


FRONT COVER:

A view of the AAEC's research reactor HIFAR at Lucas Heights as seen
from the upper level of tne containment building during a routine
maintenance shutdown. Shown removed is the reactor's top plate revealing
the master locating plate, the shielding plugs for the 25 enriched uranium
fuel elements, several of the shielding plugs for vertical irradiation facilities
and the drive mechanisms for the reactor's control arms. One of two 19
tonne fuel element transfer flasks (red) and a 17 tonne irradiation rig
transfer flask (yellow) are also shown.

(Photography by AAEC Photographic Laboratory.)
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1
INTRODUCTION
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GOVERNMENT ENERGY RESEARCH AND
DEVELOPMENT

As reported in the Commission's Annual Report for 1980-81 the Prime Minister, in
his statement of 30 April 1981 on results of the Review of Commonwealth Functions,
outlined a decision concerning the reallocation of existing resources at the Australian
Atomic Energy Commission's Research Establishment, Lucas Heights. On the same
day, after the Prime Minister's statement, the Minister for National Development and
Energy and the Minister for Science and Technology in a joint statement announced
details of new arrangements for Government energy research.

The arrangements involved a reallocation of existing resources in the AAEC's
Research Establishment at Lucas Heights between the Commission and a new Institute
of Energy and Earth Resources established within the Commonwealth Scientific and In-
dustrial Research Organisation. The Institute supplemented the existing CSIRO energy
research effort with manpower, buildings and equipment which were transferred from
the AAEC. The initial secondments of Commission staff to CSIRO took place on
1 September 1981. A significant proportion of the new CSIRO Institute of Energy and
Earth Resources is now co-located at Lucas Heights.

Subsequently, on 3 December 1981, the Minister for National Development and
Energy stated that the primary emphasis of the AAEC's activities in future should be on
research and development in nuclear science and technology. The new CSIRO Institute
of Energy and Earth Resources would concentrate on non-nuclear energy research and
development and would share laboratories and facilities at Lucas Heights.

The AAEC would continue to undertake research and development in nuclear
energy, particularly in relation to uranium mining, processing and enrichment. The
AAEC would continue its present significant program in environmental science especial-
ly as related to the uranium industry, as well as further development of methods and
processes for the stabilisation and management of radioactive wastes arising from the
nuclear fuel cycle.



In nuclear science, the AAEC would continue programs in the fields of nuclear
physics, materials, and nuclear medicine, as well as practical applications of
radioisotopes and nuclear techniques for industry, medicine and research.

The Minister emphasised the need for the AAEC to retain sufficient competence in
nuclear technology to support the operation of the high flux nuclear reactor (HIFAR) at
Lucas Heights as well as to continue a small program in nuclear fusion. He pointed out
that the continued operation of HIFAR not only ensured the supply of high specific ac-
tivity, short-lived radioisotopes for industry, medicine and research, but that the inten-
sive source of neutrons generated by HIFAR offered the opportunity for Australian
scientists to undertake a range of research activities not otherwise possible without this
facility.

The AAEC's technical advisory role in relation to nuclear power, the nuclear fuel
cycle and nuclear science and technology generally would continue, not as a separate
function but as a supplementary and subordinate activity to the research work.
However, the Minister said, it was important that the Government should continue to
have ready access to technical advice in nuclear matters generally, a primary source of
such advice being the AAEC.

Following the Government's decision to co-locate AAEC nuclear work and
CSIRO non-nuclear energy work at Lucas Heights, transfer of professional,
technical and administrative ^taff positions to CSIRO commenced, and at 30 June
1982, the number of persons transferred was 119.

In addition, agreement has been reached to transfer six professional positions from
the Uranium Resources Evaluation Unit to the Bureau of Mineral Resources, Geology
and Geophysics, within the Department of National Development and Energy, with fur-
ther consideration being given to the transfer of support staff.

The new arrangements for Government energy research and development involved
not only the transfer of some AAEC staff to CSIRO and the co-location of these staff at
Lucas Heights, but also the closing of the AAEC Head Office at Coogee. These Head
Office staff were transferred to Lucas Heights and to the Commission's Mascot office.
Transfers mainly took place in October 1981 and were completed by February 1982. The
Regulatory Bureau is located at the Mascot office.

Since the Prime Minister's statement of 30 April 1981, the Commission has been
reviewing its functions and organisation to ensure that the Government's requirements
are met and that the AAEC will continue as a first class nuclear science and technology
organisation.

The Commission has agreed that the preservation of a viable scientific research and
development effort should be its highest priority. The Commission also has recognised
the need for maintaining as wide a competence as possible in the overall uranium fuel
cycle, including fission and nuclear power developments, and the provision of technical
assessment and advisory services.

Following the retirement of the General Manager, Mr K. F. Alder, on 15 January
1982, the Commission announced a new executive structure. The Director, Research
Establishment, Emeritus Professor S. T. Butler, became the Chief Executive Officer of
the Commission. Professor Butler died after a short illness on 15 May 1982 (see
page 11). Dr D. G. Walker was then appointed by the Commission Acting Director and
Chief Executive Officer until further notice.

The Director is responsible on behalf of the Commission for the day-to-day
management of the Commission's activities except those carried out by the Director,
Regulatory Bureau, and the Secretary. The Director is supported by a Deputy Director,
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Research, and a Deputy Director, Operations. The overall organisation of the Commis-
sion at 30 June 1982 is shown in detail in Appendix C.

Co-location of the AAEC at Lucas Heights required that the site be identified by a
distinctive name. It was agreed with CSIRO that from 3 September 1981 it would be
called the Lucas Heights Research Laboratories. The name of the Commission's
establishment remains the AAEC Research Establishment.

A Co-location Agreement giving the administrative arrangements covering the
transfer to CSIRO of AAEC staff and resources engaged in non-nuclear energy research
was completed in February 1982 and forwarded by a Policy Committee comprising the
Secretary of the Department of National Development and Energy and the Chairman of
CSIRO to the respective Ministers.

MEMBERSHIP OF THE COMMISSION

The term of appointment of Professor H. Messel, C.B.E., Member, expired on
4 December 1981 and Professor M. H. Brennan was appointed a Member for a period
of three years on and from 12 January 1982.

Mr K. F. Alder, Member and General Manager, retired on 15 January 1982. The
appointment of Sir Bernard Callinan, C.B.E., D.S.O., M.C., Member, was extended
for a period of one year commencing 31 May 1982.

Other members of the Commission and the dates to which they were appointed are:
Chairman, Professor D. W. George, A.O., 26 May 1983; and Deputy Chairman, Mr
A. J. Woods, 10 April 1985.

The Commission wishes to acknowledge the valuable contribution made to the
work of the Commission by Mr K. F. Alder who served two terms as a Member, from
1968 to 1975 and from 1976 to his retirement. Mr Alder, a metallurgist, began his career
in the nuclear industry in 1949 and joined the Commission in 1954 as a member of the
first AAEC research team. He subsequently filled many important senior positions in-
cluding Director of the AAEC Research Establishment, Lucas Heights, Head of the
Nuclear Science and Technology Branch, and General Manager since 1976. Mr Alder
brought a high level of dedication to both his research and managerial roles.

Professor Harry Messel was appointed a Member of the Commission in 1974. As a
nuclear physicist and administrator he brought a wealth of experience to the service of
the Commission. The Commission is indebted to his significant personal contribution.

The Commission welcomes the appointment of Professor M. H. Brennan as a
Member of the Commission, Professor Brennan is Professor of Plasma Physics at the
University of Sydney and has been directly involved in nuclear physics and engineering
for more than 20 years.

DEATH OF CHIEF EXECUTIVE OFFICER

It is with deep regret that the Commission records the death on 15 May 1982 of
Emeritus Professor S. T. Butler, Director of the AAEC Research Establishment and
Chief Executive Officer of the Commission.

Professor Butler was one of Australia's most distinguished scientists with an inter-
national reputation for his research contributions to theoretical physics. He was a
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Fellow of the Australian Academy of Science and a Fellow of the University of Sydney
Senate.

