range of costed options for rehabilitation of
the Maralinga lands was presented in the Group's 1990
report, based on a series of scientific and engineering
studies (3).
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Figure 1. Map showing the location of
the Maralinga and Emu test sites in
South Australia.

I I TEST SITES

2. REHABILITATION PROGRAM

The TAG studies (3) showed that the residual plutonium
contamination of soil from the minor tests is the pre-
dominant contributor to potential radiation dose at the
nuclear test sites. The four sites where the potential doses
are the highest, suggesting a need for remediation, are
Taranaki, Wewak, TM100 and TM101 (Figure 2).

At Taranaki, the most highly contaminated site, about
22 kg of plutonium was explosively dispersed in plumes
extending from west through north, to north-east of the
area. A similar quantity of Uranium-235 was also dis-
persed in the trials. Plutonium contamination occurs
mainly in three forms - as fine dust, as small sub-milli-
metre particles, and as surface contamination on larger
fragments (4). In 1967, during the Operation Brumby
rehabilitation program implemented by the British, cen-
tral Taranaki was ploughed, and surface contamination
was mixed to depths of 15-25 cm (3).

Explosive dispersal of about 600g of plutonium took
place at each of the TM100 and TM101 sites, with some
500g of plutonium from TM 101 returned to the UK in
1979. There is a high concentration of plutonium-con-
taminated fragments and small friable particles close to
the firing sites.

At Wewak, two plutonium burnings involved a total of
410 g of plutonium (of which 395 g was returned to the
UK in 1959), and four explosive dispersals of a total of
about 570 g of plutonium took place at the site. Frag-
ments of metal contaminated with plutonium occur at
Wewak.

The TAG study considered the following rehabilitation
options for contaminated areas of soil (3)
• restriction of access by exclusion and/or warning

fencing
• removal and burial of contaminated soil in a spe-

cially constructed trench
• mixing soil in areas of low contamination to reduce

the average concentration of activity
• processing the contaminated soil to concentrate the

radioactivity into a smaller volume which would
then be buried and the major portion of uncontami-
nated soil returned to the site

• treating burial pits to immobilise the pit contents;
and

• exhuming burial pits and burying the exposed
debris in either a sub-trench in the specially
constructed trench referred to above, or in a
specially constructed borehole.
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In 1991, in consultation with the South Australian Gov-
ernment and the Maralinga Tjarutja traditional aborigi-
nal owners, the Commonwealth Government decided
from the options presented in the TAG study to pursue a
remedial action broadly following option 6 (c). The $100
million rehabilitation involves a program of soil removal
and burial in trenches at the Taranaki, TM100 and TM101
and Wewak sites. A number of highly plutonium-con-
taminated pits at Taranaki are to be treated by in-situ
vitrification (ISV).

TAG assessed the level at which risks became unaccept-
able, considering social, economic, and scientific fac-
tors. It was considered that the contour corresponding
to an annual committed dose of 5 mSv, based on 100%
occupancy by semi-traditional Aborigines, was the bor-
der-line between acceptability and unacceptability of risk
(3). The chosen option permits unrestricted access to
about 90% of the former restricted area, but excludes
full time occupation of the remaining 120 km2 area of
land which was contaminated with plutonium during the
Vixen B trials at Taranaki. To make the latter area suit-
able for permanent use, a much larger program of soil
removal would have had to be undertaken, involving
major environmental damage. This option was rejected
by the traditional owners. The Maralinga Tjarutja
claimed on this basis that the preferred rehabilitation
option would not allow full access to the former test
site. The Australian Government agreed to a settlement
with the traditional owners which included a payment
of $13.5 million.

Representations by the traditional owners and by the
Australian Government resulted in the British Govern-
ment making an ex-gratia settlement of £20 million in
1993. This amount was accepted as a significant contri-
bution to the cost of the clean-up project, and the Aus-
tralian Government subsequently commenced detailed
engineering and design planning for the clean-up. The
Maralinga Rehabilitation Project was authorised by the
Australian Government in mid-1995, following public
hearings by a bipartisan committee of Parliament. Fol-
lowing a tendering process, contracts were awarded -
the Project is the largest commercial clean-up of a former
nuclear test site. Due to the novelty of the Project, new
procedures and techniques had to be developed for the
work. The Australian Government established the
Maralinga Rehabilitation Technical Advisory Commit-
tee (MARTAC) to provide scientific and engineering
oversight and advice in relation to the Project. A strong
consultative network continues to be an important ele-
ment of the clean-up process, and the Project is expected
to be completed by the end of 1998, and will be subject
to final clearance by the Australian Radiation Labora-
tory. It is the intention that control of the site be re-
turned from the Commonwealth to the SA Government
for addition to the freehold lands of the Maralinga
Tjarutja.

3. MARALINGA - SOIL REMOVAL

The earthworks component of the rehabilitation, which
is being undertaken by Thiess Contractors, commenced
at Maralinga in June, 1996, and is expected to be com-
pleted by the end of 1997. 2.15 km2 of soil contaminated
with plutonium to unacceptable levels, mainly at the
Taranaki site, will be scraped and buried. The surround-
ing more lightly contaminated 120 km2 area will be sur-
rounded by boundary markers, signifying to the tradi-
tional owners that the land is not suitable for full-time
habitation.

MB JOB THIRL SITE

M l NOB T B I B l SITE

r L U M E CONTOIIIt

('•'nml

DOED

Figure 2. The Maralinga area showing major and
minor test sites and main features, including radioac-
tive plumes at Taranaki.

In 1995, prior to the commencement of the remedial
work, a construction camp was built at Maralinga Vil-
lage. In addition, decontamination facilities, health phys-
ics laboratory, change rooms, laundry and maintenance
facilities were installed at Taranaki.

The Australian Radiation Laboratory (ARL) defined the
soil removal boundaries (5) by monitoring of the sites.
Trench locations were determined after geotechnical
investigations, placed close to, but outside, the soil re-
moval boundaries.v

36



The hazard from contaminated dust has meant that modi-
fied heavy machinery must be used for the remedial
work, with operators in scrapers, graders, bulldozers,
excavators, tool carriers, water carts and recovery vehi-
cles protected within sealed and pressurised cabins (6).
The protective system supplies absolute filtered air, and
maintains a positive pressure within the cabins of 120-
200 pa. Filter paper installed in the vehicles is checked
daily for radioactivity to verify seals.

A 320,000 metre3 disposal trench was constructed at
Taranaki, of aerial dimensions 200 x 100 m, and 15 m in
depth. During the trench construction, the top soil and
spoil were put to one side, and will be used to cover the
trenches once they are filled with contaminated mate-
rial (Figure 3). Bulldozers completed the stripping work,
and the excavation was undertaken by a 100 tonne ex-
cavator feeding 4 dump trucks. Hard calcrete was blasted.

Contaminated soil marked for removal is designated the
"red area", with entry restricted to those working in the
zone. The area to be rehabilitated has been divided into
lots, each of about 3-4 Ha. Haul roads connect lots to
burial trenches. The depth of soil to be removed is de-
cided by the Project manager, WORKS Australia (now
Gutteridge, Haskins and Davey Pty Ltd) in consultation
with ARL, with cuts of 100 to 200 mm being made. Three
scrapers remove the soil, with a bulldozer moving in
behind the scraper so that the latter vehicle can get full
loads in one traverse. Sonic sensors allow the scraper
operator to load the required amount of material. To mini-
mize the potential radiological hazard of dust genera-
tion, lots are watered before and after scraping work, in
the trench, and on the haul roads. The cleared lots are
monitored by the health physics provider, CH2M Hill.

ARL gives the final clearance to indicate that the site

has been rehabilitated to the requirements. Two sets of
measurements are made (5): the first, derived from the
risks associated with the inhalation pathway, measures
the average level of americium, hence plutonium con-
tamination in the surface layer of soil. The average level
of contamination is determined by a gamma-ray detec-
tor, held at 4 m above ground level on a boom mounted
on a light OKA truck. The second measurement tech-
nique was developed to determine the presence of
paniculate contamination. The vehicle-based system uses
4 thin sodium iodide crystal (Bicron Fidler) detectors,
and is augmented by hand-held equipment.

At Taranaki, burial of plutonium-contaminated soil was
largely completed in June, 1997, with vacuuming of
rocky areas by sweeper also undertaken to ensure de-
contamination criteria are satisfied. Soil from the trench
spoil heaps has been used on the cleared lots at Taranaki,
windrows have been created with a grader, and seed has
been spread by hand for revegetation. After the trench is
filled, it will be covered with 5 m of soil taken from the
spoil heap of the trench, with top soil placed over for
revegetation. To provide a clean base for ISV work,
crushed sandstone will be placed near plutonium con-
taminated pits at Taranaki.

Soil removal works are progressing at the smaller TM
and Wewak sites. The TM trench, 124 x 84 m2, and 15
m deep, will hold 90,000 m' of contaminated soil, and
the Wewak trench, of aerial dimensions 110 x 84 m2,
and 10 m in depth, will hold 50,000 m3 of contaminated
soil. The procedure for soil removal and burial at the
locations is essentially the same as that for Taranaki,
except debris pits must also be exhumed, and the con-
tents reburied in the trenches. After clearance by ARL,
the lots and trenches will be covered with uncontami-
nated soil, and revegetated.

Existing Surface Level

Figure 3. Schematic diagram of trench for disposal of plutonium-contaminated soil at Maralinga.
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An external health physics review has recently reported
that measures for protection of the Maralinga workforce
from radiological hazards are adequate and, in most
cases, the measures being implemented are more than
adequate.

4. MARALINGA - IN-SITU VITRIFICATION (ISV)

The contents of 21 active burial pits at Taranaki will be
immobilised by ISV, which involves passing an electric
current through electrodes in the ground to melt and vit-
rify the contents of a pit. Temperatures of about 1,600 -
2,000° C are reached, and the typical process rate is 3-6
tonnes per hour, with melts up to 7 m deep and 15 m in
diameter possible (6). When electrical power is shut off,
the molten mass solidifies into a vitreous mass with ex-
cellent physical, chemical and weathering properties. The
ISV technology was selected over exhumation and
reburial at the Taranaki site because of advantages of
improved occupational, public and environmental safety,
and superior containment of radioactive materials in the
glassy product.

The Taranaki pits contain plutonium and uranium as
contamination on steel, lead and barytes bricks, and in
sand and soil (3). The large size of the structural items
buried would make excavation of the pits and removal
of plutonium contamination a challenging task. In addi-
tion, the potential hazard of breathing plutonium-con-
taminated dust is minimised if the plutonium is effec-
tively immobilised in a stable solid matrix.

A four phase ISV project was initiated in 1993, with the
third phase of the project, which involves the design and
construction of a full-scale ISV treatment plant, now in
progress. During Phase 2, a series of onsite tests and
demonstrations were conducted, including two interme-
diate-scale experiments involving radioactive material.
The MARTAC established performance criteria for the
ISV trials. Geosafe Australia Pty Ltd is conducting all
phases of the ISV project.

Three trials involved the use of an intermediate-scale
ISV machine to treat simulated burial pits at Taranaki
and produce blocks, each weighing more than four
tonnes. Items known to be present in the Taranaki pits,
such as steel and barytes bricks, were added to the test
pits to assess the ability of ISV to cope with a high load-
ing of these materials. In the first two trials, the pres-
ence of plutonium oxide was simulated by the addition
of known amounts of cerium oxide and uranium oxide
respectively. In the final trial, plutonium was included
in the melt, as would be the case of the pits at Taranaki.
After cooling, the three blocks were sampled to deter-
mine the disposition of the added plutonium and surro-
gate materials. Samples from all three melts showed that
a high degree of mixing had occurred. The Australian
Nuclear Science and Technology Organisation (ANSTO)

was engaged by DPIE to conduct an independent scien-
tific audit of the ISV trials. ANSTO concluded that plu-
tonium added to the test pit was dispersed throughout
the vitrified block (7). The durability of the vitrified/
ceramic product is sufficient to ensure that plutonium is
adequately encapsulated.

Melting operations are expected to commence onsite in
early 1998. Two hoods are being manufactured, and will
be alternately used during melting of the pits.

5. EMU

At the Emu test site, 190 km north-east of Maralinga
(Figure 1), the main contamination is plutonium in fused
soil near the two Totem ground zeros. The Kittens Lanes
minor trials site presents no radiological hazard.

In view of the very low levels of contamination at Emu,
MARTAC has recommended no major remedial works,
but only the removal of the access track leading to the
Totem ground zeros, and seeding to encourage regrowth.
In addition, boundary markers to discourage permanant
habitation will be erected about 1 km from the ground
zeros. The Maralinga Tjarutja have agreed with the ap-
proach.

5. CONCLUSIONS

The Maralinga Rehabilitation Project, developed on the
basis of rehabilitation options suggested by the TAG,
and agreed to by the Commonwealth and South Aus-
tralian Governments and by the Maralinga Tjarutja, is
proceeding on time and within its original budget. Com-
pletion is expected in 1998, subject to clearance by the
Australian Radiation Laboratory. The earthworks are cur-
rently in progress at Maralinga at the Taranaki, TM and
Wewak sites, and are scheduled to be completed by the
end of 1997. The ISV work on plutonium-contaminated
pits at Taranaki will be undertaken during 1998. By the
end of 1997, boundary markers indicating that lightly
contaminated areas are suitable for transit by the tradi-
tional owners, but not residence, will be installed. It is
the intention that control of the site be returned from the
Commonwealth to the SA Government for addition to
the freehold lands of the Maralinga Tjarutja.
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The ANSTO Waste Management Action Plan

D.M. LEVINS, Manager, Waste Management Action Plan,
Australian Nuclear Science and Technology Organisation
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SUMMARY ANSTO's Waste Management Action Plan is a five-year program which addresses legacy issues that
have arisen from the accumulation of radioactive wastes at Lucas Heights over the last forty years. Following an
extensive review of waste management practices, a detailed Action Plan was prepared involving seventeen projects in
the areas of solid wastes, liquid wastes, control of effluents and emissions, spent reactor fuel and organisational issues.
The first year of the Waste Management Action Plan has resulted in significant achievements, especially in the areas of
improved storage of solid wastes, stabilisation of uranium scrap, commissioning and operation of a scanning system for
low-level waste drums, treatment of intermediate-level liquid wastes and improvements in the methods for monitoring
of spent fuel storage facilities. The main goal of the Waste Management Action Plan is to achieve consistency, by the
year 2000, with best practice as identified in the Radioactive Waste Safety Standards and Guidelines currently under
development by the IAEA.

1 INTRODUCTION

For over forty years, radioactive wastes have been
generated by ANSTO (and its predecessor, the AAEC)
from the operation of nuclear facilities, the production
of radioisotopes for medical and industrial use, and
from various research activities. The quantities and
activities of radioactive waste currently at the Lucas
Heights Science and Technology Centre are very small
compared to many other nuclear facilities overseas,
especially those in countries with nuclear power
programs. Nevertheless, in the absence of a repository
for radioactive wastes in Australia, the waste inventory
has been growing steadily.

In July 1995, the ANSTO Board endorsed an ambitious
and far reaching policy for the management of
ANSTO's wastes. The declared policy is as follows:

ANSTO will manage its radioactive waste in a manner
that protects human health and the environment now
and in the future. In doing so, ANSTO is committed to:

• complying with all relevant legislative and
regulatory requirements, in particular,

- ensure that all discharges are within authorised
limits,

- monitor and report regularly radioactive
releases to the environment;

• ensuring that radiation exposures will be kept as low
as reasonably achievable (ALARA), economic and
social factors taken into account;

• disposing of wastes when appropriate disposal
routes are available;

• being in accord with international best practice.

A full statement of ANSTO's policy, including specific
strategies and actions is available (1).

ANSTO's Radioactive Waste Management Policy
required that:

i. a review be carried out of current waste
management practices, and

ii. an integrated waste management action plan be
prepared.

To fulfil the first requirement, a team of staff from
across ANSTO was assembled to carry out a detailed
technical review. The report of that review (1),
published in May 1996, gives details of:

• relevant legislative, regulatory and related require-
ments,

• sources and types of radioactive waste generated at
ANSTO,

• waste quantities and activities (both cumulative and
annual arisings),

• existing practices and procedures for waste
management and environmental monitoring,

• overall strategies for dealing with ANSTO's
radioactive wastes.

The report makes 24 recommendations covering solid
and liquid wastes, airborne emissions, liquid effluents,
spent reactor fuel and organisational issues.

Following completion of that review, the Waste
Management Action Plan (WMAP) was prepared for
the period 1996-2000. It deals only with "legacy" issues
that have arisen from the accumulation of radioactive
wastes at Lucas Heights or with existing facilities that
may need refurbishment or replacement. Routine waste
management operations are not considered as they are
managed within the normal business of ANSTO's
Nuclear Technology Division.
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The WMAP is a internal document which gives
information on projects, milestones, resource
requirements and budgets to implement ANSTO's
Waste Management Policy. Seventeen projects are
currently part of the WMAP which is updated annually
to take account of changed circumstances and priorities.
Estimated expenditure requirements for the five years of
the WMAP are approximately $11 million.

The implementation phase of the WMAP began in
July 1996. This paper gives an overview of radioactive
waste management at ANSTO and highlights the
achievements of the first year of the WMAP.

2 WASTE INVENTORY

Table 1 gives the approximate generation rate and
inventory of radioactive waste and spent fuel at
ANSTO. Over the past few years, ANSTO has been
successful in reducing the quantities of solid waste
produced each year.

Table 1: ANSTO's Radioactive Wastes and Spent
Fuel (as at mid 1997)

Waste Type Each Year Total Inventory

Low-level solid waste 150 drums* 5000 drums*

Intermediate-level 1.5 cubic 200 cubic
solid waste metres metres

Intermediate-level 300 litres 6500 litres

liquid waste

Spent fuel 37 elements 1630 elements

* 200 litre capacity

3 SOLID WASTES

Low-level solid wastes are generated in ANSTO
laboratories where radioisotopes are handled. They
include a variety of items such as tissues, disposable
gloves and plastic tubing. Such wastes are collected in
plastic-lined cardboard containers and then compacted
into 200 litre steel drums. Typically, this reduces the
waste volume by a factor of six.

Non-compactable solid waste includes contaminated
equipment, dried sludge from treatment of the site waste
water, mineral processing wastes and uranium and
metal scrap.

ANSTO also produces small quantities of intermediate-
level solid wastes. Examples include metal cans that
have been irradiated in the HIFAR reactor, alumina
columns used in chemical processing of radioisotopes,
and spent ion exchange resins used to purify the

reactor's cooling water. These wastes are stored below
ground in specially-designed storage pits.

3.1 Radionuclide Inventory

Before the WMAP began, little was known of the
radionuclide content of the ANSTO's solid wastes.
Wastes were historically categorised according to the
maximum dose rates on the external surface of the
drums. Because much of this waste contains short-lived
radionuclides, the dose rates have decreased
significantly over time.

Knowledge of the radionuclide content of solid wastes
is needed before disposal in a repository and will need
to be reported under the new International Convention
on the Safety of Radioactive Waste Management.

In 1996, a scanning system was purchased to measure
the activity of gamma-emitting radionuclides in
ANSTO's solid wastes. A small facility was constructed
adjacent to ANSTO's waste storage building to house a
Q2 scanning system suppled by Canberra Instruments.

Standard 200 L drums are counted inside a cabinet with
100 mm steel walls to minimise background radiation.
To minimise errors due to non-homogeneity, three
germanium detectors are used and the drums are rotated
during counting. The software system controls the
analysis time, records drum weight, corrects for dead
time and self absorption, locates peaks in the gamma
spectra and identifies radionuclides from those peaks.

A second system has also been set up to scan
intermediate-level wastes and the 5% of 200 litre drums
where the activity is too high (>0.25 mSv/h) to be
reliably measured on the Q2 system. This system
consists of a turntable for rotating non-standard
packages and a single germanium detector mounted on
rails that allow it to be accurately positioned at various
distances from the source. It is also suitable for
scanning about 300 oversized drums currently in
storage.

During December 1996, both detector systems were
received from the USA and installed at ANSTO. The Q ;

system, in particular, has performed very well and, at
time of writing, over 1,500 drums have been scanned.
Gamma rays have been identified from 55 different
radionuclides with 13 radionuclides appearing in more
than 10% of all drums. The most common nuclides are
cobalt-60 (in 94% of drums), caesium-137 (in 89%),
potassium-40 (in 41%) and uranium-238 (in 37%).

Most of the drums satisfy the criteria for Category A
waste according to the definition in the NHMRC's Code
of Practice for the Near-Surface Disposal of
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Radioactive Waste in Australia (2). Based on the
measured gamma emitters, 1.7% of the drums exceed
the limits for Category A and need to be classified as
Category B waste. This percentage will increase
somewhat when the contribution of difficult-to-measure
radionuclides (e.g. those that emit only beta particles)
are included.

3.2 Stabilisation of Uranium and Thorium Scrap

Approximately four tonnes of uranium and thorium
scrap has been generated by ANSTO over the past
35 years from the melting, casting and machining of
thermal neutron filters, reflectors, blankets and
shielding components. Finely divided uranium and
thorium are pyrophoric and, under certain conditions,
can spontaneously ignite in air or water. For this reason,
ANSTO's uranium and thorium wastes are stored under
kerosene or oil.

Stabilisation of this scrap material was given a high
priority under the WMAP. A number of options were
considered:

1. recovery by melting,
2. alloying with aluminium,
3. chemical dissolution,
4. conversion to oxide by burning,
5. conversion to oxide by controlled calcination.

Following an initial assessment, two options - chemical
dissolution and controlled calcination - were selected
for detailed evaluation in the laboratory. Both methods
were found to be feasible, however, controlled

oxidation in a rotary calciner was selected because of its
higher throughput and its ability to deal with both
uranium and thorium in the same process.

Figure 1 shows the arrangement of equipment for the
calcination process. Before calcination, kerosene is
drained from the scrap under an inert atmosphere and
the scrap is loaded into stainless steel crucibles inside a
glove box.

A single batch operation normally involves three
crucibles and up to 30 kg of scrap. The rate of oxidation
is controlled by varying the temperature and the flow
rates of air and nitrogen. A tube with predetermined
holes passes through the three crucibles to allow
nitrogen and air to be injected directly into the scrap.
Individual thermocouples monitor the temperature in
each crucible.

The furnace temperature is set at 200°C and nitrogen
gas is used to flush the kerosene vapours through the
system. After removal of the kerosene, the furnace is
reset to 500°C for uranium and 900°C for thorium. Air
(up to 250 litres per minute) is admitted to oxidise the
swarf. Once oxidation is complete, the furnace is held at
temperature for three hours to ensure complete
oxidation which has been confirmed by XRD analysis.

The performance of the rotary calcination process has
been excellent and over 2.5 tonnes of uranium scrap has
been stabilised to date. The entire inventory of scrap is
scheduled for treatment by the end of 1997.

STACK FURNACE
STACK

( A I R ) ( N ,

lOOKPa lOOKPa

BVWSS VALVE

AIR BLOWER

Figure 1: Equipment for controlled calcination of uranium and thorium scrap
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3.3 Improved Storage of Solid Waste

Building 59 Bulk Storage Facility is the main store for
solid low-level radioactive wastes at Lucas Heights. The
building was constructed in 1967 with asbestos cement
corrugated cladding over a steel frame. The cladding
had become embrittled with age and significant areas
were cracked and in danger of breaking away. Although
it was structurally sound, it was obviously in need of
upgrading.

The building was filled with pallets stacked up to five
high in a pyramid fashion. As this method of stacking
was potentially unsafe, access to the area was strictly
controlled. Installation of a shelving system was given a
priority A status under the WMAP. The average pallet
loads are 800 kg but the racking system has been
designed for 1200 kg. Seismic loads were included in
the design and certified against the Australian Standard
to ensure that the facility could also be used to store any
materials that were associated with category III
hazardous facilities.

The new system was installed in early 1997 and is now
fully operational. It has capacity for 5700 standard
drums and 1000 oversized drums.

3.4 National Waste Repository

Most of ANSTO's 5000 drums of waste solid are
suitable for disposal in a repository for low-level
wastes. The Australian Government through the
Department of Primary Industries and Energy is
currently in the process of selecting a repository for
low-level and short-lived, intermediate-level wastes.
Eight regions have been identified as having potential
for a waste repository (3) and the next stage is
nomination of one region for more detailed assessment
and selection of a specific site.

ANSTO is committed to providing technical assistance,
as required, to the national waste repository project.

4 LIQUID WASTES

Technetium-99m is the most widely used radionuclide
in modern diagnostic nuclear medicine. Devices known
as generators, which produce technetium-99m on
demand from molybdenum-99 have been marketed by
ANSTO/AAEC for more than 25 years.

At ANSTO, molybdenum-99 is produced by the fission
product route. Uranium dioxide pellets, 2% enriched in
uranium-235, are irradiated for up to seven days in
HIFAR. Following irradiation, the pellets, containing
the molybdenum-99 and other fission products, are
dissolved and the molybdenum-99 is separated by

adsorption onto alumina columns. The molybdenum-99
is removed from the columns by elution using
ammonia. Two liquid waste streams are generated from
the process; primary liquid waste (PLW) which contains
most of the uranium and unwanted fission products, and
the less radioactive secondary liquid waste (SLW) from
washing of the alumina columns. Both waste streams
contain about 0.8 M nitric acid solution and small
quantities of ammonium nitrate.

The PLW and SLW streams fall within the category of
intermediate-level liquid wastes and their handling,
transportation and storage are strictly controlled. On
average, 90 litres of PLW and 230 litres of SLW are
produced per year. There are approximately 6500 litres
of these liquid wastes stored in tanks in a shielded
facility at ANSTO.

The solidification of these wastes has been given the
highest priority under the WMAP. Special attention has
been given to elimination of the safety hazard
associated with the presence of ammonium nitrate in the
waste. The selected process is depicted in Figure 2. It
involves concentration of the waste by evaporation,
destruction of ammonium ion, partial denitration of the
nitric acid followed by crystallisation of an uranium
salt, uranyl nitrate hexahydrate. All the steps in the
process have now been tested on a non-radioactive
scale. Design and installation of equipment for full scale
plant, which will be operated inside a hot cell, are
nearing completion.

The waste will be crystallised in stainless steel vessels
which are suitable for interim storage for at least
50 years. Immobilisation of these wastes in a non-
leachable form is a longer-term goal. Two waste forms
have been considered, Synroc and cement. Laboratory-
scale quantities of Synroc and cement have been
prepared containing simulated waste. The chemical
durability of zirconolite-rich Synroc containing up to
44 wt% waste calcine is particularly good (see Table 2)
and comparable with standard Synroc.

Table 2: Leach rates of Synroc containing 44 wt%
simulated molybdenum-99 waste, measured
for seven days at 90°C in deionised water

Element Leach rate (g m2 day"')

Ba
Cs
Sr
Ti

U

0.020
0.13
0.13
0.00003
0.00009
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Figure 2: Schematic diagram of in-cell equipment for solidification of molybdenum-99 wastes

5 SPENT FUEL

ANSTO's research reactor, HIFAR, is powered by
25 fuels elements each containing 280 grams of
uranium. The fuel remains in the reactor for about nine
months after which it is removed and put into a small
pond adjacent to the reactor. The heat and radioactivity
in the spent fuel decrease rapidly.

After about one year, the fuel is transferred to another
pond and the ends of each element, which do not
contain any uranium, are cut off. The section that
contains the uranium is stored under water until the heat
has decreased sufficiently to permit dry storage. As of
mid-1997, ANSTO had 1630 spent fuel elements, most
of which are kept in dry storage in an engineered
facility or in storage flasks.

The Spent Fuel Storage Facility is an engineered in-
ground storage facility built in 1968 at Lucas Heights
for the interim (medium term) storage of 1100 spent
fuel elements pending their ultimate disposition. The
facility consists of 50 holes, 15 metres in depth, drilled
into sandstone and lined with 140 mm internal diameter
sealed stainless steel tubes. HIFAR spent fuel elements
are stored, two to a stainless steel canister and eleven
canisters in each lined tube. The top of each tube is
closed with a steel plug and rubber gasket and sealed
with IAEA safeguards seals.

There are also 175 spent fuel elements in seven
"Dounreay" storage flasks. These flasks were originally
built to transport spent fuel to the UK reprocessing
facility at Dounreay, Scotland. The flasks would no
longer meet the most modern IAEA standards for
transport flasks so there is no intention that they will be
used for that purpose.

Aspects of ANSTO's spent fuel management activities
were taken up as high priority activities under the
WMAP with two main objectives; (a) to facilitate an
eventual reduction in the on-site inventories of stored
spent fuel, and (b) to ensure that ANSTO continues to
manage its spent fuel inventory in accordance with best
practice with regular inspection and monitoring of the
storage facilities.

The spent fuel management project has three main
tasks:

• refurbishment of the Dounreay flasks to ensure their
ongoing integrity,

• regular inspections of the fuel storage facilities,

• maintenance of an overview of ANSTO spent fuel
facilities, including identification of strategies for
the ultimate disposition of spent fuel and timely
arrangements for possible overseas shipments.
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During the past year, the required lifting and pond
frame equipment were built and certified to enable the
Dounreay flasks to be refurbished. Refurbishment
involves replacement of seals and performance of leak
tests to ensure the seals are functioning. The spare
Dounreay flask was successfully refurbished,
reassembled and leak tested. This flask is now available
to accept spent fuel transfers from one of the full flasks
to permit that flask to be refurbished. It is proposed to
proceed with refurbishment at the rate of one or two
flasks per year until such time as spare storage capacity
is available to allow the flasks to be unloaded and
phased out.

As a sub-task of the WMAP, a review was undertaken
of the existing equipment and procedures for purging
the storage tubes and monitoring the tube atmospheres
in the engineered, in-ground storage facility. The
outcome of the review was that the equipment and
procedures were found to be generally adequate for the
tasks for which they were intended. However, a number
of improvements were identified to improve the
sensitivity and responsiveness of the measurements.

During the year the gasket seals on the top plug were
renewed on each of the 50 storage tubes. As part of an
overall review of past monitoring arrangements, it was
determined there was a need for additional information
on the condition of the atmosphere inside the storage
tubes. New equipment was constructed and
commissioned for regular sampling and monitoring of
the in-tube atmosphere for oxygen, moisture and
krypton-85.

The improved system was successfully applied and
identified a small number of tubes that could contain
moisture. The fuel was completely removed from the
hole with the highest humidity. Corrosion was apparent
in some elements, mainly in the aluminium cladding.
Examination of the stainless steel tube showed it to be
in good condition and fully sealed.

The conclusion from these investigations is that the
spent fuel continues to be stored in a safe and secure
manner. Further and more comprehensive monitoring of
the fuel storage facility is planned for the coming
months.

As circumstances have permitted, ANSTO has returned
spent fuel to its country of origin. Two shipments were
made to Dounreay: 150 elements in 1963 and
114 elements in 1996. Under the terms of the most
recent contract, the waste from the processing of this
fuel will be returned to Australia within 25 years.

During 1996, the United States Government announced
it would accept all spent fuel of US origin from research

reactors until 2006. As at mid-1997, ANSTO had
689 spent fuel elements of US origin. Preparations are
in hand for shipment of some of these fuel elements
back to the USA. The USA will take over ownership of
the spent fuel and no wastes will be returned to
Australia.

6. FUTURE PRIORITIES

The first year of the WMAP has resulted in significant
achievements, especially in the areas of improved
storage of solid wastes, stabilisation of uranium scrap,
commissioning and operation of a scanning system for
low-level waste drums, treatment of intermediate-level
liquid wastes and improvements in the methods for
monitoring the spent fuel storage facilities.

The most important goals for the remaining four years
are:

• Solidifying and immobilisation of ANSTO's
intermediate-level liquid wastes,

• Compiling a complete inventory of all ANSTO's
radioactive wastes,

• Designing and constructing a new facility for
treatment of the site waste water,

• Providing technical support for the establishment of
a waste repository in Australia,

• Minimising the quantities of radioactive wastes
generated and stored at Lucas Heights.

The main objective of the WMAP is to achieve
consistency, by the year 2000, with best practice as
identified in the Radioactive Waste Safety Standards
and Guidelines currently under development by the
IAEA.
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SUMMARY The Research Reactor Review, set up by the government in 1993, recommended that a
probabilistic safety study should be performed for the High Flux Australian reactor (HIFAR). This study
commenced in 1996 and is being managed by the Department of Industry, Science and Tourism, with advice
from a Technical Reference Committee. The consultant. PLG. was commissioned to undertake both a
probabilistic safety assessment, to look at the effectiveness of safety systems in the event of an accident and a
Remaining Life Study, to look at potential life-limiting components. The PSA study was also commissioned to
measure the compliance of HIFAR with a number of safety criteria. In addition to the review given by the
Technical Reference Committee, the IAEA was asked to provide an independent peer review and this took
place in February 1997. The scope, process and status of these studies are discussed in this paper.

1. INTRODUCTION

The High Flux Australian Reactor (HIFAR) is a
tank type, high flux, materials testing and research
reactor. It uses a small core of enriched uranium
fuel, moderated, reflected, and cooled by heavy
water, contained at atmospheric pressure in an
aluminium tank surrounded by a reflector of
graphite. HIFAR has operated continuously, with
limited shutdowns for maintenance and refits, since
1958 without any significant incidents with off-site
consequences. However, it is now unable, as a
consequence of its age and design, to deliver the
neutron fluxes that are required for scientific studies
or new isotope production. As a consequence, the
government commissioned a Research Reactor
Review (RRR) in 1993 to decide on the need for.
and type of. a replacement of HIFAR. The RRR
recommended, among other things, an assessment
of the remaining life of HIFAR. The Review
recommended that A Probabilistic Risk Assessment
(PRA) is essential to assess the remaining life
possibilities of HTFAR'(l). The Review also
recognised that "The PRA proposed to ascertain its
remaining life will provide additional assessments
of safety margins". As a consequence of this
recommendation, the Department of Industry
Science and Tourism (DIST) were given carriage of
such a study in 1995.

2. SCOPE OF THE ASSESSMENT

Following best international practice, the
assessment was renamed the Probabilistic Safety
Assessment (PSA) and Remaining Life Study (RLS)
of HIFAR. The term PSA is the more commonly
used term recommended by the International
Atomic Energy Agency (IAEA). It was a
requirement that the assessment follow best practice
as outlined in the documents produced by the IAEA.
A PSA studv is divided into levels, as follows :

• Level 1 which looks at events leading up to
fuel damage

• Level 2 which looks at events occurring in the
containment following fuel damage.

• Level 3 which looks at the dispersion of
radioactive material in the atmosphere after
release from the containment.

In keeping with the terminology used by the IAEA,
it was decided to perform a Level 1 PSA that
initially focused on all accidents that could lead to
damage to the fuel, whether in the reactor or
elsewhere. This Level 1 study was also extended to
look at the behav iour of the active containment
systems (such as the space conditioners and the
containment isolation system) and was, therefore,
termed a Level 1+ analysis. No decision has yet
been taken on proceeding to a Level 2 or 3 study.

In addition, because the RRR initiated the PSA to
look at remaining life issues, a separate Remaining
Life Study was also commissioned. This RLS was to
look at any life-limiting issues with components
that are not part of the active safety systems and
would not. therefore, be covered in a PSA.

Most PSAs that have been performed worldwide
have been concerned with a Level 1 analysis,
limited to internal e%ents. By this we mean
incidents that might occur during operation and
maintenance of the reactor and lead to an accident.
Most Level 1 analyses have considered the possible
accident sequences related to full power operation of
the reactor. Some more extensive analyses have also
looked at the possible sequences that could occur
during other power states, such as low power and
shut-down. A few studies have also considered
accident sequences that could follow from external
events (i.e. events external to reactor operations).
The majority of these more detailed studies are
concerned with nuclear power plants and not with
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research reactors. For the HIFAR PSA, it was
decided to perform a very extensive PSA that
considered:
1. Full power, low power and shutdown states - a

total of 13 different plant operating states were
used for the PSA.

2. Both internal and external events
3. Fuel movements both within and outside the

containment building.
4. Fuel storage both within the reactor building

and elsewhere on site.
5. The potential for tritium releases from the

primary circuit.
6. The behaviour of the active containment

systems, including the integrity of the
containment building from externally initiated
events.

This Level 1+ analysis will be the most extensive
assessment carried out on any research reactor
anywhere in the world.

Since the outcome of the Level 1 PSA is the
frequency of fuel damage or tritium release, the
consultant was also asked to recommend surrogate
risk criteria for use in assessing the results of the
PSA. These are surrogate risk criteria, since they
relate to the outcomes of the Level 1 study but are
surrogates for individual risk values.

The terms of reference of the study were, therefore,
to:

• Review and compare relevant safety criteria
and standards and recommend a set of criteria
against which the outcomes of the PSA may
be judged.

• Assess the level of safety of the plant
• Assess the reliability and capability of the

active containment systems
• Compare the level of safety with the criteria

and standards
• Make recommendations for accident

management and changes to plant design and
operating procedures.

• Examine the effect of ageing on the PSA
results.

• Provide a living PSA for HIFAR

The inclusion of ageing effects makes the PSA
particularly unique for research reactors. The
provision of a living PSA entails transferring a
mathematical model of the reactor to the operator
that can be used to quantify the effect on the overall
risk of changes to equipment or different ways of
working.

3. CONDUCT OF THE STUDY

The Department of Industry Science and Tourism
(DIST), through its Science Policy Unit was given
carriage of the study. DIST appointed a Technical
Reference Committee (TRC) to provide technical
advice on the appointment of consultants and
conduct of the work. This Technical Reference
Committee consisted of 5 members, including one
nominated by the local council.

Tenders were invited from 4 European and 14 US
consultants. The US consultants Pickard Lowe and
Garrick (PLG), in conjunction with Failure Analysis
Associates (FaAA) were chosen, after an extensive
selection process, to conduct the assessment.

The Committee met on numerous occasions to
review the required outputs at the agreed milestones
for the study. During the course of the work, the
Committee considered issues raised by the
consultant and at several stages commissioned other
independent reviews of information. The Committee
will provide its own report to DIST, in addition to
the reports produced by the consultants.