He joined the Commission on 5 October 1977 as Head of the then Nuclear Science
and Technology Branch in succession to Mr K. F. Alder who had been appointed
General Manager of the Commission. As noted earlier, Professor Butler became the
Chief Executive Officer of the Commission in January 1982 following Mr Alder's retire-
ment.

Professor Butler's untimely death at the age of 55 has been a severe loss to the
Commission and to the management of the Commission's research activities.

STAFF NUMBERS

Full-time operative staff employed by the Commission at 30 June 1982 was 1056,
made up as follows:

Research Establishment 1004
Regulatory Bureau 16

1020

Apprentices 36
As reported last year, staff ceilings continue to impose strains on the Commission's

operational flexibility and to limit the opportunities to recruit staff for training to
replace experienced staff lost through natural wastage.

SAFETY REVIEW COMMITTEE

The Safety Review Committee continued its program of three-day meetings held at
intervals of about six months. Meetings were held on 4-6 November 1981 and 28-30
April 1982 to review and assess the health and safety standards and procedures adopted
by the Commission to ensure the safety of operations at the Lucas Heights Research
Laboratories.

Membership of the Committee remained unchanged, Dr J. D. Harley, Commis-
sioner for Environmental and Special Health Services, Health Commission of New
South Wales, having been reappointed for a period of three years from 22 January
1982.

THE REPORT IN SUMMARY

The following chapters discuss the main activities of the Commission during the
year ended 30 June 1982.

Chapter 2 (Research) outlines changes in the research program arising from the
revised Government energy research arrangements announced in April 1981. Several
research and development projects are discussed in fission reactor technology, the
nuclear fuel cycle, fusion, environmental studies, radiation technology, the application
of radioisotopes and radiopharmaceutical research.
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Chapter 3 (Commercial Services) gives an account of the production, sales and
distribution of medical radioisotopes, radioactive materials for industrial use and
research. The availability of other Commission services to outside users is treated briefly
together with examples of work carried out during the past year.

A report on the Commission's operations at Lucas Heights is contained in Chapter
4 (Site Operations), with particular reference to the research reactor HIFAR, safety ser-
vices, environmental monitoring and waste control.

Chapter 5 (Regulation) reports on the Commission's Regulatory Bureau which is
functionally separate from the AAEC Research Establishment and provides an indepen-
dent system of regulation of nuclear activities at the Research Establishment.

International Relations is the subject of Chapter 6. The close association between
the Commision and international organisations such as the International Atomic Energy
Agency and the OECD Nuclear Energy Agency is shown and events during the past year
detailed.

Chapter 7 (General) and a range of Appendices on AAEC finance, organisation,
research programs, research contracts, patents, technical papers published, and grants
made by the Australian Institute of Nuclear Science and Engineering complete the
report.
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2

RESEARCH

During the year, the Commission moved to implement changes in its research pro-
gram flowing from the revised Government energy research arrangements announced in
the Commonwealth Parliament on 30 April 1981 and outlined in the Commission's An-
nual Report for 1980-81.

The Commission will maintain and develop a vigorous research program in nuclear
science and technology with emphasis on the uranium fuel cycle (particularly enrichment
and high-level nuclear waste management studies), nuclear technology (both fission and
fusion), environmental studies (uranium industry, isotope hydrology, low-level nuclear
waste management), applications of radioisotopes and radiation, and nuclear science
generally.

The Commission recognised the special considerations which apply to defining a
viable nuclear research program in Australia.

• There are currently no positive moves to introduce nuclear power into Australia
and such a decision would rest primarily with the States. The Commission
therefore has de-emphasised nuclear fission research, except that associated with
the safe and efficient operation of its research reactors.

• Because of Australia's position as a uranium producer a significant effort should
be devoted to fuel cycle research, concentrating on areas in which private industry
is unlikely to take the initiative. As far as possible, however, the work is done in
collaboration with industry. The Government and the Commission re-affirmed
their commitments to research and development into centrifuge enrichment
technology and support of the feasibility study being carried out by the Uranium
Enrichment Group of Australia.*

• The Commission's program also gives special attention to the environmental im-
pacts of uranium mining and milling and to up-grading processes.

• In gaining access to the results of work in other countries and in international
organisations, Australia has an obligation to contribute where possible to nuclear
developments and, in particular, to the resolution of technical questions in areas
such as safeguards and safe disposal of wastes. The Commission is supporting
work in both of these areas.

*The Uranium Enrichment Group of Australia is a joint venture formed by four Australian companies: The
Broken Hill Proprietary Company Ltd, CSR Ltd, Peko-Wallseud Operations Ltd and Western Mining
Corporation Ltd.

14



REGULATORY BUREAU and SECRETARIAT

HEALTH and SAFETY

ISOTOPE COMMERCIAL PRODUCTION

RESEARCH OVERHEADS

Fan illustrates percentage breakup of research share

Figure 1. Distribution of staff effort on research as at 30 June 1982.

• As the only producer of radioisotopes (and particularly radiopHarmaceuticals) in
Australia, the Commission has a continuing responsibility to improve production
methods and efficiency and to introduce new or improved products as required
by its customers.

• On similar arguments, the Commission has supported research into the applica-
tions of radioisotopes and radiation techniques to improving industrial processes
and efficiencies.

• As a long-term interest, the Commission has introduced a small program in
association with the Australian universities on fusion research.

As at 30 June 1982, approximately 30 percent of the Commission's staff was
directly involved in research activities. Figure 1 illustrates the percentage distribution of
the total Commission staff, together with a further percentage breakdown of staff
employed in the research sector.
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FISSION REACTOR TECHNOLOGY

As noted above, the Commission is de-emphasising research in this field except
where this is directly in support of operation of the Commission's reactors. Work
reported below includes programs which have been in existence for some time and which
are now being reduced or concluded.

MEASUREMENT OF CAPTURE CROSS SECTIONS FOR
FISSION PRODUCT NUCLIDES

The neutron fission orocess produces fission product nuclides with a mass distribu-
tion peaking at mass niunoers 90 and 140. Many of these nuclides decay to longer-lived
or stable nuclides which accumulate in the reactor core, causing a decrease in reactivity.
A knowledge of fission product yields and capture cross sections therefore is required
for efficient design and operation of a nuclear reactor. For thermal reactors, certain fis-
sion product nuclides dominate because of their large thermal capture cross section. The
most important is xenon 135 which accounts for about 50 percent of fission product
reactivity absorption at the start-up of a thermal reactor. For fast reactors, the capture
cress section variations with mass number are much smaller, and must be known to
about 10 percent in order to calculate the bulk reactivity effect to the required accuracy
of 5-10 percent. Some fission products (e.g. neodjiriium) are used as burn-up monitors
in the fuel and their cross sections are required to be known more accurately.

Over the past ten years, the Commission has carried out an extensive series of fast
neutron capture cross section measurements on fission product nuclides in collaboration
with Oak Ridge National Laboratories (USA) and more recently with the Central
Bureau for Nuclear Measurements (Belgium). Collaborative results have been published
in the international literature for the isotopes of strontium, yttrium, zirconium,
molybdenum, palladium, cadmium, barium, lanthanum, cerium, praseodymium and
neodymium.

The underlying physics of neutron capture has been studied by gamma-ray spec-
trum measurements of strontium 88, lanthanum 139 and praseodymium 141 using the 3
MeV Van de Graaff accelerator at Lucas Heights.

Fission product yields have also been measured for neutron-induced fission of
thorium 230 at Lucas Heights and of the plutonium isotopes in collaboration with the
Centre d'Etude du Bruyeres-le-Chatel (France). Highly accurate mass yields of the
isotopes of tellurium, produced by fission of uranium 233 and uranium 235 in HIFAR,
have been measured with a mass spectrometer at the Western Australian Institute of
Technology.

The overall research program has provided a major contribution to the library of
nuclear data of the fission products. While fission product yields are now known to suf-
ficient accuracy, capture cross sections have not been determined yet with the accuracy
desired for the calculation of reactivity changes in fast breeder reactors. Recent evalua-
tions of fission product capture cross sections, when averaged over the fast reactor spec-
trum, have uncertainties of about 20 percent.

HEAT TRANSFER IN THE DRYOUT REGION

The terms dryout and burnout are used to denote a critical heat flux (CHF) condi-
tion in boiling heat transfer which is the important heat transfer limitation in water-
cooled reactor systems. Dryout conditions must be considered in safety analyses for
water-cooled fission reactors (loss-of-coolant accident studies for pressurised water reac-
tors, boiling water reactors and research reactors) and also in the development of design
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Beam facilities in the Applied Physics Division are used to study the physics of
neutron capture and also as an aid in mineral analysis. The facilities use beams from

the Commission's 3 million electron volt positive ion accelerator.

concepts for fusion reactors (cooling arrangements for first-wall shields and blanket
assemblies). The prediction of peak surface temperatures under dryout conditions pro-
vides essential information for safety considerations.

Despite considerable efforts world-wide to develop a basic understanding of the
burnout phenomenon, it is still not possible to predict the onset of burnout conditions
from first principles. A research program at Lucas Heights over several years has aimed
at obtaining information on heat transfer under these conditions, so that a means can be
developed for predicting heat transfer in the region of dryout. Such information is re-
quired over an extensive range of coolant conditions since an accident situation would
be likely to embrace a wide range of coolant flows and, in some cases, pressures.
Somewhat analogously to the laminar and turbulent flow regimes in a single phase flow,
CHF data from an AAEC burnout data bank have been categorised into two distinct
flow regimes, corresponding to two CHF correlations which have been developed suc-
cessfully to provide general application over wide ranges of conditions, one correlation
for very low mass flow rates of the coolant (less than ~ 300 kg m-2 s~') and the other
for medium and high mass flow rates.

To enable the peak temperatures to be predicted, these CHF formulae must be used
in conjunction with heat transfer formulae for the post-dryout region. These heat
transfer formulae are being developed using information.from experiments now in pro-
gress involving dryout and re wetting transients.
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REACTOR CONTAINMENT STUDIES

Since 1977 the Commission has participated in a program of International Stan-
dard Problems on Nuclear Reactor Containment coordinated by the OECD Nuclear
Energy Agency through the Committee on the Safety of Nuclear Installations (CSNI).
This program is intended to provide information for testing and developing computer
codes used in assessing the containment conditions which would follow loss-of-coolant
accidents (LOCAs) in water-cooled reactor systems. Each Containment Analysis Stan-
dard Problem (CASP) is based on an experiment performed by one of the participants.
The CASP may be conducted as a blind problem, in which, case the experimental ap-
paratus and initial conditions are described, but the experimental results are not publish-
ed until after the participants have made their predictions of the results, or it may be an
open problem where all the experimental results are published before the analyses are
begun.

To date, two CASPs have been conducted, based on experiments on a rig at the
Battelle-Institut, Germany, which is a 1/64 volume scale model of the containment
system for the Biblis reactor. The rig is a concrete structure 12 m diameter and 10 m
high. The AAEC participated in both studies.

In 1980, the Commission was asked by the CSNI Working Group on Contain-
ment Safety whether an experiment planned for the AAEC Slowdown/Containment
Rig could be used as the basis for CASP 3, and also whether the Commission could
act as host country for coordinating the exercise and preparing the Comparison
Report. The Commission agreed to these requests.

The AAEC Blowdown/Containment Rig is relatively small, consisting of a steel
containment vessel of 1.8 m3 and a high pressure blowdown vessel of 0.014 m3. The
proposal was to divide the containment vessel into two compartments with an inter-
connecting flow tube, and measurements were to be made of the transient pressures,
the temperature distribution, heat transfer coefficients and intercompartment flow.
One advantage of this arrangement was that the relative simplicity of the structure,
mechanically and thermally, was thought to provide a suitable means for assessing
whether the calculation methods were adequately accounting for heat transfer
phenomena in the transient conditions.

The experiment was completed at the end of 1981, and the experimental data
were sent to 12 countries as an open problem for study and analysis. To date com-
ment and analyses have been received from five countries and the Comparison
Report is being prepared.

OPERATION OF HIFAR

Two safety-related aspects of operating the Commission's reactor HIFAR were
reviewed during the year. These were the consequences of the loss of a coarse control
arm (CCA) and the performance of the Emergency Core Cooling System (ECCS).

The most demanding reactivity addition which the protective system of DIDO-
type reactors (of which HIFAR is one) must be capable of handling safely, is that
resulting from the fracture of a CCA connecting rod. Such an event would permit
the affected arm to swing through and out of the core to a position of negligible
reactivity control. Protection against the consequences of such an accident is four-
fold: the provision of halving time, doubling time and excess power level trips
(engineered safeguards), and the inherent self-shutdown characteristics of the reac-
tor core (safety by core design).
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An experimental rig in
the Nuclear Tech-
nology Division for
modelling loss of
coolant in power reac-
tors. Being refitted is
a bursting-disc as-
sembly which is used
to initiate the
discharge from a high
pressure vessel (~IOO
atmospheres) to a low
pressure vessel (~1

atmosphere).

Although experiments in the USA have demonstrated that reactors with core
designs similar to HIFAR will safely terminate power excursions resulting from
reactivity additions of up to 2 percent, self-shutdown mechanisms have never been
represented in safety analyses of the loss of CCA event in DIDO-type reactors
because of difficulties in computing the course of the resulting transient.

Recent AAEC work resolved some problems of this type of computation, and
has enabled the inherent self-shutdown characteristics of HIFAR to be quantitative-
ly represented in the analysis of the loss of CCA event. Initial results suggest that the
currently installed reactor safety instrumentation has a greater margin of conserva-
tism in its speed of response than indicated by previous analyses which did not allow
satisfactorily for the inherent self-shutdown effects.

The ECCS installed in HIFAR is designed to provide continuing heat removal
capability in the event of a leak developing in the reactor primary circuit and which
could result in fuel tubes becoming uncovered. The system is based on that
developed for the DIDO-type reactor FRJ-2 at Julich, Germany. Heavy water lost
from the primary circuit is collected in a sump in the plant room floor and returned
to the reactor tank by means of two pumps. Each pump has the capacity to maintain
the reactor tank water level above an array of holes in the fuel element shrouds. The
jets of water from these holes strike the upper edges of the fuel tubes and form a
cooling water film falling down the outer surfaces of the fuel tubes.

The ECCS review has examined the thermohydraulic performance of the
system in the light of the extensive experiments performed at Julich when it was be-
ing developed and searched for factors which could impair or negate the heat
removal capabilities of the ECCS.

REDUCED ENRICHMENT FUEL FOR HIFAR

Fuel elements for HIFAR are made of uranium-aluminium alloy in which the
uranium content is enriched to 80 percent or more by weight in the uranium 235
isotope. Some 150 research reactors in more than 30 countries use a similar fuel
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material, and about one and a quarter tonnes of highly enriched uranium is required
each year to provide replacement fuel for all these reactors.

One of the results of the International Nuclear Fuel Cycle Evaluation (INFCE)
studies, undertaken between 1978 and 1980, was the recognition that the large-scale
traffic in such potentially weapons-usable material might provide opportunities for
theft or illicit diversion. This risk could be reduced significantly if research reactors
for which it was technically feasible, were converted to use fuel enriched to 20 per-
cent or less in uranium 235 (LEU).

The general principles of conversion entail substantial increases in the uranium
content of the fuel materials currently used. For some reactors whose fuel materials
are already at or near the limit of current technology for the uranium content in the
fuel matrix, conversion requires the development and proving of new, very high
uranium density fuel materials, but a worthwhile reduction in proliferation potential
could be provided in many cases by an intermediate conversion to an enrichment of
about 45 percent uranium 235 (MEU).

Reduced Enrichment Research and Test Reactor (RERTR) programs have been
established in several countries with the objective of developing the technical means,
particularly new fuel materials, for conversion of as many research reactors as possi-
ble to the use of LEU fuels with minimum cost or performance penalties.