The independence of the study was given great
importance throughout the process. Whereas it is
usual for the consultant to have personnel from the
operating organisation seconded to the PSA team,
this did not occur in this assessment and
information from the operator was channelled
through DIST.

To reinforce the independence, a peer review was
commissioned using the IAEA Peer Review System.
This took place between 24th February and 7th

March 1997. An IPERS review uses experts from a
number of countries, chosen to cover the range of
issues, with the chosen experts being approved by
the Technical Reference Committee. For the HIFAR
Peer Review, the team members came from
Germany, Sweden and the U.K., as well as the team
leader from the IAEA. The purpose of a peer
review is to give assurance that a proper process is
being followed, that the assessment is to
international standards and to provide spot checks
of the calculation and assumptions to increase
confidence in the credibility of the study. The
IPERS team provided a report to the TRC and the
consultant, which was useful in highlighting some
issues needing attention.

The consultants, PLG and FaAA, provided team
members for extended visits to ANSTO during the
initial part of the study. This allowed sufficient
familiarisation with the reactor and interaction with
the relevant Australian personnel.
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4 REMAINING LIFE STUDY

Performance of a PSA will not. itself, provide
information about passive components, whose
functioning is essential for operation of the reactor,
but which perform no active safety function. In the
ANSTO report to the RRR. these components were
identified as:
• The Reactor Aluminium Tank (RAT)
• The Reactor Steel Tank (RST) and thermal

shield
• The graphite reflector
• The primary circuit pipe work.

These components formed the basis of the
assessment, but the consultant was also required to
consider other components that might be important
for determining the remaining life.

The purpose of a remaining life assessment is to
look at components whose integrity is essential for
functioning of the reactor and whose failure would
lead to a situation where it was too difficult or too
expensive to affect a repair. This failure would,
therefore, be life-limiting. To assure the integrity of
these components, it is necessary to look at the
failure mechanisms, which are generally corrosion,
fatigue, cracking, radiation damage or impact. In
determining the likelihood of such failures, it is
usual to make some conservative (pessimistic)
assumptions about the magnitude of the imposed
load on the structure and the strength of the
structure to withstand this load. Because the study is
looking at remaining life, the additional element
that must be considered is the way these parameters
(load and strength) will van,- with time, since it is
conceivable that at some point in the future the
balance of these two parameters might change. This
point would then determine the remaining life. One
of the key components that has been extensively
studied is the Reactor Aluminium Tank (RAT) and
its associated structures. If a crack were present, it
could grow during the life of HIFAR to a point
where the imposition of a load from a flow transient
would cause rapid growth of the crack and
component failure. The Remaining Life Study,
therefore, considers whether a crack is possible,
what sort of loads the structure must withstand and
what the resistance to cracking is (the material
toughness).

Results of the analysis provided by FaAA will be
available in late September and preliminary' results
may be available for presentation at the conference.

These results will be used to guide inspection and
monitoring activities for the lifetime of HIFAR, as

well as suggest alternative or additional
investigations that may be required.

5 PROBABILISTIC SAFETY ASSESSMENT

The nature of a PSA is quite different to a
remaining life study. The RLS uses conservative
assumptions to determine whether there are
potential concerns over the behaviour of particualr
components. If such concerns exist, then additional
studies, using more precise assumptions are done to
gauge the validity of the potential concerns. Thus
the analysis is deterministic.

A Level 1 PSA. on the other hand, is a probabilistic
assessment of the likelihood of fuel damage, as a
result of a number of possible initiating events. The
PSA considers very unlikely and severe events to
estimate the frequency of fuel damage occurring. It
answers questions such as :
1. What can go wrong during operation and

maintenance of the plant that could result in
severe fuel damage?

2. How likely are these events to occur?
3. What is the level of severity associated with

these unlikely events?
4. Does the calculated risk exceed the acceptance

criteria?
The potential sequence of events following an
initiating event is described in the PSA by means of
event trees, while the probability of failure of the
individual safety system is determined from failure
data on the component, human reliability
assessment or a fault tree analysis of the system.

Figure 1 gives a schematic of the methodology. This
shows the process of assessing the support systems
and frontline systems response to the initiator,
taking into account any dependencies of this system
(i.e. where one system may be dependent on
another). This analysis also includes the effect of
recovery actions (e.g. by operator actions). The
categories of frontline systems studied were :
• Reactivity control systems
• Primary system flow
• Secondary system flow
• Emergency core cooling systems
• Containment heat removal, isolation and

filtration
• Irradiated fuel transport systems
• Irradiated fuel cooling systems.

For the support systems, the categories were:
• AC and DC electric power
• Chilled water systems
• Room cooling and HVAC systems
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• Reactor and plant protection/actuation
systems.

Figure 2 shows a simplified event tree. At each
node, the branches represent the probability of
success or failure of the various safety systems.
Combinations of failures lead to designated
outcomes. Success through the event tree leads to a
state where the fuel is undamaged or in a stable
condition and the sequence will terminate. Failure
leads to a state where further progression of the
accident is possible. Some of these sequences may
lead to a release of radioactivity.

The main elements in this process are described
below.

5.1 Accident Initiators

The first stage is to determine what possible events
could lead to fuel damage. A large list of possible
events are assembled, derived from plant operating
histories for the reactor, initiators that have
occurred elsewhere for similar reactors and
assessment of the plant operation, using such
techniques as Failure Modes and Effects Analysis.
These events are then combined into categories and
a representative of each category chosen for
analysis. Thus, for example, there may be many
possible pipe breaks or leaks but it is usually
sufficient to study two or three types to fully
characterise the plant response. These three types
are assigned the full frequency of occurrence of the
group.

There are a number of problems associated with this
stage.
1. Making sure the selection of events is complete

- this requires a detailed survey of available
data and a detailed knowledge of the reactor.

2. Quantifying events that have never occurred.
For example, there has never been a large loss
of coolant accident at a reactor. Various
statistical techniques, such as Bayesian
analysis, are used in this type of quantification.

3. Dealing with the uncertainty over the estimated
frequency to be used. This requires sensitivity
and uncertainty analysis techniques to
determine the importance of the chosen number
to the result. While probability distributions
may be used for encompassing the parameter
uncertainty, the best estimate value is chosen
for the base case risk estimation.

The sensitivity and uncertainty analysis is done
after the basic mathematical model has been
constructed. It provides information on the

sensitivity of the result to changes in the estimated
parameters.

5.2 Event Sequence Quantification

As a result of the initiating event, there will be a
requirement for the safety systems to work to
mitigate the event. The next stage in the analysis is
therefore to determine the response of the support
and frontline systems to the event. The first part of
this process is to provide a graphical representation
of the response of these systems in the form of an
Event Sequence Diagram. This diagram shows the
scenarios and courses of action that can be taken by
the operators and the response of the hardware to
the event. They provide an easily understood
description of the system response, enabling the
boundaries of the event to be know n and the
dependencies between events to be studied.

The ESD is not useful, however, for quantification
and must be converted into an Event Tree, such as
is shown in the simple tree in Figure 2. To assign
probabilities to the nodes of the event tree requires a
variety of other calculations, taking into account
dependencies and common cause failures.

For example, to determine the probability of an
operator action failing requires a human reliability
analysis, taking into account the time available and
the factors that might alter performance. Before this
can be done, a task analysis is required to model the
required actions and to understand the inputs
available. The human reliability analysis method
used in the PSA was based on an expert judgement
method, called SLIM (2). using data derived by
Swain and Guttman (3).

With hardware systems, other techniques, such as
fault tree analysis are required to determine the
failure probability. For example, to determine the
probability of failure to scram the reactor requires a
detailed assessment of the behaviour of the coarse
control arms and the safety rods (both methods of
shutting down the chain reaction). Failure to scram
would require both automatic and manual failure to
drop these coarse control arms or safety rods.

In some cases, the failure probability of a system
can be obtained using reactor specific data or using
data from similar reactors. The latter often requires
interpretation to ensure that the operating
environment is sufficiently similar. A number of
areas where data were not available were
encountered during the PSA.

Another difficulty arises when the probability of a
system failing depends on preceding events, for
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example whether power is available or whether the
temperature and pressure are within certain bounds.
These dependencies mean that the probability may
change for changing circumstances and this has to
be modelled in the event tree using split fractions
for the chance of each state occurring. In a similar
manner, there may be common cause failures of
various systems arising from the one event. An
example might be a structural failure due to a
seismic event that disables a number of systems at
the one time. These common cause events must also
be modelled in the event tree.

In many cases, separate event and fault trees are
required to ascertain the failure rates for support
systems, since they may comprise multiple trains
and back-up systems.

Because of the large amount of computation
necessary, computer models are used for the
quantification of the trees. The RISKMAN software
was used by PLG for the HIFAR PSA.

5.3 Fuel damage states

The results of these analyses are a series of fuel
damage states with associated frequencies of
occurrence. The nature and degree of the damage
will depend on the definitions chosen. In the HIFAR
PSA. fuel damage was defined in various ways,
such as:
• Fuel exceeding a certain temperature
• Resulting from any dropping of fuel flasks
• Resulting from any dropping of heavy loads

on to fuel containment
• Releases of tritium.

Four types of plant damage states were determined:
1. All transient or leak initiators involving

irradiated fuel in the RAT or release of
significant tritium from the primary circuit.

2. Sequences involving irradiated fuel in the No 1
Storage Block following loss of coolant.

3. Sequences resulting from transport of fuel in
flasks and the movement of heavy objects inside
the containment building.

4. Sequences involving transport or storage of fuel
outside the containment building.

A coding system was used that provides information
on the location of the fuel when the event occurs,
the amount of fuel involved, the status of the
cooling systems, the location of the release, operator
recovery actions and the status of the containment
systems.
Following the quantification of the fuel damage
states, there are a variety of ways to assess the
results. These include.

• Review the top ranking sequences that
comprise the majority of the risk

• Determine the major classes of sequences
having common characteristics.

• Quantify' risk importance measures that
identify systems, components and operator
actions that are most important in the risk
determination.

6 EXTERNAL EVENTS

The PSA considered not just events that might
occur during operations with the reactor, but also
the effect of external events on the reactor or
ancillary buildings.

After screening a larger number of possible events,
the ones chosen for examination were:
• aircraft crashes
• extreme winds
• bushfires
• fires on site
• industrial activities
• military activities
• onsite activities
• seismic events
• transport accidents.

In many cases, the assessment involved the
estimation of the likelihood of extreme scenarios
occurring, such as an aircraft crash directly on to
HIFAR, and the effect of this event on the integrity
of the containment structure. For the majority of
events, the likelihood may prove to be extremely
low. In the case of seismic events, it is necessary to
postulate an earthquake, capable of rupturing the
cooling systems and the containment. In recent
studies reported by Corran (4), HIFAR was
considered to be qualified to a peak horizontal
ground acceleration of 0.23g, so that it would
require earthquakes greater than this level to cause
significant damage. The process of seismic
assessment involves:
• Seismic hazard analysis - determining the

likelihood of large seismic events applicable to
the site and the appropriate response spectrum
to be used.

• Seismic fragility analysis - understanding the
response of structures to the imposed loads by
means of structural analyses.

It has been generally found, in studies done
elsewhere, that the uncertainties with external event
analyses are far greater than for internal events.
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AU9816841

The Importance of HIFAR to Nuclear Medicine

N R WOOD, Australian Nuclear Science & Technology Organisation
PMB 1, Menai, New South Wales 2234, Australia

SUMMARY. Since its official opening on 26 January 1960, the HIFAR research reactor operated by the
Australian Nuclear Science & Technology Organisation (ANSTO) at Lucas Heights near Sydney has been used
to support an expanding nuclear medicine market. HIFAR has characteristics which make it very suitable for
this role and the effect has been to make AN^TO the dominant supplier of reactor-based radiopharmaceuticals
in Australia and a significant exporter. While HIFAR has capacity to support limited increased production, its
future requires government decisions. The absence of an operational research reactor in Australia could directly
affect the practice of nuclear medicine in the country and the level of presently increasing exports.

1. INTRODUCTION

For over thirty seven years since its official
opening on 26 Jan 1960, the HIFAR research
reactor operated by ANSTO has supported the
expansion of nuclear medicine technology in the
region by the production of medically useful
radionuclides.

Today HIFAR continues to be the source of the
bulk of radiopharmaceuticals/medical products by
ANSTO, contributing some A$7M per annum of
sales out of a total of A$12M.

2. DEVELOPMENT HISTORY

The graph below shows the manner in which the
value of all sales of radioactive products and of
Australian sales of radiopharmaceuticals based on
HIFAR produced radionuclides (only) has
increased over the years.
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Some interesting events during this period are:

The first medical radionuclide produced in
HIFAR in 1960/61 was Sodium-24.
Cobalt-60 production was the dominant activity
from 1961/62 to 1964/65.
The first formal export of a
radiopharmaceutical took place in 1965/66.
Production of Mo99/Tc99m generators began
in 1967/68.
Production of Iodine-131 began in 1968/69.
In 1971/72 the use of Phosphonate complexes
of Tc99m for bone scanning became significant
in Australia increasing the demand for
Technetium-99m.
Exports of Mo-99/Tc99m generators began in
1976/77.
The demand for imported cyclotron-based
radiopharmaceuticals started to surge over 1977
to 1980.
Exports and internal sales declined between
1977 and 1985 due to technological
competition from international manufacturers.
ANSTO introduced a sterile Mo99/Tc99m
generator in 1984/85.
ANSTO introduced local manufacture of
Iodine-131 capsules in 1987/88.
In 1991, sales effort overseas increased
considerably.
Thallium-201 and Gallium-67 sales (sourced
from the Australian cyclotron) expanded from
1994.
In 1995/96 the general availability of
Technetium-99m-based heart diagnostic agents
accelerated demand for Technetium-99m
generators.
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3. IRRADIATION FACILITIES

The HIFAR reactor, as a consequence of its design
origins as a materials testing reactor, has a variety
of irradiation facilities with very useful flux levels
which can be used for the production of medically
useful radionuclides.

The least important (for this purpose) are the
"Cakestand Rigs" which are located in the heavy
water around the fuel elements. Targets can only
be loaded or unloaded from these rigs during
reactor shutdown and rely on natural convection
within the heavy water for target cooling. Of 4
possible, at present, only 1 rig is used for
production of medical material and the rig is
capable of holding 96 targets. Available fluxes
range from 1 x 1013 n/sq cm/sec to 6 x 1013 n/sq
cm/sec

The only medical radionuclide presently produced
by irradiation in the rig is Chromium-51. This is
subsequently used to make Chromium (Cr-51)
Edetate Injection B.P.

Higher utilisation is made of the "self service" rigs
which allow physically small targets to be loaded
and unloaded at any time by pneumatic means.
There are presently three of these air cooled rigs in
service, one relatively low flux at about 3.5-5 x
1012 n/sq cm/sec with 12 positions and two of
higher flux at about 6 x 1013 n/sq cm/sec with 7
positions each. Maximum target power generation
in a target is limited to less than 150 watts. Only
the higher flux self service rigs are used for
production of radionuclides for nuclear medicine
such as Yttrium-90, Samarium-153, Copper-64
and Bromine-82.

The bulk of radionuclide production for
radiopharmaceuticals is undertaken in hollow fuel
element rigs (HFE rigs), each with 5 irradiation
positions, which are presently located in the centre
of 7 of the 25 HIFAR fuel elements present in the
reactor at any one time. The rigs are usually
located in elements closest to the centre of the core
(excluding the central element used for monitoring
purposes) or one position further out. The rigs are
cooled by directing a portion of the element heavy
water coolant flow past the rig. Fluxes available
vary from about 4 x 1013 n/sq cm/sec to about 9.5 x
1013 n/sq cm/sec. Individual targets in these
irradiation positions can produce and have safely
dissipated in excess of 1 kW. Targets are loaded
and unloaded at full power but the process is
labour intensive.

In these rigs are targets of Tellurium Oxide (for
Iodine-131 based radiopharmaceuticals) and
Uranium Dioxide (for fission Molybdenum-99 for
Mo-99/Tc-99m generator production)

4. PRODUCTION SCALE

Annual value of production of the raft of small
volume radiopharmaceuticals based on HIFAR
production such as Chromium (Cr-51) Edetate
Injection B.P., Cupric (Cu-64) Chloride Injection,
Sodium Bromide (Br-82) Injection is small at
about 400 shipments per annum. ANSTO has
effectively 100% of the market, which due to short
half life considerations, is only local.

The two main radionuclides produced in HIFAR
for medical use are Iodine-131 and Molybdenum-
99.

Iodine-131 radiopharmaceuticals have an annual
value in excess of A$1M. For Iodine-131, the
largest selling item is Iodine-131 Therapy Capsules
with a total of about 6000 shipments per year.
ANSTO supplies effectively 100% of the
requirements in Australia for radiopharmaceuticals
based on Iodine-131.

The radioactive product with the largest annual
sales value, produced by ANSTO, is the Mo-
99/Tc99m generator, with a production volume of
6200 units valued at well over A$5M per annum.
ANSTO manufactures 95% of the fission-based
Molybdenum-99, used in the manufacture of these
generators, in its own plant using Uranium
Dioxide targets irradiated in HIFAR. ANSTO has
about 90% of the Australian market for this
product and is the principal supplier of large Mo-
99/Tc99m generators to radiopharmacies in
Melbourne and Sydney, which are used to supply
Technetium-99m solutions directly to users in
those cities. ANSTO also uses in-house generators
to also supply Technetium-99m solutions to a
small number of Sydney users.

(A new therapeutic radiopharmaceutical with
considerable potential and based on a reactor
produced radionuclide is about to be released for
general marketing. The radionuclide, Samarium-
153, is produced in the high flux self service rigs
of HIFAR and the product, Samarium-153
EDTMP, is to be sold under the name
Quadramet™. It is used to relieve the pain
associated with skeletal metastases of a range of
primary tumours and the production of hundreds
of doses per year is expected.. This
radiopharmaceutical may have other therapeutic
applications also.)
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5. EXPORT

The first formal export of a radiopharmaceutical
manufactured from radioactive material produced
in HIFAR took place in 1965/66.. In 1996/97 the
bulk of the exports were Iodine-131
radiopharmaceuticals and Mo99/Tc99m generators
with the larger markets in Malaysia, Korea,
Thailand and the Philippines.

6. FUTURE UTILISATION

Neutron flux levels in HIFAR and available target
cooling impose some limitations on specific
activity (activity/unit mass) and total yields from a
single target. Utilisation of existing high flux
irradiation positions is high.

By far the most important irradiation positions for
radiopharmaceutical production in HIFAR are the
HFE rigs. While existing HFE rig utilisation of
acceptable flux positions is approaching 100%,
HFE rig numbers could be increased if the central
element was utilised (as appears possible) and
more of the second ring of positions were used
(with available fluxes being about 15% less than
present). Two new HFE rigs (with a total of 8-10
useful positions) are under construction and it is
possible that two more may be introduced in
1998/99.

7. FUTURE OPERATION OF HIFAR

HIFAR, in its present state, is licensed to operate
until early next decade. Options being considered
now for continued access to neutrons include
refurbishment of HTFAR and the construction of a
replacement research reactor. If operation did cease
and no alternative neutron irradiation facilities
were available then Australian nuclear medicine
would immediately experience some far reaching
changes.

• The supply of the present quantity of
radiopharmaceuticals based on reactor-
produced radionuclides with half-lives less than
about 36 hours would cease.

• For all primary reactor-based radionuclides that
could be imported, the present cost of
production in HIFAR would be replaced by the
full imported cost and retail prices of locally
manufactured products could rise.

• Reliance on importing radioisotopes into

Australia would place at risk an assured and
reliable source of diagnostic and therapeutic
medical radioisotopes for Australians. It is
ANSTO's experience that delays arise in the
transport chain. Other limitations are imposed
by the short half life of some of the
radioisotopes, the level of radioactivity allowed
on aircraft, the frequency and duration of
flights and certain overflying restrictions. As an
illustration of the difficulties with reliability of
supply, international manufacturers are actively
negotiating arrangements with ANSTO in
relation to supply of the S. E. Asian market.

• Some radiopharmaceutical products of
considerable present interest such as
Quadramet™ (based on Samarium-153 with a
half-life of about 46 hours) could prove
practically impossible to manufacture locally
from imported bulk radioisotope and
importation of the finished product may be
difficult.

• Additionally there are a number of other
emerging reactor-produced palliative and
therapeutic radiopharmaceuticals that cannot be
imported due to the short half life of the
incorporated radioisotope such as Holmium-
166, Rhenium-186 or Platinum-195m..

• It is unlikely that bulk radioactive material
could be economically imported, processed and
exported as radiopharmaceuticals. The present
export market would probably stop and raise
the possibility of loccal manufacture of any
radiopharmaceuticals ceasing in the medium
term.

8. CONCLUSION

The operation of the HIFAR reactor continues to
underpin nuclear medicine in Australia and an
increasing proportion of production is being
exported to other S.E. Asian countries. While
HIFAR operation is guaranteed until early next
decade, if the facility was shut down after this time
without another local source of neutrons, nuclear
medicine in Australia could be expected to undergo
considerable changes in operation and ANSTO
could be expected to withdraw from the export
market in the short term. In the medium term,
indigenous manufacture of reactor-based
radiopharmaceuticals, based on imports of bulk
radioisotopes, could be called into question.
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The Contribution of HIFAR to University Research

DRR.B GAMMON
Executive Officer, AINSE, Private Mail Bag 1, Menai, NSW 2234

SUMMARY

1. Activity in neutron scatteringscience in Australia has increased in the last three years since
the McKinnon Report, and continues to engage first-class scientists whose world standing is
recognised by their ability to access overseas facilities.

2. Neutron scattering is an important research area for Australia, with increasing importance in new
materials and processes, but industrial appreciation of neutron scattering's role in material science
is lacking.

3. Neutron scattering resarch needs access to an Australian reactor neutron source for local and regional
activities and if continued access to advanced overseas facilities is expected.

4. A reactor neutron source is complementary to, rather than superseded by, access to synchrotron
radiation sources or spallation neutron sources.

5. A new Australian facility should be designed to fulfil a regional role, building on Australia's
strengths in instrumentation and experience in operating such a research facility.

6. The promotion of neutron scattering techniques, especially in an industry context, and issues relating
to access to the current facilities need to be addressed.

7. Questions remain about the future state of physical sciences in Australia, and of the organisation of
the funding of Australian science, which are relevant to neutron science but whose outcomes cannot
be determined at present.

8. The presentation will refer to the four key Figures attached which are provided from the
report commissioned by the Executive of AINSE and completed in February 1997 by Professor
G. S. Laurence, University of Adelaide.
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The Contribution of Nuclear Science & Technology
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SUMMARY

The United Nations and many individual States and organisations have given increasing attention to the topic of
sustainable development in recent years. This has arisen because of concerns about the increasing population of the
planet, increasing levels of carbon dioxide in the atmosphere and other pollutants in the biosphere, and the need for
increasing amounts of food, water and energy. The paper will use the recent reports of these organisations as
background and give an overview of the perceived problems needed to be addressed in the 21 st Century to allow
sustainable development. The ways in which nuclear science and technology is already contributing to the solution of
these problems will then be summarised and comments made on how it can contribute even more in the future. Many
of the papers presented in the complementary Second International Conference on Isotopes illustrate the contributions
to sustainable development of isotopes in the fields of medicine, environment, industry and research.

1. INTRODUCTION

Sustainable development has been discussed worldwide
in recent years because of concerns about the increasing
population of the planet, increasing levels of carbon
dioxide in the atmosphere and other pollutants in the
biosphere, and the need for increasing amounts of food,
water and energy. Other requirements believed to be
necessary as a foundation for sustainable development
are increased efficiency in industry and agriculture; good
health and medical services, and security of life and
liberty. One of the most important requirements is
energy at an acceptable price and with minimum
environmental impact. A simple definition of sustainable
development is" the use of natural resources to improve
living standards without jeopardizing the wellbeing and
opportunities of future generations".

The United Nations (UN) published reports in 1989 of
the World Commission on Environment and
Development, and adopted an Environmental
Perspective to the Year 2000 and Beyond [1]. The
International Atomic Energy Agency (IAEA) published
a report on "Nuclear Energy and the Environment" for
the UN General Assembly in 1989 [2]. The
International Nuclear Societies Council (INSC) recently
published its report "A Nuclear Vision for the 21st
Century" [3]. The topic of sustainable development was
discussed widely at the 10th Pacific Basin Nuclear
Conference in Kobe in October 1996, and in it, Dr Blix
of the IAEA reminded delegates that the
Intergovernmental Panel on Climate Change stated that
nuclear power could replace baseload fossil fuels if
acceptable responses can be found to public concerns on
safety, waste and proliferation [4]. The present paper
will place nuclear energy in perspective in terms of its

present and potential contribution to sustainable
development with these reports as background material.

There are many other applications of nuclear science
and technology that are not associated with nuclear
power. Radioisotopes and radiation have been applied
in many ways over more than 100 years in fields as
diverse as medicine, industry, agriculture and research.
The IAEA has played a major role in encouraging these
uses worldwide. There have been many conferences
held, and papers written, on the applications of isotopes.
At the first International Conference on Isotopes held in
Beijing in May 1995, over 200 papers were presented
covering these fields. The Second International
Conference on Isotopes held in Sydney in October 1997
continued this pattern. These papers illustrate the
contributions of nuclear science and technology from
laboratories in many countries working in the fields
which are relevant to sustainable development.

2. ENERGY, THE QUALITY OF LIFE AND
SUSTAINABLE DEVELOPMENT

2.1 Energy and Population

The most important issues facing the world as it
approaches the 21st Century are the increasing
population of the planet, increasing levels of carbon
dioxide in the atmosphere and other pollutants in the
biosphere, and the need for increasing amounts of food,
water and energy.

The world's population is increasing by almost 100
million each year, mainly in the developing countries. It
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is expected to double by the middle of the 21 st Century
to nearly 10 billion people. During that period, possible
decreases in birth rates in developing countries will be
matched by increasing life expectancy brought about by
improved medical services. Demographers predict that
nothing will stop this increase short of a global epidemic
affecting hundreds of millions of people The magnitude
of this increase is brought out dramatically in a graph of
population growth over the period 1800 to 1997 and
estimated to 2100 [Figure 1 [5]].
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Figure 1. World population projection [5]

The quality of life is related to the wealth of society,
which is created through the use of energy to do work.
For most of human history this energy came from
humans and animals, augmented to some extent by wind
and water power. In the last two centuries, energy from
fossil fuels has replaced human and animal energy and
the citizens of many countries have had a better quality
of life. These people have an average energy use per
head of about 200 GJ*. Unfortunately, the problems of
hunger, disease and poverty still exist in many
developing countries in which the average energy use is
only about 20 GJ per head. From a social perspective,
the quality of life in the developing countries could be
greatly improved if their annual energy consumption
were to increase fivefold to 100 GJ per head, still only
half the average in the rest of the world.

World energy demand has increased at a steady rate
of 2.3% per year for the last 200 years [3]. If that
growth continued, the world would need 1500 EJ** in

Note:
•One gigajoule (GJ) equals 278 kilowatt hours (kWh);
**One exajoule (EJ) is one billion (1,000 million) GJ.

2050 for a population of about 10 billion. However, the
energy-devouring developed countries are expected to
achieve greater efficiency of energy use in
industry, agriculture, transport and in domestic use.

Forecasts made for 2050 by the World Energy Council
in 1993 [3] were in the range 650 to 1200 EJ,
depending on various assumptions. Therefore, a round
figure of 1000 EJ for the world by 2050 was
recommended for long-term planning purposes. The
world energy use was about 340 EJ in 1995.

2.2 Energy sources

The main sources of energy since the middle of the 19th
Century have been coal, oil and natural gas and these
provide nearly 85% of energy use today. Nuclear energy
began to make a small contribution after 1970 at the
time coal and oil had peaked in their use and it now
provides about 7% of world energy use. The relative
contributions of these sources is shown in the simplified
graph in Figure 2 [based on 5], which shows the global
market penetration of these sources.

If this pattern of use continues, then natural gas and
nuclear could be the dominant sources of energy. The
future use of fossil
fuels may be constrained by the growing concern about
the impact of carbon dioxide on the global environment
and acid rain on local environments. Conversely, more
efficient use of fossil fuels such as coal, eg. by using
high temperature fluidised bed technology, will prolong
the life of these sources.

The reduction of CO2 is proving to be difficult, both
technically and politically. A target was set at the
discussions in Rio in 1992 to return to 1990 levels by
2000. However, since 1990, CO2 emissions in OECD
countries have increased by 8% [6 ].

Many of the supporters of sustainable development
believe that the continued dependence on fossil fuels is
not sustainable for two main reasons. The first is
pollution and the second is the finite nature of fossil
fuels for which reserves at the present level of usage
may only last 200 years.

As to other energy sources, hydroelectricity is the only
renewable energy used commercially to any significant
extent (about 7% of world energy use today). The
potential for increased use is limited to about doubling
present hydro capacity, but this expansion may have
environmental consequences on land use. Biomass
energy, a renewable source of chemical energy, is not
commercially significant globally, but is important in
many developing countries. Its contribution might be
doubled to provide up to about 10% of future demand.

The prospects for increasing use of solar, wind and
wave power are arguable. Increases in the efficiency of
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Figure 2. Global market penetration rate of
major energy sources

use of solar energy are continually being made, but is is
unlikely that it will be a significant contributor to world
demand in the next 50 years, certainly not for base load
generatioon of electricity.

2.3 The Contribution of Nuclear Energy

Nuclear power and its related nuclear fuel cycle can
contribute to providing sustainable energy with
minimum environmental impact for countries entering
the 21st Century. This technology should be considered
as one part of the mix available of fossil fuels, nuclear
power, and renewable technology, for at least the next
50 years. However, some critics of nuclear energy
believe it has only limited potential for a sustainable
future because of the limited reserves of uranium. These
could last at least 200 years at present rates of use and
assuming only the present type of fission reactor.
However, the life of the reserves could be extended
considerably if plutonium fuelled fast breeder reactors
were used coupled with reprocessing and recycle of
spent fuel.

Some countries with few fossil fuel resources will
depend upon nuclear power to an increasing extent,
while others may not require its contribution for many
years. The decision will depend partly upon the national
and international responses required to combat the
effects of the addition of large quantities of carbon
dioxide and components of acid rain into the
environment.

2.3.1. Nuclear Power in the International Scene

Nuclear power is a proven technology that is already
contributing significantly to electricity supply worldwide
with some 17% of the total generation [7]. In April
1997, there were some 442 nuclear power reactors
connected to the electricity supply networks in 32
countries, with a total installed capacity of 353 GWe
[8]. In 18 countries, nuclear power plays a major role in
the electricity system, providing one quarter or more of
the total supply; in France it is 77% (Fig.3). Some of
these countries have been able to minimise their
emission of CO2 because of the contribution of nuclear
power to their grid systems. The accumulated operating
experience of commercial power plants exceeds 7000
reactor-years and performance has improved
substantially over the last decade, the average energy
availability being close to or higher than 70% since
1984.

Country

Lithuania
France
Belgium
Sweden
Slovakia
Switzerland
Ukraine
Bulgaria
Hungary
Slovenia
Armenia
Korea
Japan
Spain
Germany
Taiwan
Finland
UK
USA
Czechoslovakia
Canada
Russia

No. of
reactors

1997
2

58
7

12
4
5

15
6
4
1
1

12
54
9

20
6
4

35
109

4
21
29

GWe

2.8
61.4

5.6
10.0
1.6
3.2

13.0
3.5
1.7
0.6
0.4
9.8

43.7
7.4

22.2
4.9
2.3

12.8
100.3

1.6
14.7
19.8

% elec.
1996

83
77
57
52
45
44
44
42
41
38
37
36
33
32
30
29
28
26
22
20
16
13

Figure 3. Nuclear Power in Selected Countries

By the turn of the century it appears that the current 353
GWe of nuclear capacity will increase to 370-380 GWe,
depending upon construction and licensing lead times of
the plants under construction. Most of this extra
capacity will be in Asia and eastern and central
Europe. In western Europe and North America, there
will be few new base load electricity generating plants
commissioned of any type since the demand for
electricity is not growing significantly.
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The IAEA and NEA believe that, up to 2015, rapid
changes in electricity supply strategies are unlikely to
occur owing to the relatively long lead times prevailing
in the electricity sector [7]. Therefore, projections can
be based on a review of nuclear plans in the different
countries of the world. These plans indicate that there
will be almost no change in the installed nuclear
capacity by 2015 in North America and Western
Europe. Ageing plants of small capacity will be
replaced with a small number of new plants of larger
capacity. However, there will be a doubling of installed
nuclear capacity in the far east and in several developing
countries. Overall, world nuclear capacity will probably
only increase by about 12% by 2015, and the
uncertainties are too great to estimate the likely capacity
reliably in 2050.

The above discussion relates only to the use of nuclear
power for electricity generation and does not consider
other possible uses for nuclear power. Nuclear power is
also used to a limited extent in some countries for
district heating and waste heat is used for process
industries. The continued development of small and
medium size reactors, ie. those having a capacity of less
than 600 MWe, may allow their use for such purposes
as heat supply, marine propulsion and potable water
production if shown to be economic. The development
of economically competitive electricity driven road
vehicles could provide an additional market for base
load electricity generation and reduction of emissions of
CO2 and greenhouse gases from the transport sector [7].

Nuclear power plants operating at present are fuelled
with natural or enriched uranium, and to a smaller extent
with mixed fuel containing uranium and plutonium
extracted from reprocessed nuclear fuel. The presently
known and medium grade uranium resources are
sufficient to support the expected nuclear electricity
generation up to about 2030. However, additional
exploration and production development would be
needed in the world to ensure that the resources would
be available in a timely manner [10].

Fusion power may become a significant energy source
in the long term. Fusion reactors could contribute to
alleviating environmental impacts of the electricity
sector. The primary fuels, ie. deuterium and lithium, are
abundant in nature and the development of advanced
deuterium-deuterium fusion reactors would provide an
inexhaustible source of energy. However, nuclear fusion
is still under development and many issues have yet to
be addressed in order to demonstrate net energy
production in industrial scale facilities, which may not
be achieved until well into the next century.

The conclusion reached in the IAEA report [7] was
that "Population growth and economic and social
development will require additional electricity
generation capacities, especially in developing
countries. New technologies will have to be

competitive and environmentally benign. Nuclear
power is one of the technological options that can
provide electricity at relatively low cost and with low
health and environmental impacts".

2.3.2 Nuclear Power in Australia

Energy policy studies in Australia generally ignore the
nuclear option, even in the medium to long term, but
include renewables. The economic argument for using
renewables in the Australian context of low cost fossil
fuel resources (see below), is no better and possibly
worse than that for nuclear, which is established as a
mature industrial technology.

Australia has large resources of coal, natural gas and
uranium and exports all of these commodities. It has
only moderate resources of oil. The Australian
electrical energy situation was recently reviewed by
Hayes [9]. The likely growth in electrical energy over
the next 10 years is 2-2.5% per year. The
Victoria/NSW/South Australia grid has a current
capacity of 18,800 MWe and it has 35% spare capacity
over maximum demand. There is little likelihood of new
capacity being needed in this area before 2005 when
excess capacity is estimated to be about 11%. The
Queensland grid has a capacity of 5,700 MWe and
about 25% spare capacity, but demand is likely to equal
supply by 2000.

Current electricity generation in Australia uses coal for
about 90%, with most of the balance being provided by
hydro resources and natural gas. Mr Hayes' view was
that future sources of fuel for electricity generation will
most likely be natural gas, coal bed methane and coal
gasification (and possibly renewables). The use of
natural gas is very promising for generating plant in the
early 2000s because of its good economics in gas
turbines in small sizes, eg. capital cost of a gas turbine
combined cycle 200MW plant was now only $800/kW,
or half the cost of a coal-fired plant, plus the added
advantage of a short lead time of 12 months and no ash
for disposal.

Comparison of the capital and fuel costs for coal
(with/without flue gas treatment), gas and nuclear
(PWR/BWR) show the disadvantage for nuclear in
Australia at present [10]. One major reason is the
current low level of costs of coal ($20-40/tonne) and gas
(S2-4/GJ) in Australia. The cost of coal would have to
double to about $70/tonne for a nuclear plant to break-
even with an advanced coal-fired plant near to a
coalfield in Australia and the cost of gas would similarly
have to double to about S6-9/GJ for break-even with a
gas-fired plant, all at 10-15% rate of return. Renewable
technologies under development will also have to
compete with these low fossil fuel prices in Australia.

The conclusion drawn by Mr Hayes was that there was
no place for nuclear power in Australia in competition
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with cheap coal and gas unless the removal of CO2 and
other emissions became a major factor and the present
concerns of the public about nuclear power were
overcome. The main social/political issues are air
quality and global wanning from fossil fuels on the one
hand and the public's perceived concerns about reactor
safety and nuclear waste management on the other.

3. NUCLEAR
TECHNOLOGY
DEVELOPMENT

SCIENCE AND
FOR SUSTAINABLE

The discoveries of X-rays by Roentgen in 1896,
radioactivity by Becquerel in 1897 and radium by
Madame Curie in 1898 led in the next 40 years to many
applications of radiation and radioactive isotopes in
medicine, industry, agriculture and research. The
discovery of nuclear fission in 1939 and the enormous
effort to develop atomic bombs in the early 1940's
opened up the prospects for nuclear power and the
availability of a large number of new radioisotopes and
stable isotopes. These discoveries led to a large
expansion in non-power applications of nuclear science
and technology over the last 50 years.

The applications of radioactive materials and radiation
are widespread (see Fig.4). Over 200 papers covering
these applications were presented at the International
Confereence on Isotopes held in Beijing in May 1995
and over 180 were accepted for presentation in the
Second International Conference on Isotopes held in
Sydney in October 1997. These papers presented the
latest work from laboratories all over the world.

Industry - production, process control, quality
control, R&D, radiography,

Agriculture - improved breeding of plants
and animals, pest control,

Nuclear medicine - diagnostic and therapeutic;
Food - production, processing, preservation;
Water - improvement of supplies and treatment

of wastewater including sewage;
Resources - development, exploration,

processing of minerals;
Environment - protection and analysis of

air, water and soil;
Research - in all sectors.