In recognition of its international responsibilities to minimise the risks of
nuclear weapons proliferation and of the importance of assuring the continued
reliable operation of HIFAR, Australia, through the AAEC, has participated in in-
ternational studies coordinated by the International Atomic Energy Agency, as well
as conducting studies directed specifically at the problems of the eventual conversion
of HIFAR to operate on reduced enrichment fuel.

Although studies are still continuing, it appears that conversion of HIFAR to
the use of MEU or LEU fuel would have little effect on present fuel utilisation or
safety parameters. Neutron fluxes would be little affected except for the conversion
to LEU which would involve a significant reduction (of the order of 15 percent) in
the in-core thermal neutron flux.

For either conversion, but particularly for LEU, increased fuel element fabrica-
tion costs are to be expected but cannot be quantified at present. For the MEU con-
version, fabrication of fuel materials with the required uranium density is within the
range of already well-established commercial production of fuel elements for some
advanced research reactors; these materials require only adequate irradiation testing
and demonstration in the particular HIFAR fuel element configuration. Ap-
propriate test programs are in hand in several countries.

Conversion to LEU requires fuel of a much higher uranium density whose ac-
ceptance must depend on the successful conclusion of the full-scale development and
testing (RERTR) programs and on the demonstration of commercial production at
reasonable cost.

FUSION RESEARCH

FUSION PHYSICS RESEARCH

For a number of years the Commission has supported plasma physics research
at Australian universities by contractual arrangements which include the second-
ment of Commission staff to university laboratories to gain specialised experience
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and to contribute to collaborative programs. The programs have studied aspects of
magnetic confinement of plasmas and plasma wave propagation and damping.

The Commission now intends to extend its fusion research and to concentrate
its activities at Lucas Heights. The objective will be to study subjects which will
make useful contributions in areas of current interest overseas and which will con-
tinue to foster collaborative interests with the Australian universities.

Prime topics will be compact torus configuration and plasma wave heating. The
work on compact torus configuration will concentrate on extending the Rotamak
concept of magnetic confinement of plasmas, developed at the Flinders University
of South Australia, to longer duration experiments (some tens of milliseconds). The
Rotamak principle involves the use of a rotating radio frequency field to generate a
steady plasma current which couples with an externally applied magnetic field to
provide plasma confinement. Preparations to set up a Rotamak device at the Lucas
Heights Research Laboratories have been in hand during the early months of 1982.

NUMERICAL MODELLING OF TOROIDAL PLASMAS

The particle and energy balance within magnetically confined toroidal plasmas
is being studied by numerical simulation with a computer code being developed for
this purpose.

The program calculates the losses and gains of energy and of particles according
to theoretical rules which describe the transport coefficients in the plasma (diffusion
coefficients and thermal conductivities). Energy balance arguments then make it
possible to calculate the rates at which ion and electron temperatures will change as a
function of time. The plasma is assumed to be quiescent and the development of
gross instabilities is ignored. The analysis is limited to determination of volume
averaged electron and ion densities and temperatures. However, the analysis can be
applied to Tokamak devices by assuming that the variation of plasma properties
with distance from the axis of the system can be described by simple algebraic func-
tions.

Collision and ionisation rates needed for the analysis are being determined from
a comprehensive data library, which can also provide data for energy losses from
partially ionised impurity ions which may be present in the plasma.

The code is being applied also in a preliminary fashion to the Rotamak concept.
However, satisfactory use of the code depends on development of a version which is
not restricted to magnetic field configurations appropriate to Tokamak machines.
This development is in progress.

NEUTRONIC PERFORMANCE OF FUSION REACTORS

Most prospective schemes for the production of fusion energy relate to the
deuterium-tritium (D-T) thermonuclear reaction, each pair of reacting nuclei
resulting in the formation of one neutron and an alpha particle. Most of the energy
(80 percent) from the reaction is carried out of the plasma by the electrically neutral,
very energetic (14 MeV) neutron, which is unaffected by the powerful magnetic
fields used to confine the plasma of charged D and T nuclei. Deuterium (two-
nucleon isotope of hydrogen) occurs in abundance in nature in "heavy water" (one
part in 6500 of all natural waters), but tritium (three-nucleon radioactive isotope of
hydrogen) occurs in nature in minute quantities only and must be continuously
manufactured in sufficient quantities if the D-T reaction is to be used for the genera-
tion of power by fusion. In principle, this could be achieved by absorbing (in a
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blanket of suitable materials arranged to surround the plasma volume) the one
neutron formed in each D-T reaction in one of the isotopes (7Li) of lithium, in which
the fast neutron can produce, through a nuclear transmutation reaction, one tritium
atom plus a further (slower) neutron (7Li(n,tn')4He reaction). This neutron can in
turn be absorbed in the other, less abundant, lithium isotope (6Li) which is
transmuted to form a further tritium atom (6Li(n,t)"He reaction).

Nevertheless, in practical machines there would inevitably be many losses and
inefficiencies in these processes and it is believed that a greater measure of effective
neutron multiplication than can be achieved by 7Li alone may be essential, making
use of (n,2n) reactions in other materials such as beryllium or lead. The minimum re-
quirement is that the fusion reactor should be able to breed sufficient tritium to sup-
ply its own needs for the tritium component of its fuel. However, if these processes
can be made of slightly higher efficiency there is the prospect of producing a surplus
of neutrons which could be used to breed fissile fuel from one of the fertile
materials, uranium 238 or thorium 232. Such a system may be able to compete with
the fast-fission breeder reactor as a fissile fuel producer, one fusion breeder reactor
supporting a number of thermal-neutron-burner reactors. As in the fast-fission
breeder, the fusion breeder reactor would also produce heat (in the blanket) and
hence electric power.

Although these nuclear characteristics can be calculated, the nuclear data for
the high-energy neutron reactions are known to be unreliable. The blanket perfor-
mance is critically dependent upon these nuclear properties. It is necessary therefore
to supplement and verify analytical methods by a combination of further, more-
accurate measurements of the basic nuclear data with integral experiments in which
the combined effects of all the various nuclear processes can be assessed.

During the past year preparations began to convert the Commission's Split
Table Critical Facility at Lucas Heights into a Fusion Neutronics Laboratory where
the neutronic characteristics of conceptual assemblies of blanket materials can be
measured experimentally. Typical assembly dimensions will be of the order of one
metre-cube. These assemblies are incapable of nuclear criticality.

To provide the neutron input, an existing accelerator-type neutron generator is
being modified to provide a source of 14 MeV neutrons.

The objective is to measure tritium breeding directly, as a function of fast-
neutron input, through assay of the tritium concentration in pellets of lithium com-
pounds distributed throughout the assemblies. Assays of tritium in the pellets will be
performed by Isotope Division, which has developed appropriate skills in connec-
tion with the measurement of the very low concentrations of tritium in ground-
waters. The neutron fluxes and energies within the assemblages will also be
measured and calibration of these instruments is proceeding as is preparatory work
on nuclear data and analysis.

In summary, to develop fusion energy a thermonuclear-reacting plasma is the
first essential. This is the main quest of world fusion research, with the D-T reaction
as the first objective. To establish that these plasmas can be realised and used for the
production of power under practical conditions, it is essential to demonstrate the
feasibility of producing sufficient tritium in a blanket system to enable the reaction
to be sustained. This is the aim of this new research program.
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The Rotamak IV apparatus in the School of Physical Sciences at the Flinders
University of South Australia. This concept of magnetic confinement of plasmas in

a compact torus configuration was developed at the University.

Adjusting the target assembly of the 14 million electron volt
neutron generator in the Nuclear Technology Division at Lucas
Heights, as part of the Commission's research program on fusion

physics.
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NUCLEAR FUEL CYCLE

URANIUM ENRICHMENT

During the year the Commission continued its long-term program of uranium
enrichment using centrifuge technology. This project remains the major research
and development activity at Lucas Heights. As part of the interest shown in the work
by the Federal Government, up to 30 June 1982 the Commission had received
National Energy Research, Development and Demonstration program grants totall-
ing almost $2 million in support of the centrifuge enrichment project.

Following the earlier and successful cascading of small machines using
aluminium rotors, a higher speed subcritical machine was developed. A number of
these machines were subsequently manufactured by industry and built into a cascade
at Lucas Heights.

In parallel with this program, a supercritical machine was developed and tested.
An advanced modular cascade concept based on this machine was also designed.
This cascade can be replicated and operated in parallel.

Higher output machines utilising more advanced materials are also in the early
testing phase. It is expected that these machines will have a lower cost per unit of
output than the current version, and a cascade has therefore been designed to allow
easy substitution of future machines so that the plant can be upgraded readily as the
technology advances. Research and development is continuing on basic materials
and equipment in support of the project as noted below.

High Strength Rotor Materials

One method of increasing the separative work output of centrifuges is to in-
crease the speed of rotation. In practice, speeds are limited by the centrifugal stresses
in the rotor material since these may cause creep and distortion or, in the ultimate,
fracture of the rotor. Therefore, development of higher-strength rotor materials and
improved designs is in hand based on the use of maraging steels or carbon fibre com-
posites.

Maraging Steels

Maraging steels are among the strongest materials commercially available. They
are also very tough. However, improper heat-treatment can lower their fracture
toughness and a study of this effect has been carried out in order to obtain a better
understanding of the processes involved. Mechanical testing has shown that a short
period at 900 °C can lead to embrittlement. Electron microscopy and X-ray diffrac-
tion from extracted residues have shown that this is associated with precipitation of
titanium carbide, with a feathery morphology, at austenite grain boundaries. The
mechanism of embrittlement and means of avoiding it are under investigation.

Carbon Fibre Composites

Composites made from carbon fibres and epoxy resins can also have very high
strength-to-weight ratio, and this is combined with the attractive feature for cen-
trifuge rotor applications of a very high stiffness-to-mass ratio. To achieve these
properties, the carbon fibres must be aligned in specified directions within very close
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Above: Thin foil electron
micrograph of MAR 350
maraging steel, heat treated
at 650°C for 5 hours. The
micrograph shows a typical
averaged structure with fa)
an averaged Martensite
structure, (b) acicular
reverted Austenite laths and
(c) lozenge-shaped precipi-
tates interspersed through-
out the field of view

(magnification x 43,000).

An AAEC-designed puttru-
der for the continuous pro-
duction of carbon fibre
composite tubing. The tub-
ing has possible centrifuge

rotor applications.
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tolerances and this could make the volume production of rotors costly. With the ob-
jective of reducing cost, a high-volume production method based on pultrusion
technology is being demonstrated on a pilot plant at Lucas Heights. In parallel with
this work, commercially available epoxy resin systems are being studied so that a
fast-curing resin with good mechanical properties, which the pultrusion process re-
quires, can be specified.

Uranium Enrichment Group ot Australia

The Uranium Enrichment Group of Australia (UEGA) in 1981 completed its
pre-feasibility study for an enrichment plant in Australia and submitted its report to
the Federal Government on 30 April 1981. The Minister for National Development
and Energy replied on 4 June 1981 giving UEGA approval to proceed with a full
feasibility study and agreeing that the technical advice of the AAEC would continue
to be made available for the period of the study.

During the latter part of 1981, UEGA began commercial negotiations with
potential overseas technology suppliers with regard to centrifuge technology and
chemical exchange technology.

AAEC officers assisted in the evaluation of proposals and in other aspects of
the UEGA study as requested.

Infrared Laser Photochemistry

Infrared laser photochemistry is a new concept in photochemistry made pos-
sible by the development of high-powered, pulsed, infrared lasers, particularly the
carbon dioxide laser. Because the laser beam can be tuned precisely to the absorp-
tion frequency of the irradiated molecules, it has the potential for high specificity
and hence isotopic separation.

Commission work at Lucas Heights has centred on the irradiation of volatile
uranyl chelates using mass spectrometry, infrared absorption and other techniques
to determine the results of the irradiation. Currently, the use of infrared
fluorescence is being explored as a means for determining the reaction mechanism.
In situ separation factors for uranium 235/uranium 238 as high as two have been ob-
tained on related studies overseas and work is proceeding to obtain or exceed this
objective in Australia.

DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES

The ultimate disposal of the high-level radioactive wastes from spent nuclear
fuel continues to be a major issue in the growth of nuclear power. From the view-
point of public assurance, it is important that policies overseas for the safe disposal
of these wastes be implemented in a responsible manner. Burial in deep geologic for-
mations is considered to be the most effective means of ensuring long-term isolation
of these materials from the environment.

A collaborative technical assessment of overseas developments in this area, con-
ducted between the Commission and the Bureau of Mineral Resources, Geology and
Geophysics, was completed in April 1982. This study included a review of
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developments within member countries of the OECD Nuclear Energy Agency in
reprocessing spent nuclear fuel, solidification of high-level radioactive wastes and
an assessment of the relative merits of a variety of types of geologic formations
overseas. This assessment concluded that many solid waste forms, including
borosilicate glass, appeared suitable for disposal in an appropriately engineered
repository without presenting a significant biological hazard.

The AAEC has concentrated its research program in this area on the develop-
ment of SYNROC. This relatively new and improved high-level waste form — the
concept was publicly released by Professor A.E. Ringwood of the Australian Na-
tional University (ANU) in 1978 — was designed from geochemical principles to
have very high stability and a very low dissolution rate in ground-water under a wide
range of geological disposal conditions, including elevated temperatures and
pressures. These attributes could give SYNROC the advantages over borosilicate
glass of:

• Suitability for disposal at greater depths where ambient temperatures are
higher.

« Suitability for early disposal without long cooling periods in surface stores.
• Better public acceptability.

While recognising the suitability of borosilicate glass for the geological disposal
of high-level waste under carefully chosen and engineered conditions, the SYNROC
program aims to quantify the potential advantages and costs of this new material for
the same task.

SYNROC has been under joint development and evaluation at the AAEC
Research Establishment and the ANU since 1979. The ANU has concentrated on
chemical studies and small-scale fabrication development. The Commission's con-
tributions include the scaling-up of SYNROC fabrication, measurement of the leach
rate over the range of conditions that might be experienced in a repository, and
assessment of the effects of internal radiation damage. Grants totalling $260,000
were provided to the Commission in 1981-82 under the National Energy Research,
Development and Demonstration program for SYNROC fabrication development
and to investigate the behaviour of SYNROC containing low levels of actinide
elements and actual fission products in aqueous leach tests.

An in-can hot press designed to produce 1 m long x 100 mm diameter blocks
of SYNROC, fully canned in stainless steel, was built and has operated at Lucas
Heights to produce 30 kg canisters of 97-99 percent dense SYNROC. This novel pro-
cess uses a stainless steel tube in the three roles of hot-pressing die, induction heating
susceptor and primary waste disposal canister. This demonstration represents a
major milestone in SYNROC development and the process is believed to have no in-
trinsic features which would prevent further scaling-up and eventual application to
the incorporation of high-level waste. To put the present development in perspec-
tive, it should be noted that a 1 m long x 100 mm diameter block would contain all
the radioactive wastes arising from generation of electricity for about 3000 people
for a year.

Another attractive concept, namely hot pressing in unsupported thin-walled
bellows, has been demonstrated successfully using 250 mm diameter bellows. A
hybrid scheme which uses bellows-type cans within a canister which could be unsup-
ported during hot pressing is being investigated. Coincident with these
developments, much attention has been given to the development of a simplified
process for SYNROC powder preparation. It is proposed to proceed to the design of
a non-radioactive pilot plant.
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Right: A uniaxially hot-
pressed be/lows contain-
ing 30 kg of non-radio-
active dense SYNROC.
The blank was pressed in
the Commission's Mate-
rials Division at Lucas
Heights as part of the
joint AAEC-Australian
National University
development of the

SYNROC project.
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Tests carried out in the Commission's laboratories by internationally accepted
procedures have shown that SYNROC is much more resistant to leaching with water
than borosilicate glass over the temperature range 45-300 °C. For example, after 70
days at 100°C, natural caesium and strontium leach out about 1000 times more
slowly from SYNROC than from a typical borosilicate waste glass. These results,
which are shown in Figure 2, continue to demonstrate that SYNROC has the very
high stability for which it was designed. Similar tests to confirm this stability in
SYNROC containing actual radioactive isotopes of these and other elements will
begin later in 1982.