Figure 4. Examples of Isotope Applications

The widespread applications and benefits of nuclear
science and technology and radioactive materials are
not widely known, especially by the general public. A
report prepared in 1994 by an American consulting
company [11] reveals the economic and employment
benefits of these applications in the USA. Similar
benefits would be found in many other developed and
developing countries. The study assessed at the US

federal level the output, sales and jobs in each of 80
industries. It also assessed at the US State level outputs,
sales, jobs and tax revenues generated. The estimates
included both direct and indirect effects of the persons
and industries involved in the production, processing,
transportation, and use of radioactive materials.

In 1991, radioactive materials in the USA were
responsible for: US$257 billion in total industry sales
(gross output); 3.7 million jobs; US$11 billion in
corporate profits; and US$45 billion in tax revenues to
local, state and federal governments. About 25% of the
jobs were in the health, education and non-profit
sector.About 10% of the jobs were in the federal
government sector, a reflection of the government's
extensive R&D activities.

Of course, not all benefits of radioactive materials can
be quantified. The relief of pain, the saving of lives, and
greater convenience and safety in products, are in this
category. However, the US report quoted goes some
way to making the magnitude of the benefits better
understood. The magnitude of these figures will astonish
even those working with radioisotopes.

This paper would not be complete if it did not give
credit to the enormous influence exercised over the last
40 years by the International Atomic Energy Agency
(IAEA). From its commencement in 1957, the IAEA
has encouraged the peaceful uses of nuclear energy in
the widest way, and has helped developed and
developing countries to access the benefits of nuclear
power and nuclear science and technology. The IAEA
has published a large number of reports, safety guides
and training guides, held a large number of conferences
and courses all over the world, assisted research in many
countries, and carried out advanced research in its own
laboratories. Much of this work, direct and indirect, has
contributed to the goal of sustainable development. The
IAEA's work has been summarised periodically in
special reports and in its contributions to major UN
discussions on the topic, eg. within the UN General
Assembly.

4. CONCLUSIONS

There is uncertainty in the likely increase in world
population in the next century, and there is similar
uncertainty in the estimates of the future demand for
energy and the likely effects of global warming. The
rational response to uncertainty is flexibility. This can be
achieved by applying the "precautionary principle" of
the UN Convention on Climate Change, that both
nuclear energy and various renewable energy sources
are options to become major energy sources during the
next 50 years. Nuclear energy has the major advantage
that it is a mature industrial technology and has a
minimal contribution to the production of greenhouse
gases.
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The applications of nuclear science and technology in a
wide range of areas include improved health, increased
efficiency in industry and agriculture, and the
minimisation of energy, materials and the environmental
impacts of technology. These continued and even
expanded applications in the future will be an important
component of ways to attain sustainable development.
The magnitude of the contribution is only just being
quantified and realised.

Taken together, nuclear power and the applications of
nuclear science and technology can make a significant
contribution to achieving sustainable development in the
next century.
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SUMMARY Applications of nuclear physics, many of them accelerator-based, have become important for
many fields of research. Aside from the intrinsic value of basic nuclear research, its continued support and
development are essential to sustain and expand such applications.

The installation of a super-conducting booster linac at the Department of Nuclear Physics is described.

It is emphasized that basic research and the applications of nuclear techniques for other research areas are not
mutually exclusive. Both can be undertaken with demonstrable, mutual benefits. Examples are provided,
including some recent AMS results relevant to the low level detection of plutonium and neptunium.

1. INTRODUCTION

The role of AINSE as the interface between
University researchers and the facilities at ANSTO
is well-known. Several hundred projects are funded
each year, encompassing a broad range of fields -
archaeology, anthropology, biology, chemistry,
materials and surface science and the environment,
to name just a few.

Most of the projects involve applications of nuclear
physics, in particular using the H1FAR reactor and
the accelerators at ANSTO, to further research in the
other fields. Less evident, in fact a very minor
component of AINSE participation, is basic nuclear
research. Paradoxically, at a time when the
applications of nuclear physics are proving so
successful with seemingly universal exploitation, the
"engine room" of basic research that produces and
develops them, can scarcely be seen to be
flourishing widely in Australia.

Basic experimental nuclear research in Australia has
now essentially contracted to one laboratory, the
Department of Nuclear Physics at the ANU. Recent,
significant events there will be presented. The 14
UD heavy ion accelerator has been augmented with
a super-conducting linac, comprised of nine
resonators (to be expanded in number), to allow
additional acceleration of the highly-stripped ion

beams emerging from the 14 UD. The Minister for
Science and Technology, the Honourable Peter
McGauran, attended the inauguration ceremony on
July 11 1996. Research measurements using
"boosted" beams have been completed successfully.

Importantly though, the basic research program
exists in parallel with companion "applications"
programs, accelerator mass spectrometry and energy
recoil analysis. The two activities provoke mutual
benefits, rather than being independent or exclusive.
Synergies between them will be discussed. Recent
results, relating to low-level, quantitative detection
of plutonium and neptunium isotopes, will be used
to illustrate and highlight some of the work being
done.

2. BOOSTER LINACS

A booster linac is made up of a readily expandable
number of individually phased, high frequency
(usually 150 MHz) resonators, preferably super-
conducting, used to boost the energies of beams
obtained from electrostatic accelerators. The super-
conducting material is niobium or lead. Low power
excitation of the resonators at liquid helium
temperatures produces extremely large surface
electric fields (typically 5MV/m) that can be used to
accelerate charged particles.
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The MUD accelerator in Canberra is an ideal source
of highly charged ions since the output beam
energies are sufficient for almost complete post-
acceleration stripping, prior to injection into a
booster. For example, nickel ions with a charge of
28+ can be increased significantly in energy (by
about 18 MeV per resonator) by the instantaneous
surface fields.

Ions gain maximum energy if they have a velocity
matched to the characteristics of the resonator and
enter the field with a precise phase relationship to
the sinusoidal voltage variation of the resonator.
Thus the particles to be accelerated must be bunched
in time, so that they all enter within a short time
interval and are then accelerated by the same
amount.

Ideally, all of the ions in a beam bunch should arrive
within a span of about 50 picoseconds (50 x 10"12

seconds). Preparation of such a beam is done in two
stages. First, the continuous beam from the ion
source is bunched with an efficiency of about 50%
into discrete pulses about 1 nanosecond (1 x 10'9

seconds) wide. After acceleration, a resonator (the
super-buncher) can then compress the nanosecond
wide pulses into 50 picosecond pulses, provided
they enter the resonator at a precisely determined
phase. Strictly, the super-buncher does not actually
produce discrete pulses - rather, it modulates the
energy of the ions so that they all arrive at some
particular distance simultaneously, that is a time
focus is developed (Figure 1). The distance at which
the focus occurs is a function of the amplitude
applied to the resonator.

z

ACCELERATED COMPONENT

E • 63 .6 MeV

BUNCHING TO PRODUCE
TIME FOCUS

-IOOps(FWHM)

INCIDENT
SEAM

ENERGY
62.5 MeV

2

TIME

Figure 1. A measured energy versus time plot showing the effect of a resonator on a continuous beam of carbon.
The amplitude of the resonator voltage was adjusted to achieve a vertical time focus at the target position. For
any other voltage, the energy-time line is non-vertical.

3. HISTORICAL BACKGROUND

The booster project at the ANU has a long history
that provides some interesting insights into science
policy and funding in Australia and elsewhere.

A linac was first foreshadowed in triennial funding
submissions from the the time of the installation of
the 14 UD Pelletron accelerator during 1972 -1974.
A preliminary proposal for the funding of a linac in
1981 was deferred by the Department until a full
research program was delineated, and technical
preparation and competence to tackle the project

could be demonstrated. By 1984, an essential pre-
requisite for a booster, namely nanosecond bunching
and picosecond pulsing had been implemented with
a commercially-supplied resonator. Development of
resonator fabrication, using electron-beam welding,
was well advanced. A formal proposal, SHEBA, was
submitted to the Commonwealth Tertiary Education
Commission at the end of 1984. Thereafter, it was
considered by ASTEC in the course a review of
nuclear science, but deemed not to meet the
requirements of a national facility recommended by
the review report in 1985. Recast in collaboration
with AAEC/ANSTO (another history in itself), the
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proposal was submitted to the Department of
Employment, Education and Training in 1988. It
was referred by DEET to the newly-formed
Australian Research Council (which could not fund
any research at the Institute of the ANU). In turn, the
ARC referred it to ASTEC which "lacked the
resources to judge whether or not the proposal met
the requirements of a national facility". No funding
eventuated of course, nor was there convincing
evidence that the proposals had been read either time
around.

In 1991, a yet-again recast version of the proposal,
in the new language of judgment criteria, was short-
listed in the ASTEC review of national facilities, but
not amongst those finally recommended in the report
of 1992.

Salvation was provided by the misfortune of the
highly successful Daresbury accelerator that
incredibly was closed, albeit amidst controversial
circumstances, in March 1993. The linac there was
transferred to Canberra, in exchange for access

rights to ANU facilities by UK researchers.
Shipments arrived in April and November 1993.
First beam tests of the beam line elements were
made in November 1994, with initial resonator
operation one year later. Subsequently, experimental
measurements have been completed using beams
boosted in energy beyond that available from the 14
UD alone.

Thus both the recent expansion of basic nuclear
physics research capability at ANU, and the
establishment of a dedicated accelerator mass
spectrometry facility at ANSTO have been
necessarily reliant on the acquisition and
refurbishment of second-hand equipment from
overseas laboratories that have closed.

4. THE ANU BOOSTER LINAC

A schematic layout of the beam line switchyard
associated with the booster linac is shown in
Figure 1.

U 4 I 1 IAO»
I

UN <•'•• V

TIME INEBOY t fN t

Figure 2. The beam line configuration of the ANU linac

Bunched (1 nanosecond) beams from the 14 UD
accelerator (a vertical machine) are directed into the
linac "loop" by a 90 degree analyzing magnet.
Within the accelerator, the necessary charge-
exchange by either gas or foil occurs at the centre
terminal, with an optional second stripping beyond
the terminal to achieve a higher charge state (and

output energy). Prior to injection into the booster,
another stripping can further increase the charge
state, although the useful beam intensity is reduced
by each of the latter two stripping processes.
Thereafter, the super-buncher (an ANU-made,
niobium coated quarter-wave resonator) provides a
time focus at the entrance to the first resonator, and
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the beam is deflected through 90 degrees into the
cryostats containing the resonators by an achromatic
assembly (the achromat) of magnetic quadrupoles
and dipoles. The energy modulation introduced to
achieve the time focus is considerable (about 1

MeV); hence the achromat must preserve the space
and time characteristics of the beam with such an
input dispersion (Figure 3).

RUN

t l = 45.92ms t2 = 53.5Zms at = 7.600ms I/fit = 131.6 Hz

Figure 3. The energy modulation produced by a resonator on a continuous beam, as observed on a beam profile
monitor after magnetic deflection. The energy spacing between the peaks depends on the charge state (q) of the
beam and the resonator amplitude. At peak performance, the total spacing would be 1.33q MeV. When used in
booster operation, the phase of the resonator must be set so that the beam pulse enters in the region of the upper
peak.

The present booster configuration is comprised of
three cryostats, each containing three, split-loop
resonators that are lead-plated. At peak performance
of 3 MV/m effective field, the total energy gain of
the nine resonators is 6 MV per charge state.

The output beam is deflected through 180 degrees
by another achromatic group of magnetic elements
for transport to the linac target area (upper left of
Figure 2) or to the original 14 UD target area (lower
left). Measurements thus far have been confined to
the former area. Use of the original area is reliant on
the time-energy lens that precedes the two bending
magnets (90 degrees and 70 degrees) required. The
time-energy lens, to be installed by the end of 1997,
will act either as a debuncher to homogenize the
energy by "smearing" the time structure of the beam,
or as a rebuncher to provide an optimum time focus
at target positions in the linac area. Homogenization
of the energy is essential for good transmission
through the bending magnets, though adequate beam
bunching (about 1 nanosecond) should remain to
satisfy experimental needs in the 14 UD target area.

It is also possible to obtain beam directly in the linac
target area from the 14 UD by energizing a large 90
degree magnet (centre of Figure 2).

5. COEXISTENCE OF BASIC AND APPLIED
RESEARCH

The synergies between basic research and
applications work were immediately apparent in
1985 when accelerator mass spectrometry (of radio-
chlorine) was first undertaken with the 14 UD in
Canberra, in collaboration with AAEC and CSIRO.

Aside from the special characteristics of the
accelerator itself- in particular, the essential features
of near ultra-high vacuum that obtained throughout,
and the availability of foil stripping, an
infrastructure established for basic research enabled
rapid implementation of AMS. Suitable detectors (a
legacy of heavy ion reaction studies), terminal
stabilization (installed for atomic collisions research
with heavy ions), microsecond chopping of the ion
source output (used for the measurement of isomer
lifetimes in gamma ray studies), and a flexible,
computer-based data acquisition system were
available for the fledgling AMS program.

Latterly, the flow of benefits has reversed. Ion
source performance, the resolution of the injection
system and the ability to use gas stripping are more
critical to the AMS program than to "normal"
research. Each aspect has been addressed to enhance
and broaden AMS capability, but the entire program
at Canberra has benefited significantly by the
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improvements. A further example stems from the
mutual concerns of the AMS and ERDA (elastic
recoil detection analysis of surface films) groups
about stripper foil thicknesses and lifetimes.
Investigations revealed that laser-ablated foils were
extremely long-lived (many hours) when used with
197Au beams, whereas those previously used lasted
only for ten to thirty minutes. The longevity has
provoked re-examination of the likely energies for
heavy beams that can be obtained with the linac
booster if initial, foil stripping were to be used in the
14 UD, rather than gas that had previously been
considered the only viable option for heavy beams.

Finally, as something of a footnote, but relevant to
the conference, some recent AMS results from
Canberra are reported. It has proven possible to
detect plutonium and neptunium isotopes by means
of AMS, with sensitivities about one hundred times
better than alpha particle counting. Importantly, the
ratio of 240Pu to 239Pu, that is indicative of whether
the plutonium stemmed from energy production or
was of weapons grade, can be established. Alpha
particle spectroscopy cannot determine this ratio at
low levels.
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SUMMARY ANTARES is an advanced accelerator-based facility dedicated to accelerator mass spectrometry
and ion beam analysis. Research programs based on the AMS spectrometer include applications of 14C, 10Be, 129I
and other long-lived radionuclides in quaternary science studies, global climate change and nuclear safeguards.
Ion beam analysis methods based on elastic recoil detection are used for the in-situ determination of specific
elements or isotopes in surface materials. New analytical systems are under construction, including an AMS
beamline for the measurement of actinide isotopes and a heavy ion microprobe for elemental imaging with
micron resolution. These capabilities will allow the development of exciting research programs in materials and
life sciences and to foster novel applications in industrial research.

1. INTRODUCTION

Tandem accelerators have been developed forty
years ago to produce high-energy ion beams for
nuclear physics research. A major shift towards the
use of these accelerators in the analysis of materials
composition and structure for scientific and
industrial applications has been witnessed in the last
two decades. Advanced facilities for ion beam
analysis (IBA) and accelerator mass spectrometry
(AMS) have been constructed at several nuclear
physics laboratories around the world. Three tandem
accelerators are used in Australia for a variety of
interdisciplinary applications. The 3 MV Tandetron
at the HIAF/CSIRO laboratory in Sydney, with a
proton microprobe and a SIMS-AMS facility, is
mainly applied for minerals research; the MUD
Pelletron at the Australian National University in
Canberra is a facility for nuclear physics research,
but it is also active in AMS and ion beam analysis;
and the 8 MV accelerator ANTARES at the Lucas
Heights Science and Technology Centre, is a key
facility for Quaternary research in Australia.

The ANTARES tandem accelerator is based on the
FN tandem accelerator originally built by High
Voltage Engineering for Rutgers University (New
Jersey, USA). Since its arrival in Australia, in 1989,
the accelerator has undergone a complete
refurbishment and upgrade. Major items in this
transformation are: use of SF6 insulating gas, new
spirally-inclined accelerator tubes, Pelletron
charging system, 60-sample computerised ion-
source, high resolution and high rigidity injection
magnet and fast sequential isotope injection (1).

Versatility is allowed by multiple beamlines for
AMS and IBA applications (Fig. 1).

2. ACCELERATOR MASS SPECTROMETRY

AMS incorporates an ion accelerator and its beam
transport system as elements of an ultra-sensitive
mass and charge spectrometer (2). Multiple selection
stages for energy, momentum, velocity and atomic
charge plus final identification of nuclear mass and
charge with an ion detector make possible
measurements of isotopic ratios some six or seven
orders of magnitude smaller than is possible with
conventional mass spectrometry. The high isotopic
selectivity of AMS enables a dramatic reduction of
the backgrounds that plague mass spectrometry:
molecular and isobaric interferences and tails of
abundant neighbouring masses. For instance, AMS
allows an isotopic sensitivity of one part in 10" for
'4C, l0Be and other radionuclides occurring in nature
at ultra-trace levels.

In the last 20 years, AMS systems have been
developed at more than 40 laboratories for the
detection of low-abundance radionuclides in
environmental, archaeological and biomedical
samples. Electrostatic tandem accelerators are the
optimum choice for a variety of AMS applications.
Small tandems (2- 3 MV) have been specifically
designed for I4C analysis. These relatively low-
energy tandems can also be used to detect other
long-lived radionuclides, such as 10Be, 26A1 and 1MI or
stable isotopes. Larger tandem accelerators,
originally used for nuclear physics research, can be
upgraded and used to analyse a variety of rare
radionuclides, including *C1 and 41Ca.
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Figure 1. Layout of the ANTARES Facility

2.1. AMS at Lucas Heights

The chemistry laboratories for target preparation are
an integral part of the ANSTO AMS facility.
Samples containing 0.2 mg or more of original
carbon are processed routinely for radiocarbon
analysis. The current I4C chemistry background for 1
mg carbon is about 0.2-0.3 percent of modern
carbon. With the increasing demand for
measurement of extremely small samples, we are
currently developing methods for the preparation of
targets containing tens of micrograms of carbon.
Several unknown samples with masses as low as 50
|ig carbon have been recently analysed. We are
presently expanding the capabilities of the chemistry
laboratories to encompass the preparation of '°Be,
26A1 and WC1 from a variety of environmental
samples. Procedures for the extraction of iodine
from water, sediments, soils and biota are being
developed for '^l analyses.

After chemistry processing, AMS targets are loaded
in the sputter ion source of the ANTARES
accelerator. After a pre-acceleration stage, the mass
of the negative ions is analysed by the injection
magnet. High precision AMS analysis is carried out

by rapid sequential injection of the isotopes of
interest, in order to overcome variability in source
output and accelerator transmission. Following
injection into the accelerator, negative ions are
attracted by the positive voltage at the terminal and
thereby accelerated to high energies ( e.g. 6 MeV
during I4C analysis), at which point they pass
through a gas or a foil stripper located at the
terminal. The same positive voltage then further
accelerates the multi-charged positive ions on the
terminal. Following the acceleration, combinations
of magnetic and electric fields select charge,
momentum, energy and velocity of the ions. The
beamlines dedicated to AMS are equipped with a
Wien filter, a 22° electrostatic analyser and a 90°
electrostatic analyser, which provide the selectivity
necessary to separate the radionuclide of interest.
The final identification of the rare radionuclide is
performed in the ion detector by measuring one or
more of the following parameters: total energy,
stopping power, range and velocity. Depending on
the isotopes to be counted, a variety of detectors are
available for this final stage at the ANTARES AMS
spectrometer, including a multi-anode ionisation
chamber, a Bragg detector and a time-of-flight
system.
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3. AMS APPLICATIONS

Long-lived radionuclides are used as tracers and
chronometers in many disciplines: geology,
archaeology, astrophysics, life and materials science.
Low-level decay counting techniques have been
developed in the last half-century to detect the
concentration of cosmogenic, radiogenic and
anthropogenic radionuclides in a variety of
specimens. The radioactivity measurement for long-
lived cosmogenic radionuclides, such as l0Be, 14C,
26A1,36CI, is made difficult by low counting rates and
in some cases the need for complicated
radiochemistry procedures and efficient detectors of
soft beta particles and low energy x rays. AMS can
measure cosmogenic radionuclides in geological
samples up to l(f times smaller then those required
for conventional techniques, allowing novel
applications in geology and environmental science.
Some of the projects carried out at ANSTO are
discussed in the following.

3.1. Global Climate Change

Ice cores are providing the best source of preserved
air from which to reconstruct levels of greenhouse
gases over recent centuries to millennia. Ice cores
from Law Dome, East Antarctica, characterised by
high accumulation rates but minimal summer
melting, provide an unparalleled time resolution
through the Holocene and possibly beyond. In
addition, air extracted from the firn permits direct
comparison of entrapped trace gas concentrations
with modern records. One of the problems is that
recent CO2 growth rate variations are difficult to
interpret due to the smearing of ice-core signals
induced by the diffusion of air in the firn. In
collaboration with the CSIRO Division of
Atmospheric Research, ANSTO researchers recently
succeeded in using the 14C "bomb spike" to
determine the age spread and age of CO2 in
Antarctic ice and firn (3).

3.2. Monitoring nuclear activities

Nuclear activities such as reactor operation and fuel
reprocessing introduce into the environment long-
lived radionuclides such as 129I and 36C1. AMS is the
analytical technique of choice for the practical
analysis of these radionuclides in natural specimens
(4). Isotopic concentrations of 106 atoms per gram
can be detected in samples taken from a variety of
environmental materials such as water, air, soil and
biota. In collaboration with the IAEA, the ANSTO
AMS group has recently analysed I29I in waters and
sediments collected by IAEA inspectors at various
locations from a nuclear reprocessing plant. ANSTO
researchers are also analysing I29I and other long-

lived radionuclides in water specimens from the
Mururoa lagoon, contributing to an international
project aimed at determining the environmental
impact of the underground nuclear tests in the
Pacific atolls.

3.3. Biomedicine

AMS provides a method for analysing long-lived
isotopes of elements for which metabolic and
toxicological information is not available.
Aluminium, for example, is now considered to be a
toxic element, whose accumulation has been
identified as the cause of diseased states in chronic
renal failure patients. Although still a highly
controversial issue, aluminium has also been
implicated in the aetiology of Alzheimer's disease.
Yet, aluminium compounds have been used since
last century in water treatment. Without an
appropriate radioisotope and being a monoisotopic
element, conventional studies of aluminium
metabolism have been restricted to large dose
quantities of stable aluminium and as such do not
reflect normal physiology. Detection via AMS of
the long-lived radioisotope 26A1 administered at
ultra-trace levels and thus with negligible radiation
damage can provide a new avenue to understand the
role aluminium plays in biological systems. In a
collaborative project, the ANSTO AMS group
detected the presence of !<1A1 in the brain tissue of
Wistar rats gavaged with drinking water containing
70 Becquerel doses of 26A1 (5).

3.4. Archaeology

Archaeological projects based on radiocarbon dates
performed at ANTARES include detailed research
into the probable antiquity of the rock art of
Chillagoe and Laura in North Queensland and the
Kimberley in Western Australia. A variety of
materials are being analysed, including pigments,
oxalate minerals, silica coatings, plant fibres,
carbonised plant matter, fatty acids, beeswax and
mud-wasp nests. Different sample processing
techniques are being explored in these studies
including low-pressure plasma techniques and laser
extraction methods. Intercomparisons between I4C
dating and other dating techniques such as
thermoluminescence and optically stimulated
luminescence are carried out within some of the
aforementioned projects. Two archaeological
projects are discussed in the following.

The Kimberley rock art sequence is likely to be one
of the longest and most complex in the world. On
the basis of superimposition and differential
weathering, Australian archaeologists have
constructed a very detailed rock art sequence of
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which the major phases include Pecked pits,
Irregularly Infilled Animals, Bradshaws, Clawed
Hand figures and Wandjinas. This sequence depicts
major changes in Aboriginal culture, ideology and
local fauna over time. Fieldwork in the region
started in 1994 with the aim of providing absolute
dates for the Kimberley rock art sequence. Small
samples of pigments, beeswax and associated
mineral crusts have been collected. AMS dating of
these samples has provided the first age estimates
for the well-known Bradshaw painting style.
Mudwasps, which overlie or underlie Kimberley
rock paintings, can be dated by Optically Stimulated
Luminescence (OSL), providing minimum or
maximum ages for rock paintings. ANSTO
provided AMS determinations for some of the same
samples, thus allowing comparison between results
from two very different dating techniques (6).

Ngarrabullgan or Mount Mulligan, located some 100
km northwest of Cairns, north Queensland,
Australia, is a large table top mountain bordered by
300 m high cliffs along most of its periphery.
Different vegetation can be noted on the top of
Ngarrabullgan and in the savanna woodlands that
surround the mountain. Ngarrabullgan Cave, on the
top of Ngarrabullgan, is one of the earliest
radiocarbon dated archaeological sites in Australia
(37,000 yr BP). The deposits at this site show very
low erosion and a near-total absence of territorial
vertebrate fauna. Our study shows that intensive use
of the mountain started around 5000 yr BP, after 27
millennia of total abandonment. In this work we
have also obtained the first paired I4C/OSL
determination for pre-30 ka archaeological deposits
(7).

4. ION BEAM ANALYSIS

Ion accelerators can provide a variety of high-
energy ion beams to probe the structure of materials
and their composition. Ions penetrating the surface
of a material specimen lose energy by ionization
processes caused by the Coulomb interactions
between the projectile and the target electrons and
also by nuclear scattering. The range of ions in
materials is short, with a relatively well defined end
point. By comparison, x-ray and neutron beams are
attenuated according to an exponential law and
sample a much greater amount of material. Ion
beams are applied to trace element determinations
using the characteristic x-rays produced in the
ionization process. Nuclear reactions, including
elastic and inelastic scattering or Coulomb
excitation, are useful to identify specific elements
and nuclides present in the sample. Concentration
measurements of individual elements or isotopes as a
function of depth are determined using narrow

nuclear resonances and energy loss of ions as they
penetrate the material.

An IBA system based on elastic recoil detection
(ERD) is available on one of the ANTARES
beamlines. In elastic scattering processes, the target
atoms gain momentum in a forward direction. By
detecting the atoms leaving the target in a forward
direction, information on the concentration and
depth distribution of various elements can be
obtained Measurements of time of flight and energy
provide unambiguous identification of the knocked-
on nuclides. ERD is being used by ANSTO groups
in studies related to Synroc. This material has a high
leach resistance in aqueous media, but it is difficult
to use H2O to measure the hydrogen incorporated in
leached Synroc, due to the ubiquitous presence of
hydrogenous surface contamination. The use of D2O
provides a more sensitive and reliable method for
this kind of studies. ERD techniques using heavy ion
beams are used at ANSTO to study deuterium depth
penetrations and concentrations in Synroc samples
and to evaluate the chemical reactions taking place
during the dissolution of this material at different
temperatures (8).

5. FUTURE DEVELOPMENTS

As described in the previous sections, the
ANTARES accelerator is presently used for the
AMS analysis of commonly used long-lived
radioisotopes and for the IBA characterisation of
materials surfaces. Two new facilities, an ion
microprobe and a system for AMS analysis of heavy
rare isotopes, are under construction and will expand
present capabilities.

5.1. The heavy ion microprobe

Ion microbeam analysis uses an ion beam focussed
to urn dimensions for elemental imaging of materials
surfaces. This can be performed by using secondary
radiation induced by the primary ion beam, such as
x-rays and nuclear reaction products, or by using the
energy loss of transmitted primary ions. Pioneering
studies with proton microbeams (50 u.m diameter)
were performed in the mid sixties at the Lucas
Heights 3-MV accelerator (9). These first
experiments paved the way for the modern nuclear
microprobes, characterised by sub-micron lateral
resolution (10). A heavy-ion microprobe for surface
imaging and depth profiling is presently being
developed at ANTARES,. This nuclear microprobe
is designed to focus a variety of ion beams, including
iodine, to lateral dimensions of about 10 microns or
less. Possible future plans could include the
development of a single ion hit system, a key facility
for studies of single event upset (of paramount
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importance in satellite technology) and for single cell
irradiation.

5.2. AMS of actinides

A new facility is being constructed at ANTARES to
analyse rare heavy radionuclides, such as 2"U,
2""°Th and 244Pu, in natural samples with ultra-high
sensitivity. The main use of this facility will be for
the ANSTO program in environmental monitoring
and nuclear safeguards. An electrostatic quadrupole
doublet has been installed on the high-energy end of
the accelerator to provide mass independent
focussing of the beam at an external gas stripper,
where stripping to higher charge states will allow
rejection of molecular fragments having similar
M/Q. Momentum and E/Q analysis will be
performed with a new analysing magnet (mass-
energy product = 250 MeV.amu) and an electrostatic
analyser (ESA). The 90° spherical ESA,
manufactured by Danfysik, has a radius of 2.5 m
and a nominal maximum rigidity of E/Q = 7.6 MV
and an energy dispersion of 5000 in the image plane.

6. CONCLUSIONS

ANSTO is promoting an advanced research and
development program in a variety of topics of high
international significance such as global climate
change and environmental monitoring for nuclear
safeguards. Other research projects are related to the
processing of novel materials for use in functional
devices. The analytical facilities available at
ANTARES provide essential capabilities for the
development of this program.
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SUMMARY

The establishment of the National Medical Cyclotron (NMC) in the early 1990's was the practical outcome of a vision,
held by nuclear medicine professionals, to complement the available neutron-rich radionuclides produced in Australia,
with neutron-deficient radionuclides. The NMC is operated by the Australian Nuclear Science and Technology
Organisation (ANSTO) in collaboration with the Royal Prince Alfred Hospital (RPAH) in Sydney where the PET
department is able to use the short-lived radiotracers to good advantage. Neutron-deficient radionuclides, produced by
the NMC laboratories are used in over 70,000 patient studies per year. The NMC has achieved the status of a national
facility.

1. INTRODUCTION

Australia's first nuclear reactor was commissioned in
the outer suburbs of Sydney in the late 1950's.
Australia can fairly claim that it was one of the
pioneering countries involved with the reactor-
production of neutron-rich radioisotopes, particularly
technetium-99m, for application in nuclear medicine.

However, Australia lagged behind the rest of the
developed world, in that it could not manufacture
neutron-deficient radionuclides, to complement
reactor produced radionuclides for the indigenous
nuclear medicine community. Cyclotron-produced
radionuclides had to be imported.

The first documented experience in Australia of using
neutron deficient isotopes as a diagnostic tool
occurred in 1960 when researchers from the Medical
School of Sydney University used imported, positron
emitting 74As, in conjunction with a simple
coincidence detection system, for brain studies (1),
(2). These studies resulted in the first request to
government for an Australian Cyclotron in 1962 (3).

The Australian requirement in the 1980's for
imported, cyclotron-produced isotopes plus the
rapidly evolving diagnostic modality of Positron
Emission Tomography (PET) at the international
level, saw a renewed effort on behalf of the nuclear
medicine professionals to establish a local cyclotron
facility (4), (5).

A decision was made by the Federal Government in
1986 to establish a national cyclotron facility at the

Royal Prince Alfred Hospital, Sydney. The $20
million complex was completed in 1991 and is
currently operated by the Australian Nuclear Science
and Technology Organisation (ANSTO) in
collaboration with the Royal Prince Alfred Hospital
(RPAH).

The cyclotron complex has the dual role of, (a)
producing short-lived radiopharmaceuticals for
immediate use in PET and (b) to produce the longer-
lived neutron-deficient isotopes for Australia's
nuclear medicine requirements.

2. NUCLEAR MEDICINE IN AUSTRALIA

Nuclear medicine in Australia has evolved from the
early 1960's to the present in which a population of
18 million is well served by the 160 nuclear medical
centres throughout the country. These combined
centres are equipped with over 300 gamma cameras,
2 PET cameras and 2 coincidence detectors. They
perform in excess of 430,000 patient studies per year.

3. THE NATIONAL CYCLOTRON
FACILITY

3.1 The National Medical Cyclotron Complex

The ANSTO facility was built on land, leased from
the Central Sydney Area Health Service. The
complex houses the radionuclide production
laboratories, cyclotron, independent beam rooms for
target irradiations and pneumatic transport dispatch
system for the RPAH PET department.
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There are two radioisotope processing laboratories.
One for producing PET-based radiopharmaceuticals
and one for the longer lived SPECT (Single Photon
Emission Computerised Tomography) radionuclides. .
The cyclotron laboratories are located three hundred
and sixty metres from the RPAH Department of PET
and Nuclear Medicine. The PET radiopharmaceuticals
are transferred from the laboratories to the PET camera
facilities by an underground pneumatic transfer
systems. Radioactive gases can be transferred to the
RPAH diagnostic centre using underground stainless
steel transfer lines.

ANSTO and RPAH staff have developed the quality
procedures and protocols for the Cyclotron Complex to
gain a licence, from the Australian Therapeutic Goods
Administration, to manufacture both radiochemicals
and radiopharmaceuticals for diagnostic requirements.

3.2 The Cyclotron

Nuclear reaction cross sections for the formation of the
more common medical radioisotopes are such, that
proton-energies of less than 30 MeV can be used.
Radionuclides for PET diagnostics are formed at beam-
energies generally less than 15 MeV.

Given these facts it was decided to install a 30 MeV
compact cyclotron, designed by a Belgian company,
Ion Beam Applications.

This cyclotron accelerates negative hydrogen ions to
energies necessary to produce the relevant nuclear
reactions. The negative ions are produced in a
vertically mounted ion source, located external to the
cyclotron . They are axially injected into the central
region of the cyclotron where they are bent into a
horizontal plane by a set of inflector electrodes.

When the beam of ions has reach the required energy
inside the cyclotron, the negative ions are 'extracted' by
passage through a carbon foil, located at a convenient
radius in the cyclotron chamber. The two electrons on
the negative hydrogen ion are removed or 'stripped' to
form a positively charged hydrogen nucleus or proton.
The proton beam can be directed onto a selection of
targets using magnets

The cyclotron now operates one hundred hours per
week with ninety percent of bombardment time devoted
to producing the long-lived commercial radioisotopes.
Ten percent of operation time is devoted to the
production of short-lived ( Tl/2 < 2 hours) PET
isotopes and related radiopharmaceuticals.

The cyclotron can be operated in a dual-beam mode in
which two targets are simultaneously bombarded with
the same energy and current.

3.3 Radionuclide Production
Medical Cyclotron

by the National

The production of radionuclides in a particle
accelerator such as a cyclotron differs significantly
from the procedures used in a fission reactor.
Cyclotrons require a different approach in target
technology. In particular, cyclotron targets have to
dissipate high levels of thermal energy generated , as
the energy of charged particles is dissipated in matter.

For instance, to produce 201 Tl at the NMC, requires a
proton-beam of energy 30 MeV and a current of 300
A to bombard the solid, internal target. The target must
therefore dissipate 9 kW of heat otherwise the
electrodeposited target material under bombardment
would melt. Heat dissipation is achieved by cooling
the back surface of the solid copper target plate with
water, flowing at a rate of 25 L.min-1.

External liquid targets, used in the cyclotron production
of PET isotopes, are typically bombarded with a beam
power 0.4 kW. In addition to water cooling, with a
flow rate of 6 L.min-1, these targets also have the front
surface cooled by jets of compressed helium.

The radionuclides and nuclear production routes which,
to date, have been produced at the cyclotron complex
can be seen in Table 1.

TABLE 1. RADIOISOTOPES PRODUCED
BYTHENMC

Isotope

18F

11C

13N

150

201T1

67 Ga

1231

l l l ln

Half-life

109.8 m

20.3 m

9.97 m

122.2 s

72.9 h

78.2 h

13.2 h

67.3 h

Production Route

18O(p,n)18F

14N(p,) l lC

16O(p, )13N

16O(p,pn)15O

203TI(p,3n)201Pb- 201 Tl

67Zn (p,n) 67Ga

124Xe(p,2n)123Csl23Xe
1231

112Cd(p,2n) l l l ln
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Production of 20IT] and 67Ga commenced at the
NMC in 1993. These relatively long-lived
radiochemicals are produced in bulk and transported to
Australian Radioisotopes, at Lucas Heights, some 40
km south-west of Sydney, for processing and
conversion to radiopharmaceuticals, ready for injection.

The major use for 201 Tl in Australia is to contribute to
the diagnoses of coronary artery disease and tissue
viability in addition to indicating to the nuclear
medicine practitioner, the to decide the most
appropriate patient management regimes over a broad
range of coronary disease.

Gallium-67 radiopharmaceuticals are mainly used for
diagnosing the extent of Hodgkins Disease and
monitoring the effects of chemotherapy used to treat
the disease.

The original expectations for an Australian cyclotron
facility (3) is now being realised with over 70,000
patient studies per year being conducted with long-
lived radionuclide being produced in this facility.

3.4 PET-Based Radiopharmaceutical Production

Whereas the long-lived radiotracers are processed at
the Lucas Heights Laboratories, the PET-related
preparations are produced at the NMC. These
Pharmaceuticals are produced, using ANSTO facilities,
by radiochemists working for the Royal Prince Alfred
Hospital

From an institutional perspective, RPAH comes within
the purview of the State of NSW and ANSTO under
the Commonwealth. An "in-house" arrangement exists
between the two collaborating organisations for the
manufacture of these Pharmaceuticals. This
arrangement enables the ANSTO PET-production
laboratories to be considered as a hospital central
pharmacy. An Ethics Review Committee of RPAH
assesses the technical and ethical questions of PET-
pharmaceutical administration for that institution.

From a manufacturers view-point,
radiopharmaceuticals for general use are terminally
sterilised by autoclaving. Because of time constraints
with short-lived PET preparations, filtration
sterilisation is favoured over autoclaving. Australian
Standards for filtration sterilisation define that this
operation must be performed in an environment
supplied with filtered air, containing not greater than
3.5 particles per litre with particle diameters less than
0.5 m. The routine PET production laboratoriethe
NMC were built to meet these stringent specifications.

Diagnostic PET makes use of positron emitting
radionuclides of the essential elements of life: carbon,
nitrogen, oxygen and fluorine (as a substitute for

hydrogen in organic molecules).