The long-term effects of radiation from contained radionuclides are being
studied also. Accelerated radiation damage testing using fast neutrons from the
Commisson's research reactor HIFAR have simulated the internal radiation damage
in SYNROC for disposal periods up to 9 x 10s years. The most obvious effects
observed have been a gradual increase in linear dimensions and a corresponding
decrease in density, neither of which detract from the performance of SYNROC as a
very stable high-level waste form. Informal collaboration has been maintained with
complementary radiation damage studies in several US laboratories. Results are in
good agreement despite different methods being used to produce radiation damage.

ENVIRONMENTAL IMPACTS OF THE NUCLEAR
FUEL CYCLE

URANIUM MILLING

Research is being undertaken with other organisations on various aspects of
uranium milling and tailings management. The aim of this research is to reduce fur-
ther the environmental impact of uranium ore processing.

In association with Interox Chemicals Pty Ltd, work continued on the use of
Caro's acid as an alternative oxidant to pyrolusite in the leaching of uranium ores. A
number of plant trials were conducted at the Queensland Mines Ltd mill at
Nabarlek, Northern Territory, and these demonstrated significant savings in both
acid usage for leaching and lime requirements for neutralisation. Caro's acid has the
added advantage that no additional pollutants are introduced into the mill circuit.

Decanted water from the tailings pit at Nabarlek is treated with barium chloride
to remove radium prior to discharge to an evaporation pond. The radium is
precipitated as a finely divided barium-radium sulphate which is flocculated and
allowed to settle out in a clarifier. The efficiency of this treatment circuit was
measured and the process optimised to maximise radium removal.

Collaborative research was undertaken with Australian Ground-water Con-
sultants Pty Ltd on rehabilitation of Mary Kathleen Uranium Ltd's tailings dam at
Mary Kathleen, Queensland. Core samples of tailings and associated water were
analysed for radium and other radionuclides. Leaching tests were carried out on the
tailings to determine the extent to which radium could be mobilised in the long-term.
The mineralogy of the radium-tearing fraction of the tailings also was studied.

A research contract was awarded to the Australian Mineral Development
Laboratories (Amdel), Adelaide, to study physicochemical methods of separating
sulphide and radionuclide concentrates from the bulk of Australian uranium mill
tailings. Conventional sulphide flotation removed essentially all the pyrite.
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Hydrocycloning was more effective than flotation for concentrating radium into a
low mass fraction and more than 80 percent could be isolated in only 20 percent of
the total mass.

Minatome Australia Pty Ltd is sponsoring Commission research into radon
emanation from tailings. The effectiveness of earth, clay and rock materials in sup-
pressing radon emanation from Ben Lomond (Queensland) tailings is being
measured. This information will be used to predict radon release rates for various
thicknesses of covering materials.

MANAGEMENT OF URANIUM MILL TAILINGS

Australia is participating in a three-year program on the management of
uranium mill tailings which is being carried out by the OECD Nuclear Energy Agen-
cy in cooperation with the International Atomic Energy Agency.

The objectives and scope of this program include studies of:
• Recommendations made by the International Committee on Radiological

Protection on cost benefit analyses of the options for the disposal of uranium
mining and milling wastes;

• Methodologies for comparative evaluation of alternative tailings disposal
systems;

• Engineering of disposal facilities to meet defined criteria of stability and
longevity; and

• Scientific aspects of design and operation of environmental sampling and
analysis programs.

Choice of sites and the establishment of base cases for estimation of dose com-
mitments and for economic analyses have been made by Australia, Canada and the
USA. A hypothetical site in the Alligator Rivers Region of the Northern Territory
has been adopted for Australian estimates. Specific attention is being given to
modelling the consequences of atmospheric releases at the site and the contamina-
tion of surface waters by seepage.

The Australian studies have highlighted the relative importance of the amount
of waste rock cover over the tailings dam in determining collective dose com-
mitments to the surrounding population, and the sensitivity of the analysis to the
limits of integration (time, dose and dose-rate) used in assessing the collective dose
commitment.

BEHAVIOUR OF RADIUM IN WATERWAYS AND AQUIFERS

For some years, the Commission has collaborated with the International
Atomic Energy Agency (IAEA) in a program to study the environmental behaviour
of radium. The scope of the program, entitled "The source, movement, distribution
and deposition of radium in inland waterways and aquifers", covers all sources of
radium pollution, but the primary emphasis is on the management of wastes from
uranium mining and milling. The Commission contributed to this program through
studies in the movement of radium in the sub-coastal plains of the Northern Ter-
ritory, including a laboratory study of radium uptake in freshwater mussels, and
studies on the effects of variations in mill parameters on the movement of radium in
tailings dams.

An early objective of the program was to standardise analytical methods for
radium 226, the major isotope of interest, and an interlaboratory comparison of
methods was set up and subsequently published by the AAEC. Another objective of
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the program was to stimulate and to support relevant research. To this end, the
IAEA is preparing a technical monograph containing reviews of analytical methods,
background radium levels in the natural environment, sources of pollution, physico-
chemical migration of radium, pollution abatement, biological uptake and transport
of radium pollution.

At the final meeting of the IAEA group of 1980, the problems of
physicochemical and biological migration of wastes from their sources were iden-
tified as important areas for further research. Consequently, the IAEA in 1982
began a new coordinated research program on the subject, widening the scope to in-
clude also the other daughter products of uranium (as well as radium) and other tox-
ic materials which might be associated with uranium ores. The Commission is again
participating in this program through studies on the chemical and biological migra-
tion of radium in the environment.

UPTAKE AND LOSS OF RADIUM 226 BY FRESHWATER MUSSELS

Mussel populations inhabiting billabongs close to uranium mine areas in the
Northern Territory are a source of traditional food for Aborigines in that region. As
a result of mining operations, mussels may become exposed to increased levels of
radium 226 and to levels of the other alkaline earth metals, calcium and magnesium.
Since the levels will vary during the mining and post-mining periods, it is important
to know how the rates of uptake and loss of radium by mussels depends on the level
of radium in the water and how these rates depend on the levels of calcium and
magnesium. Any releases of effluent from a mine site during operations are expected
to increase the levels of radium and calcium or magnesium (or both) in the receiving
waters.

At Lucas Heights the experimental exposure of mussels to various combina-
tions of conditions demonstrated that increased calcium and magnesium levels in-
hibit the uptake of radium. Increased calcium levels alone will inhibit the uptake of
radium but increased magnesium levels alone do not inhibit the uptake of radium,
except when the magnesium level is increased to or beyond the maximum level ex-
pected to occur in the local creek system as a result of the mining and milling opera-
tion. Radium uptake is then inhibited, apparently by disruption to the normal
physiology of the mussel.

When mining is terminated, calcium and magnesium levels will return gradually
to pre-mining levels but radium will continue to be leached from the waste rock
thereby increasing levels in the receiving waters. Under these conditions radium is
taken up readily and accumulated in the tissues of the mussel. This accumulated
radium is not lost when mussels subsequently are exposed to radium-free conditions.
The radium is stored permanently in granular deposits dispersed throughout the
body of the mussel.

The experimental results allow the prediction of radium levels in mussel popula-
tions exposed to effluents with varying radium, calcium and magnesium levels for
varying periods. These results are important in determining appropriate water
quality standards for mine effluents.

RADIATION DOSE RESPONSE OF AMPHIBIA

Field studies by the University of Adelaide in the Northern Territory uranium
mining areas, before mining started in the Alligator Rivers area, showed that certain
populations of frogs and tadpoles contained abnormal individuals, some with limb
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defects. It is not known whether chronic irradiation from dissolved radon gas in
water was a factor contributing to this damage or whether it was a result of other
factors in the environment.

A species of frog (Limnodynastes tasmaniensis) that can be reared in the
laboratory is being used in preliminary studies at Lucas Heights on the effects of
radiation. This frog will breed year-round, and so is well-suited for use as a
laboratory frog in radiation and environmental studies.

Fertilised eggs and tadpoles have been subjected to acute doses of X- or gamma-
radiation. Relatively low levels of gamma-radiation were shown to damage eggs dur-
ing the first few hours of development. Higher levels of radiation at a later stage can
cause limb defects. Experiments are planned with radioactive radon gas dissolved in
the frog's water to see if similar gross or chromosomal abnormalities result from this
type of exposure.

TOXICITY OF COPPER TO FISH

Fish in the creeks and billabongs of the Magela Creek system downstream of
the Ranger uranium mine and mill may become exposed to small increases in the
concentrations of heavy metals resulting from seepage from the tailings dam and
from other parts of the mine site. Some seepage enters the buffer zone between the
tailings dam and Gubingul Creek and subsequently is flushed into that creek by rain,
leading to the highest predicted concentration of contaminants for any of the local
creeks. Of the heavy metals expected in seepage, copper is the most toxic to fish.

In a joint project with the Office of the Supervising Scientist and the University
of New England, the susceptibility of local Magela species to copper is being ex-
amined in water types approximating both the natural waters of the Magela Creek
system and the waters of near-by Gubingul Creek as they are predicted to be about
five years after the tailings dam is first in use.

Data from this work may be used to predict possible effects in the waterways
downstream of the Ranger mine site and to establish discharge criteria, if required.

PYRITIC OXIDATION IN MINE WASTES

As noted in the Commission's 29th Annual Repo.t, the White's and In-
termediate overburden dumps at Rum Jungle are being monitored to obtain data on
the temperature profiles and interstitial gas compositions in the dumps. Both over-
burden dumps contain pyritic material which is oxidising and leading to high acid
levels and high heavy rnetal concentrations in water running off and percolating
through the dumps. More probe holes, passing right through the overburden
material, have now been drilled. Regions of high temperature (~55 °C), previously
found in White's dump, were found also in the Intermediate dump. The oxygen
concentration in the interstitial space of both dumps was found to decrease with in-
creasing distance from the top surface of the dump confirming previous
measurements made in short (~2m) probe holes. This decrease was particularly
marked in some areas of Intermediate dump where oxygen concentrations were less
than 0.1 percent at distances greater than 1 m from the surface.

Thiobacillus spp, the microorganism normally associated with pyritic oxida-
tion, were found at nearly constant concentrations from the surface down to 5 m
in regions of elevated temperature and low oxygen concentrations. These
microorganisms are generally claimed not to exist under such conditions and more
work needs to be done to ascertain the existence or not of microorganisms viable in a
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high-temperature, low-oxygen-concentration regime, the role the microorganisms
play in pyritic degradation and their inter-relationship, if any, with Thiobacillus
spp.

Laboratory work showed that pyritic material in mine wastes leached initially
under aerobic conditions continued to release heavy metals when the oxygen supply
was cut off to the leaching system. The populations of Thiobacillusferroxidansand
those of other microorganisms also found in the dump, remained high during the
anaerobic (or microaerophilic) conditions.

As exclusion of oxygen from wastes containing pyrite is an accepted method for
reducing pyritic oxidation and the resulting adverse environmental impact, the abili-
ty of microorganisms to catalyse the release of heavy metals under anaerobic condi-
tions and the rate at which this release occurs needs to be investigated to determine
the cost effectiveness of excluding oxygen from such wastes.

A mathematical model was formulated which describes oxygen transport to ox-
idation sites within pyritic wastes as diffusion through the interstices of the material,
followed by diffusion into the individual pyritic particles making up the wastes.

ENVIRONMENTAL ASPECTS OF URANIUM UPGRADING PROCESSES

The conversion of uranium to uranium hexafluoride and the enrichment pro-
cess give rise to solid, liquid and gaseous effluents which may require treatment and
disposal. Liquid effluents discharged from conversion plants contain process
chemicals together with small quantities of uranium and its decay products. Liquid
effluents from enrichment plants generally contain less contaminants, but substan-
tial quantities of reject heat will be contained in the cooling water discharges, some
chromium and other heavy metals from de-scaling of heat exchangers may be pre-
sent, and chemical contamination may occur due to seepage from coal ash dumps at
associated power plants.

The impact of these effluents on the environment will be governed largely by
the siting of the plant, for example whether it is on the coast, on an estuary, or in-
land.

Current research within the Commission is aimed at determining the effects of
water temperature, salinity changes and heavy metal concentrations on the mortality
rate and reproductive ability of marine invertebrates. Short-term toxicity data for
arsenic, chromium, selenium and uranium are being determined for amphipods,
crab larvae and copepods.

Experiments have-been planned to examine the long-term (chronic) toxicity ef-
fects through successive generations of the amphipod Allorchestes compressa whose
reproductive biology is well known. The effect of accumulation and depuration of
uranium by the common mussel Mytilus edulis is being studied using continuous
flow techniques.

The photosynthetic activity of micro-algae living on the surface of marine
sediments also is being evaluated. The role of the oxygen produced in this process in
controlling the cycling of heavy metals held in the sediment is under study.
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RADIATION DOSIMETRY

In the event of an accident, or in some cases during normal operation of a
nuclear facility, radionuclides may be released to the atmosphere. It is important
therefore to be able to estimate the radiation dose to individuals in the vicinity of the
facility.

The concentration of radionuclides at a location some distance from a facility
can be estimated by means of an atmospheric radionuclide transport code which
uses, as base data, the quantities of radionuclides released and the prevailing
meteorological conditions. The dose to an individual at that location from beta-
emitting radionuclides is proportional to the concentration of these radionuclides at
the location. However, the dose from gamma-emitting radionuclides to the in-
dividual depends on the whole cloud of activity over a large region around this loca-
tion. In the simplest and commonly accepted approach the dose from gamma-
emitters is assumed to be proportional to the concentration of gamma-emitters at
the location of the individual. This is called the infinite cloud approximation.

Two alternative methods have been developed of calculating the dose from a
cloud of gamma-emitters. In the first the actual distribution of radionuclides in a
cloud is used and in the second the cloud is approximated by a sphere of uniform ac-
tivity. Both methods provide substantial improvement over the infinite cloud ap-
proximation which, for a typical release of radionuclides, can lead to severe under-
estimates of the dose to some individuals and to over-estimates of the dose to others.

NEUTRON SCATTERING

Neutron scattering, making use of beams of thermal neutrons from the HIFAR
reactor, continued to find widespread application. The scope of the technique can be
illustrated by noting that current work at Lucas Heights includes a study of atomic
vibrations in compounds with the wurtzite structure, location of hydrogen in metal
hydrides, examination of the effect on the atomic vibrations in niobium from the in-
troduction of interstitial deuterium, determination of the crystal structure in the
mineral fergusonite at high temperature, examination of the lead oxides from bat-
tery plates, investigation of spin waves in manganese-copper, assorted studies of
magnetic materials and location of anaesthetics in biological membranes.

The majority of the work in this area is carried out at Lucas Heights by scien-
tists from universities, colleges of advanced education and CSIRO, with the support
of the Australian Institute of Nuclear Science and Engineering (AINSE). Commis-
sion scientists, working in collaboration with staff from AINSE and other organisa-
tions, are active in the development of techniques and facilities for neutron scatter-
ing and application to a number of problems.

A recent highlight was the development by the Commission of a high-resolution
neutron powder diffractometer. This facility is designed so that only those neutrons
with energies (or wavelengths) in a very narrow range are beamed at the specimen.
As a result, high quality diffraction patterns with narrow well-resolved diffraction
peaks are now obtainable. Indeed, though the data acquisition rate is low, the
resolution of this diffractometer is equal to the best in the world.