The pharmaceuticals which are being administered to
patients at the RPAH Department of PET and Nuclear
Medicine include:
* 13N-ammonia; used in diagnosing coronary
perfusion abnormalities
* 15O-water: used in measuring regional blood flow
in heart and brain
* 18F -FDG: can be classified as the work-horse of
PET (6). It was used in cardiac and brain imaging in
the early 90's but is now used extensively in oncology
in the late 1990's..

At a recent international conference, held in the USA,
Australian work conducted at the RPAH with 18F-
FDG, was considered to have made a valuable
contribution to the use of positron emission
tomography in nuclear medicine (6).

The numbers of studies now being conducted by the
RPAH PET Department exceed the forecasted 1200
studies per year, estimated by the Australian Institute of
Health in the early 90's (7).

Evolving positron-detection technologies have resulted
in comparatively inexpensive PET scanners. As these
scanners are introduced into Australian nuclear
medicine departments 18F-based radiopharmaceuticals
are expected to be supplied, from the NMC, to support
this evolving technology.

4. CONCLUDING COMMENTS

An Australian cyclotron facility, first mooted in the
early I960's became a reality in the 1990's. This
national facility is operated by ANSTO in collaboration
with RPAH.

Since the first proton beam was generated at the
National Medical Cyclotron on 9 July 1991 several
significant improvements were made by ANSTO staff
to the cyclotron so that it now exceeds the
manufacturers specifications in a number of areas.

The National Medical Cyclotron Laboratories are
licensed by the Australian Therapeutics Goods
Administration to produce radiochemicals and ethical
pharmaceutical formulations for the nuclear medicine
profession

The benefits created by this facility touch the well-
being of over 70,000 Australians per year
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Cyclotron-Produced Radioisotopes and their Clinical Use
at the Austin PET Centre

H.J. TOCHON-DANGUY, Senior Radiochemist, Centre For PET, Austin & Repatriation
Medical Centre, Melbourne Victoria 3084

SUMMARY A Centre for Positron Emission Tomography (PET) has been established within the Department
of Nuclear Medicine at the Austin & Repatriation Medical Centre (A&RMC) in Melbourne. PET is a non-
invasive technique based on the use of biologically relevant compounds labelled with short-lived positron-
emitting radionuclides such as carbon-ll, nitrogen-13, oxygen-15 and fluorine-18. The basic equipment
consists of a medical cyclotron (10 MeV proton & 5 MeV deuteron), six lead-shielded hotcells with associated
radiochemistry facilities and a whole body PET scanner. During its first five years of operation, the Melbourne
PET Centre, has pursued a strong radiolabelling development program, leading to an ambitious clinical
program in neurology, oncology and cardiology.

1 INTRODUCTION

Positron emission tomography (PET) is an imaging
technique that provides in vivo measurements in
absolute units of a radioactive tracer. The PET
technique offers the unique possibility of studying
metabolic and physiological processes in living
human subjects without disturbing the system under
investigation (1). One of the attractive aspects of
PET is that the radioactive tracer can be labelled
with short-lived radioisotopes of the natural
elements of the biochemical constituents of the
body. For example, natural atoms of carbon,
nitrogen and oxygen are replaced with the short-
lived positron-emitting radioisotopes carbon-ll
(ti,=20.4 min), nitrogen-13 (tb= 10 min) and oxygen-
15 (tb=2 min). In addition, fluorine-18 (U,= 109.6
min) can be exchanged for hydrogen in the
molecule.

Twenty years ago the short-lived radionuclides were
available only in the large centres for physical
research owning particle accelerators or nuclear
reactors. Today the increasing clinical applications
of cyclotron produced radionuclides and
radiopharmaceuticals rapidly raised the number of
compact cyclotrons throughout the world. Up to 120
medical cyclotrons have been established worldwide
in the past 15 years with two cyclotron facilities in
operation in Australia: Melbourne (2) and Sydney
(3). Medical cyclotrons may be classified into two
groups, depending on the maximum energy of the
beam available: i) cyclotrons with fixed energies of
10-17 MeV protons (5-8 MeV deuterons); ii)
cyclotrons with variable energy up to 35 MeV

protons (17 MeV deuterons). These medical
cyclotrons are generally dual particle machines
(proton & deuteron) to take advantage of a broad
spectrum of nuclear reactions, and the main
differences between the two groups being the
number and quantities of radionuclides which can be
produced. All medical cyclotrons that are currently
available are suitable for sustaining a major program
in positron emitter production for PET research and
clinical application. It is the purpose of this article to
briefly describe the Austin's PET facilities and to
explore the initial 5 years of operation. We describe
the basic principles of the PET technique and review
the cyclotron-produced radioisotopes and
radiopharmaceuticals. Radiolabelling development
programs and clinical applications are also
addressed.

2 BASIC PRINCIPLES OF PET

This non-invasive imaging technique is based on the
use of biologically relevant compounds labelled
with short-lived positron-emitting radionuclides. In
clinical applications, a very small amount of labelled
compound (called radiopharmaceutical or
radiotracer) is introduced into the patient usually by
intravenous injection and the concentration in tissue
measured by the scanner. During its decay process,
the radionuclide emits a positron which, after
traveling a short distance, encounters an electron
from the surrounding environment. The two
particles combine and "annihilate" each other
resulting in the emission in opposite directions of
two gamma rays of 511 KeV each (Figure 1).
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Figure 1.
detection

Region of coincidence detection

Annihilation Event

y-rays accepted by coincidence

Y-rays rejected by coincidence

Basic principal of PET: coincidence

The image acquisition is based on the external
detection in coincidence of the y -rays and therefore
the localisation of the positron-emitting
radionuclides inside the patient. A tissue attenuation
correction is performed by recording a short
transmission scan using three Germanium-68
rotating rod sources. All the data are fed into a fast
computer that reconstructs the images using a two
dimensional or three-dimensional algorithm.
Ultimately using various bio-mathematical models,
these data will be transformed into information with
physiological, pathological or pharmacological
significance.
The main applications of PET to date, have been for
studies of the human brain (4) and heart (5). More
recently applications in oncology have shown very
promising results (6). Several hundred
radiopharmaceuticals have been labelled with
positron emitters during the past two decades, and
about 30 are presently considered to be of major
interest in clinical PET (7).
A standard commercial PET scanner such as the
Siemens/CTI 951 installed at the Austin Hospital in
Melbourne comprises of 16 rings of bismuth
germanate (BGO) detectors, covering an axial length
of 10.8 cm with a ring aperture of 56.7 cm in
diameter.

3 CYCLOTRON & TARGETERY SYSTEM

Cyclotron
The cyclotron in operation at the Austin &
Repartriation Medical Centre in Melbourne is a
negative ion design (Cyclone 10/5 from ION BEAM
APPLICATIONS, Belgium) which accelerates H
ion to 10 MeV and D ion to 5 MeV. At the
extraction radius, the negative particles are stripped
of their electrons by passing through a very thin
stripping carbon foil and the resulting positively
charged ions (H+ & D+) are bent outwards to the

target ports, by the magnetic field. The design of
the machine utilises a deep-valley magnetic field
concept such that both the ion sources and
radiofrequency accelerating cavities are located in
two opposite valleys between the magnetic pole
pieces. This allows the poles to be positioned much
closer together and therefore considerably reduces
the power consumption of the cyclotron. With the
new sources, recently upgraded by the manufacturer
on our machine, up to 80 uA of proton and 30 \i A of
deuteron beam intensity can be extracted onto a
single target or divided between two oppositely
mounted targets. The cylindrical magnet return
yoke consisting of 15 cm of steel acts as the primary
radiation shield and in addition the machine is
enclosed inside a cylindrical shielding system
consisting of 68 cm thickness of boron doped water.
Experimental measurements indicate that the
cyclotron shielding, together with the 60 cm thick
concrete wall of the wault, is sufficient to keep the
radiation dose level outside the cyclotron vault to
less than 0.5 uSv/h.

Targetery
The Cyclon 10/5 can be fitted with 8 targets
mounted directly on the vacuum chamber perimeter
located inside the return yoke of the magnetic field.
Two types of target are available from the
manufacturer: a liquid target accepting various
volume chamber inserts (aluminium or silver)
ranging from 300uL to 1500uL; and a gas target
(aluminium) with a fixed volume of 20 mL.
Currently our machine is fitted with 6 targets
remotely loaded or unloaded by gas pressures, and
the radioisotopes are automatically transported via
narrow tubing from the targets to the chemistry units
in the hotcells laboratory. Two types of lead
shielded hotcells have been installed within the
laboratory: two large hotcells mainly used for R &
D; and four small shielded cells used to house
automated radiochemistry modules for routine
radiopharmaceutical production.

4 PRODUCTION OF RADIOISOTOPES &
RADIOPHARMACEUTICALS

Radioisotope production
The energy of the particle and the current of the
particle beam as well as the cross section of the
nuclear reaction itself, determine the quantity of
radionuclide that can be produced in any time
period. Experiments have shown that appropriate
amounts of the four positron emitters commonly
used in PET (1SO, I3N, "C and 18F) could be obtained
with 10 MeV protons and 5 MeV deuterons. Table 1
lists our typical production yields and the nuclear
reaction involved in the production of these four
radionuclides.
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radionuclides nuclear reaction production yield

Oxygen-15 l4N(d,n)r5O 300mCi (12MBq)

Nitrogen-13 16O(p,a)l3N 100mCi(4MBq)

Carbon-11 l4N(p,a)"C 800mCi (32MBq)

Fluorine-18 18O(p,n)l8F 800mCi (32MBq)

Table 1. Typical production yields for the currently
used positron emitters

Oxygen-15 and carbon-11 isotopes are both
produced from a gas target. These targets can be run
in either continuous flow or bolus mode at a loading
pressure of up to 11 bar. The possibility of
accelerating low energy deuterons offers the
advantage of producing oxygen-15 from natural
nitrogen gas, as target material, through the
l4N(d,n)l5O reaction. If restricted to a single particle
cyclotron (proton), production of high specific
activity oxygen-15 will require the use of the
expensive nitrogen-15 isotope as a target material
through the l5N(p,n)'5O reaction. When high
specific activity is not an issue, oxygen-15 can also
be produced through the 16O(p,pn)l:;O reaction,
ending with a "O/'6O oxygen mixture. Oxygen-15
can be produced as molecular oxygen (15O2), or
directly as carbon dioxide (C'̂ Oo) by mixing the
target gas with 5% of natural carbon dioxide as a
carrier. Carbon monoxide (CISO) can also be easily
produced by reduction of C'SO: on activated
charcoal at 900°C.

Carbon-11 is easily produced by proton
bombardment of natural nitrogen-14 through the
|l4N(p,a)"C nuclear reaction. A target gas mixture
of a few percent oxygen in natural nitrogen will
produce radioactive carbon dioxide ("CO2) and a
few percent hydrogen in natural nitrogen will
produce methane ("CH4). Carbon monoxide ("CO)
could also be easily produced by reduction of "CO2

on activated charcoal at 900°C.
To date, one of the most commonly used methods
for "C-radiolabelling of PET radiotracers is through
"C-methylation using "C-methyl iodide ("CH3I).
The current method of production of "CH,I is
through the reduction of "CO, using LiAlH4,
followed by aqueous HI reaction. This method
suffers from the major disadvantage of natural
carbon dioxide (UCO:) contamination, resulting in a
much lower specific activity of "CH,I than the
original "CO:. The theoretical specific activity of
"CO2 produced could be as high as 10 Ci/pmol but
could drop below 5 Ci/umol after radiolabelling of
the "CH,I precursor (9). To overcome this problem,

an alternative gas phase production of "CH3I from
"CH4 has been recently investigated (10).

Nitrogen-13 and fluorine-18 isotopes are both
produced from a liquid target. Nitrogen-13 is
produced by proton bombardment of distilled water
through the 16O(p,a)'3N nuclear reaction. Even with
the relatively low energy proton beam delivered by
our cyclotron (10 MeV) a useful production yield of
100 mCi can be achieved with 20 minutes
irradiation. Up to recently, Nitrogen-13 was
recovered mainly as nitrogen oxides (nNOx) in
aqueous solution and a Devarda alloy was necessary
to reduce the nitrite and nitrate into the more useful
chemical form ammonia (nNH3). Today, the use of a
scavenger for oxidising radicals, such as ethanol (5
mM), has been successfully used as to prevent in-
target oxidation (11).

Fluorine-18 is produced by proton bombardment of
oxygen-18 enriched water through the l8O(p,n)'8F
nuclear reaction. Fluorine-18 is recovered as an
aqueous solution of fluoride-18 (H2O/I8F), and can
be easily extracted by ion exchange. Ionic fluoride-
18 can be transfered into an organic solvent and
used for stereospecific nucleophilic substitutions.
Routinely 800 mCi of fluorine-18 can be produced
in one hour of irradiation. It is important to mention
that fluorine-18 can also be produced as a
radioactive gas through the 2ONe(d,ct)l8F nuclear
reaction. This way of production, which is useful
for electrophilic substitution, requires the addition
into the target of fluorine-19 gas as carrier, and is
currently seen as a less attractive method.

Radiopharmaceutical productions
The synthesis of radiolabelled compounds is one of
the most critical aspects of the sequence of events in
PET studies. In theory, with "C, any organic
molecule could be labelled by isotopic substitution
of "C for natural carbon, retaining the full properties
of the parent molecule. In reality the short half-life
of the positron emitting radioisotope imposes some
constraints on labelling strategies. Thus access to
"C as well as 13N, 15O and 18F is essential in a
flexible program of radiopharmaceutical design.
Radiolabelling of compounds involves considerable
amounts of radioactivity to start with and must be
performed by remote control in lead-shielded
hotcells. Time is an important factor in
radiolabelling and new synthetic procedures are
usually required to introduce the radioisotope in the
latest possible stage of the synthesis. The final
obligation is the biochemical evaluation of the
radiopharmaceutical in terms of quality assurance
and quality control (12). This includes chemical and
radiochemical purity determination as well as
pharmaceutical validation. In addition, when
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receptor site mapping and quantitation are
investigated, appropriate chemistry procedures must
be carried out to ensure a high specific activity of
the radiopharmaceutical, in the Ci/umol (37
GBq/umol) range. In Table 2 are listed the
radiotracers and radiopharmaceuticals synthesised
and used during the initial 5 years operation of our
PET facility.

Radiotracers &
radiopharmaceuticals

Examples of biomedical
applications

156-oxygen
l5O-carbon monoxide
l5O-carbon dioxide
15O-water
nN-ammonia
I8F-FDG
I8F-FMISO

"C-SCH23390

"C-Flumazenil

oxygen metabolism

blood volume

blood flow

blood flow

blood flow

glucose metabolism

hypoxic cell tracer

dopamine D1 marker

benzodiazepine marker

Table 2. PET Radiotracers and radiopharmaceuticals
produced at the Austin Centre and example of
biomedical applications

As mentioned above, some PET radiotracers could
be directly produced out of the target without further
chemistry. This is the case for 15O-labelled oxygen,
carbon monoxide or carbon dioxide and for l3N-
labelled ammonia. Other radiotracers such as 15O-
labelled water could be synthesised on-line from the
cyclotron-produced radioisotope itself, using a
palladium-catalysed reaction (13). More complex
molecules such as 2-Fluoro-2-Deoxy-D-Glucose
(FDG), Fluoromisonidazole (FMISO) or Flumazenil
(Ro 15-1788), radiolabelled with I8F or "C, will
require more sophisticated radiochemistry (14-16).
A multi-step radiosynthesis is usually performed
using an automated chemistry module and
purification with High Pressure Liquid
Chromatography (17).

5 PET CLINICAL APPLICATIONS

Clinical operation of the Austin PET Centre in
Melbourne commenced in 1992 with 20 scans per
month (18). After the initial few years of operation
needed to develop and validate appropriate protocols
and procedures, the patient throughput gradually
increased to nearly 1000 scans per year in 1997.
With now up to 9 radiotracers &
radiopharmaceuticals routinely produced in the
Centre, various relevant clinical parameters can be

assessed including glucose metabolism, hypoxia,
blood flow and neuroreceptor mapping.

Glucose metabolism
Since its development I8FDG has become the most
widely used radiopharmaceutical in the PET clinic
today. I8FDG uptake in biological tissue reflects
glucose metabolism and could be used as a marker
of cell dysfunction. To date, the clinical usage of
I8FDG at the Austin PET Centre has been
concentrated in the following areas:
-to characterise various tumors and enable the
effects of therapy to be monitored (19,20). A
correlation has been found between the glucose
accumulation by tumor and the degree of
malignancy.
-to help in the selection of patients for surgical
treatment of epilepsy (21). In three-quarters of
patients with complex partial seizures, epileptogenic
tissue has been identified as an area of
hypometabolism.
-to identify patients likely to benefit from
myocardial revascularization (22). Ischemic
myocardium maintains its viability by increasing
glycolytic flux rate, resulting in an 18FDG tissue
accumulation.

Hypoxic tissue visualisation
A nitroimidazole derivative, 18F-Fluoromisonidazole
(I8FMISO), is a relatively new tracer able to
selectively identify hypoxic tissue by metabolic
trapping in cells with reduced oxygen. To date, the
initial clinical usage of I8FMISO at the Austin PET
Centre has been concentrated in two pilot studies:
-to gain an understanding of hypoxia within brain
tumors (23). It has been suggested that reduced
oxygen within tumors may be a factor in resistance
to standard radiotherapy and chemotherapy,
-to identify tissues likely to represent the ischaemic
penumbra in patients after acute ischaemic stroke
(24). These findings may have important
implications for the therapeutic window after stroke.

Oxygen metabolism and blood flow
The function of the cerebral tissue depends critically
on the use of oxygen, and impairment in its rate of
consumption often constitutes a pathological
condition. The PET method represents a potentially
valuable tool for the study of functional
neuroanatomy in various pharmacological and
diseased states. To date the initial usage of I5O2,
C15O2 and H,15O at the Austin PET Centre has been
concentrated on a few research protocols:
-to help in predicting outcomes and patient
management after ischemic stroke (25). Using 15O,
and H2

I5O with PET, oxygen consumption and
cerebral perfusion can be quantitatively measured in
ischaemic stroke.
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-to define areas of increased neural activity
associated with specific motor or cognitive tasks in
conscious man (26,27). The short half-life of
oxygen-15 (2.1 min) allows for rapid sequential
studies of cerebral blood flow using H2

I5O.

In addition, PET studies using radiotracers such as
"N-ammonia allow for qualitative and quantitative
regional coronary blood flow evaluation in coronary
artery disease (28).

Receptor mapping
Several neurological and psychiatric diseases have
been related to neurotransmitter and receptor
disorders. There now exist PET radiotracers for
mapping and quantifying many neuroreceptors
including the dopamine receptor, the serotonin
receptor, and the benzodiazepine receptor. Through
PET studies, it is then possible to relate changes in
neurotransmitter function to clinical features. To
date, at the Austin PET Centre, only "C-Flumazenil
has been used in the following clinical research:
-to evaluate the use of "C-F!umazenil for
preoperative visualisation and localisation of
epileptic foci in patients with intractable partial
epilepsy (29). It has been demonstrated that the
density of postsynaptic benzodiazepine receptors is
reduced in human epileptic foci,
-to quantify the number and affinity of cerebral
benzodiazepine receptors in the pathogenesis of
various psychiatric disorders such as post traumatic
stress disorder (PTSD) and panic disorder (30).
There is widespread therapeutic use of
benzodiazepines for their pharmacological actions
such as anxiolitic, anticonvulsant and sedative-
hypnotic effects. The actions of the
benzodiazepines are thought to be caused by
enhancing the effects of GABA-mediated inhibition
in the central nervous system.

6 FUTURE DEVELOPMENTS

The preparation and the use of new labelled PET
radiopharmaceuticals is fundamental for the
development of further clinical studies. Two areas,
oncology and psychiatry, offer particularly
challenging field of development for PET.
In oncology, PET has already been found useful in
assessing the viability of tumors and the efficacy of
anti-cancer drugs. Although 18FDG provides
information on tumor metabolism, it has limited
utility in certain tumors with lower grades of
metabolism. In addition it has been shown that
glucose metabolism changes occur much later than
changes in nucleic acid metabolism. Thus
nucleoside analogues represent a structural class
regarded as potential marker of DNA proliferation,
and thymidine derivatives are currently under

evaluation at the Austin PET Centre.
In psychiatry, PET has already shown some useful
applications in the understanding of the biochemical
processes in cerebral function. Serotoninergic
neuron abnormalities have been suggested in
neuropsychiatric diseases, and extensive efforts have
been made to radiolabel antidepressant drugs which
bind to 5-HT sites on the serotoninergic neuron
terminals. Most of these compounds have been
found unsuitable for PET studies, and radiolabelling
of a new highly potent serotonin uptake blocker is
under investigation at the Austin PET Centre.

7 CONCLUSIONS

The interest in PET is now well established in
medical research. The strength of PET lies in its
ability to provide quantitative functional information
about physiology in vivo. The examples of the use
of PET to examine structure-function relationships,
have proved to be useful in clinical domains such as
oncology, cerebrovascular or myocardial disease
and neuropathophysiology.
The proven ability of PET to image and quantify
physiological and chemical processes provides
clinicians with a unique means of guiding diagnosis
and treatment. The role for PET will continue to be
expanded as more chemically specific tracers are
developed for probing normal and abnormal
biological function. However, optimal application
of PET to the measurement of regional tissue
function is complicated and depends on a wide
variety of expertise.
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SUMMARY: In this paper the recently formed National Plasma Fusion Research Facility at the Institute of
Advanced Studies is described in the context of the international Stellarator program and the national
collaboration with the Australian Fusion Research Group. The objectives of the Facility and the planned
physics research program over the next five years are discussed and some recent results will be presented.

1 INTRODUCTION

Nuclear fusion, in which light elements in a hot
ionized plasma combine to form heavier elements,
is the ultimate source of energy in the universe: it
powers stars. Research to develop a terrestrial
fusion reactor has been pursued since the 1950s in
laboratories all over the world, including Australia.

Although conditions for fusion—temperatures of
lOkeV (100 million degrees C), densities of 1014

particles/cm3, and energy confinement times of the
order of 1 second—are difficult to achieve, recent
experiments on large toroidal magnetic fusion
devices in the US, Europe, and Japan have
demonstrated plasma conditions like those required
in a reactor. But much further work is needed to
develop toroidal magnetic confinement schemes
that would be attractive for commercial reactor
applications.

Australia has participated in fusion research with
fundamental plasma physics experiments in
universities for many years, and Australian
scientists have long worked on the world's large
fusion experiments in many countries.

In the 1995 Major National Research Facility
funding round, the ANU and the Australian Fusion
Research Group (AFRG) submitted a proposal
which won $8.7M to upgrade the H-l toroidal
Heliac experiment at the ANU Research School of
Physical Sciences and Engineering to the status of
the National Plasma Fusion Research Facility.
During 1996 work proceeded in setting up the
Facility, in particular in setting up the contract with
Department of Industry Science and Tourism
(DIST), which oversees the MNRF program, and
the strategic plan for the funding period. At the

same time work has continued on the H-l
experiment with full experimental and diagnostic
development programs. In April 1997 the contract
between DIST and the Host organisation (ANU)
was signed and the serious upgrade work could
begin

In this paper we describe the current status of the
Facility: the administrative structure. the
experimental plan for the next five years and the
projects that have so far been undertaken by the
AFRG teams.

The AFRG is a grouping of six university plasma
physics research groups from around Australia
acting under the umbrella of the Australian Institute
for Nuclear Science and Engineering (AINSE). The
Group was formed in late 1994 with the specific
aim of consolidating fusion research in Australia on
the large Heliac device at the ANU An application
for MNRF funding for a significant upgrade to the
Heliac was compiled by the AFRG in 1995. This
application was successful, (announced in
December 1995) as was the application for ARC
REIFP funds in 1995 ($120k) and again in 1996
($2 50k). The MNRF funds go mostly towards
capital costs of the machine upgrade but the ARC
infrastructure money goes almost entirely to the
AFRG collaborative teams to help fund the
experiments and diagnostics that they are
constructing for the Heliac. The AFRG acts with
AINSE to coordinate national collaboration on the
Heliac, now recognised as an AINSE facility' for the
purpose of AINSE Research Grants. At present the
AFRG has participating members from the
Australian National University, Central Queensland
University, Flinders University, University of
Canberra, University of New England and
University of Sydney. Three of these institutions
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have donated funds to facilitate the employment of a
technician to work at the Facility for three years to
help with the construction and installation of AFRG
equipment.

2 THE H-1NF DEVICE

The H-l Heliac (shown with the vacuum tank
removed in Fig. 1) is a medium sized device from
the Stellarator family representing an alternative
approach to fusion from the widely researched
Tokamak. The Stellarator differs from the Tokamak
in that the poloidal field and hence the rotational
transform is provided by external coils rather than
by plasma current, thus avoiding some of the
operational problems associated with the tokamak
design. These external coils do, of course, make
design and construction of these machines more
complicated as the poloidal windings must thread
the toroidal coils or complex three dimensional coil
structures must be designed It was for this reason
that early stellarators failed, the required accuracy
of construction was not appreciated and the
computing power to model such structures was not
yet available.

Fig. 1. H-1NF with the vacuum vessel removed.

Since the plasma in a Stellarator is not heated by a
current, auxiliary heating power is required. A
second factor in the renewed interest in the
Stellarator family is the development and successful
use of powerful auxiliary heating methods over the
past decade: methods such as RF heating at the ion
cyclotron frequency and high power neutral beam
injection.

The H-l machine has been operational at low
powers for some three years and has already

produced some interesting and important papers [eg
1], The MNRF funding will be used to upgrade the
machine systems to higher power levels to allow
access to higher plasma temperatures and densities
enabling research into the stability- and confinement
of fusion relevant plasmas

The H-1NF parameters are shown in the table below
[2]:

H-1NF Parameters
Major Radius:
Avg Minor radius:
Toroidal Field:

RF Heating:
Microwave Heating:
Vacuum Vessel:

Gas Feed:

R= 1.0 m
<a> = 0.2 m
Bj< LOT
Bj < 0.2 T (Continuous)
4-28 MHz. 500 kW
28 GHz, 200 kW
Diameter = 4 m
Height = 4 m
Ar, H. He and Ne gas
puffing up to
300 Torr. Litres/sec

The resulting plasma has a bean-shaped cross
section and a helical axis of 3 periods about the
major axis as shown in Fig. 3 Although this
geometry seems rather complicated and difficult to
model; most of the coils can be circular, which
greatly simplifies construction. There is a central
conducting ring coil, and simple circular toroidal
field coils arranged, offset, around the ring to
generate the plasma shape shown in Fig 2. An
additional helical winding is wrapped around the
central ring coil. The major constructional
difficulties in this geometry are the threading of the
central current conductor through all the toroidal
coils and the accurate positioning of the coil
components.

The main advantages of this geometry' are that the
construction is relatively easy It is flexible in that
the magnetic geometry can be varied by changing
the relative currents in the various coil sets. From a
physics point of view, the geometry has an inherent
"magnetic well" that has a stabilising influence on
the plasma. Theoretical studies of a linear Heliac
have shown beta up to 30%, although this would be
significantly reduced due to pressure-driven
"ballooning" instabilities in the toroidal case. The
strong breaking of axisymmetry, combined with a
highly non-circular plasma cross section, requires a
theoretical effort combining the development of new
analytical tools and advanced computational
methods Advanced data analysis methods for
plasma diagnostics are also required.
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Fig. 2. The H-1NF helical-axis plasma.

The H-1NF device was designed using state-of-the-
art, three-dimensional, computer design tools, and
the magnets and supporting structure were
constructed and assembled with component location
tolerances of ±1 mm using the facilities available in
the Research School of Physical Sciences and
Engineering at the Australian National University.
Figure 3 shows a comparison of the nested surfaces
of twisted magnetic field lines for the vacuum
magnetic field configuration as calculated by a
computer program, and as measured in the actual
device by launching an electron beam along the
field lines and imaging successive transits of the
beam using a fluorescent rod.

Comparison of Computed and Mapped Surfaces
0.21 —

Fig. 3. Calculated and measured magnetic surfaces
in the H-1NF device.

4 RESEARCH PROGRAM

The facility objectives are fourfold:

- To provide a high temperature plasma National
Facility of international standing on a scale
appropriate to Australia's research budget.

- To provide a focus for national and international
collaborative research, to make significant
contributions to the global fusion research effort

and to increase Australia's presence in the field
of plasma fusion power into the next century.

- To gain detailed understanding of the basic
plasma physics of hot plasma confined in the
helical axis Stellarator configuration.

- To develop advanced plasma and fusion
measurement systems, integrating real-time
processing and multi-dimensional visualisation
of data.

The first two of these objectives emphasise national
and international collaboration. Such collaboration
is already well under way in the form of the AFRG
nationally and in the formal agreement between
H-1NF and the Japanese National Institute for
Fusion Science (NIFS). This collaboration is
discussed in detail in section 6.

The latter two objectives concern the work to be
carried out on H-l emphasising the fact the this
machine is not a device that will reach fusion
conditions and is not intended to be used for
"parameter pushing" towards temperatures and
densities appropriate for fusion to occur. The
machine will be used to gain understanding of the
fundamental physics of plasma (particle and energy)
transport and confinement in the Heliac geometry as
well as a test bed for the development of advanced
diagnostics for which Australian plasma physicists
are justifiably renowned in the world's major
laboratories. In particular the complicated axially
asymmetric nature of the nature the Heliac plasma
will require the development of two and three
dimensional visualisation and advanced tomo-
graphic processing techniques.

The facility has three broad regimes of operation
that broadly depend on the plasma heating system
that is installed. Scheduling of experimental work
in these different regimes is therefore dependent on
the installation program of the different heating
systems:

- High-temperature plasma heated by Electron
Cyclotron Heating (ECH). Only fixed
frequencies are available (28 GHz) which
restricts operation to high field (0.5 to 1.0T)and
hence moderate beta.

- High-pressure plasma heated by high power RF
in the MHz range giving moderate temperatures
and high densities and thus higher beta.

- Low-temperature plasmas in the edge of the
discharge. An important region where probes
can be used. Experiments carried out in this
regime links well to many of the plasma
processing research areas in Australia.



It is planned that these different operating regimes
will support investigations in the following research
areas:

Finite pressure equilibrium and stability
Transport in high temperature plasmas
Plasma heating and formation
Instabilities and turbulence
Edge plasma physics
Advanced diagnostic development.

It should be noted that all these areas will require
the development of advanced diagnostics to measure
plasma density, temperature, flow, electric fields
etc. Nearly all will require diagnostics with good
spatial resolution in more than one dimension as
well as good temporal resolution.

To support the above research areas and objectives,
the H-1NF experiment will be scheduled to run a
program in two main branches:

Physics Program.
This program has been mapped out and will be
pursued by the H-1NF team. It will be concerned
with investigating the effect of configuration, well,
transform and shear on equilibrium, transport and
stability.

The staging of the physics program for the National
Facility over the next five years is determined by the
major equipment upgrade schedule. This has been
arranged as shown below. The schedule may change
as the experimental results unfold.

H-INF Experimental Program:
1997-1998: Low temperature plasma physics.
1998-1999: ECH Phase 1
1999-2000: ICH Phase 1
2000: ECH Phase 2
2001: ICH Phase 2

During the phase 1 periods of operation, H-l will be
run with an available magnetic field of 0.5T and
low heating power. These periods of operation will
be used to assess operational requirements and the
possibility of mixing ECH and ICH heating, ready
for the second phase, when fields of IT will be
available as well as at least double the heating
power.

Support for AFRG Collaboration.
Several of the AFRG projects are diagnostic
developments that are essential to the main physics
program. Others make special use of the Facility for
the fundamental physics studies or development of
technological spin-offs.

4 MANAGEMENT STRUCTURE

The management structure of the Facility is shown
in Fig 4. This structure involves three high level
organisations DIST. AINSE and the ANU all of
which have input to the Board which otherwise acts
autonomously. It is only the Board and the Steering
and Operations Committees that have direct impact
on the Facility.

The role of AINSE through its Plasma Specialist
Committee lies mainly in the allocation of travel
funds to- and co-ordination of- the AFRG
collaborations. The AFRG has input at all levels as
the collaboration with these external bodies is
crucial to the objectives and success of the project.

Australian Institute of
Nuclear Science
and Engineering

Department of Industw
Science and Tourism

ANU Institute of
Advanced Studies

National Plasma rlKion
Research Facility ,

Board :

H-INF
Steering Committee

Australian Fusion
Research Group

Fig. 4. Management structure of the National
Plasma Fusion Research Facility

The Board guides the operation of the Facility as a
whole. As shown in the table, the Board comprises
almost entirely ex ojficio positions with members
from institutions with an interest in the operation of
the Facility.

H-1NF Board:
Chair
Executive Secretary
Minutes Secretary

AFRG Chair
AINSE President
ANU - IAS Director
ARC Chair
H-1NF Director
NIFS Director
RSPhysSE Director

Dr J. Baker
Dr R B Gammon
Ms H P Hawes

A/Prof A D Cheetham
Professor T Ophel
Professor S Sergeantson
Professor M H Brennan
Professor J H Harris
Professor A Iiyoshi
Professor E Weigold

The Steering Committee plans the various
programs: construction, installation, commissioning
and experiments The Operations Committee is
more or less the shop floor organisation of the
actual experimental work. This committee will
become more important as more AFRG
collaborative experiments require scheduled
running time.
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5 CURRENT AFRG PROJECTS 6 INTERNATIONAL COLLABORATION

Soft X-ray diagnostics
University of Canberra
This project comprises two separate but dependent
parts. Work is under way on the installation of a
pair silicon surface barrier detectors. These two
detectors view the plasma soft x-ray emission
through a pinhole covered with thin beryllium foil.
The results of this experiment will estimate the
global electron temperature by the ratio method as
well as acting as a pilot experiment to determine the
level of x-ray flux from the Heliac plasma. The next
phase will be the installation a pair of 16 channel
detector arrays that will give 32 views of the
plasma. This system will allow tomographic
reconstruction of the emission profile through the
cross section of the plasma.

Real Time Tomography
Central Queensland University.
Work is well under way in the development of a
transputer based data acquisition system for real
time tomography. The system under development is
specifically for the multi-view multi-channel FIR
interferometer developed at the ANU. It will
however, with little modification be applicable to
several other diagnostics such as the soft x-ray
detector arrays, spectroscopic Doppler vector
tomography etc. [3 & 4]

Alfven Wave Propagation
University of Sydney
This experiment is designed to measure the low
frequency modes of oscillation of the H-l plasma at
frequencies between 20kHz and 20MHz providing
information on the q and ion density profiles. This
is not a new measurement but the interpretation will
prove interesting in the complicated geometry of the
Heliac with the wide variety of q profiles available.

Laser Induced Fluorescence
University of Sydney and Flinders University:
This measurement is being developed jointly
although initially the laser and associated
equipment will reside at the University of Sydney.
This diagnostic is used to measure electric field in
the plasma, and the densities of various species.

Transport Theory and Optical Fibre Diagnostics
University of New England.
The two projects here involve a theoretical study of
energy confinement and transport in the ECH
heated H-INF plasma and the application of fibre
optic transducers developed in the Physics
Department of the UNE to plasma diagnostics in the
low temperature region of H-INF.

The most developed international collaboration for
H-INF is with the Japanese stellarator/helical
system research program. The National Institute for
Fusion Science (NIFS) in Toki operates a medium-
sized (R = 0.9 m) stellarator, the CHS (Compact
Helical System) experiment, and is constructing a
large ( R = 4 m ) experiment, the LHD (Large Helical
System), which will be the largest magnetic fusion
experiment in the world when it is completed in
1998. Kyoto University operates the Heliotron-E
experiment (R = 2.2 m) and is designing a new
device that is related to H-INF by virtue of having a
helical magnetic axis.

NIFS and Kyoto University have joined together to
collaborate with the Australian fusion program by
loaning a 28 GHz gyrotron for use in electron -
cyclotron heating experiments on H-INF. This
system, which is worth about A$1M, has been
installed at the ANU, and awaits the upgrade of the
H-INF magnetic field system to be used in plasma
experiments. Japanese researchers will also
contribute to the planning and analysis of heating
experiments on H-INF

NIFS and Australian fusion researchers are also
collaborating on low-frequency plasma heating,
equilibrium, stability and transport theory, and 3-D
computation.

Additional collaborations in theory' and experiment
are being developed with laboratories in the US and
Europe.

7 RECENT EXPERIMENTAL RESULTS

During the low temperature phase of operation
before the magnetic field and heating power are
increased, the temperature and energy content of the
H-INF plasma are low enough that small metal
probes can be inserted into the plasma. By
measuring the current-voltage characteristics of
these probes, the plasma density, temperature and
electric field can be determined.

Experiments on H-INF in this regime have already
revealed interesting plasma confinement
phenomena [1]. For discharges in which the
magnetic field exceeds a critical value that depends
on the pressure and the magnetic configuration, the
density suddenly increases by a factor ~2, the
profiles of density and electric field change (Fig. 5),
and the energy of the ions increases. The outward
transport of particles due to plasma turbulence
decreases. This is evidence of a transition to an
improved mode of plasma confinement; one model
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for this transition involves reduction of turbulence
and transport due to shear in the plasma drift
induced by the radial electric field. Such transitions
are of critical interest in magnetic fusion research
because improvements in confinement directly
affect the overall size (and therefore cost) of a
magnetic fusion reactor that produces electric
power. Typically, the transitions to improved
confinement occur in large devices with megawatts
of heating power. In H-1NF, qualitatively similar
regimes can be attained at low powers ~50 kW and
low temperatures, which permits detailed
measurements with relatively simple diagnostics.

0 0.5

normalized
1 1.5

minor radius

Fig. 5. Radial profiles of plasma density (we) and
radial electric field (£r) in H-1NF plasma. Profiles

taken before (dashed) and after (solid) the transition
to improved confinement.

8 CONCLUSIONS

The Australian fusion program is centred around
the H-1NF Heliac, an innovative and flexible
experimental facility located at the ANU. Promising
experimental results are being obtained in low-
power operation, work to increase the heating power
and magnetic field is underway, and an network of
research collaborations involving Australian and
overseas scientists is being developed.

Further information concerning AFRG, its members
and the H-l National Facility can be obtained
starting from the AFRG web page:

http://online.anu.edu.au/AFRG/AFRG.html
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SUMMARY This paper summarises the details for four programs which provide funding for Australian
scientists to access international major research facilities.

1 INTRODUCTION

The cost of constructing large research facilities
which now dominate many aspects of scientific
activities can exceed several billion dollars.
Furthermore as science has become more and more
sophisticated the range and scope of such facilities
has also increased. Australia at the best could
consider funding one or two facilities costing several
hundred million dollars. While these facilities could
be competitive in some aspects of the related
research activities they could not be expected to be
the world leaders. Therefore for Australian science
to participate in current activities and for the country
to benefit from developments in technology it is
essential that mechanisms be developed which allow
Australian scientists to use these overseas facilities.

This paper will describe four schemes which have
been established to permit this access. These include:

• Access to Major Research Facilities Program;
• The Australian National Beamline Facility at the

Photon Factory;
• The Australian Synchrotron Research Program;

and
• The ISIS Agreement.

The details of each of. these programs is discussed
below however the statistics on the scientific output
have been combined in Section 6. All programs are
managed on behalf of DIST by the Australian
Nuclear Science and Technology Organisation,
ANSTO.

2 ACCESS TO MAJOR
FACILITIES PROGRAM

RESEARCH

In 1990, the Department of Industry, Technology
and Commerce now the Department of Industry
Science and Tourism (DIST), on the
recommendation of its International Science and
Technology Advisory Committee, set up the Access
to Major Research Facilities Program with initial
funding of $150,000 per year. The level of funding
was increased to $160,000 for the financial year

1992/93, $220,000 for the financial year 1993/94,
$270,000 for the financial year 1994/95, $320,000
for the financial year 1995/96 and $330,000 for the
financial year 1996/97. The objectives of the
program are:

1. to facilitate travel to major research facilities
overseas by Australian investigators with
approved projects; and

2 to encourage the participation of Australian
postgraduate students, technicians and other
research personnel in approved research projects,
to use major research facilities not available in
Australia.

The term "major research facilities" refers to large
facilities not available in Australia such as
synchrotron radiation sources, high flux neutron
beam sources, high energy physics facilities and
astronomical facilities. There are two unique
demands which need to be met for major facilities
access, and which underlie the current program:

1. access to such facilities is competitive and
subject to heavy worldwide demand. Scientists
who apply for access to the facilities are often
given only short notice that they have been
successful in their application. Hence a program
with a very short turnaround time is vital to
enable the scientist to make use of the access
time granted.

2. in many cases the use of these facilities is
complex and requires more than one person to
operate the equipment. Thus postgraduate
students and technicians are often involved in the
running of the experiment. This Program makes
provision for multiple personnel to visit the
facilities.

The selection criteria for funding under this program
are as follows:

• The proposed facility must be a major facility
with a capital cost greater than $100m;
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• The proposal has to have been submitted to the
facility review panel and granted time on the
facility or an instrument on the facility;
The proposal is for a specific experiment and not
for a long term collaborative proposal;

• The funding request has to be within the funding
guidelines; and

• An experimental team must have submitted all
acquittals and a report from previous grants.

The grant details are as follows:

• Maximum funding is limited to 512,000 for any
experiment;

• One application only is permitted per research
team for any 6 month period;

• The maximum number of researchers is three per
proposal;

• Economy class airfares apply to all;
• The visits are limited to funding for 14 days; and
• There is an obligation to acquit the funds and

provide a two page report on each experiment.

3 THE AUSTRALIAN
BEAMLINE FACILITY

NATIONAL

The recommendations of the ASTEC Review "Small
Country - Big Science" (1990) which considered
specific aspects of Australian access to international
major facilities were:

• Access to the synchrotron light source (the
Photon Factory) at Tsukuba, Japan should be
provided by the establishment of an Australian
beam line and the construction of a special
purpose diffractometer;

• Access to a high flux neutron beam should be
provided by contributing 1.5% towards the
annual operating budget of the Institut Laue
Langevin (ILL) at Grenoble, France; and

• Access to the high energy accelerator operated by
the European Organisation for Nuclear Research
at Geneva, Switzerland, should be facilitated on a
project basis by the provision of $1.98 million
over the first three years to the Australian
Institute of High energy Physics for the
construction of special detector equipment.

In a response to the first recommendation, a
consortium comprising DIST, ARC, CSIRO,
Australian Defence Force Academy and the
Australian National University, under the
management of ANSTO was established in 1991
with a three year budget of S3.3M to build a versatile
instrument at the Photon Factory at Tsukuba in
Japan. The consortium also allocated travel funds for
access to the Australian National Beamline Facility
(ANBF) and other instruments at the Photon Factory.

The ANBF is now a multi-capability hard X-ray
beamline installed at the 2.5 GeV Photon Factory
second generation synchrotron light source. The
ANBF is installed on a bending magnet port,
beamline 20B. at the Photon Factory. It delivers
monochromatic synchrotron X-rays in the energy
range 4.5 - 20 keV to two experimental stations in a
single hutch.. The primary instrument is a multi-
configuration vacuum diffractometer which uses
image plates as its primary detector system. The
diffractometer can be configured as an X-ray camera
in Debye-Scherer and Weissenberg geometries, or as
a two circle diffractometer, a triple crystal
diffractometer and a Bonse-Hart small angle
scattering diffractometer. Its capabilities are:

• High resolution powder diffraction using image
plates or conventional detectors;

• Time resolved powder diffraction;
• Grazing incidence (solid surface) X-ray

diffraction and reflectometry;
• Triple crystal diffraction; and
• Small angle scattering.

An optical table behind the dififractometer functions
as a second experimental station, which is used
primarily for X-ray absorption spectroscopy, XAFS
and XANES. Instrumentation includes a standard
transmission detection system (ion chambers), a
Lytle ion chamber fluorescence detector, and a 10
element germanium fluorescence detector. A
cryogenic sample environment stage is planned.
Other experiments can be performed on the second
station. Recent examples include X-ray micro-beam
optics and applications and phase contrast imaging.

4 THE AUSTRALIAN SYNCHROTRON
RESEARCH PROGRAM (ASRP)

The Australian National Beamline Facility was a
great success in attracting Australian researchers to
the use of synchrotron radiation. However the access
was limited to the Australian beamline and peer
review access to the other facilities at the Photon
Factory. There were therefore some components of
the relevant Australian research effort that could not
be served by the Photon Factory connection and in
addition a new generation of more powerful facilities
began to become available. Consequently, a working
party was established under the auspices of the
Australian Academy of Science to consider
appropriate options to expand the opportunities for
Australian scientists. It was agreed that the best
option for Australian science was to establish a
relationship with groups developing and exploiting
instrument stations at the Advanced Photon Source
at the Argonne National Laboratory in the United
States.
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A proposal was submitted to the Major National
Research Facilities Program seeking funding of
S12.2M over five years to establish a relationship
with three consortia at the Advanced Photon
Source(APS). This proposal was one of seven
successful submissions and the Australian
Synchrotron Research Program was incorporated on
the 13th January 1997. The continuation of the
relationship with the Photon Factory was included in
the ASRP.

At the APS, all experimental beamline facilities are
being funded and constructed by Collaborative
Access Teams (CATs). A CAT is allocated one or
more sectors of the APS, comprising a bending
magnet and an insertion device (undulator or
wiggler) beamline. Therefore to have appropriate
access to this facility it was necessary to join one or
more CATS. After a consideration of various options
and negotiations with the US counterparts, it was
decided to join two such CATs, the Synchrotron
Radiation Instrumentation (SRI) CAT and the
Consortium for Advanced Radiation Sources
(CARS) CAT. These two CATS were chosen
because they provided the best and most efficient
package of instrument stations.

4.1 The SRI-CAT

The SRI-CAT is developing three sectors of the
APS, and will operate 11 experimental stations on 5
insertion device and two bending magnet beamlines.
SRI-CAT is the Argonne National Laboratory/APS
facility CAT. Its principal goals are:

• To develop and diagnose insertion devices;
• To investigate high heat load optics, and other

novel X-ray optical components and to develop
innovative techniques that will provide a baseline
of operations for the entire community of APS
CATs; and

• To develop and implement strategic
instrumentation programs that will open up new
areas of research at the APS.

The capabilities of the SRI-CAT beamlines are:

• A 1 and 0.1 micron spot size beam for micro-
analysis, diffraction and spectroscopy;

• Time-resolved scattering and spectroscopy
(XAFS);

• A 1-4 keV radiation source for coherent X-rays;
• High resolution high flux soft X-ray

spectroscopy;
• A milli-electron volt resolution beamline;
• A micro-to-nano-electron volt resolution

instrument to perform nuclear resonant scattering
experiments;

• A selectable polarisation beam (linear and
circular) for polarisation dependent scattering, eg
magnetic scattering; and

• A high energy beam (up to 200 keV).

The end stations operated by this CAT are mostly
operational and the ASRP has recently called for
proposals from Australian scientists to use the
various facilities.

4.2 The Consortium for Advanced Radiation
Sources (CARS)

The consortium CARS is also developing three
sectors of the APS, organised along disciplinary
lines. CARS is sub-divided into BioCARS,
Geo/SoilEnviroCARS and ChemMatCARS, each of
which is developing a single sector. Australia , via
the ASRP, is an Institutional member of CARS, with
guaranteed access to the BioCARS and
ChemMatCARS beamline facilities. Other
Institutional members are the University of Chicago
(the CARS Managing Agent), Northern Illinois
University and Southern Illinois University.

4.2.1 BioCARS

The goal of BioCARS is to promote the
understanding of basic biological processes in
structural terms. To this end, BioCARS will provide
state-of-the-art beamline facilities for X-ray
crystallographic studies of biological molecules, eg
proteins, and viruses on one insertion device and two
bending magnet beamlines. The specific BioCARS
capabilities include:

• Protein crystallography from micro-crystals and
large unit cell proteins/macro-molecules;

• Protein crystallography using Multiple
wavelength Anomalous Dispersion (MAD);

• Virus crystallography; and
• Time resolved Laue protein crystallography.

A great deal of equipment is now in place and access
is expected to begin in early 1998.

4.2.2 ChemMatCARS

In ChemMatCARS, research will focus on aspects of
dynamic and structural condensed matter and
materials chemistry research, including surface and
interface properties of soft condensed matter and
liquids, interfacial and bulk properties of novel
polymers and composites and the structure and
properties of molecular aggregates and
semiconductors in microporous, layered and glassy
materials. Initially, ChemMatCARS will construct
and operate one insertion device beamline with three
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experimental stations. A bending magnet beamline
will be built in a second phase.

The Phase I capabilities are:

• Surface X-ray scattering and diffraction;
• Small and ultra-small angle X-ray scattering; and
• High resolution crystallography, including time

resolved and multi-wavelength capabilities

The development of these facilities is in the
preliminary stage and access is not expected until
1999.

5 THE ISIS AGREEMENT

Recommendation 2 from the ASTEC Review was
implemented by establishing an agreement with the
Rutherford Appleton Laboratory in the UK. Under
the terms of this agreement ANSTO contributed to
the operational costs of the ISIS facility and in return
Australian scientists were able to access the
experimental facilities following peer review. ISIS is
the premier spallation neutron source in the world
and offers a complementary performance to that of
EX. The funds contributed by ANSTO were used to
construct the neutron reflectometer SURF. Travel
funds to visit ISIS are provided by the Access to
Major Research Facilities Program.

6 SCIENTIFIC
PROGRAMS

OUTPUT FROM THE

All Programs have been outstandingly successful and
have provided comprehensive research opportunities
for Australian scientists at very small cost. The
buildup of the program is shown in Figure 1 which
plots the number of funded proposals per year and
the number of Australian scientists that have
benefitted from the international access. The number
of proposals was slightly smaller in 1996/97 because
the Photon Factory was being upgraded. It is
scheduled to be back on line in October 1997 and
will be running continuously for almost a year. As
the APS instruments are also becoming operational,
the magnitude of the overall program will double in
the next few years.

Each funded experiment is expected to produce a
two page report summarising the achievements of the
funded research proposals. The various reports are
collated and published each year in November for
the previous financial year. The reports are available
for the last five years from the Facility Director
ASRP. The report for 1997 which is the sixth in the
series is in production.. One hundred and thirteen
senior scientists plus forty one postgraduate students
were supported through these schemes for this
financial year.

92/93 93/94 94/95 95/96 96/97

Figure 1. Development of the program
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SUMMARY The Australian Institute of Nuclear Science and Engineering (AINSE) has enabled research
workers from its member universities to make extensive use of the (sometimes unique) radiation facilities at
Lucas Heights. This has resulted in a better understanding of the action of gamma, X-ray and electron beam
radiation on physical, chemical and biological systems, and of the radical and excited species which are
produced. A selection of the ensuing first class publications is described. Over the years the emphasis has
changed from the obtaining of a fundamental understanding of the science and the refining of the techniques to
utilising these in attacking problems in other fields. Examples are given of the use of radiation chemistry
techniques in metal-organic, polymer, excited state and biological chemistry. In radiation biology, the early
emphasis on genetics and on the production of chromosomal aberrations by radiation has given way to
molecular biology and cancer treatment studies. In all of this, AAEC/ANSTO and CSIRO have played major
roles. In addition, AINSE has organised a continuing series of specialist conferences which has facilitated
interaction between research groups within the universities and involved other investigators in Australia, New
Zealand and the rest of the world.

1 INTRODUCTION

One of the earliest events of the Nuclear Age was
the discovery by Becquerel of the chemical action of
penetrating radiation on a photographic plate.
Sometime later, the action on animal tissue was
discovered. However, it was not until the 1950's
that anything like a good understanding of events at
the molecular level emerged. According to this
unifying theory, the very earliest physico-chemical
events were ionisation, excitation and, in a solid,
lattice displacements. From then on, the resulting
species underwent familiar chemical reactions
although some of the species had not been observed
previously. Many were radicals or excited states.

Lack of an explanation had not prevented the
application of radiation in the medical field and in
industry. Australian industry had recognised the
advantages of using radiation in special situations.
The first irradiation plant in the world to be
established by an industrial enterprise was in a
Melbourne suburb and, aside from uranium mining,
Australian industry has invested more in radiation
processing - sterilisation and curing of thin films -
than in any other aspect of the Nuclear Age.

2 THE ROLE OF AINSE

Prior to the formation of AINSE, there were in
Australia a few centres of radiation research viz. at
the Universities of NSW, Melbourne, Sydney,
Adelaide, Tasmania and New England. Meanwhile

at Lucas Heights, George Watson, David Sangster
and John Clouston were establishing groups
working on radiation biology, chemistry and
technology respectively. These were to provide foci
for future growth in the disciplines.

Round about the time that AINSE started, there
arrived at Australian universities some former
students of Fred Dainton at Leeds - Don Stranks,
Ron Cooper, Gerald Laurence, Jim O'Donnell and
Doug Moore and at DSIR, New Zealand, Harry
Sutton. They embraced AINSE enthusiasically as
giving them the means of continuing their lines of
research. As the subject developed, others working
in quite different fields of chemistry or biology,
found from the literature and overseas workers that
radiation science could contribute to an
understanding of the problems in their own fields
(see later).

Other activities in which AINSE has been pre-
eminent have been in providing postgraduate
studentships and top-up grants and in organising
biennial conferences. The First AINSE Conference
on Radiation Chemistry was held in 1963; 34
chemists attended and 16 papers were presented. In
1964 for the Second Conference radiation biology
was included. The conferences have continued so
that in 1996, the 18th Conference on Radiation
Chemistry and the 16th on Radiation Biology were
held jointly; there being 75 attendees, 39 oral
presentations and 43 posters. The conferences have
filled a real need in enabling the exchange of news
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and ideas between research workers.
Representatives from New Zealand and overseas
workers on visits to Australia have also
participated. From 1972 on, the Polymer Division
of the Royal Australian Chemical Institute has
joined in sponsoring ten guest speakers from
overseas.

3 THE RADIATION SOURCES

Gamma radiation sources were installed early at
Lucas Heights by AAEC. The pond facility used
spent fuel elements from Hifar reactor and later
cobalt 60. Two small lead-shielded 1000 Ci cobalt
irradiators were designed and constructed. Later,
GATRI, a walk-in gamma irradiation facility was
built. Radiation biologists used an X-ray generator
and sometimes the 3 MV positive ion accelerator.
The 1.3 MV electron accelerator was used initially
to produce a steady beam and later converted to
generate single 3 microsecond pulses of electrons.
AINSE provided the auxiliary equipment to detect
transient species and to follow their growth and
disappearance - pulse radiolysis was becoming a
powerful research technique. This facility has now
been shut down. AINSE also purchased an 0.5 MV
Febetron giving pulses 3 nanoseconds wide to
follow faster events. It is now in Melbourne. The
reactor MOATA was a good source of neutrons
until it was closed down

Several radiation biologists have used X-ray sets
and other hospital sources. Some universities
installed their own small gamma sources: NSW,
Macquarie, Melbourne, Queensland and Adelaide,
and Melbourne its own Febetron. In New Zealand,
DSIR and the University of Auckland had facilities
and more recently a pulsed LINAC. Australian
Radiation Laboratories, Melbourne, are adding
single pulse mode to their LINAC and making it
available to AINSE sponsored workers.

4 RESEARCH TRENDS

In conjunction with the ANZAAS Congress in
Sydney in 1962, an informal workshop was
attended by chemists from the Universities of
Sydney and Melbourne and from AAEC. Some had
made significant progress while others were still
gathering equipment and developing techniques.

Thirteen students attended the 1st AINSE
Conference in 1963; and some were well into their
PhD projects working on ion fragmentation in a
mass spectrmeter, ion molecule reactions, CF3I,
recoil processes, purine, glycollic acid, ethanol and
benzoic acid.

Radiation biologists at the 2nd (joint) Conference
in 1964 reported on studies on chromosomal
damage and on genetic changes. Macropods have a
small number of large distinctive chromosomes so
damage is readily seen. Genetic aberrations in
Drosophila, Pseudomonas and E. coli also
featured. Current projects usually involve
molecular biology. Over the years the groups have
established their own special lines of research and
there has been increasing collaboration with
overseas groups. For example, Ron Cooper has
made extensive use of the world-class pulse
radiolysis facilities at Argonne National Laboratory.
Workers in other fields took a fresh look at
radiation as they realised it did not produce exotic
species but ones which might be involved in the
systems in which they were interested or might
provide them with a further insight.

5 GASES AND SOLIDS

At the University of Melbourne, R. Cooper et al (1)
have carried out a series of studies on excitation and
charge transfer from one component to another in
gaseous systems: usually from an inert gas atom to
an alkyl halide. The formation and decay of excited
inert gases, their ions and their halogen complexes
and other species has been followed. Absolute
yields and quenching rate constants have been
evaluated. Existing and hitherto untested
theoretical predictions have been compared with the
new experimental data. Incorporation of a time
dependence into the Spencer-Fano relationship
showed that, under electron beam irradiation at low
pressures, it could take as long as 10"7 seconds for
some ions and excited states to form from
secondaries. This was confirmed experimentally
(2). In another series of studies, single crystals of
metal oxides and sulphides, some of which could be
future luminescent dosimeters, have been irradiated
and the resulting fluorescence measured. Energy
thresholds give a measure of the lattice binding
energy (3).

6 DRUGS FOR CANCER TREATMENT

In the radiation treatment of tumours, research is
being directed at finding drugs which enhance the
destruction of tumours and which minimise the
damage to the surrounding healthy tissue. The drug
must be able to enter the tumour and preferably in
higher concentration. Among those working on
this theme are groups led by R. Cooper, R.F. Martin
at the Peter MacCallum Cancer Institute (University
of Melbourne), and R.F. Anderson (University of
Auckland). The radiation chemistry of solutions of
derivitives of proprietary radiation protection
agents, manufactured by Hoechst, has been
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investigated (4). These bibenzimidazoles bind to the
minor groove of the DNA helix and, according to
conditions, can either protect or enhance the
degradation of the DNA. The behaviour also
depends upon the substituents on the benzyl ring.
New derivatives, such as proamine, show an
improvement over the original products and are less
toxic. Here pulse radiolysis of new ligands and their
conjugates with DNA is a convenient screen for
their possible efficacy.

7 OTHER STUDIES

R.F. Anderson et al have studied electron transfer
rates in cyclopropenyl compounds, the iodine-
thiosulphate reaction (5), enzyme action and
nitrogen mustards as anti-cancer drugs. These are
examples of the use of pulse radiolysis solving
problems in other fields.

8 CHROMOSOMAL DAMAGE

At La Trobe University, J.A.M. Graves et al (6)
using cell fusion and hybridization showed that
unirradiated mammalian chromosomes can be
damaged indirectly by radiation in another cell.

9 POLYMERISATION MECHANISTICS

At the University of Sydney, D.H. Napper, R.G.
Gilbert et al have used the unique attributes of
gamma radiation in their investigations into
polymerisation mechanisms in order to develop
reaction control strategies. The objective is to be
able to predict and thus tailor polymer properties.
In particular, radiation will initiate polymerisation
without having to add any special chemical and the
initiating process can be precisely controlled or
stopped or started as required. This can lead to the
unequivocal determination of some of the reaction
parameters independent of assumptions. The
dependence of radical-radical termination rates on
chain length was demonstrated by following the
relaxation in real time (7) and this has led to a
series of studies giving a better understanding such
as the effect of benzene as a diluent (8). Thus, these
concepts have been confirmed. Determination of
exit rate coefficients has shown that a "hairy" layer
of steric stabiliser, poly(acrylic acid), inhibits
radical transfer into the interior of a particle. Some
of the mysteries of industrially-important vinyl
acetate emulsion polymerisation have been cleared
up. In other studies, microemulsions have been
prepared with particles containing a single polymer
chain. Radiation crosslinking has helped to
demonstrate that sodium dodecyl sulphate forms
polymer micelle composites in poly(vinyl acetate)
particles (9).

10 EXCITED ICE

At the University of Western Australia, T.I.
Quickenden et al studied the light emitted from
cryogenic ice at liquid nitrogen temperature
following a 3 ns electron irradiation pulse from a
Febetron. The spectrum showed three peaks at
three different wavelengths and since the lifetimes
were also different, the luminescence was attributed
to three different processes. The major one of these
was also studied when D^O ice was substituted for
H2O ice and when ultraviolet light illumination was
used instead of electron beam irradiation. Together
with studies on the effects of temperature and
crystallite size, this showed that the peak was due to
the decay of excited water molecules (10).

11 METAL/ORGANIC COMPOUNDS

At the Australian National University, A.M.
Sargeson et al have been able to explain puzzling
features of earlier investigations when it was shown
that oxidation gave longer lived transients than had
been expected. Pulse radiolysis was used to form
unusual valence states of metal ions, such as Pt(III)
as well as the more familiar Cu(I) usually within a
ligand cage, and the stability of the resulting
compounds were determined (11).

At the University of Newcastle, G.A. Lawence et al
used pulse radiolysis to study the radiation
chemistry of rhenium compounds as analogues for
technicium compounds. The oxidation of
manganese compounds has been studied by pulse
radiolysis as has the reduction of chromium ligand
complexes by the aquated electron and compared
with large reductants, such as Zn+ and Cd+ which
must undergo outer sphere reactions. Nickel and
copper macrocyclic compounds have also been
studied (12).

At the University of Sydney, P.A. Lay et al have
reduced Cr(V) compounds with the hydrated
electron and from spectral and rate data been able to
establish what are the correct species and reaction
pathways involved in associated electrochemical
studies (13).

12 ENVIRONMENTAL CHEMISTRY

At the University of Adelaide, G.S. Laurence et al
have studied the irradiation of pesticides, herbicides
and fungicides as an ecological project. Although
the main sources of free radicals in nature are
probably photochemical and transition metal
reactions, the most convenient way of studying the
reactions is using radiation. Six compounds which
are in current use are being studied.
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13 RADIATION EFFECTS ON POLYMERS

At the University of Queensland, D.J.T. Hill, the
late J.H. O'Donnell and P.J. Pomery et al have
investigated the response of a number of polymers
to radiation. Some, such as the aliphatic
polysulphones, are easily decomposed and have
found use as radiation resists in the manufacture of
computer chips. Others, such as the aromatic
polysulphones, are very resistant and can be used in
high radiation fields e.g. in the vicinity of nuclear
installations or for the long term exposures of outer
space. Aromatic polyesters are now being
examined. Using some of the range of techniques
which are now available, examination of the
radiation decomposition products of a polymer or
co-polymer can often reveal much about the
structure of the material. In addition to main-chain
scission, polymers can also undergo crosslinking
reactions. Polyethylene, nitriles, a range of
poly(acrylate)s and poly(methacrylate)s (14) and of
elastomers (15) of various types as well as other
polymers have been studied in this way and the
extent of scission and of crosslinking evaluated.
The physical properties of radiation crosslinked
poly(perfluorocarbon) coploymers have been
measured (16). Irradiation of some polyimide films
by 3MV protons has been shown to have much the
same effect on physical properties as has that by
gamma or electron beam. A.K.Whittaker is
continuing work on the site of crosslinking in
irradiated low density polyethylene (17). M.C.S.
Perera, now at Griffiths University, is continuing
the work on natural rubber.

At Griffith University, W.K. Busfield et al have
investigated the radiation crosslinking of long-chain
linear polyethylene in the presence of acetylene.
NMR studies indicate that the bridges are saturated
(18) whereas UV evidence indicates they are
unsaturated. Radiation crosslinked highly drawn
high density polyethylene exhibits high strength.
Using NMR techniques, tacticity changes were
investigated in irradiated polypropylene.

14 GRAFTING ONTO POLYMERS

At the University of New South Wales, J.L. Garnett
et al have made an intensive investigation of the
factors governing the radiation grafting from
monomer solutions onto polymer substrates such as
polypropylene, cellulose, fabrics, rubbers and wood.
The addition of polar substances, such as acids or
salts, had a profound effect and this was found to be
a salting-in or salting-out phenonemon depending
on the polarities of the monomer, solvent and
substrate (19). Particular attention has been given
to the role of certain additives in enhancing or

reducing the amount grafted and the amount of
homopolymer. Measurement of physical properties,
inter alia, is being continued at the University of
Western Sydney in collaboration with L.-T. Ng.

15 BORON NEUTRON CAPTURE THERAPY

B.J. Allen of the St George Cancer Care Centre,
NSW, introduced many groups to research on
Boron Neutron Capture Therapy. A compound
which is preferentially incorporated into tumours
and which contains enriched I()B is injected. The
patient is then exposed to a neutron flux. The 10B
captures a neutron and emits an alpha particle
giving high dose density within the tumour with
minimum damage to healthy tissue. Among the
many projects are the production of 149Tb, an alpha
emitter, using either a tandem accelerator or
spallation source and, with A.B. Rosenfeld of the
University of Wollongong (20), the developing of
semiconductor dosimeters for high and low LET
radiation and for microdosimetry.

At the University of Sydney, D.E. Moore et al have
been synthesising and evaluating the efficacy and
toxicology of compounds for BNCT treatment of
certain forms of cancers. Recently, promising
results have been obtained using a derivative of low-
density lipoprotein (21) andp-borono-phenylalanine
(22) for melanomas and a variety of cancers.

R.F. Martin has been looking at compounds of
157Gd since it could be better than 10B. This and
much promising work on NCT has been suspended
as there is now no suitable neutron source available.

Another way of achieving an intense dose in a small
volume is by the incorporation of a radioactive atom
such as I25I which decays by an Auger process - a
concentrated shower of electrons (23). However,
iodine is too labile and 67Ga compounds could be
preferable.

16 HYDROPEROXIDES

At Macquarie University, J.M. Gebick et al have
been studying organic hydroperoxides progressing
from those formed by irradiation of solutions of the
relatively simple linoleic acid, synthetic ufasomes,
membranes, lipoprotein (implicated in
atherosclerosis) and proteins. Ufasomes are pure
fatty acids (including unsaturated fatty acids)
resuspended as spherical particles with an outer
membrane mimicking phospholipids in structure.
Investigations can be carried out on them without
the complications inherent in intact biological cells.
Protein hydroperoxides, the products of oxyradical
attack, far from being inert, exhibit new chemical
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reactivity towards common biochemicals and attach
to DNA apparently covalently (24). Only six
common aminoacids give hydroperoxides under
similar conditions (25).

17 RADIOTHERAPY

At the University of Queensland, G.C. Gobe et al
have shown that the retinoblastoma tumour-
suppressor gene and its protein product are involved
in radiation-induced apoptosis in neonatal rat
kidney. Tumorigenesis and repair in the small and
large intestines following irradiation has also been
studied (26).

At the University of NSW, P.J. Russell et al have
been studying factors in the recovery from DNA
damage! in bladder cancer cells following irradiation
(27).

18 CONCLUSION

Some outstanding research work has resulted from
AINSE's participation in radiation science. There
is much more than can be covered in these few
pages and another author could have selected work
other than that which has been included here. This,
then, is representative rather than definitive.

Some facilities have closed; others have replaced
them. As a discipline in its own right radiation
science has its own place. Additionally, it is
invaluable in investigating problems in other fields.
The following paragraph compares radiation with
other radical-generating systems. "The use of
ionising radiation can overcome these uncertainties.
Radiation can generate precise quantities of radicals
selected for biological relevance, giving the
experimenter control over parameters such as time,
temperature, chemical composition and pH. There
is no limit to the complexity of the systems
investigated, which can vary from pure chemicals to
living animals." (28).
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SUMMARY The average effective dose received by the Australian population is estimated to be ~1.8 mSv / y. One
half of this exposure arises from exposure from terrestrial radiation and cosmic rays, the remainder from
radionuclides within the body and from inhalation of radon progeny. This paper reviews a number of research
programmes carried out by the Australian Radiation Laboratory to study radiation exposure from natural
background, particularly in the workplace. The control and regulation of occupational exposure to elevated levels
of background radiation is an emerging issue that needs to be addressed on consistent, Australia-wide basis.

1 INTRODUCTION

In Australia the exposure to radiation during the
mining and milling of uranium is closely monitored
and the relevant State regulations require that the
effective dose to each exposed worker is less than
20 mSv per year. The implementation of these
radiation protection practices for technologically
enhanced sources takes place against a background of
natural radiation. There is no inherent difference
between this natural radiation and the radiation
associated with the mining activities. In recent years it
has been recognized that some sources of natural
radiation can lead to a significant radiation exposures
to small sections of the public or to particular
occupational groups. This paper aims to provide a
brief review of the main sources of natural radiation,
in the context of the changing approach to the control
of exposure to elevated levels of background
radiation. Some specific research programmes carried
out by the Australian Radiation Laboratory (ARL) will
be described to illustrate approaches to the
quantification and management of exposure to natural
radiation.

2 BACKGROUND RADIATION

Background radiation can be categorised into
terrestrial sources and cosmogenic sources. Their
contributions to background radiation in Australia has
been reviewed by Carter (1). Terrestrial sources
consist of primordial radionuclides with half lives
sufficiently long (> 108 y) that they are still present in
the environment. Two radionuclides, 232Th and :"U,
are particularly important, since they are present at
ppm levels in most soils and rocks and they are the
precursors to a whole series of radioactive decay
products. Natural potassium contains 0.012% of the
radioactive isotope 40K.

Cosmic radiation is produced by the interaction
between high energetic particles of solar and
interstellar origin with matter in the upper atmosphere.
These interactions produce both a range of radiation
types and a number of short lived radionuclides,
chiefly tritium, 7Be and I4C.

There are three principal pathways for exposure to
radiation: external irradiation and internal irradiation
through inhalation or ingestion. The magnitude of the
annual effective doses for the main contributors to the
natural background are summarised in Figure 1. For
Australia, the total effective dose is 1.8 mSv / y. The
cosmic ray portion of the external irradiation is
estimated to be -0.3 mSv/y at ground level. The
terrestrial component, as determined from an
Australia-wide survey of indoor gamma ray levels, is
estimated to be 0.6 mSv/y (2). Internal irradiation
from 40K and U/Th series radionuclides in the body
gives effective doses of approximately 0.2 mSv/y and
0.17 mSv/y, respectively (1).

Background Radiation Dose by Source
Australian Total: 1.8mSv/y

i 0.5 mSv. Rn Progeny

0.6 mSv, Terrestrial

0.2 mSv. K40 in body

0 2 mSv. U/Th in body
0.3 mSv, Cosmfc Rays

Figure 1. Major components of the annual radiation dose
from natural radiation sources in Australia.
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The uranium and thorium decay series each produce
isotopes of the radioactive gas radon. Historically,
222Rn anrf20 Rn were called radon and thoron,
respectively. Radon gas is very mobile and can diffuse
from the site of production into the open air.
Inhalation of the radioactive decay products of 222Rn
{radon progeny) has been shown to lead to an increase
in lung cancer risk. This is assumed to be related to the
alpha irradiation of the respiratory tract. The average
222Rn concentration in Australian homes was measured
by ARL in 1990 as 11 Bq nr3 (2). This compares to a
global average indoor value of 40 Bq m"3(3). The
average radiation dose to the Australian population
was estimated to 0.5 mSv per year.

3 REGULATORY FRAMEWORK

In its Publication 60 (4), the International Commission
on Radiological Protection (ICRP) assessed the
lifetime risk for exposure to radiation to be 5% per Sv.
The Commission detailed concepts of practices
(activities that increase exposure) and interventions
(activities designed to reduce exposure) for the
control of radiation exposure. Practices and
interventions need to be justified (more good than
harm) and to provide maximal net benefit. In
Publication 65 (4) the ICRP applied this framework to
the management of exposure to background radiation,
and recommended intervention levels for radon in
dwellings and the workplace.

The Australian National Health and Medical Research
Council (NH&MRC) and the National Occupational

Health and Safety Commission (NOH&SC) have
prepared jointly recommendations and standards based
on the ICRP 65 recommendations, for application in
the Australian context (5,6). These documents
recommend an occupational dose limit of 20 mSv/y
and a member of the public limit of 1 mSv/y. For
exposure to environmental radon, two intervention or
action levels are recommended. An action level of
200 Bq m'3 was recommended for radon in dwellings.
Houses in excess of this level require remedial action
to reduce the radon levels to below the action level.

Of greater significance, is the recommendation for an
action level for 222Rn in the workplace of 1000 Bq m"3.
For workplaces with radon levels in excess of this
action level, the preferred option is to modify the
workplace conditions in order to reduce the radon
levels to below 1000 Bq m'3. If this reduction is not
possible, it may be necessary to implement radiation
monitoring programmes to ensure compliance with
regulatory radiation limits. In practice, this would
mean that some employees working in locations with
conditions exceeding the action level would be treated
as radiation workers and individual radiation records
would need to be maintained to ensure that no
employee received more than 20 mSv per year. The
regulation of occupational exposure to radiation is the
responsibility of the appropriate State authority. There
are Stateor Territory regulations covering workplace
exposure to radiation during the mining and milling of
radioactive ores. There are presently no regulations
covering workplace exposure to natural radiation.

TABLE 1: SUMMARY OF RADON IN HOMES SURVEY RESULTS BY STATE

State

ACT

NSW

NT

QLD

SA

TAS

VIC

WA

Australia

Monitors
Sent

279

1010

238

463

361

308

857

34

3862

Monitors
Returned

244

905

189

408

328

278

706

309

3367

Mean Rn
(Bq m-3)

15.5

9.0

13.9

6.3

14.1

9.6

10.0

12.4

10.5

RnSD
(Bq m-3)

9.8

12.1

27.7

4.4

11.8

8.9

7.8

9.1

11.8

Mean Rn
(mSv)

0.78

0.45

0.70

0.62

0.70

0.48

0.50

0.62

0.52

Mean y
(mSv)

1.08

0.90

0.80

0.74

0.96

0.73

0.88

1.19

0.90

SD y
(mSv)

0.25

0.28

0.27

0.26

0.25

0.22

0.27

0.39

0.31
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Yearly Average Radon (Bq/m3)

N.S.W. Postcodes

H 51 to 200
M 31 to 50

m 2 1 t 0 30

m 11 to 20

m et0 1C
p 1to 5
• all other

(2)
(6)

(18)
(47)

(108)
(117)
(366)

Figure 2. Distribution of average annual radon concentrations for NSW

4 ARL RESEARCH ON EXPOSURE TO
BACKGROUND RADIATION

Since the early 1980's ARL has carried out a number
of research programmes dealing with exposure to
natural background radiation. These programmes were
directed to establishing average values (radon-in-
homes survey) or to investigate occupational exposure
to elevated levels of background radiation (air crew
survey and radon in caves survey). These studies
provide a basis for interpreting the new
recommendations.

Radon in Homes

In 1990, ARL conducted a nationwide survey of
Australian homes to determine the average annual
radiation dose to the Australian population from
exposure to 222Rn and external radiation, terrestrial and
cosmic ray (2). Dosimeters were sent to 3862
randomly distributed homes for a period of 12 months.
Each dosimeter contained a CR-39 solid state nuclear
track detector for the radon measurement and a
CaSO4(Dy) thermoluminescent detector (TLD) for the
measurement of external gamma ray exposure. A total
of 3367 monitors were returned for analysis.

The results of the survey for each state show that the
average annual radon concentration ranged from
6 Bq nv3 in Queensland to 16 Bq rh in the ACT.
These differences reflect differences in local geology,
climate and house construction. Figure 2 shows the
distribution of radon concentration for postcode areas
in New South Wales.

Cosmic Ray Exposure to Air Crews

In response to concerns expressed in the aviation
industry, surveys of the cosmic radiation doses
received by Australian commercial flight crews were
carried out in 1982-1983 and in 1991 (8). Dose rate
measurements were made by use of TLD personal
monitors, CR-39 disks and portable monitoring
equipment. The results, summarised in Table 1,
indicate that the average annual doses to domestic
crew members were in the range 1.0 and 1.8 mSv.
The results further indicate that an increase in annual
doses has occurred since 1983. A method of
estimating doses from flight records was developed
and the results compared favourably with the
measurements from both surveys. By use of this
method, annual doses up to 3.8 mSv were estimated
for international crew members. This represented a
significant increase since 1983.
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TABLE JL ANNUAL RADIATION DOSES TO
AIRCREWS FOR DOMESTIC ROUTES

Group

All

Attendants

Engineers

Pilots

Date

1982-1983

1991

1991

1991

Annual Dose
(mSv)

1.0

1.5

1.1

1.8

Prior to the introduction of ICRP Publication 60, the
dose limits which were generally acceptable for flight
crews were those appropriate for public exposure.
Flight crews were not considered to be radiation
workers because they were neither employed nor
trained to have any direct involvement with radiation
sources. Dose estimates for some crew members who
fly for many hours a year at high altitudes and high
latitudes could exceed the limit for public exposure.
It would have been difficult to ignore these doses on
the grounds that they occurred due to exposure to
natural background radiation. The NH&MRC and
NOHSC recommendations potentially place flight
crews into the occupational exposure group and the
20 mSv annual dose limit would apply.

Occupational Exposure to Radon in Caves

A collaborative study between the Australian
Radiation Laboratory (ARL), the University of
Sydney and the University of Auckland, was carried
out with the support of a research grant from
Worksafe Australia. Radon monitors were placed in
representative sampling sites in 52 cave systems at 24
locations around Australia. The geographical location
of these sites is shown in Figure 3.

The measurements were restricted to established show
caves and a total of 286 sites were monitored. A pair
of passive, integrating radon monitors based on
CR-39 detectors were used to measure both
3-monthly, seasonal, as well as 12-monthly, annual
radon levels at each site. The exposure period for the
monitors was May 1994 to June 1995. Information
was obtained from all locations on the sequence and
duration of each cave tour. This allowed for the radon
levels to be weighted for the time spent at each
sampling site during a tour in order to determine the
time-weighted radon level for each show cave tour.

The values for the radon concentration at each
monitoring site ranged from ambient (< 20 Bq m'3), to
over 9000 Bq nr3. There was marked seasonal

variability at most measurement sites. The highest
value was measured during summer but, in the
following season, the same site recorded a radon level
close to 1000 Bq m3. Similar trends were found for
spatial variations between sampling sites in some
cave systems, with variations of more than a factor of
10 between some sites in the same cave system. This
spatial variability tended to smooth out the range of
values for the time-weighted radon levels for each
cave tour. Of the 67 cave tours in this study, 14 tours
had time-weighted yearly average radon levels in
excess of 1000 Bq m \ Most of these caves were in
New South Wales, Victoria and Tasmania. For this
study, no show caves in South Australia. Queensland,
Western Australia or the Northern Territory were in
excess of the intervention level.

These integrated radon exposures were converted to
radon progeny exposures assuming a single value of
0.4 for the radon equilibrium factor. The yearly
radiation dose (annual effective dose) was calculated
for 116 tour guides using the conversion convention
recommended by the International Commission on
Radiological Protection (ICRP). The distribution of
the estimated effective doses for these tour guides is
shown in Figure 4. The estimated yearly radiation
dose for 82 of these guides was less than 1 mSv,
between 1 and 5 mSv for 30 guides, and between 5
and 10 mSv for the remaining 4 guides. The highest
estimated radiation dose was 9 mSv per year.

There are presently no State regulations covering this
type of occupational radiation exposure. If the
recommendations in the NH&MRC and NOH&SC
document are implemented in State regulations then
at least 16 cave tours will have radon levels exceeding
the proposed intervention level. It is normally
expected that in workplaces with radon levels above
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Figure 3 The distribution of the major show caves
within Australia, grouped by geographical location.
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Figure 4. Frequency distribution of annual effective
doses received by tour guides in Australian show
caves, as determined from radon survey data.

1000 Bq m° , active measures be taken to reduce the
radon concentration, such as, improving the
ventilation using forced air. The alternative is to
designate the workers in such areas as occupationally
exposed individuals and to maintain detailed radiation
exposure records in order to demonstrate compliance
with occupational dose limits. Increasing the
ventilation in these show caves is not possible, and it
is likely that some form of radiation monitoring, either
personal or area, will be required for tour guides
working in these cave systems.

5 DISCUSSION

The average radiation doses to the Australian
population from natural background are relatively
low, and Australia does not appear to have a problem
with elevated radon level in homes, as is the case in
Europe and North America. This is not to say that
there are no homes in Australia requiring remedial
action. On the basis of the ARL survey about 0.1% of
Australian homes may have radon levels exceeding
the 200 Bq nr3 action level. This translates to about
2000 to 3000 homes across Australia. ARL has plans
for a research programme to identify potential high
radon areas.

Of more importance is the emerging issue of exposure
to elevated background radiation in the workplace.
Radiation exposure to air crews and to show cave tour
guides are just two situations that have been studied.;
other occupational exposure situations are yet to be
identified. The control of radiation exposure is a State
responsibility. The new Worksafe Standard and the
normal Duty of Care requirements imply that some

immediate response is require by both employers and
the regulators. There is a need for a consistent,
Australia-wide framework for regulating the
occupational exposure to background radiation.
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SUMMARY Australia's current nuclear regulatory arrangements reflect two major factors: that we are a
federation, with a constitutional division of powers between the Commonwealth and the States, and that we
have no nuclear industry, other than uranium mining. Australia's only nuclear facilities are operated by a
Commonwealth instrumentality, ANSTO. Current Commonwealth regulatory arrangements are a response to
international treaty commitments - principally the NPT (Treaty on the Non-Proliferation of Nuclear Weapons) -
and to the commencement of commercial uranium mining and export in the late 1970's. Although at present no
nuclear industry activities, other than mining, are in prospect, this might not always be the case, and with the
establishment of ARPANSA (the Australian Radiation Protection and Nuclear Safety Agency) it is timely to
give some thought to regulatory arrangements which might be appropriate to Australia's future circumstances.

1 INTRODUCTION

The views expressed in this paper are the personal
views of the authors, and do not represent
Government policy. The reader is asked to make
allowance for the fact that due to limitations of
space, discussion of many points, especially in the
historical section, is abbreviated.

The purpose of this paper is to discuss the
regulation of activities relating to the nuclear fuel
cycle, ie activities involved with the production
and use of nuclear materials (uranium, thorium and
plutonium) for the generation of energy through
nuclear fission.

In some contexts the term "nuclear" has been given
a more extensive definition. For example, the
Environment Protection (Nuclear Codes) Act 1978
covers not only use of nuclear materials in the
production of nuclear energy, and the mining,
treatment, storage or disposal etc of such materials,
but also applies to any radioactive substance
prescribed by regulation (1). Another example is
the prospective (at the time of writing this paper)
"Radwaste Convention" (the Convention on the
Safety of Spent Fuel and Radioactive Waste
Management), which defines a "nuclear facility" as
any location where radioactive materials are
handled etc on a scale that consideration of safety
is required (2).

Despite these examples, the more usual application
of the term "nuclear" in the regulatory context is to
fuel cycle matters. This paper is not intended to

canvass wider aspects of radiation health and
safety, which no doubt will be thoroughly covered
by Dr Lokan in his paper on the Australian
Radiation Protection and Nuclear Safety Agency.

2 BACKGROUND

In considering the nuclear regulatory situation in
Australia, two key points should be kept in mind.
First, Australia has a federal system of government,
with a constitutional division of power between the
Commonwealth and the States. In broad terms,
powers which the Commonwealth Constitution
does not expressly give to the Commonwealth are
retained by the States. The Constitution does not
refer to nuclear or energy matters, and the
Commonwealth's legal powers on nuclear matters
are indirect, mainly based on "external affairs" (eg
implementation of treaties), overseas trade and
commerce, and defence. The Commonwealth's
power in respect of territories has been central to
the regulation of uranium mining in the Northern
Territory.

The second point is that, apart from mining,
currently Australia has no nuclear industry.
Australia's only nuclear fuel cycle facilities are
those operated by ANSTO (the Australian Nuclear
Science and Technology Organisation), which of
course is a Commonwealth instrumentality. At
present the only private sector nuclear activities are
the two operating uranium mines (Ranger in the
Northern Territory and Olympic Dam in South
Australia), and a small laser enrichment R&D
project (under development by a Sydney-based
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company, Silex). There are further uranium mines
planned, in Western Australia, South Australia, the
Northern Territory and Queensland.

3 HISTORICAL PERSPECTIVE

Non-nuclear radiation health and safety matters
have been regulated by State and Territory
governments for many decades. The
Commonwealth also has a long history of
involvement in this area, with the predecessor of
the Australian Radiation Laboratory (ARL), the
Commonwealth Radium Laboratory, being
established in 1927 (though not as a regulatory
agency). As regards nuclear activities, the first
Commonwealth legislation was the Atomic Energy
(Control of Materials) Act 1946. At that time,
reflecting the onset of the Cold War, uranium was
seen as a strategic material, which would only be
produced in Australia on behalf of the
Government, or for supply to Australia's allies.
This Act was replaced by the Atomic Energy Act
1953, establishing ANSTO's predecessor, the
Australian Atomic Energy Commission (AAEC).
The Atomic Energy Act was not so much
concerned with establishing a regulatory
framework for nuclear activities, but with
consolidating Commonwealth control over nuclear
materials and technology (including the possible
introduction of nuclear power into Australia). As
with the preceding Act, the Atomic Energy Act
drew very heavily on the constitutional defence
power, as it was then interpreted.

Australia's first nuclear facility, the AAEC's
HIFAR research reactor, commenced operation in
1958. The AAEC carried out various studies of the
feasibility of nuclear power generation,
culminating in proposals for a reactor at the
Commonwealth territory of Jervis Bay, east of
Canberra. Since it was envisaged that this project
would be government-operated, no formal
regulatory arrangements were developed. Work on
this proposal was terminated in 1970, on economic
grounds. The AAEC was also engaged in the
development of uranium enrichment, based on
centrifuge technology, from the mid-1960s to the
early 1980s. Again, over most of this period no
attention was given to formal regulatory
arrangements, since until late in this program it had
been thought any enrichment plant would be
operated by the AAEC.

The foregoing discussion should not be taken to
imply lack of a regulatory regime for the AAEC's
own activities - a number of regulatory
arrangements have applied, including the
predecessor of the Nuclear Safety Bureau, and the

observance of State radiation health and safety
standards. Rather, the point is there was no
development of a nuclear regulatory regime of
more general application.

The first major impetus to establish regulatory
arrangements for commercial nuclear activities
followed the Government's decisions on the
recommendations of the Fox Inquiry into the
establishment of the Ranger uranium mine and the
approval of commercial uranium exports. Three
legislative measures were taken in 1978:
• the Atomic Energy Act 1953 was amended to

authorise uranium mining at the Ranger site,
giving effect to the Ranger Project Agreement.
The Minister administering the Atomic Energy
Act (now the Minister for Resources and
Energy) is responsible for the environmental
regulation of the Ranger mine (and still retains
responsibility for authorisation of uranium
mining in the Northern Territory);

• the Environment Protection (Alligator Rivers
Region) Act 1978 established the position of
Supervising Scientist for the Alligator Rivers
Region and the OSS (the Office of the
Supervising Scientist). The OSS is responsible
for monitoring of the effects of uranium mining
on the environment of the Alligator Rivers
Region;

• the Environment Protection (Nuclear Codes)
Act 1978 provides a coordinating mechanism,
whereby the Commonwealth may develop
national codes of practice for nuclear activities
jointly with the States and Territories, for
implementation through State and Territory
laws. The Act was intended to apply primarily
to uranium mining, though as noted in the
Introduction it could be applied to most
radioactive materials. Currently there are three
codes, dealing with the health of workers
involved in the mining and milling of
radioactive ores, the management of wastes
from such mining and milling, and the transport
of radioactive material.

There is other Commonwealth legislation which,
although not nuclear-specific, is of importance in
this area: the Customs Act 1901 and the
Environment Protection (Impact of Proposals) Act
1974. Regulations under the Customs Act require
that an permit be obtained for uranium exports, and
the Environment Act requires that matters affecting
the environment to a significant extent be taken
into account in any Commonwealth decision (such
as the issue of an export permit). Cooperative
arrangements for assessing the environmental
impact of mining projects have been negotiated
between the Commonwealth and the States.

108



A further development in the late 1970's was a
growing private sector interest in the possibility of
commercial uranium enrichment in Australia. A
group of companies was formed to conduct a
feasibility study, which finally focused on the
centrifuge technology developed by the European
consortium Urenco-Centec. In view of the prospect
of private sector nuclear activities, the
Commonwealth commenced a review of the
Atomic Energy Act, to determine what changes
would be required to regulate such activities.
Commonwealth-State consultations formed a
central part of this review, since those States under
consideration for the siting of an enrichment plant
had an obvious interest in regulatory aspects. It was
agreed that the Commonwealth would be
responsible for non-proliferation/safeguards
matters, in line with treaty obligations. At the time
the feasibility study was discontinued, following
the change of government in 1983, no agreement
had been reached on radiation health and safety
aspects, the States taking the position that these
were primarily their responsibility.

Under the Labor Government, the review of the
Atomic Energy Act was continued but with a
different focus - to redefine the role of the AAEC
to one more relevant to Australia's contemporary
circumstances, particularly to direct its efforts
away from the nuclear fuel cycle and towards use
of nuclear technology in scientific, industrial and
medical applications. This led in 1987 to the
replacement of the AAEC by ANSTO. As one
important aspect of this, the Nuclear Safety Bureau
(NSB) was made directly responsible to the
Minister (initially the Minister for Resources and
Energy).

Also in 1987 came the Nuclear Non-Proliferation
(Safeguards) Act. This Act formalised the functions
of ASO (the Australian Safeguards Office), which
had been established in 1974, and made the
Director of Safeguards an independent statutory
position.

The NSB became a statutory body, independent of
ANSTO, in 1992. Later that year a Research
Reactor Review was established. In 1993, prior to
the completion of the Review's report, the
Government initiated a wider review of
Commonwealth nuclear regulatory arrangements.
Some of the considerations for this review included
the need to formalise/rationalise arrangements for
the regulation of radiation safety in the
Commonwealth's own activities, a concern
whether the Commonwealth was being sufficiently
pro-active in the area of nuclear codes, and the

question whether any rationalisation of the
agencies involved would bring economies or
benefit maintenance of professional skills.

When the Research Reactor Review reported later
in 1993, one of its recommendations was the
establishment of a new body to exercise licensing
and regulatory powers over relevant
Commonwealth activities. The review also
recommended that the regulatory responsibility for
ANSTO should be vested in a Ministry different to
that responsible for ANSTO operations.

In examining the outcomes of the Research Reactor
Review and the wider review, the idea of
amalgamation of all the relevant agencies (ARL,
ASO, NSB and OSS) was considered but not taken
up, because of the disparities of disciplines and
functions. The following decisions were taken by
the previous Government:
• ARL and NSB were to be amalgamated to form

a new Australian Institute of Radiological
Protection (AIRP) - a decision which is now
coming to fruition with the establishment of
ARPANSA;

• pending the establishment of AIRP, NSB was
transferred to the Human Services and Health
portfolio, and responsibility for the Nuclear
Codes Act was transferred to ARL;

• ASO was transferred from the Primary
Industries and Energy portfolio to that of
Foreign Affairs and Trade, reflecting ASO's
major involvement in international non-
proliferation matters.

4 THE CURRENT SITUATION

Australia currently does not have a single national
nuclear regulatory authority. While this may be
relatively unusual for an industrialised country, it is
not inappropriate given that there is no nuclear
industry as such. Nuclear regulatory
responsibilities are exercised by two organisations,
ASO and NSB (the latter now to form part of
ARPANSA).

Amongst ASO's responsibilities is ensuring that
nuclear materials, nuclear-related materials, and
nuclear technology remain in exclusively peaceful
and lawful use, as required by commitments under
the NPT, the Convention on the Physical
Protection of Nuclear Material, and relevant
bilateral agreements. Although the most sensitive
materials, and Australia's only nuclear facilities,
are located at ANSTO's Lucas Heights
laboratories, ASO is involved with a wide range of
companies and institutions throughout Australia -
there are over 120 permits and authorities issued
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Foreign Affairs and Trade portfolio in 1994, ASO
is broadening into other multilateral verification
areas, having attached to it Australia's national
authority for the Chemical Weapons Convention,
and being in the process of becoming the national
authority for the Comprehensive Test Ban Treaty.

Currently NSB is responsible for the safety of
nuclear plant where criticality is intended or
possible. Essentially, this means the safety of
ANSTO's reactor(s), but other aspects of ANSTO's
operations are also relevant (eg the handling of
fissionable materials), and NSB is also involved in
safety planning for visiting nuclear-powered ships.

ARL's current role can be described as
recommendation and coordination, rather than
regulation. It has been involved particularly in
establishing standards for radiation protection,
including assessment of the suitability of
internationally recommended standards for
application in Australia. As noted earlier, in the
area of radiation protection, regulation -
promulgation of laws, and licensing and
supervisory activities - is primarily the
responsibility of the States and Territories. While
the Nuclear Codes Act provides a formal
mechanism for national coordination, other
mechanisms are also in use, such as the Radiation
Health Committee of the National Health and
Medical Research Council (NHMRC).

With the amalgamation of ARL and NSB to form
ARPANSA, ARPANSA will be responsible for
ensuring the proper regulation of the
Commonwealth's own activities involving
radiation health and safety issues. As already
noted, ARPANSA will also assume responsibility
for the Nuclear Codes Act. No doubt Dr Lokan's
paper and his presentation will provide a much
better outline, as well as some details, of
ARPANSA's plans in these areas.

The other Commonwealth body considered in the
1994 review of nuclear regulation was the OSS. As
has been noted, suggestions that OSS might be
amalgamated with one or more of the regulatory
agencies were not followed. In fact the role of the
OSS is neither nuclear nor, for the most part,
directly concerned with radiation - rather, it is
concerned with monitoring the effects of toxic
materials (heavy metals) in a specific environment.
Nor is its role regulatory - regulation of the Ranger
mine is the responsibility of the Minister for
Resources and Energy in cooperation with
Northern Territory authorities. The OSS would
therefore seem peripheral to the main subject of
this paper.

5 THE FUTURE

At present, the only new nuclear-related activities
in prospect are, an expansion in the number of
uranium mines and the replacement of the HIFAR
reactor. Another development of interest, involving
further international commitments, is the Radwaste
Convention (2). This will be of particular relevance
to the proposal for a national waste repository,
discussed below.

International obligations are also involved through
Australia's membership of the Nuclear Safety
Convention, which requires the establishment of
national safety requirements and regulations to
cover nuclear power plants, and a regulatory body
to implement these. If in the future nuclear power
plants were proposed in Australia, it is possible to
imagine Commonwealth-State cooperative
arrangements under which some regulatory
functions might be undertaken by State authorities,
and this could be the subject of Commonwealth-
State consultations. In this regard arrangements in
other federal states such as Germany could be
examined. It is a reasonable assumption however
that the States, and public opinion, would be
supportive of a single national authority (this
discussion relates to regulation of nuclear aspects
of a power station - clearly there would be many
non-nuclear aspects which would remain within
traditional State competence).

With its functions of nuclear safety and radiation
protection, ARPANSA would be the obvious
foundation on which to establish a new national
nuclear regulatory authority - for convenience
called here ANRA (the Australian Nuclear
Regulatory Authority). Whether safeguards were
brought within the purview of ANRA would need
to be assessed in the light of circumstances at the
time - ASO is closely involved with the
international safeguards system and Australia's
bilateral safeguards network (hence ASO's transfer
to Foreign Affairs and Trade), and it would be
essential that amalgamation with a domestic
regulatory authority did not detract from this work.
In other countries there has been a separation
between safeguards experts engaged in
international work and those responsible for
domestic regulation, but in view of the scarcity of
safeguards expertise in Australia such a separation
would not seem viable here.

If in the future nuclear value-adding activities such
as uranium conversion and enrichment were
contemplated, there are no international obligations
with respect to the operation of facilities of this
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kind (other than, of course, non-proliferation and
safeguards commitments), so the case for
regulation by the Commonwealth is less clear-cut.
As with the previous review of the Atomic Energy
Act, this would be a matter for consultations
between the Commonwealth and the States
concerned. There is no factual basis for asserting
that every nuclear activity is necessarily of national
significance, mandating Commonwealth regulation
- for many activities even in a worst case scenario
any possible health, safety and environmental
effects will be localised. For certain facilities
however there may be nuclear safety (criticality)
considerations which would warrant the direct
involvement of specialists from the NSB side of
ARPANSA. Of course, it may be that the States
would prefer regulation at the Commonwealth
level, and public opinion may favour this - but the
establishment of an ANRA to regulate nuclear
upgrading would not be a forgone conclusion.

As regards uranium mining, apart from the
requirement to meet safeguards and related
commitments there is nothing inherently "national"
about this activity. Regulation of mining is
primarily the constitutional responsibility of the
States, and in most if not all cases any
environmental effects would be localised within the
relevant State. Where national standards are
required, the Nuclear Codes Act was introduced
specifically for this purpose, providing a
framework for cooperation between the
Commonwealth and the States on the basis of
implementation by State laws and regulatory
authorities.

Following the recent Inquiry by the Senate Select
Committee on Uranium Mining and Milling, the
majority of members recommended the
establishment of a Commonwealth Uranium
Authority to coordinate the regulation of uranium
mining (it is noted however that these
recommendations encompassed the possibility of
delegation to State authorities). The Government
Senators on the Committee, on the other hand,
were not convinced that a national authority is
necessary or would be effective. At the time of
writing this paper, the Government was
considering its response to the Committee's
Report. One factor in the majority's
recommendations was concern about delays in the
updating of exposure limits under the nuclear codes

- current action by ARL, and the assumption of
responsibility by ARPANSA, should help meet
these concerns.

In the Northern Territory, for various historical
reasons - including the retention from earlier times

of the Commonwealth's ownership of uranium in
the Territory, and the political complexities of the
range of decisions which followed the Fox Inquiry
- uranium mining continues to be subject to
Commonwealth regulation and monitoring. In the
light of almost two decades' experience since then,
perhaps the time is approaching when uranium
mining in the Territory can be managed on the
same basis as in the States.

A further development, nuclear-related rather than
nuclear, is the proposal for a national repository for
low-level and short-lived intermediate-level
radioactive waste. This will handle waste from
medical, industrial and research uses of
radioisotopes, including ANSTO wastes arising
from the production of radioisotopes. It is expected
that the Radwaste Convention will require the
establishment of a legislative and regulatory
framework, including the designation of a
regulatory body, to ensure the safe management of
material subject to the Convention. Exactly how
this is implemented with respect to the national
repository would need to be the subject of
consultations between the Commonwealth and the
host State or Territory, when known. One approach
would be to apply the existing NHMRC code of
practice for near-surface disposal of radioactive
waste, and to designate the relevant State or
Territory authority to implement the requirements
of the Convention. On the other hand, if the
repository were operated as a Commonwealth
facility it would be regulated by ARPANSA. In
any event, since the requirements of the
Convention have a wider application than a
repository, there will be a central role for
ARPANSA.

6 CONCLUSIONS

Although the regulation of nuclear activities in
Australia might appear fragmented, between the
Commonwealth and the States, and at the
Commonwealth level between ARPANSA and
ASO, this situation has evolved to suit our current
circumstances, and generally it is working well.
The establishment of ARPANSA will be an
important step towards improved national
coordination, and to proper regulation of
Commonwealth activities. Establishment of
ARPANSA is also an important step towards a
national nuclear regulatory authority, if future
developments require such an authority. Although
nuclear fuel cycle industries or nuclear power in
Australia are not currently in prospect, at some
point there could be merit in re-instituting informal
consultations between the Commonwealth and the
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States to consider the regulatory arrangements Act to all radioactive materials with an activity
which might be required in the longer term. level exceeding 70 Bq/g.

NOTES (2) The negotiation of the Radwaste Convention is
expected to be finalised in September 1997.

(1) Only one regulation has been promulgated
under the Nuclear Codes Act, and this applies the
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NUCLEAR SAFETY AGENCY.

A NEW BODY FOR THE REGULATION OF
RADIATION USAGE IN AUSTRALIA.
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SUMMARY The Australian government announced recently that it will establish an Australian Radiation and Nuclear
Safety Agency (ARPANSA ) by merging the activities of the Australian Radiation Laboratory and the Nuclear Safety
Bureau and providing for the regulation of the Commonwealth's own activities in the use of radiation and in nuclear
activities. The new body will provide the nation with advice on all matters concerned with the safety of radiation and
nuclear activities and will promote the development of uniform national regulatory approaches to the control of
radiation-related activities.

In September 1997, the Government announced the
formation of a new Commonwealth body , The
Australian Radiation Protection and Nuclear Safely
Agency (ARPANSA), whose function would be to
oversee from a national perspective Australia's
radiation protection and nuclear safety policies.

ARPANSA is to be formed through the amalgamation
of the Australian Radiation Laboratory (ARL) and the
Nuclear Safety' Bureau (NSB), firstly to provide the
necessary regulatory infrastructure for radiation
protection and nuclear safety within the
Commonwealth jurisdiction and secondly, to set out the
basis for national uniformity' of regulatory management
of radiation protection in all jurisdictions. It will
continue to carry out the traditional functions of ARL
and NSB, including research, scientific services and
national guidance on matters concerned with radiation
protection and nuclear safety.

To achieve the first purpose - the provision of a formal
regulatory environment within the Commonwealth's
own jurisdiction - legislation is required. Strictly
speaking, legislation is not necessary to provide for
national uniformity' of radiation control, as this can be
achieved by agreement with the States and Territories,
but the availability of Commonwealth regulatory

processes and a procedure for developing regulations
jointly with State and Territory radiation protection
authorities will assist greatly the latter aim.

There is no doubt that there is an urgent need for a
Commonwealth agency to cover regulator}' obligations
within its own jurisdiction for activities which cannot
be reached by other means. There have been a number
of occasions where regulatory oversight of
Commonwealth activities has been needed, most
notably in the current rehabilitation of the former
nuclear weapons test site at Maralinga. In this case, it
required an ad hoc agreement between the relevant
ministers, whereby ARL was formally declared to be
Commonwealth regulator to oversee the radiation
protection aspects of the cleanup and as designated
auditor of the contractors' performance.

An important result from the creation of ARPANSA
within the Health & Family Services portfolio will be
the clear separation of the Department responsible for
regulation, from the "user" Departments, primarily the
Departments of Industry, Science and Tourism and of
Defence. A minor problem in this regard is the need
to ensure that there is no conflict of interest between
ARPANSA's role of regulating Commonwealth users
and its own use of radiation sources in research and
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development. A solution to this dilemma would be for
a state or territory regulator to audit ARPANSA's own
activities involving the use of radiation sources and to
report on their compliance with Commonwealth
requirements directly to the Minster.

A very good outcome will be a responsibility, defined
through the legislation, for ARPANSA to develop
regulations whose form and details are agreed with
the States and Territories and which will then be
adopted by reference in all jurisdictions. One may be
fairly optimistic that the joint development of
regulations will be relatively straightforward, since the
Commonwealth Department of Health and Family
Services has supported for many years a very effective
national Radiation Health Committee, which has
developed many Recommendations and Codes of
Practice concerned with radiation safety. These have
often, but not always, been adopted within State and
Territory jurisdictions, by requiring that they be
adhered to as conditions of licence. It is anticipated
that the Radiation Health Committee (or its successor)
will be the body within which nationally applicable
regulations will be agreed.

A natural starting point for the development of
Commonwealth legislation and associated regulations
is the Safety Series No 115 'International Basic Safety
Standards for Protection Against Ionizing Radiation
and for the Safety of Radiation Sources', which was
published in 1996 and is jointly sponsored by FAO,
IAEA, ILO, OECD/NEA,PAHO and WHO. It sets out
the principles and general requirements for a national
regulatory framework and provides much of the detail
needed for the development of regulations. It follows
closely the most recent Recommendations of the
International Commission on Radiological Protection
(ICRP), published in 1990, but presents them in a
more regulator}1 form.

It should be noted that the current Australian
'Recommendations for limiting exposure to ionizing
radiation(1995)\ promulgated by the National Health
and Medical Research Council jointly with the National
Occupational Health and Safely Commission, were
developed in parallel and with full knowledge of both
ICRP's recommendations, and the emerging Basic
Safety Standards.

Over many years, the Commonwealth has developed
very effective consultative processes in the field of
radiation protection, through the Radiation Health
Committee. Through this avenue, some 40-odd Codes
of Practice and Recommendations have been
promulgated and found their way into State and
Territory regulator}' practice, either by adoption as
regulations or by requiring them as conditions of
licence.

The new body - ARPANSA - will continue this
function (though with the intent that uniform mandatory
radiation safety requirements will apply throughout the
Australia) and at the same time develop parallel
processes for the promulgation of policy and regulatory
doctrine to ensure the safety of nuclear plant, such as
that which will be operated by ANSTO.

Much of the detail remains to be worked out and will
emerge through the next few months. However, the
shape of ARPANSA has already been recognised in
principle. For example, ARPANSA will be responsible
from the Commonwealth perspective for both ionizing
and non-ionizing radiations. That is, not only will there
be requirements covering the use of radioactive
materials, the management of radioactive wastes and
the like, but the legislation will address also the public
and occupational health implications of the non-
ionizing component of the electromagnetic spectrum,
from extremely low (powerline) frequencies, through
RF and microwave communication radiation to optical,
laser and ultraviolet emissions. This is a major step
beyond the present regulatory priorities of some of the
States and Territories at least, whose legislation
currently tends to fall short of that which will apply
within the Commonwealth jurisdiction.

Based on the number of wearers of personal radiation
monitors employed by the Commonwealth and
registered with ARL's radiation monitoring service,
there are about three and a half thousand workers in
some two hundred Commonwealth sites, identified as
likely to receive some exposure to ionizing radiation in
the course of their work. This number is quite similar
to the number to be found within any of the smaller
states and suggests a regulatory infrastructure of
comparable complexity and size.

Over time, the international radiation protection
community and our own National Health and Medical
Research Council have developed standards,
recommendations, codes of practice and guidelines
which define exposure standards or constraints on
emissions from radiation emitting devices. In order to
implement these standards in any given country, a
legislative framework is required to transform this
guidance into a system of acts, regulations, standards
and codes of practice which together ensure the safe
and effective use of radiation in society. Such
frameworks exist within Australian state and territory
jurisdictions, albeit with significant state to state
variations, but are lacking at this time within the
Commonwealth.

A well designed regulatory regime should establish the
following -

a system of licensing of persons and
organisations to possess, use, sell etc. sources
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of radiation,

a system of registration of sources of
radiation and premises where radiation
sources may be used.

regulations which require compliance by
those possessing, using etc. radiation sources
and

exemptions from regulations and enforcement
procedures where the hazard is so small as
to be negligible.

The approach to regulation can take many forms,
ranging from a tightly written prescriptive set of
requirements set by the regulator to a general
recognition that, regardless of the functions of the
regulator, the ultimate responsibilities for safety lie
with the operator. That is, the role of the regulator may
vary from establishing in detail the requirements - and
verifying compliance - to one where the regulator
assesses and approves the operator's proposed safety
programs, and retains the responsibility that they are
appropriate and are fulfilled I believe that the
optimum lies somewhere in between. That is. the
operator owns the problem, but must find solutions
through continuous interaction and discussion with the
regulator. It is very important that the responsibility for
occupational and public safety stays clearly with the
user, and is not transferred by implication to the
regulator

ARL is not at present a regulator, but has sometimes
been thrust into a regulatory role. I have noted in such
cases that operators sometimes attempt to deflect
responsibility , by seeking detailed approval for all of
their proposed day to day actions, and where these may
seem onerous or inexplicable, to blame the regulator
for setting impractical or unrealistic requirements.

Whilst ARPANSA is intended to cover all uses and
users of radiation and to regulate those within the
Commonwealth jurisdiction, nuclear activities
represent a special case. In part, the operation of a
nuclear reactor, the management and reprocessing of
its spent fuel and the eventual closeout of the facility
are routine radiation protection activities That is,
occupational and public exposures arising from its
operation and from releases to the environment must be
kept within regulatory limits and maintained at levels
as low as reasonably achievable.

In addition though, they represent a source of potential
exposure - that is. exposures which will not normally
occur at all, provided that well conceived and
engineered safety7 systems are in place. Additional
concepts, such as emergency planning and defence in
depth have to be considered and included and there will

be a need for a closer level of scrutiny and for
interaction with the regulator, because of the potential
for more serious outcomes. There will be extra
regulatory requirements to ensure that this type of risk
remains at a suitably low level.

Regulation, whether it be the oversight of ANSTO's
reactors, the use of unsealed sources within a
Commonwealth research laboratory or even the X-ray
imaging of imported packages by postal or airport staff
for contraband does not come without cost. The
process of registenng sources and ensunng that their
owners and users are competent in their use will
require a regulatory7 arm within ARPANSA to develop
regulatory requirements and to confirm compliance In
the modem environment, this will have to be
recognised as a real cost to the user, and a system of
licence and registration charges will prevail to recover
the cost.

The intent of the ARPANSA decision is to provide an
environment in which the Commonwealth and the
states and territories oiler a coherent and uniform
regime for the national oversight of the uses of
radiation.

The legislation to establish ARPANSA will therefore
include provisions for the ioint development by the
Commonwealth and its state and ternton counterparts
of uniform requirements for radiation control

Sometimes there are radiation protection activities
which He almost entirely in the domain of State and
Territory jurisdiction. One such field is the oversight
of the mining and milling of radioactive ores such as
uranium and of mineral sands which contain thorium.
In all cases, these lie within the province of State and
Territory Health and/or Mines Departments and the
Commonwealth role is mostly to assist them towards
the application of common standards and requirements.
This is achieved by way of the Environment Protection
(Nuclear Codes') Act 1978 which provides for the joint
development of regulatory codes with supporting
guideline material which ultimately become mandatory
requirements under the appropriate State or Temton,
laws. This legislation is currently carried by ARL and
will be absorbed into the responsibilities of
ARPANSA. National regulatory codes have been
developed to cover the radiation protection of workers
and the public during the operation of mines and mills,
to provide guidance in the management of mill wastes
and to ensure the safe transport of radioactive
materials. In the latter case, the Commonwealth does
transport its own radioactive materials - for example
the movement by ANSTO of spent reactor fuel
elements from Lucas I leights to the docks - and
ARPANSA will be the regulatory authority to ensure
that such movements meet the requirements o\' the
Transport Code.
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It is also important in these times to ensure that the
development of regulations is carried out in a
completely open fashion, with ample opportunity for
community input. While the details are not yet fully
defined, we anticipate the formation of an independent
senior committee of experts drawn, in the main, from
academia and the private sector and not part of the
bureaucracy This committee will receive, review and
recommend to the minister the promulgation and
adoption of regulatory material developed by
ARPANSA and involving Commonwealth, State and
stakeholder working parties We expect that at both
levels, there will be community representation.

Clearly there is much yet to be done, but we are
confident that a lot will be achieved without difficulty.
In the first place, we have many years of experience at
ARL bv wav of the Radiation Health Committee in the

pint development of material which covers most
aspects of radiation protection and, more recently,
corresponding material addressing non-ionizing
radiation. Secondly, the evolution of nuclear codes has
provided a further area of joint development. Thirdly,
the NSB, which evolved from an earlier internal
Regulatory Bureau within ANSTO has, since its
formation in 1987, exercised a close scrutiny over the
way in which ANSTO operates its nuclear plant.
Finally, ARL has, for a number of years, audited
ANSTO's environmental releases which arise largely
from their production of radioisotopes for use in
nuclear medicine.

The challenge will be to have a workable system in
place, without disrupting unduly ARPANSA's other
activities, by the target date of July 1, 1998.
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SUMMARY

A brief overview is presented of methods of monitoring ocupational exposure to ionizing radiation together with reasons
for such monitoring and maintaining dose histories of radiation occupationally exposed persons. The various Australian
providers of external radiation monitoring services and the types of dosemeters they supply are briefly described
together with some monitoring results. Brief mention is made of the Australian National Radiation Dose Register and
its objectives.

1. INTRODUCTION

Mankind has always been exposed to natural
background ionizing radiation from naturally
occurring radioactive materials and cosmic radiation.
Following their discovery X-rays and radioactive
materials have been used in numerous applications in
science, medicine and industry. Consequently persons
engaged in such uses receive additional radiation
exposure in the form of external radiation when the
source of ionizing radiation is outside the person's
body and as internal radiation when radioactive
material is taken into the body by a mechanism such as
inhalation, ingestion or absorption via intact or broken
skin. External radiation exposure can be measured
directly by means of various types of personal
dosemeters but internal radiation exposure can only
be estimated by measuring the amount of radioactive
material in the body.

Early uses of ionizing radiation showed that it could
cause harm to living organisms if exposures were not
controlled adequately. This led to the formulation of,
what are now known as, dose limits. These are
recommended by the International Commission on
Radiological Protection (ICRP)(1) and are adopted in
national recommendations or legislation. In Australia
the National Health and Medical Research Council
(NHMRC) has adopted the ICRP dose limits (2).

The ICRP (1 ) limits the use of the term "occupational
exposure" (to radiation) to exposures incurred at work,
as the result of situations that can reasonably be
regarded as being the responsibility of the operating
management, and which arise from the intentional use
of radiation source(s) in the workplace to which the
ICRP system of protection for practices applies.
Occupational exposure consists of both external and
internal ionizing radiation received by persons during
their work but does not normally include exposure from
natural background radiation.

The ICRP recqmmmends that exposure to natural

radiation sources should be regarded as part of
occupational exposure in some specific cases
including:

operations where the regulatory agency has
declared that radon in the workplace needs
attention and has identified the relevant
workplaces,
operations with, and storage of, materials not
usually regarded as radioactive, but which
contain significant traces of natural
radionuclides and which have been identified
by the regulatory authority,
operation of jet aircraft.

The primary justification for monitoring occupational
exposure to ionizing radiation is that it helps to achieve
an appropriate level of protection and to demonstrate
that it is maintained. Maintaining permanent records of
the doses to exposed persons, enables:

exposed persons and management to be
informed of the radiation doses received ,
demonstration that occupational dose limits
are not exceeded,
data to be provided for analysis of dose
distributions,
identification of trends in exposure levels of
various groups of occupationally exposed
persons,
production of information for optimisation
purposes, i.e. to ensure that radiation exposures
are as low as reasonably achievable, economic
and social factors being taken into account,
provision of radiation exposure data for
epidemiological studies of occupationally
exposed persons,
provision of radiation dose histories relating
to claims by occupationally exposed persons
that health problems are related to their radiation
exposure.
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2. MONITORING EXTERNAL
RADIATION EXPOSURE

In Australia the personal monitoring devices generally
used to monitor external radiation exposure of
occupationally exposed persons are film badge
dosemeters and thermoluminescent dosemeters (TLD).
(See Appendix)

Each personal radiation monitoring service providing
such dosemeters requires calibration facilities which
expose reference film badge dosemeters, or reference
TLDs, to known doses of beta, X-, gamma or neutron
radiation as appropriate. Reference film badge
dosemeters are exposed to known radiation doses to
produce calibration curves (optical density of the
processed film badge versus radiation dose) which
enable the optical density of a wearer's film badge to
be interpreted in terms of radiation dose received.
Reference TLDs exposed to known doses of radiation
allows production of similar calibration data which
relates TLD light output to radiation dose as a function
of radiation type and energy.

An external radiation personal monitoring dosemeter
should be worn in a position which provides a
representative measurement of the maximum radiation
dose to the exposed part of the body. When a single
dosemeter is provided it is usually worn on the chest or
at waist height. If a protective lead apron is also used,
as in some medical procedures with X-rays, the
dosemeter should be worn under the apron. However
if the exposed person is close to the radiation source,
and some parts of the body are not shielded by the lead
apron it is desirable to wear a second dosemeter
outside the apron to measure the radiation dose to the
unshielded parts of the body.

Where specific parts of the body are likely to receive
higher doses of radiation then additional dosemeters
may need to be worn e.g. on fingers, wrist, or head.

A decision to be made relating to occupational
exposure is the selection of those workers who should
be monitored individually for external radiation.
Factors influencing this decision include the level of
radiation dose which may be expected in relation to
dose limits and probable variations in the dose. In some
cases there may be reasons relating to industrial
relations. Individual monitoring for external radiation
is relatively simple and does not require major
commitment of resources. The ICRP (1)(3)
recommends that:

groups of workers in which the annual effective
dose to some individuals is liable to exceed a
selected value between 5 and 10 mSv should be
monitored for external radiation, unless their
doses can be assessed more conveniently in some

other way e.g. air crew.
groups of workers in which all the members
are likely to receive an annual effective dose
less than 1 mSv need not be monitored,
monitoring of the intermediate group is desirable
but can be less formal for than the more highly
exposed group.

In principle individual monitoring should be carried out
for all persons working in controlled areas where
normal working conditions require them to follow
well-established procedures and practices aimed
specifically at controlling radiation exposures. In
supervised areas, in which the working conditions are
kept under review but special procedures are not
normally needed, monitoring of workers should be
considered unless it is known that their doses will be
consistently low.

In Australia the requirement for occupationally
exposed persons to wear personal monitoring
dosemeters to measure external radiation is prescribed
by the radiation control legislation of the State where
the persons work. This requirement varies from State
to State as shown in Table 1. Any other persons, or
category of persons, who are not included in the
requirement, are not precluded from being issued with
personal monitoring dosemeters if their employers so
desire.

The external radiation exposure of every person
working with ionizing radiation and/or radioactive
materials in Australia is not monitored and recorded. In
cases where individual personal dosemeters are not
issued the radiation doses received may be estimated
from a knowledge of the dose rate in the working area
and the time spent there. In some cases a single
integrating type dosemeter may be used to estimate the
exposure of persons who are not monitored
individually. Thus in Western Australia individual
monitoring of persons in dental practices has been
replaced by a single "environmental" monitor attached
close to the exposure button on the X-ray machine
exposure cable.

3. BIOLOGICAL DETERMINATION
OF HIGH RADIATION DOSES

If it is suspected that a person has received a high dose
of ionizing radiation then cytogenic studies of a blood
sample may be undertaken to determine dicentric
chromosome aberrations caused by ionizing radiation
(4). The dicentric aberration is used because it is easily
identified and is produced by few other agents which
cause chromosome breaks so that unirradiated controls
have a low background incidence. Reliable in vitro
dose response curves can be prepared.

As indicated by Lloyd (5) this method of dose
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estimation can be useful in circumstances, when:

it is necessary to confirm that a high radiation
dose, as indicated by a personal monitoring
device, was actually received by the person to
whom the device was issued,
it is suspected that a large radiation dose
may have been received by a person who is
known not to have worn a monitoring device,
a large radiation dose is known to have b e e n
received and it is required to make a direct
comparison of physical and biological methods of
estimating the dose,
a person has been chronically exposed to
internal and/or external ionizing radiation.

The approximate lower limits of dose estimation by
chromosome aberration analysis are:

gamma radiation
250 kVp X-rays
fission spectrum neutrons

100 mGy
50mGy

10-20 mGy

These lower limit doses are much smaller than the dose
at which any irradiated person would be given medical
treatment. The upper limit of detection extends to a few
gray.

4. MONITORING INTERNAL
RADATION EXPOSURE

The chemical and physical forms of a particular
radionuclide determine how it is distributed within the
human body. Some radionuclides, e.g. tritium, are
distributed fairly uniformly within the body causing
irradiation of the whole body. Other radionuclides
concentrate in specific body organs causing exposure
of those organs e.g. radioiodines concentrate in the
thyroid gland and plutonium concentrates in the lung or
bone. A radionuclide in the body will decay at a rate
determined by its radioactive half life and there will
also be be some biological elimination. The total
internal radiation dose will depend on the amount of
radionuclide taken into the body and the types and
energies of the radiations it emits. When a radionuclide
is first incorporated in the body there is an initial
internal radiation dose rate which subsequently
decreases as radioactive decay and excretion of the
radionuclide occurs. A given intake of a radionuclide
therefore commits the organ(s) at risk to a certain dose,
known as the dose committment, which depends on the
initial dose rate and the excretion rate of the
radionuclide. The dose, over a period of 50 years,
accumulated from the intake is known as the committed
effective dose.

The method used to measure the amount of radioactive
material in the body depends upon the type of
radionuclide(s) in the body. Biological monitoring

methods, generally known as radiobioassay, are used to
determine internal radiation dose.

Direct radiobioassay requires measurements of
radioactive material in the body using instruments
which detect the ionizing radiation emitted from this
radioactive material. The radionuclides may be
distributed throughout the whole body or localised in
individual organs such as the lungs or the thyroid. In
the former case a whole body monitor is used and in the
latter case an organ monitor is used.

Indirect radiobioassay requires measurements to
estimate the amount of radioactive material in body
excreta or other biological materials from the body.
Samples collected for such measurement may include
urine, faeces, breath, nasal fluid, blood, hair clippings
or finger nail clippings. Routine indirect bioassay
programs may normally be instituted when workers
are using significant quantities of unsealed radioactive
substances such as tritium or uranium. ANSTO
maintains a urinalysis program for members of its staff
who work with tritium. Examples of the use of
radiobioassay methods for specific radionuclide intakes
are given in Table 2.

There are no routine biological monitoring service
providers in Australia. Whole body monitors are
available at ARL, ANSTO and a few hospitals. Thyroid
monitoring facilities are generally available in nuclear
medicine departments of large hospitals.

5. AUSTRALIAN PERSONAL RADIATION
MONITORING SERVICES

Australian personal radiation monitoring sevices for
external radiation have been in existence for many
years. The Australian Radiation Laboratory (ARL),
previously the Commonwealth X-Ray Laboratory
(CXRL), has operated a service for about sixty years
and the Australian Nuclear Science and Technology
Organisation, previously the Australian Atomic Energy
Commission (AAEC), has operated its service for
about forty years.

hi Australia there are currently five providers of
personal radiation monitoring services (PRMS) for
external ionizing radiation. The New South Wales
Health Department previously provided a film badge
service free of charge until it was discontinued in mid-
1991. Some details of the current services and the types
and numbers of dosemeters which they issue are given
in Tables 3 and 4. Table 3 also indicates the minimum
detectable radiation levels quoted by the various PRMS
providers.

The issue frequency of personal external radiation
dosemeters to occupationally exposed persons is
determined by a number of factors including the type of
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radiation work performed and the environmental
conditions encountered. Table 5 shows the issue
frequencies used by each PRMS and Table 6 shows
fees charged.

A PRMS provides a control dosemeter which is used to
assess the exposure of the dosemeters to natural
background radiation dose in the work area and during
their transport to and from the PRMS provider.
Normally one control dosemeter is supplied with each
batch of dosemeters. However more than one control
dosemeter may be supplied to larger users where
background levels may vary from one place to another
in the user's organisation. Fees are not charged for the
supply of control dosemeters.

Table 7.1, derived from an ARL Technical Report (6),
shows some average doses and maximum doses
measured for various occupational classifications for
the year 1996. One surprising fact is that pathology
receptionists have a higher average dose than any
other group of persons listed in this table.

In any given group of occupationally exposed persons
the majority will record doses in the lower part of the
measured range with a smaller number recording some
doses in the higher part of the range. This is clearly
illustrated in the distribution of annual doses in
Western Australia (7), for the year 1995, and for
ANSTO (8) employees, for the financial year 1996-97,
shown in Tables 7.2 and 7.3. The effective annual
whole body doses for ANSTO include external
radiation doses and internal radiation doses: the
average effective dose being 1 mSv and the maximum
effective dose being 15 mSv.

As may be expected, Tables 7.1 and 7.2 show that the
majority of persons in these groups received an annual
dose less than one tenth of the occupational annual
dose limit of 20 mSv,

For the Queensland PRMS the largest number of
persons wearing monitoring devices are those
concerned with diagnostic radiology and the next
highest number is for persons in industry. The majority
of persons monitored by this service receive an annual
dose less than 200 uSv.

6. ACCREDITATION OF PERSONAL
RADIATION MONITORING SERVICES

Clause 15 of the NSW Radiation Control Regulation
1993 requires that an employer must issue approved
personal monitoring devices to persons involved in the
use of ionizing radiation for a number of defined
purposes (see Table 1) and Clause 18 of that
Regulation requires that all monitoring devices issued
by an employer are maintained and calibrated in
accordance with the Guideline "Monitoring Devices"

adopted by the NSW Radiation Advisory Council. That
Guideline refers to personal monitoring devices, which
must be approved by the Environment Protection
Authority and provided by approved organisations
which offer personal monitoring services.

Each PRMS should be able to demonstrate traceability
of to its measurements to the appropriate Australian
national standard for ionizing radiation quantities.
Recent discussions on NATA accreditation of
calibration facilities for radiation monitoring
instruments have given rise to the concept of NATA
accreditation of PRMS.

7. THE AUSTRALIAN NATIONAL
RADIATION DOSE REGISTRY

The Australian National Radiation Dose Registry,
which commenced operation on 1 July 1996, is
managed by the Australian Radiation Laboratory and
was established to provide a permanent national
register of personal dose records for persons who are
occupationally exposed to ionizing radiation. The
objective is to obtain copies of such personal dose
histories from the various Australian Personal
Radiation Monitoring Services (PRMS) for inclusion
in a secure central register. It is anticipated that the
National Radiation Dose Registry will issue an annual
report containing relevant dose history statistics. An
occupationally exposed worker will be able to request
a printout of his/her exposure record from the Registry.

To date, dose records of occupational external radiation
exposure have been supplied to the Registry by the
personal radiation monitoring services provided by the
Australian Radiation Laboratory, Western Australia
and Cumberland College, NSW. The input from the
Australian Radiation Laboratory records consist of
computerised records for approximately the past ten
years. The records from the ANSTO and Queensland
personal radiation monitoring services are expected to
be provided to the National Radiation Dose Registry
after privacy questions have been resolved.

In the past personal radiation monitoring services did
not maintain computerised records of personal dose
histories and incorporation of these older records in the
Registry would present an almost impossible task

It may be anticipated that the records of occupational
exposure to ionizing radiation held by the National
Radiation Dose Registry will eventually be used for
statistical analyses to identify radiation dose trends and
anomalies within various groups of occupationally
exposed persons, for epidemiological studies and
examination of possible connections between
occupational ionizing radiation exposure and health
problems.
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APPENDIX

Film Badge Dosemeter
The film badge dosemeter can be used to measure
exposure from beta, X- and gamma radiations. A piece
of X-ray film in a light-tight paper envelope is enclosed
in a small cassette containing a number of radiation
filters of different metals, which are used to make the
film response energy independent and to permit
assessment of doses of different types of ionizing
radiation, which after impinging on the film produce a
latent image on it. After development the film shows a
degree of blackening which is a measure of the dose of
ionizing radiation received. The film pack often
contains two emulsions of differing sensitivities. A high
sensitivity emulsion is used to monitor normal radiation
doses in the range of approximately 0.1 mSv to 100
mSv and a low sensitivity emulsion is used to monitor
high doses in the range of approximately 100 mSv to
10 Sv.

Use of a nuclear emulsion film, placed in a holder
containing various filters allows exposure to fast
neutron radiation to be measured. Fast neutrons cause
protons to be ejected from the base material of the film
creating ionization tracks which are visible after
development of the film. A microscope is needed to
count these tracks; the number of tracks per unit area is
a measure of the fast neutron dose. These fast neutron
films have a dose range of about 1 mSv to 1 Sv and an
energy threshold of about 0.5 MeV. They are sensitive
to gamma radiation and track counting is not possible
if a fast neutron film is exposed to about 100 mSv of
gamma radiation. Track counting is time consuming
and is therefore costly.

The film badge is not a direct reading personal
dosemeter as the dose is obtained only after the film has
been developed. It can be affected by heat and various
chemicals and can be used once only.

Thermoluminescent Dosemeter
The thermoluminescent dosemeter (TLD) consist of a
material which when heated, after being exposed to
ionizing radiation, emits a quantity of light which is
proportional to the amount of radiation received . TLDs
of suitable materials may be used to measure beta, X-
and gamma radiations. Two TLD materials are calcium
fluoride and lithium fluoride. Calcium fluoride has a
high sensitivity and a poor energy response. Lithium
fluoride has a lower sensitivity and a good energy
response. In practice such TLD materials are used in
the form of powder or a thin disc. The TLD can
measure doses over the range approximately 0.1 mSv
to 1000 Sv and can be reused after being measured and
re-annealed. It is not a direct reading personal
dosemeter.

Table 1
(see next page)

Table 2
Biological Monitoring

whole body monitoring

organ monitoring
(thyroid counting)
organ monitoring
(lung counting)
urine analysis
faecal analysis
breath analysis

Radionuclide intake

gamma-emitting
radionuclide e.g. Cs-137
1-131

U-235, Pu-238, Pu-239

tritium
plutonium
radon, thoron
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Table
Australian State Requirements for External

Table S
Issue Frequency for External Radiation

Radiation Personal Monitoring Devices

State

ACT

New South Wales

Northern Territory

Queensland

South Australia

Tasmania

Victoria

Western Australia

Requirement

Occ. exp. persons
(Not dental practices)

To be worn by persons
involved in the use of
ionizing radiation for:

radiotherapy,
. industrial radiography,
. nuclear medicine,
. scientific research in

medium or high level
laboratories (defined
in AS 2243.4)

Occ.exp. persons

All persons working in
controlled areas.
(Exemptions from
wearing dosemeters in
dental, veterinary,
radiation gauging
practices.

Specified employers
required to issue to
each radiation worker
employed.

Persons for whom there
is a hazard of exposure.

Occ. exp. persons unless
exempt.e. g. dentists

Selected occupationally
exposed persons.

Personal Dosemeters

PRMS Service Issue Frequency

ARL

ANSTO

Queensland

WA

Cumberland

4, 8 or 12 weeks

3 months
(designated workers)
1 month
(extremity dosemeters)

1 to 3 months

8 weeks

College, NSW 3 months

Table 7.2
Distribution of Annual Doses

(Western Australia 1995)

Dose Range (mSv) 0-1 1-5 5-20 20-50 >5(

All Rad. Workers 4335 118 6 2 0

Ind. Radiog.

Mean dose -

Mean dose -

1451 48 4 2 0

all rad.workers 0.11 mSv

ind. radiographers 1.07 mSv

Table 7.3
Distribution of Annual Whole Body Doses

Dose
range
(mSv)

No

Dose
range
fmSv)

(ANSTO 1996-97)

<2 2 - 5 5 - 1 0

657 66 28

10- 15 1 5 - 2 0 >20

No 0 0
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Table 3

PRMS

ANSTO

ARL

External Personal

No. Monitors
Issued Annually

5,000 beta/gamma
450 neutron

1,200 extremity
5 finger ring

~ 180,000

Radiation Monitors

No. Persons
Monitored

730
(in 1996-97)

~ 30,000
(~ 90% of
persons
monitored

Issued bv PRMS

No. Persons
For Whom
Exposure
Records
Maintained

~900

75,000

Minimum
Reportable
Dose

10 |iSv whole body
10 |iSv skin dose/

shallow dose

100 uSv extremity

10 ^ v X-rays
70 nSv high energy

gamma rays
100 uSv finger dose

Queensland

Western Australia

Cumberland College

PRMS

~40,000

24,500 (others)

in Australia)

5,000

3,390
4,130 (dental practices) 625

1,200 ~460

Table 4
Personal Radiation Monitoring Services - External Radiation

9,000 100 nSv (per month)

50 nSv (X-radiaition)
200 HSV(Y -radiation)

lOOOuSv

Types of Dosemeter Radiation Measured Provision of Service

Australian Radiation Laboratory. TLD badge.
Special TLD badge
Special TLD badge.
Finger sachets.
Neutron badges (TLD

ANSTO

Queensland Radiation
Monitoring Service (QRMS)

Western Australia Radiation
Monitoring Service (WARMS)

Cumberland College, Sydney
University (CCSRMS)

card+ CR39 film).

TLD badge.
TLD finger ring
TLD wrist badge
TLD head badge.

TLD badge
TLD badge
CR39 film

Film badge.

TLD badge

beta, X, gamma. Australian States
beta, X, gamma. without own services
beta, X, gamma. Commonwealth
beta, X, gamma. authorities,
beta, gamma, fast neutron

beta, X, gamma, neutron. ANSTO staff,
contractors etc. on
ANSTO sites.

gamma
gamma, neutron
neutron

beta, X, gamma,

beta, X, gamma.

Various.

Various.

Cumberland College
staff and students.
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Table 6
Fees Charged bv Australian Personal Radiation Monitoring Services (July 1997)

PRMS

ARL

Queensland

WA

TLD badge 9.0
Special TLD badge 11.00
Finger sachet 10.00
Neutron monitor 18.00

TLD card holder 11.00
TLD holder key 5.50
TLD holder clip 0.75

Non-returned or irreparably damaged items:
TLD cards 20.00
Special TLD monitors 31.00
Neutron monitors 36.00

Gamma dosemeter 7.00
Dosemeter 1 ate return 10.00
(Not returned within 30 days
of end of wearing period)
Gamma dosemeter lost, 64.00
not returned or returned
damaged

Film
Holder

6.00
8.00

Table.7.1
Some Doses for Various Occupational Classifications (ARLPRMS 1996)

Diagnostic Radiology and Therapy

Occupational Classification

Radiologists (Large hospitals)
Radiologists (PP)
Radiographers (Large hospitals)
Radiographers (Private practices)
Therapy radiographers (Large hospital
Therapy radiographers (PP)
Nuclear medicinetechnologist (Hospital)
Nuclear medicine technologist (PP)
Dentists (Dental hospital)
Dentists (PP)
Pathology (Receptionist)
Chiropractor/O steop ath
Veterinary Surgeons
Industrial radiography (Open installations)
Uranium mining (Mine workers)
Uranium mining (Mill workers)
Mineral sands mining (Wet plant operator)
Mineral sands mining (Dry plant operator)
Users of radioactive tracers (Research)
Users of radioactive tracers (Industry)

Max Dose
(uSv)

6410
10450
2800
8930
1710
10630
6470
9540
2380
900

10760
2060
7830
9140
4920
2310
3260
6870
2050
5730

Average Dose
fuSv)

255
159
96
132
143
243
1241
1678
33
17

2178
28
34
978
833
907
739
554
36
47

No.
Wearers

344
196
1841
1498
547
59
339
160
149
919
5

184
1318
297
247
79
15
188

2185
111

NOTE: PP = Private practice
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A PIXE/PIGE Study of Gold Mineralisation in Lateritic
Terrain, Tanami Desert, Australia

J C VAN MOORT and XU LI, Geology Department, University of Tasmania,
GPO Box 252-79, Hobart, Tasmania 7001

SUMMARY Proton induced X-ray and y-ray emission (PIXE/PIGE) have been used to analyze major and trace
elements in a suite of 140 core samples from around of the Jim's Find South gold anomaly in the Tanami desert,
located in heavily weathered terrain. Simultaneous analyses were obtained for 30 elements, ranging in atomic
number from 3Li to 9CTh, The method was chosen because of its speed and the wide range of determination, its
flexibility, precision and low detection limits. The regolith powder samples were treated by hot aqua regia before
making them into pills. The PIXE/PIGE data of the acid insoluble residue give three factor analysis clusters. The
first cluster comprises the elements F, Al, K, V, Mn, Fe, Ga, Rb, W and Au and is essentially related to sericitic
wallrock alteration. The second cluster consists of Ti, As, Y, Zr, and Nb and is largely related to resistant minerals.
The third cluster consists of Na, Ca and Sr and is interpreted to comprise elements in weatherable minerals such as
feldspar and thus represents weathering intensity. As, the Rb/K ratio and the product of AsxCuxNi provide the best
surface expression of the gold mineralisation . The Rb/Al ratio provides the best expression of the sericitic alteration
around the ore body.

1 INTRODUCTION

Any mineral exploration program will aim at
obtaining as much information as possible from
available surface or drill hole expression of an
orebody. Gold exploration conventionally
concentrates on chemical anaylsis of the element
itself, which can, by various methods, be obtained
at ppb level. Elemental concentrations however
drop off rapidly beyond the zones of veins or
disseminated gold occurrences. Wallrock alteration
patterns may occur well beyond the zones of gold
enrichment and can be picked up by geochemistry.
This article deals with the recognition of wallrock
alteration patterns of gold mineralisation in highly
weathered terrain. Proton induced gamma ray and
X-ray emission has been chosen as method of
chemical analysis.

2 GOLD MINERALISATION IN THE
TANAMI DESERT

The Granites-Tanami gold province is a relatively
new gold producing area approximately 650 km
NW of Alice Springs in the Northern Territory.
Outcrop is largely interpreted from geophysical
data. Mineralisation occurs in the paleoproterozoic
inlier between the approximately 1750 Ma old
Coomarie and Frankenia granite domes (figure 1).
Parliculate gold was discovered at Tanami in 1904
and has been mined intermittently since. Host rock
to the gold mineralisation are sequences with north-
west dipping interbedded basalt and clastic

sedimentary rocks. Several vein generations have
been identified (1). Veins and breccias within
associated alteration halos are host to economic
gold mineralisation. Early vein systems of carbonate
± chlorite plus minor quartz or chalcedony are
confined to either basalts or sediments. The gold
bearing vein and breccia system consists of major
quartz sericite/illite ± pyrite + chlorite, and
sometimes banded ankerite/ quartz veins. Visible
hydrothermal alteration occurs as broad (up to 10m)
pervasive zones surrounding shear zones and as
narrow (< 10 cm wide) zones surrounding
individual veins.

3 GEOCHEMICAL EXPRESSION OF GOLD
MINERALISATION (RAW MATERIAL)

Stott (2) studied the distribution patterns of over
twenty five major and trace elements throughout the
complete regolith profile preserved at Jim's South
Anomaly, some 23 km SW of the Tanami Gold
Mine. Laterisation is marked by strong leaching of
alkali and alkali earth elements (Na, Ca, Sr), the
retention of less mobile elements (Si, Al, Fe, Mn,
Co) and the residual near surface elements of the
immobile elements (Zr, Hf, Ti). Modification of
the profile is marked by the accumulation of
alkaline and alkaline earth elements in the upper
parts of the profile (Na, Sr) and by redistribution of
the semi-mobile elements (Si, Al, rare earth
elements). Where the complete profile is preserved,
Au occurs as lenses with minor enrichment (50 ppb
to 1.4 g/t) and wide lateral dispersion in overlying
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Figure 1 The regional geology in the Tanami gold district (after Tunks, 1996)
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lateritic gravels. Secondary lenses are also found
within the saprolite. Lenses are centred over and
around the hypogene ore zone and each are
separated by zones of gold depletion. As and Sb
form sometimes large cones of enrichment which
flare up from the hypogene zone to the modern land
surface. K contents around the hypogene ore zone
are anomalously high compared with unmineralised
basalts (up to 1.3%) and correspond to sericite
related to mineralisation.

4 GEOCHEMICAL EXPRESSION OF GOLD
MINERALISATION (ACID INSOLUBLE
RESIDUE)

It is possible to remove iron and manganese oxides
and hydroxides, carbonates, most sulphates and
residual sulphides from the regolith and rock
samples by hot nitric acid or aqua regia treatment.
Kaolinite can be removed by hot sulphuric acid.
The acid insoluble residue consists largely of
quartz, minor sericite, traces of feldspar, and some
resistant zircon and rutile. This acid insoluble
residue of quartz veins, rocks and soils has been
used as an exploration medium by the Geology
Department for more than fifteen years, against the
conventional wisdom of analysing the leach and
throwing the leachate away. There is little
difference between the chemical composition of the
acid insoluble residue of weathered and
unweathered rocks, although the residue of the
weathered rocks is somewhat higher in rutile and
zircon (3). If this acid insoluble residue, which
represents essentially silicates, is rich in eg. zinc or
gold, mineralisation is nearby. The acid insoluble
residue sample medium is as a better sample
medium than bulk rock analysis of raw material, as
much background noise has been removed.

5 INSTRUMENTAL ANALYSIS

Simultaneous PIXE/PIGE analysis was chosen
because of its speed and the wide range of elements
which can be determined simultaneously including
Li, F and Na, its flexibility, precision and low
detection limits. Similar results may also be
obtained by XRF spectrometry, which method
however cannot provide information on the
concentration of the elements Li and F. Neutron
activation analysis provides more patch
information.

Bulk chemical analysis of most of the samples was
carried out by simultaneous PIXE and PIGE
spectroscopy using the ANSTO 3 MV Van de
Graaff accelerator. For these analyses 400 mg
powder samples were made into pressed pills with
spectroscopically pure graphite. These were
bombarded with a defocussed 2.5 MeV proton

beam with typical beam currents of 200 nA; for
each sample a dose of 100 U.C was accumulated. A
composite mylar-perspex pinhole filter was placed
in front of the PIXE detector in order to reduce
excessive X-rays of Si. The PIGME analysis
provided elemental concentrations for Li, F, Na and
Al relative to the USGS standard SGR 1 for Li and
F and NBS standard 278 (obsidian) for Na and Al,
all with a minimum detection limit of several ppm.
PIXE allows further simultaneous analysis of the
elements Z=13 to Z=92.

6 PRECISION AND ACCURACY

Reproducibility for a NBS standard sample,
analyzed at fifteen different time. Normally they
ranged from as low as 1% to 20%. The precision of
Ni and Cu from standard SRM278 are from 20 to
21%, which is much higher than the other elements
and those in regolith samples. That is because they
are below the detection limit.

The accuracy of the method is not only dependent
upon the beam irritation procedure, but the X-ray line
intensity ratios used in fitting overlapping spectra of
"interfering" elements may also play a dominant role.
The problem we encountered in the analysis of
regolith was the overlap of Ti, V and Cr with Ba L
lines and so on.. Moreover, the characteristics of
analyzed targets may severely affect the analytical
accuracy. After careful sample preparation and
matrix calibration, Very good accuracy has been
obtained in the analysis of the major components
down to 0.5% mass content, including those of
magnitude for neighboring elements.

7 DETECTION LIMITS

The detection limits for the INAA analyses used in
an earlier study by Stott (1) were mainly those of
thermal NAA ie using thermal neutrons for
activation. The detection limits for Ag, Au, Ba, Co,
Cr, Fe, K, La, Na, Sb, Sc, Th, W and also Zn are
those for thermal neutron activation, followed by a
count at about seven days after activation. The
values shown for Al, Cl, Cu, Ga, Ge, Mg, Mn, Sr,
Ti, V and Y need separate counts eg because of
short-lived elemental isotopes that decay away
rapidly. The NAA method is remarkably sensitive
for elements like Au and As, the PIGME analyses
are remarkably sensitive for Li. F and Na. The Au
values in figures 3 and 4 are those of INAA
analyses by Stott (1). The (energy dispersive) PIXE
analyses provide data in the ppm range with
detection limits coming close to those of
wavelength dispersive XRF. The minimum
concentrations detectable in this work depends on
the pinhole filter used, and ranges from a few ppm
for elements with intermediate atomic numbers such
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as Zn to a few hundred ppm for heavier elements
feldspar and thus represents weathering intensity. It
such as Sn, where the efficiency for Ka-rays is
diminished. Concentrations of elements heavier
than Ba can be detected through their La lines
(4,5). Common elements analysed and conservative
detection limit, for geological materials are shown
in table 1.

8 RESULTS

Gold distribution patterns in the Tanami area
define highly constrained subvertical mineralised
zones. The trend of these zones may be persistent
throughout the entire regolith profile with well
defined Au, As, Sb and W anomalies at the surface.
On the other hand more often sections exhibits a
broader less defined mineralisation with no or little
surface expression.

The best surface expression of Au mineralisation
are As, the Rb/K ratio and the product of
AsxCuxNi. The best expression of wall-rock
alteration at depth is the Rb/Al ratio (Figure 2 and
3) (6). These expressions are much larger than the
distribution of Au itself, thus enlarging the drilling
target.

The chemical data of the acid insoluble residue give
three factor analysis clusters (Figure 4). The first
cluster comprises the elements F, Al, K, V, Mn, Fe,
Ga, Rb, W and Au and is essentially related to
sericitic wallrock alteration. The second cluster
consists of Ti, As, Y, Zr and Nb and is largely
related to resistate minerals. The third cluster
consists of Na, Ca and Sr and is interpreted to
comprise elements in weatherable minerals such as
feldspar and thus represents weathering intensity. It

Table 1. Typical detection limits for INAA, PIXE/PIGME and XRF for geological materials (ppm)
Atomic Number
3
9
11
12
13
14
15
16
17
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
37
38
39
40
41
47
50
51
56
57
74
79
82
90

Element
Li
F
Na
Mg
Al
Si
P

s
Cl
K
Ca
Sc
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Ge
As
Rb
Sr
Y
Zr
Nb
Ag
Sn
Sb
Ba
La
W
Au
Pb
Th

INAA"

100

2000
10,000
0.1

2
5

200
1
50

100

1
20
500
1
500

5
100
0.2
100
0.5
2
5ppb

0.5

PIXE/PIGME*1

8
10
40
1500
400
1100
40
140
75
35
45
40
17
27
13
7
5
3
4
2
2
2
2
3
3
3
6
5
5
80
100
25
50
600
25
7
4
10

XRF

250
100
100
20
2
50
20
10
100
2
60
5
10
50
40
20
25
4
5
3
3
23
5
5
5
5
4
2
1
2
30
2
2
3
5
2

a: Bequerel Laboratories, Lucas Heights, NSW, Australia
b: Present study conducted at ANSTO, Lucas Heights, NSW, Australia
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Figure 2 The distribution of Rb/K in the acid insoluble residue at Jim's Find South
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Figure 3 The distribution of Rb/Al (xlO"3)in the acid insoluble residue at Jim's Find South
(The Au values represent the concentration in the untreated material)

appears also to represent wallrock alteration.

The results did not confirm the earlier conclusion
by Stott (1) that the Au is remobilised into lenses in
the deeper part of the regolith. The Au trapped in
the silicates of the acid insoluble residue displays
the same distribution pattern as the Au in the rock
prior to treatment. In retrospect we feel that the Au
distribution in the deeper part of the regolith reflects
the original distribution pattern.
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The Decay and Fission of Uranium

DR. P. D. NORMAN, Senior Lecturer (Retired), Physics Dept.
Monash University, Frankston, 3199, Victoria.

SUMMARY According to the Bcrnal liquid drop alpha particle model , the nuclear structure of uranium
contains a core of 38 alpha particles comprised of 5 concentric layers. The innermost core of 4 alpha particles
corresponding to the oxygen 16 nuclide is enclosed by 4 more alpha particles giving the structure of the
sulphur 32 nuclide. The third layer of 6 alpha particles completes the 14 alpha particle model of nickel 56. The
fourth and fifth layers each contain 12 alpha particles.

It will be shown that the fifth layer forms a barrier to the natural radioactive decay of uranium isotopes.
Furthermore, it appears that whist the fourth layer sets a limit on the minimum size of the larger daughter
fragment of the thermal neutron induced fission of a uranium isotope, the third layer sets a limit on the
minimum size of the smaller fragment

1. BERNAL LIQUID DROP ALPHA
PARTICLE MODELS OF NUCLEAR
STRUCTURE

In Bernal's (1) model of a drop of monatomic
liquid a hard sphere representing an atom is added
at whatever available position is closest to the
centre of the existing cluster of spheres so that the
densest possible configuration is created.
Accordingly, two spheres form a dumbbell, three
spheres form a triangle, four spheres form a
tetrahedron and so on. These models were
successfully used to explain the properties not only
of normal liquids but also those of metallic glasses
when considered as super-cooled liquids (2).

In applying these ideas to nuclear structure simple
energy calculations show that if single nucleons are
taken to be the densely packed spheres of Bernal's
models then the nuclides generated in this way
would be both too dense and over-bound. However,
Norman (3),(4) has shown that if alpha particles
are the densely packed spheres then not only are
nuclide sizes, densities, quadruple moments and
binding energy data satisfied but so too are the
requirements of the energy levels of the shell
models of nuclides. References (3) and (4) discuss
the details of the packing of alpha particles in
abundant magic number nuclides in terms of the
number of meson bonds binding each nucleon.
Using the value of 4.84 MeV for each of the 6
meson bonds in a tetrahedral alpha particle energy
level tables of relevant nuclides have been
calculated. It should be noted that, in these
calculations, the total meson bond energy of a
nuclide is taken to be the arithmetical sum of the
empirically determined binding energy and the
calculated Coulomb repulsion energy between the
protons.

Figure 1. The 4 alpha particle cluster.

Figure 2. The 8 alpha particle cluster

Energy
level

Is 1/2

lp3/2

lp 1/2

Id 5/2

2s 1/2

Oxygen 16

Bonds 8P

6 2

3 4

3 2

8N

2
4

2

Sulphur 32

Bonds

6

4

4

4

3

16P

2

4

2

6

2

16N

2

4

2

6

2

TABLE 1. Bond structure of oxygen 16 and
sulphur 32.
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The models developed in this manner show that
the oxygen 16 nuclide may be considered as a
tetrahedral cluster of 4 alpha particles as illustrated
in Figure 1. This in turn may be envisaged as the
core or first layer of alpha particles of all larger
nuclides. A second layer of 4 more alpha particles
densely packed onto the first layer effectively
models the sulphur 32 nuclide as illustrated in
Figure 2. A third layer of 6 alpha particles close-
packed onto the second layer successfully models
the doubly magic nickel 56 nuclide as shown in
Figure 3. The energy levels of each of these three
models are given in Tables 1 and 2 in terms of
meson bonds per nucleon.

Nickel 56 is the largest nuclide which can be
modelled entirely from alpha particles because
heavier nuclides require the bonding provided by
neutrons in excess of the number of protons in
order to balance the increasingly powerful
Coulombic repulsion between the protons.

However, it can be shown that heavier nuclides can
be successfully modelled by assuming that they
have a central core of 14 alpha particles
corresponding to the 3 layers of alpha particles in
nickel 56.

For the purposes of this discussion an example of a
nuclide slightly heavier than nickel 56 is selenium
77 which may be thought of as having 6 protons
and 15 neutrons firmly bound to a core of 14 alpha
particles.

The fourth closed layer of 12 alpha particles
surrounding the third layer forms the core of all
nuclides with more than 51 protons. An example of
such a nuclide is tellurium 128 which can be
modelled as 24 neutrons bound to a core of 26
alpha particles with the meson bond levels
indicated in Table 2.

A fifth and final layer of 12 alpha particles
completes the core of 38 alpha particles of all
nuclides containing more than 75 protons. Such a
nuclide is lead 208 which may be thought of as
having such a core encrusted with 6 protons and
50 neutrons in the manner indicated in Table 3.
Figures 4 and 5 illustrate dense clusters of 26 and
38 alpha particles respectively.

Figure 3. The 14 alpha particle cluster.
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TABLE

Nickel 56

Bonds

6

6

6

5
4

4

3

2 .

28P

2
4

2
6
2

4
8

28N

2

4

2

6

2

4

8

Bond structure

Tellurium 128

Bonds

6

8

8

6

6

6

5

5

4

4

4

3

2

2

of nickel

52P

2

4

2

6

2

4

8

4

6

2

10

2

76N

2

4

2

6

2

4

8

4

6

2

10

8

6

12

56 and

2.

tellurium 128.

RADIOACTIVE DECAY OF
URANIUM

Alpha particle models of uranium 235 and 238
each have a core of 38 alpha particles coated with
16 protons and either 67 or 70 neutrons. The
meson bond energy levels of this model of uranium
235 are given in Table 3.
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Whereas the natural radioactive decay of uranium
235 terminates at lead 207 after emitting 4
negative beta particles and 7 alpha particles a
uranium 238 nuclide ends as lead 206 after
radiating 6 beta particles and 8 alpha particles.

The fact that all nuclides with atomic mass greater
than 209 are intrinsically unstable and that lead
isotopes are the stable end products of decay can
both be related to the underlying stability of the
core of 38 alpha particles proposed by the Bernal
liquid drop alpha particle models of nuclear
structure.

Figure 4. The 26 alpha particle cluster.

3 URANIUM FISSION

It appears that the outermost fifth layer of 12 alpha
particles in a uranium nuclide is ruptured during
fission induced by low energy neutrons. This is
indicated by the mass spectra of the fission
fragments of uranium 233 and 235 shown in
Figure 6.

Each spectrum is symmetrical about mass number
116 or 117 because in the case of uranium 235 the
absorption of a thermal neutron increases the mass
number to 236 resulting in the release of 2
neutrons and two fragments with a total mass
number of 234. The question arises as to why such
a small proportion of fragments have mass
numbers of or near 116 or 117. In other words
what is it that determines the uniquely bifurcated
spectra of markedly heavier and lighter fragments?

Consideration of the nuclides in the sharp left
hand boundary of the heavier fragments in the
spectra shows that they have mass numbers in the
vicinity of 128. Such a nuclide is tellurium 128
which has been modelled above as consisting of 26
alpha particles coated with 24 neutrons. On the
basis of this and similar examples it seems that the
minimum size of the heavy fragments may be set
by the fourth closed layer of 12 alpha particles. It
may be noted that the complementary upper limit
on the mass number of the light fission fragments
of uranium 235 is set by symmetry to be in the
vicinity of 106. For example, the stable sister
fragment of tellurium 128 is palladium 06. This
nuclide may be modelled as a core of 14 alpha
particles encased by 18 protons and 32 neutrons.

Figure 5. The 38 alpha particle cluster.

This interpretation of the fissioning of uranium
235 implies that when the fifth closed layer of
alpha particles is broken the maximum size of the
smaller daughter is set by the requirement that the
fourth layer in the complementary heavier
fragment is unbroken.

Conversely it seems that the maximum size of the
heavier fragment is set by the requirement that the
third layer of alpha particles in the lighter
fragment is not broken. Inspection of the mass
spectra in Figure 6 shows that the lower limit of
the mass number of the light fragments is in the
vicinity of 77. An example of such a stable nuclide
is selenium 77 which has been modelled above as a
core of 14 alpha particles coated with 6 protons
and 15 neutrons. A stable heavy sister fragment of
selenium 77 is gadolinium 157. Like all heavy
fragments the model of this nuclide has a core of
26 alpha particles. From this discussion it is
apparent that no light fission fragment is smaller
than the very firmly bound 14 alpha particle
cluster. Fission of a uranium nuclide may therefore
be likened to the separation of an egg yolk from the
white.
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The mass spectra in Figure 6 show how rarely two
identical daughter nuclides are produced. For
example, stable tin 117 nuclides are rare products
of the fission of uranium 235. Perhaps this can be
accounted for by the absence of a core of 26 alpha
particles in tin 117. That is, in such a fission the
fourth layer of alpha particles is broken. In this
regard it is worth noting that such identical
daughter nuclides are much more common when
the fission is induced not by low energy neutrons
but by very energetic particles which, presumably,
facilitate the breaking of the fourth layer.

Energy

level
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lp 1/2
Id 5/2
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2p3/2
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2d5/2

2d3/2

3s 1/2

lh 11/2
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If 111
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2
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4
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2
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8
4
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8
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2
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8
6

4

2
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8
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6
6

6
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5

5

5

5

5

5

5
5

4

2
2

2

2

2
2

2
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2

4

2

6

2

4

8

4

6

2
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8

6

4

2
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6

2

4

8

4

6
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2

12

10
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6

4

2

14

10

7

TABLE 3. Bond structure of lead 208 and
uranium 235.
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Figure 6 The mass spectra of fragments produced
in the low-energy neutron induced
fission of uranium 233 and 235.

3. CONCLUSION
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When uranium decays radioactively by the
emission of alpha and beta particles it forms stable
lead nuclides each of which may be considered as
having a core of 38 alpha particles.

When a uranium nuclide undergoes fission induced
by low energy neutrons the light fragment never
has a core smaller than the equivalent of 14 alpha
particles whilst the heavy fragment rarely

has a core smaller than the equivalent of 26 alpha
particles. However, when the fission is induced by
very energetic particles a higher proportion of
daughter fragment do not have a core as large as
the equivalent of 26 alpha particles.
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"Present knowledge of the effect of Cracks on Radon
Emanation from Tailings, with implications for Mine

Rehabilitation at Olympic Dam"
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The University of Adelaide, North Terrace Adelaide, South Australia 5005

R. SCHOLEFIELD Western Mining Corporation
P.O. Box 150 Roxby Downs. South Australia 5725

SUMMARY

The weather parameters of air pressure, temperature, rainfall and wind speed affect the rate of radon-222
emanation from the surface of mine tailings. A second set of conditions which form cracks or fissures in tailings
and their covers, will also affect the radon flux density and they must be considered in the design of any cover for a
rehabilitation program. The Olympic Dam mine expansion program, beginning in 1995. involves a substantial
increase in the size of the copper/uranium tailings. As part of monitoring and progressive rehabilitation of the
tailings, we have begun measuring the rate of emanation of radon-222 (or "radon" i from tailings' surfaces, with
and without the gross defects of cracking. Theoretical predictions and measurements made in (he U.S.. are
compared with rates of emanation from a cracked surface which we have modelled as homogeneous, with
additional surface area due to cracks.

1. INTRODUCTION

The Olympic Dam copper (2.5%) and
uranium (0.06-0.08 % U^OR) mine commenced
production at Roxby Downs. 560 km north-west of
Adelaide, in 1988. In 1995 expansion programs
began, with plans to quadruple the current mine
production, with a consequent increase in tailings
from the current 2.7 Mt to 6.6 Mt (at 0.2 Ml.y"'
copper production). The present tailings storage
facility, of area about 1.8 knr. is also planned for an
increase to I I km": both the site integrity and the
emanation of radon from it have environmental
consequences.

Our work at Roxby Downs currently involves
measurement of the local weather conditions and the
radon exhalation rate from the surface of a test plot of
200 nr. on cell 3 of the tailings storage facility. One
of the surface features we observed was a remarkable
pattern of cracks, which are caused by the drying of
the slurry as the liquor drains and evaporates.

Figure I shows the pattern, from which we
estimate the width at about 5 to 10 cm. the
periodicities at about 0.02 cm'1 and 0.009 cm ' in
orthogonal directions and the ratio of the crack depth
to its spacing at about 1:5 and 1:10 respectively, in
the same two directions.

Grab samples in Lucas Cells and Integrated
samples in charcoal canisters yielded divergent
results for measurements of radon flux density.

We are therefore considering numerical
models by Hoi ford et.al. 11 ]. to establish a theoretical
basis for these divergent results, in terms of the
influence of cracks and the weather - especially the
air pressure and wind speed. We will continue to
monitor the weather and the radon flux densities at
Olympic Dam. in preparation for the design of a
prototype tailings cover.
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Figure 1. Pattern of Cracks on the surface of cell 3 of the Tailings Storage l-acilily. Olympic Dam.
(The Hammer Head in the second picture, is about 10 cm in length i

2. THE EFFECT OF WEATHER

Air pressure, wind speed, temperature,
rainfall and soil moisture all affect the radon (lux
density from the surface of mine tailings. A summary
of their effect is presented in Table 1. as measured by
various workers and reported in the literature, over
the last 20 years. While a variety of techniques were
used in numerous locations in the U.S.. some clear
trends emerge.

Radon flux density is primarily sensitive to -
and follows an inverse, possibly linear relation with -
changes in air pressure. It is less sensitive to - and
follows a direct relation with - the wind speed,
temperature, rainfall and soil moisture. Changes ol a
percent or less in pressure, produce substantial
percentage changes in the (lux density, of two orders
of magnitude. Percentage changes in the other
parameters produce comparable percentage changes
in flux density.
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3. THEORY OF RADON FLUX DENSITY
FROM A CRACKED SURFACE

3.1 Holford et.al.'s system of partial differential
equations.

In their recent paper, Holford et.al. [1]
describe the transport of radon in dry, cracked soil by
a pair of partial differential equations applied in
orthogonal directions. For both directions, the
equation's are derived from continuity equations,
based on the conservation of radon mass per unit
volume and of soil-gas mass per unit volume.

The rate of mass transport of radon, per unit
bulk volume of soil djnC). equals the

dx
production rate per unit volume nf, less the amount
decaying per unit volume L(nC) and the amount lost
by transport dF. Thus:

dx

d(x\C) = nf-L(nC)-gflF
dx dx

(1)

where C is the radon gas concentration in
soil-gas, nC is the mass of radon per unit bulk volume
of soil, f is the radon production rate, n is the soil
porosity. L is the radon decay coefficient and F the
flux density.

Similarly, the rate of change in the mass of
soil-gas per unit volume, equals the rate of fluid flow
into that volume, thus:

dim) = d(\T)
di dx

(2)

where r is the soil-gas density and v the Darcy
velocity of radon in the soil gas.

The radon flux density F is the sum of two
terms; the diffusion flux density Fd, described by
Fick's Law,

Fd = - D,

while the advective flux density Fa. is described by
Darcy's Law,

dx

By using Fick's Law. equation (1) becomes:

dC = ^(DdC/dx) - dJyCIn) - LC + f (3)
dx dx dx

By using D a r c y ' s Law. equat ion (2)
becomes:

ndP, = d [k/u(PdP)] + f/.[(k/u)rgP)]
dx dx dx dx

(4)

where k is the permeability, u the dynamic viscosity.
P the absolute air pressure and g the gravitational
acceleration.

The transport equation for radon in the
cracks, derives from eq. (3) when f = 0.

Thus Holford et.al. have formed a
multidimension diffusion-advection theory for radon
gas transport in a laminar air flow.

They use a numerical solution to equations
(3) and (4), which generates a pattern of pressure
gradients in the soil and in the cracks, due to ambient
pressure changes. This is simultaneously done in two
dimensions, until the soil gas concentrations of radon
satisfy the boundary conditions.

3.2 Boundary conditions.

The boundary conditions for this model are
the same as for an "uncracked"- or homogeneous -
soil, with radon transport in one dimension, in which:

(i) the concentration of radon at the open soil-
air interface is maintained at C = 0, by natural
circulation of the air and:

(ii) the concentralion is constant at depth, where
the rate of radioactive decay is balanced by the
production rate. This means that:

<J£= (JC = (\
dx dx

so that eq. (3) reduces to a constant concentration of
C = f/L, at depth.
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3.3 Solutions.

Holford et.al.'s model generates numerical
solutions for two cases:

analytical solutions; the radon concentration gradient
is greatest near the surface and approaches an
asymptotic value with depth, of f/L. (see Figure 2).

Case (i). the steady state condition of constant
pressure, and Case (ii). linearly decreasing and
sinusoidally varying atmospheric pressure, for
varying crack dimensions and soil properties.

Holford et.al. quote the analytical solutions
prepared by others, to the problem of radon transport
in one dimension.

They find that the concentration gradients
from their numerical solution are in accord with the

Holford etal. used a value for air pressure
typical at Socorro. New Mexico, where they had
performed some measurements of tlux density, (see
Table 2). Under these conditions, the model presented
a range of pressure and concentration gradients,
according to the crack dimensions, soil properties and
time since the pressure began decreasing. These
results are presented in Figures 3(a) and 3(b) and
summarised in Table 3. Figures 3a and 3b depict the
pressure and gas concentration gradients,
respectively.

-2.0-

I -4 0-

-8.0-

-10.0-

-40 -

I '

2.00.0 2.0 4.0

Distance from Crack Center (m)

Figure 2. Steady state concentration (Bq.l1) for soil with cracks 4 m deep, 6x 10'4 m wide and 8 m apart
(dashed line is crack boundary, width exaggerated 160x). The concentration profile reaches an asymptotic-
value of 52.5 Bq.l"1 with depth, which is equal to f/L. (from Holford et.al. [ I ])
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Figure 3a. Effect of decreasing barometric pressure at a rate of 90 Pa.h '. on gas pressures (kPa)
in soil with cracks 4 m deep, 6xlO"4 m wide and 8 m apart (dashed line is crack boundary, width
exaggerated 160x). Subsurface pressure gradients increase rapidly at first, eventually reaching a steady
state, (a) 0.25 hr, (b) 0.5 hr, (c) 6 hr. Note the pressure "draw downs" towards the cracks: see text, section
3.4 for details, (from Holford et.al. [ 1 ])
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Figure 3b. Effect of decreasing barometric pressure at a rate of 90 Pa.h"1. on radon concentrations (Bq.l"')
in soil with cracks 4 m deep, 6X10"4 m wide and 8 m apart (dashed line is crack boundary, width
exaggerated 16x). Concentrations in the crack increase with time, enhancing radon flux from the soil, (a)
0.25 hr, (b) 0.5 hr, (c) 6 hr. (from Holford et.al. [1])
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3.4 The Effect of Crack Dimensions.

Deeper cracks intercept higher radon gas
concentrations, which produce greater flux densities
at the surface. However, concentration gradients
eventually reach maxima of f/L. so this trend to
greater flux densities reaches a limit with crack
depth. The contrast over uncracked soils is + 4.6 7c at
2m depth and + 3.9 % at 8 m.

Flux density increases with crack width and
the contrast is greatest'at + 17 %, when depths are of
the order of metres for a crack depth to spacing ratio
about 2:3. For larger ratios - or smaller spacing -
Holford et.al. reason that the pressure 'draw downs'
between adjacent cracks will interfere, (see Figure 3a.
for "pressure draw downs", especially after 6 hours of
falling barometric pressure). The overlap reduces the
pressure gradient, the Darcy velocity and so the tlux
transport. Also, the cracks in themselves are clearly
not a source of radon, so the flux must diminish, if
the space due to cracks increases too much and
exceeds the optimum.

3.5 The effect of soil properties.

An increase in porosity produces enhanced
tlux densities, by ""allowing" rapid propagation of
changes in soil-gas pressure gradients. Cracked soil
enhances the flux density, with about + 8 % contrast
over uncracked soil.

A smaller diffusion coefficient means the
concentration of radon in soil gas is greater which is
transported to the surface by the cracks as a greater
flux density. The contrast of + 30 % at the smallest
diffusion coefficient underscores this effect, compared
with only + 0.5 % contrast at the largest diffusion
coefficient tested.

Larger permeabilities mean that the
propagation of changes in pressure gradient, the
Darcy velocity - and hence the surface flux density -
are all greater for uncracked soil. However, when the
soil is cracked, the greatest contrast of + 16 7c
appears at the lowest soil permeability. It is the
constant permeability of the crack, which provides for
the greatest pressure gradients across the soil-crack
interface; hence the greater contrast.

The intermediate permeability of 2.7xl012

m : yields the greatest tlux density (but not the
greatest contrast) for the cracked soil. Holford et.al.

claim that changing the soil permeability is analogous
to changing crack spacing; with their "base case" an
optimum condition (see Table 2). So. any change to
crack permeability is like altering the crack spacing,
thereby reducing the advective flux density from its
present optimum.

3.6 Field measurements and predictions of flux
density variation with pressure.

From Table 3. Holford et.al.'s numerical
solution predicts greater flux densities when the
pressure is falling, than when it is rising, especially
for the largest pressure change of 270 Pa.h '.

They argue that subsurface pressure
gradients, which are directed to the surface, will
increase as pressure falls. In turn the Darcy velocities
increase, driving up the gas concentrations. Since the
radon is advected more rapidly and has less time to
decay, the flux increases with falling pressure.

Rising air pressure may reverse the pressure
gradients - pumping gas into the soil - but the gas
concentration gradients remain directed to the surface
and oppose this effect, with diffusion bringing radon
to the surface.

Holford et.al. summarise these observations,
by introducing a sinusoidally varying pressure, the
most notable case at a period of 0.2 hours and an
amplitude of + 0.\CA. about a mean of 850 hPa. Table
3 shows, that while a + 0.1 7c pressure fluctuation
produces a + 12 7c change in tlux density for
uncracked soils, it produces a + 68 7c and a - 9.8 7c
change for cracked soils.

Therefore, a fluctuating air pressure over the
tailings surface, will induce a net enhancement in
tlux density.

The predictions of the model are in good
agreement with field measurements at Socorro. New
Mexico. Although the model underestimates flux
density, the prediction is an improvement over that of
an uncracked soil. Holford et.al. suggest that
fluctuating wind speeds affect the air pressure, and so
influence flux density. Indeed, the effect of wind
speed has been observed elsewhere, e.g. by Kraner
et.al. [2| (see Table 3).
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4. SURFACE AREA APPROXIMATION

Holford's numerical solutions apply to what
are best described as hairline-fissures rather than
cracks, his typical "base case" for cracks being a
width of 0.6 mm, depth 4 metres and spacing 8
metres (see Table 2). Unfortunately, this model is
inapplicable at Olympic Dam, where the cracks are
about 5 to 10 cm wide and 10 cm deep, with a
periodicity between 0.017 to 0.0091 cm '.

While the shallow cracks at Olympic Dam
may not collect high concentrations of radon as a
source for the flux density, it may be constructive to
examine the possible influence of this additional
surface area.

Consider Figure 1, where the surface appears
as a pattern of 'flagstones' of average length and
width, say L and W respectively. The cracks
surrounding each 'flagstone' have a depth d and
width w. so the surface area of a crack along the
flagstone's length L is (2h + w)L. The area of the
'flagstone' is LW.

The surface area of the crack Sc, as a
fraction of the surface area of the 'flagstone' Sf, is:

Sc= (2d+_w)L,
Sf LW

which may be re-expressed as:

[2d+ (w+W) - W]
W W W

That is to say,

Sc+ 1 = [2d +(w
Sf W W

So the ratio, Sc + Sf to Sf, equals twice the
depth to spacing ratio R, plus the inverse product of
the spacing W and periodicity P,
i.e.:

Sc + Sf = 2R
Sf

(WP)

At Olympic Dam, we measured the depth to
spacing ratio along the length at 1:10 or 0.1 and the
periodicity at 0.0091 cm"1. The depth is about 10 cm,
so the spacing is 100 cm, giving a ratio of areas for

Sc + Sf : Sf of about 1.3, while the ratio of areas
along the width is about 1.5, i.e. an increase in
surface area, due to the cracks, of about 40 9c

5. MEASUREMENTS AT OLYMPIC DAM

In June this year, grab samples of radon were
drawn into Lucas Cells at 10 minute intervals from an
accumulator hood, to measure radon flux densities of
1.3 and 3.0 Bq.m~2.s'. At a diameter of 50 cm. the
hood straddled approximately 65 9< of a crack.

Twelve months prior to these measurements,
charcoal canisters were used to take integrated
samples from a nearby uncracked area on cell 3. The
flux density was measured at 0.23 +_0.14 Bq.m :.s '.

There is an order of magnitude difference
between these results from 0.23 on uncracked
tailings, to about 2.1 Bq.m ".s1 on cracked tailings.

6. CONCLUSION

Zettwoog et.al. |6]. have measured the radon
flux density from cracked and uncracked surfaces and
quote an order of magnitude change, from about 0.01
to 0.1 pCi.m : .s ' . when cracks are present. While
they do not quote the size of the cracks, they could
not be more than 8 cm deep on their "artificial
tailings site", because they applied the slurry in
layers, waiting for each successive layer to dry before
applying the next, which filled in cracks from the
previous one.

While Hoi ford et.al. do not have surface flux
densities for uncracked soil at Socorro, their model
does predict an enhancement by cracks of 10 to 20 c/<
at most, depending on the soil and weather
parameters.

If the radon flux density at Olympic Dam
increases with the presence of cracks, the ratio of
surface areas will "allow" only about 50% increase at
most, not an order of magnitude. This is comparable
to predictions from Hoi ford et.al. "s model and yet the
cracks at Olympic Dam are more like those on
Zettwoog et.al.'s trial plot.

In addition. Rogers et.al. [8] summarise their
report into the effect of cracks, by observing that 4 %
of an area opened by cracks can halve the effective
thickness of a tailings' cover, if they extend to 759c of
the tailings depth. However, relatively shallow cracks
have only a minor effect on the surface radon.
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Possibly, both Zettwoog et.al.'s and our trial
plots have these 0.6 mm thin, deep fissures, as well as
surface cracking. Then, the mechanisms like those
discussed by Holford et.al. - as well as the effect of
additional surface area due to shallow cracks - may
both apply.

Now, any comparison of grab samples with
integrated samples, must be viewed in terms of the
limited efficiency of the charcoal canister technique
and the limited time scale of the grab sample
technique.

Moreover, we cannot assume that the flux
density from the sides of the cracks is the same as
from the base, given the obvious difference in source
material along these orthogonal directions.

Therefore, subsequent measurements on the
tailings storage facility will include simultaneous
grab, integrated and continuous samples, using
improved charcoal canister and accumulator
techniques.

Simultaneous weather monitoring will also
continue for the duration of the project, to observe
any influence of fluctuations in air pressure and wind
speed, for these and other weather parameters have a
well established influence on radon emanation.

In any event, it is prudent to consider the
effect of (shallow) cracks as well as the weather, for
the latter - and probably the former - will enhance the
emanation rate by many tens of percent.
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Table 1: Meteorological Factors and Radon Surface Flux Density and Radon Soil-Gas Concentration

Factor
(units)

Pressure
(hPa)

Rainfall
(mm.hour"1)

Temperature

In Air

In Soil

Initial
Value

776
779
853
853
855
855
867

0.8
over 57 h
->
i

over 45 h
0.8
over 13 h

11.3
11.3

6.8
6.8

Change

+0.6 %
-0.4
-1.8
-1.8
+1
-0.7
-2

4.6 cm

13.8 cm

1.0 cm

-105 %
-105

-63%
-63

Radon Flux /
(Bq.m2.s')

Initial
Value

7.4 Bq.l"1

5.0 Bq.l'
0.055 Bq.nr.s
0.63 Bq.l1

1.0
15 Bq.nr.s'
1.0

76Bq.l"'

117 Bq.) '

3.7 Bq.l'

2.5 Bq.nr.s '
0.9Bq.l'

2.5 Bq.nr.s '
0.9Bq.l'

Radon Gas
(Bq.l1)

Change
(%)

-40
+44

' +136
+ 106
-40
+ 12.5
+60

+ 115

+31

+81

-40
-33

-40
-33

Concentration

Ref.

[2|
[2]
[4]
[4]
[3]
[4|
131

[2|

[2]

[4]

14]
14]

14]
[4|

Wind

ALR*
>l o C.100m' 0.013 Bq.nr.s' +34
ALR*
>l°C.100m' 0.036 Bq.nr.s1 +44

Soil Moisture

0.2%
12%

Low

65 units

Low

5.7%
>/= 80%

rise

+115 units

- + 7m.s'

+5.5 %

0.019 Bq.nr.s'

- 10%

~+15

+32

+30**

+350
0

* *
ALR: adiabatic lapse rate greater than 1 °C.100m ' criterion for instability.
+30 means 30 % depletion of soil gas.

[2]

[4]

[5]
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Table 2.

Meaning of Symbols used in Holford et.al.'s Theory and the "Base-Case" Values used in their
Numerical Solution

Parameter Symbol

Air dynamic viscosity

Radon diffusion coefficient in air

Radon diffusion coefficient in soil

Radon decay coefficient

Radon production rate

Crack depth
spacing
width

Soil porosity

Soil intrinsic permeability

Initial atmospheric pressure

Rate of change in atmospheric pressure

Radon Gas Concentration in Soil-Gas C

Mass of radon transported, in dry soil,
per unit bulk volume of soil n.C

Value

u

DA

D

L

f

n

k

P

1.8x10 kg.m '.:

1.0x10 s m 2 . s '

2.6x10" m i s 1

2 . 1 x l 0 \ s '

l.lxlO-4 Bq.l"l.s

4 m
8 m
6 x l ( ) 4 m

0.35

2 .7x10" m :

850 hPa

- 0.009 hPa.h '
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Table 3. Holford et.al.'s numerical solution, for multidimension theory on gas transport, under
varying soil and pressure conditions.

Condition Initial Value Initial Radon Flux Density
(Bq.m2.s')

Crack
Dimensions:

Crack depth: 50 cm

Crack width:
@ 30 cm depth: 3xl0'4m
(depth : spacing
ratio of 2:3)

@ 400 cm depth: 3x10~4m
(depth : spacing
ratio of 2:3)

Change

200 cm
800 cm

lxl0"2m

1x10 2 m

Uncracked Soil

0.055

Soil Properties:
Porosity:

Soil
Diffusion
Coefficient:

Permeability.
<m2)

Change

0.20
0.35
0.50

5.2xl07

2.6x106

1.3xl0"s

l.OxlO13

2.7xlO12

1.0x10 "

0.0305
0.0550
0.0765

0.033
0.055
0.107

0.049
0.055
0.0552

Cracked Soil

Change

+ 4.6 7,
+ 3.9 7<

+ 1.5 7,

+ I 7 7,

+ X.2 7,
+ 7.3 %
+ 7.8 7<

+ 30 9,
+ 9%
+ 0.5 7,

+ 16 <7,
+ 8 7,
+ 17,

Effect on Radon Flux Density with Change in Pressure

Radon Flux Density:
(Initial value: 0.044 Bq.m 2.s ') (Initial value: 0.03 Bq.m \ s ')

Linear @
(hPa.h1)

Sinusoidal @

Field test
Model

+ 30
+ 90
+ 270

- 3 0
-90
-270

+ 0.1 %
-0.1 %

- 2.8 %
- 2.8 %

Cracked
- 6.8 %
- 18%
-41 %

+ 6.8 %
+ 36%
+ 150%

- 9.8 %
+ 68%

Uncracked
- 9 %
- 23 %
- 55 %

+ 4.5 %
+ 25 %
+ 93 %

- 12%
+ 1 2 %

Cracked Uncracked

+ 480 %
+ 370 7, + 240
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Abstract.
The new status of the H-1NF Hcliac Siellarator as a National Facility and the signed

international Implementing Agreement on Collaboration in the Development of the Stellarator Concept
should together be a significant encouragement for further fusion research in Australia. In this report the
future of fusion research in Australia is discussed with special altention being paid to the importance of
Stellarator Power Plant Studies and in particular stellarator fusion neutronics. The main differences
between tokamak and stellarator neutronics analyses are identified, namely the neutron wall loading,
geometrical modelling and total heating in in-vesscl reactor components including toroidal field (TF)
coils. Due to the more complicated nature of stellarator neutronics analyses, simplified approaches to
fusion neutronics already developed for tokamaks arc expected to be even more important and widely used
for designing a Conceptual Stellarator Power Plani.

1. Introduction

Australia has a long history of fusion
research, based both on the tokamak and the
stellarator approach. The Australian National
University (ANU) in strong collaboration with other
Australian universities, e.g. University of Sydney,
has designed and built the H-l Heliac, a helical axis
stellarator. Optimized helical axis stellarators (e.g.
the W7X Helias to be built in Germany) arc widely
believed to be the major competitor to tokamaks, as
the kinking of the plasma torus into a helical shape
may give it high pressure stability properties superior
to those of plasma with a simpler, rounder shape.
This Heliac achieved National Facility status
recently and this should be a big psychological boost
for further fusion research in Australia.

Indeed, in 1994, researchers from several
Australian universities (ANU, Sydney, Flinders,
New England, Canberra and Central Queensland)
and Australian Institute of Nuclear Science and
Engineering (AINSE) formed the Australian Fusion
Research Group (AFRG) as a consortium to apply
for funding for a program of collaborative research
having the H-l Heliac as its initial focus [1,2]. Our
strong commitment to fusion research has also been
proved recently by the signing in Paris of the
Implementing Agreement for Cooperation in the
Development of the Stellarator Concept under the
auspices of International Energy Agency (IEA),

aimed at involving Australia in international co-
operation in fusion research in the stellarator area.

The progress of the experimental and
theoretical plasma fusion program in Australia has
led to an increase of interest in fusion technology
research which could complement and expand our
plasma fusion research. However, any Australian
presence in fusion technology research will
inevitably be rather modest and will have to be
achieved through collaborations involving
Australian universities, the Australian Nuclear
Science and Technology Organisation (ANSTO) and
overseas institutions. A good example of such
collaboration is our commitments to international
collaboration under the Implementing Agreement for
Cooperation in Divelopment of the Stellarator
Concept whose program includes research on
Stellarator Power Plant Studies and in particular
stellarator fusion neutronics research.

Fusion Neutronics research is one of most
important parts of any Stellarator Power Plant Study.
This analysis includes neutron transport calculations
for blanket, shielding, vacuum vessel and concrete
cryostat to estimate the effectiveness of those
components for shielding and possibly for breeding
tritium in the blanket. Research in this area could be
conducted in Australia, as a cooperative effort
between the Australian National University (ANU),
the University of Sydney and the Australian Nuclear
Science and Technology Organisation (ANSTO),
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Australia's national laboratory for nuclear science
and technology research and development located 20
miles south of Sydney at Lucas Heights NSW. The
latter organisation is an important resource as it is
the only organisation in Australia maintaining
nuclear transport codes and nuclear data libraries
needed for that research.

Fusion Neutronics research has already
been conducted in Australia in mid 1980s at ANSTO
as a collaborative efforts between ANSTO and
Australian universities on some conceptual designs
of fusion reactors of interest in Australia at that time,
but due to the lack of funding, that research was
stopped nearly ten years ago. However, we believe
that it would be timely to revive stellarator fusion
neutronics research in Australia as a counterpoint to
the national effort in fusion related plasma physics
research.

2. Neutron transport codes and nuclear data
libraries.

ANSTO being the only organisation in
Australia maintaining nuclear reactor expertise, has
a long history of creating and maintaining transport
codes and nuclear data libraries needed for research
in Stellarator Power Plant Studies. This organisation
maintains both internationally distributed transport
codes, such as ANISN [3], DOT [4], DORT [5] and
MCNP [6] and ones locally written codes, which are
components of the modular neutronics code system,
AUS [7].

AUS is a system of neutronics computer
codes which were developed initially for fission
reactor core calculations. This system has been used
at ANSTO for more than 20 years to calculate a wide
range of fast and thermal reactor types, including the
DIDO class reactor HIFAR. It also has been tested
extensively against experimental data and numerous
benchmarks.

As shown in the introduction, there was
considerable interest in Australia in fusion
neutronics in the middle of the 80's. Therefore, the
original AUS system underwent considerable
development at that time and was extended to cover
fusion blanket calculations [8]. The modifications of
the AUS system included the extension of the system
to allow coupled neutron-photon calculations and the
addition of kerma factor data for calculations of
heating.

AUS is a modular system in which the
computer codes (modules) may be executed in a very

flexible manner. The modules communicate through
well-defined data sets on disc. The AUS modules are
quite large, which leads to some duplication of
function but also provides an easier system for users.
Although user input has not been entirely
standardised, most problem specifications have to be
entered once only.

The current version of AUS is written in
Fortran 77 and has been run under the UNIX
operating system [9] on a Fujitsu VP2200 computer
which may be accessed through Internet as
•photon.ansiogov.au.. The AUS code system has a
module for performing one-dimensional SN (module
ANAUSN [10]) calculations and lonks to
international two-dimensional SN and Monte Carlo
codes.

The first AUS nuclear data library suitable
for fusion blankets neutronics was miS-TS^pjZOOQ
which had 200 neutron groups and 37 photon. This
library is mainly based on ENDF/B-IV but does
include data from ENDF/B-V for those nuclides such
as fission products and higher actinides for which
the ENDF/B-V data were released. The generality of
the codes and library have enabled their use for a
very wide range of calculations including fusion
blankets, shielding and various neutron applications.
The new aus/endfS6 library has recently been
generated [11] almost exclusively from ENDF/B-VI
in the same group structure as that for

The module MIRANDA [12] is used to
prepare multigroup cross-section data for a particular
study from the AUS general purpose library. This
cross-section generation module for AUS is suitable
for all the diverse calculations to which AUS is
applied.

3. Main differences between Tokamak and
Stellarator neutronics analyses.

Fusion neutronics is a relatively new
science dated to the middle of '70s, the time when
numerous conceptual designs of tokamak fusion
reactors have been started due to the progress and
success in improving the understanding of the
physics of tokamaks. Thus, most publications in
fusion neutronics during the last twenty years have
been connected, directly or indirectly, with tokamak
conceptual design projects and, since the late '80s
with International Thermonuclear Experimental
Reactor (ITER), which is also based on the tokamak
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concept. However, substantial progress has been
made in understanding stellarator plasmas recently.
Thus, there is a demand at present for neutronics
analyses of stellarator reactors as well.

It seems timely now to highlight some
differences between tokamak and stellarator
neutronics analyses and discuss to what extent the
tokamak fusion neutronics experience can be used
for the newly arising stellarator fusion neutronics
studies.

3.1 Neutron wall loading.

The neutron wall load distribution is very
important for any neutronics analysis, to determine
both local nuclear responses, such as dose to
insulator, specific nuclear heating, displacement
damage to copper stabiliser and gas generation in
construction materials, and integral responses, such
as total nuclear heating in in-vessel and out-vessel
reactor components. In tokamak reactors the neutron
wall load varies only in the poloidal direction.
Stellarator reactors have more complicated plasma
shape and, as a result, more complicated neutron
wall load distribution with variations both in
poloidal and toroidal directions. Thus, a neutronics
analysis of stellarator reactors is expected to be more
complicated due to the following :
- Three-dimensional (3-D) neutron wall load
analysis for stellarators is needed compared with
two-dimensional (2-D) analysis for tokamaks;
- A considerably larger number of neutron transport
calculations will be necessary for stellarator reactors
due to the need to analyse different reactor cuts in
the poloidal direction.

However, as far as only local nuclear
responses are concerned, such as dose to electrical
insulator, specific nuclear heating, gas generation in
reactor components and displacement damage to
copper stabiliser, the neutronics analysis of a
stellarator reactor will look much the same as that of
a tokamak one. The critical plasma cross section
must be found for stellarator and investigated as in
the case of tokamak. The poloidal direction
corresponding to the largest neutron wall load and
the thinnest blanket/shield composition (which
usually occur at the centre plane of the inboard
blanket/shield) have to be taken and all of the above
mentioned local nuclear responses must be
calculated for that direction only, the direction where
the local nuclear responses will be biggest.

3.2 Geometrical modelling.

A poloidal cylindrical model along the
plasma axis, widely used in one-dimensional (1-D)
tokamak neutronics analyses, can reasonably predict
the neutronics parameters of large stellarator
reactors as well. This is due to the fact that each of
the field periods of large stellarators usually extends
for a long distance. Neutronics calculations by such a
poloidal model is expected to predict local nuclear
responses of SPPS to within a few percent

Two-dimensional and three-dimensional
neutronics analyses of stellarator reactors are
expected to be much more complicated compared
with tokamak ones. While in tokamaks with
relatively low aspect ratio, such as ITER, the plasma
shape can be reasonably well modelled by a 2-D
cylindrical model with the plasma axis coinciding
with the symmetry axis of the tokamak and the
height of the cylinder equals about two small plasma
radius, due to both variation of plasma shape in the
poloidal direction and usually large aspect ratios of
stcllarators, the above 2-D cylindrical model is not
good for stcllarator reactors.

It seems that some 2-D calculations of large
stellarators could be conducted using 2-D cylindrical
models along the plasma axis with the cylinder
height of few metres, subject to plasma shape. Five
to ten such models corresponding to different parts
of the field period would be a rather good way to
estimate both local and integral nuclear responses
along the stellarator axis. While shorter cylinder
height would increase the number of 2-D
calculations needed to represent all parts of the field
period, the taller cylinder would decrease the credit
to results obtained.

Finally, 3-D calculations will be needed, as
in the case of any conceptual or engineering tokamak
project, subject the design. Such calculations will be
conducted to check weak parts of the design, such as
numerous penetrations, construction gaps and
insertions and cavities.

3.3 Total healing in in-vessel reactor components.

Two ways of evaluating the total heating in
the Toroidal Field (TF) Coils of a Tokamak Fusion
Reactor have been proposed in Ref. 13 and used to
evaluate the total heating in the conceptual design
phase of ITER. However, we cannot use directly
those methods for a stellarator reactor due to more
complicated plasma shape in the stellarator chamber
and, as a consequence, the variation of neutron wall
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load, not only in the poloidal direction but also in the
toroidal direction as discussed above. Thus, we
modified the second method [13] so that it could be
used for stellarator power plant studies [14].

Conclusions.

1. It is feasible and desirable to conduct a modest
research program as part of the IAE Implementing
Agreement for Cooperation in Development of the
Stellarator Concept on Stellarator Power Plant
Studies. In particular, stellarator fusion neutronics
research can be conducted in Australia using
transport codes and nuclear data libraries
maintaining at ANSTO.

2. Most neutron transport codes, nuclear data
libraries and the extensive experience obtained by
numerous studies in Tokamak Fusion Neutronics can
be directly applied to Stellarator Fusion Neutronics
studies.

3. The calculation of total nuclear heating in in-
vessel components including TF Coils is identified
as the main difference between the stellaralor and
the tokamak neutronics analyses.

4. Simplified methods developed for tokamak fusion
neutronics and reviewed in Ref. 15 will be even more
important in stellarator fusion ncutronics studies
due to more complicated geometry of slellarator
and, as a result, more complicated and time
consuming neutronics calculations needed for
Stellarator Power Plant Studies.
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AU9816859

POSTERS (Continued)

Australian Nuclear Association
David Culley Award for 1995

Pymble Ladies College Pyruble NSW 2073

SUMMARY This project involves carbon-14 dating of a number of small samples, each made
up of several portions, of an aboriginal midden. The samples were prepared in association with
the Australian Museum. These will now be analysed by the Accelerator Mass Spectrometry
Section at the Australian Nuclear Science & Technology Organisation (ANSTO).

The results are exprected to provide the age of the individual sections of the midden, and
therefore the time over which the structure was in use.

The project has brought together an interdisciplinary team of students, staff and external
specialists over the period of operation.
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AU9816860

Loyola College
Mount Dmitt NSW 2770

SUMMARY This project follows from the school's development of the principles of stress /
strain relationships in materials, Bragg's Law, and the wave and penetration properties of
neutrons. It is expected to lead to a set of experiments to be carried out at the HIFAR research
reactor facilities of the Australian Nuclear Science & Technology Organisation (ANSTO) using
neutron diffreaction to demonstrate applied stress and residual stress within examples of
engineering structual component sections. Prior to the visit of the students to ANSTO, the topic
of radiation safety is to be addressed by staff from ANSTO Health & Safety Division.

A report will be provided covering the project's results and calculations.
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