The new diffractometer can be applied to the elucidation of crystal structures of
considerable complexity. Its capability was demonstrated in a successful study of the
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substance obtained by heating beta-uranium fluorides at 180°C. That substance has
been examined twice using conventional diffractometers but no progress was made
in identification. From high resolution diffractometer data, the substance was deter-
mined to be a mixture of alpha-UF5 with U2F9. The application of multiphase profile
refinement methods to the data led to the first determination by neutron diffraction
of the positions of fluorine atoms in alpha-UF5 together with a confirmation of
previously published results for U2F9. Good results have been obtained from other
materials with even more complex crystal structures.

In further diffractometer development, an array of eight neutron detectors, in-
tended to replace the present single detector, is under construction. Installation of
this array should provide an almost eight-fold improvement in data acquisition rate,
thus alleviating the present situation in which demand for the diffractometer far ex-
ceeds its availability.

ION BEAM ANALYSIS

Several new techniques are being developed for using ion beams from the Com-
mission's 3 MeV accelerator to aid in materials analysis. The first is a method for
determining the concentration of hydrogen atoms near the surface of a sample. A
beam of helium ions from the accelerator is allowed to strike the sample at a shallow
angle (e.g., 10°) and recoil particles are detected as they emerge at a similar angle
from the surface. Measurements of the energy of recoil atoms passing through an
absorber foil can be converted into a graph of hydrogen concentration as a function
of depth below the surface to a limit of approximately 1 /^m. Ion beam profiling of
hydrogen is a unique technique for non-destructive analysis of near-surface layers
and the method is now being applied in two areas — the dating of obsidian artefacts
by measuring the thickness of the hydrated layer formed since manufacture and the
effect of hydrogen on the performance of new types of solar absorber surfaces (with
the University of Sydney and other laboratories).

A second technique being developed in collaboration with the NSW Institute of
Technology, involves the use of ion beam methods for measuring depth profiles of
oxygen, aluminium and other elements. Following on previous developments for im-
proving depth resolution by detecting ions at glancing exit angles from a surface,
tests have shown that measurements at a number of angles are sensitive to both con-
centration gradients and surface roughness. Many of the materials to be studied us-
ing ion beam methods are not highly polished and tests are being carried out, using
both measurements and calculations, to explore the extent to which useful informa-
tion can be derived about such samples. For example, solar absorbers consisting of
metal oxide layers deposited by electroplating techniques have a complex structure
which can be measured only with these techniques.

ARCHAEOMETRY

Following the successful use of ion beam methods to determine the origin.of ob-
sidian artefacts, the same methods (using proton induced X-rays and gamma-rays)
were applied to the study of potsherds. Pottery is much more variable in composi-
tion than is volcanic glass but, even so, samples from a limited geographical region
may show a grouping of trace element concentrations which is characteristic. Pro-
vided that care is taken to avoid the use of elements whose concentration can change
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automated multi-technique facility (PIXE, PIGME + RBS) for simultaneous
multi-element analysis is used in the AAEC Applied Physics Division for geological,
biological (hair and teeth) and archaeological (obsidian, pottery) material. Up to 60
samples can be loaded into the facility. The total measuring time of all samples is

about 5 minutes.

during firing, burial, etc., it has proved possible to obtain useful information on
sources of raw material and exchange of pots in prehistoric times.

This work and related investigations into the potential [or using nuclear tech-
niques such as neutron diffraction and fission track counting were presented at
Australia's first Conference on Archaeometry (scientific techniques applied to the
study of archaeology). Commission staff contributed to the planning and running of
this Conference which was held at the Australian Museum, Sydney, in February
1982.

NEUTRON MOISTURE PROBES

These probes are used to determine the amount of water (or other hydrogenous
material) in soil or other matrices. The unit consists of a probe containing a neutron
source and detector enclosed in a stainless steel tube, typically about 28 mm
diameter and 250 mm long, together with an electronic rack to supply the power re-
quirements of the detector and to count the pulses of the detected neutrons.

In operation the probe is lowered down a borehole, the fast neutrons from the
source are scattered and moderated by the hydrogen of the soil water and, to a lesser
extent, by the lighter elements in the soil. Eventually some of the moderated
neutrons return to the probe and are detected. The relationship between the water
content and the detector count rate is non-linear and differs for different soils.
Usually it is necessary to calibrate the probes in the laboratory for the soil in which
they are to be used.

A moisture probe was used in a program to evaluate leach rates of heavy metals
from mine overburden heaps (e.g., White's Heap, Rum Jungle). In such situations
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the soil is inhomogeneous, the dumping procedures ensuring rapid gradients in both
soil type and density, making it impossible to measure a large range of calibration
factors since about a cubic metre of each type of solid would be required.

An alternative in such cases is the use of a theoretical approach. Previous
theoretical approaches to the calibration problem have been of the simple (2) group-
neutron age type and whilst they have produced reasonable curves, each different
type of soil required a normalisation point. Furthermore, for some types of soils, the
shape of the sensitivity curves has not fitted well. Because of these problems, full
scale reactor-type multigroup calculations have been made to determine the relation-
ship between the reaction rate of a detector and the water content of different types
of soils. The parameters investigated were soil absorption and scattering cross-
section, soil density, cross-section resonances in the soil components, different types
of neutron source in the probe unit, and the separation of source and detector.

A set of empirical equations was derived to fit the parametric variations and
was combined into a simple computer program. The data for the program consists
of the soil cross-sections derived from chemical analysis of the borehole core, the
count rate and a single normalisation point.

Apart from its use in the overburden heap analysis, the program has been used
to calculate the cumulative effects of experimental errors in soil parameters.

RADIATION TECHNOLOGY

FOOD IRRADIATION

Commercial interest in radiation processing of food has been stimulated world
wide by the World Health Organisation's acceptance, through its Codex Alimen-
tarius Commission, of the toxicological safety and wholesomeness of food treated
up to an average dose of 10 kGy. The utilisation of this technology in Australia is
receiving serious consideration.

Studies of the irradiation disinfestation of citrus against Queensland fruit fly
were carried out initially in the 1960s by CSIRO Division of Food Research at Lucas
Heights. These studies are being extended to other fruits and vegetables through a
collaborative project between the Commission and the NSW Department of
Agriculture. This project aims to demonstrate the efficacy of low-dose gamma-
irradiation treatments in disinfesting large numbers of insects in fruit and the
absence of phytotoxic effects at these doses. It forms part of a quarantine treatment
research program being undertaken by the Fresh Fruit Disinfestation Sub-
Committee of the Standing Committee of Agriculture Plant Health Committee
(Australian Agricultural Council). Testing of oranges, avocadoes and custard apples
began during the year. Results to date suggest that disinfestation can be achieved
with a minimum dose of 75 Gy.

DECONTAMINATION OF BEE HIVES

The use of gamma radiation to decontaminate bee hives infected with bacteria
responsible for causing European and American Brood Diseases is being investigated
in collaboration with Glenfield Veterinary Research Station, NSW Department of
Agriculture. The current method for controlling the spread of infection is costly as it
involves destruction of all equipment by incineration and financial compensation.
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Results with pure cultures of the responsible organisms suggest that a radiation dose
of 10 kGy would be adequate and field trials began using infected hives irradiated at
this dose.

NUCLEAR HYDROLOGY AND SEDIMENTOLOGY

The Commission has a strong commitment to research on water resources
through its long-standing involvement in the fields of isotope hydrology and
sedimentology. During the year, several new trends in this work have been pursued:

• Increased interest in long-lived isotopes (such as chlorine 36) for studying very
old ground-water systems.

• The application of isotope techniques to the investigation of ground-water
dynamics as a basis for calibration or verification of mathematical models.

• The growing importance of environmental isotopes (i.e. those which con-
tribute to natural background radiation) in the prediction of the rates of con-
taminant transport.

• Increased sophistication in the use of caesium 137 and associated methods for
the investigation of the cumulative effects of sediment redistribution and
erosion.

Isotope hydrology and sedimentation techniques are currently being used in a
major study of the movement of water and solutes in the Murray River Basin. The
migration of uranium and its daughter products in the vicinity of orebodies in the
Alligator Rivers Uranium Province is being studied also using isotope techniques.
This program is supported by a grant from the US Nuclear Regulatory Commission.

Facilities for isotope hydrology and sedimentology have been established by
Commission officers in four countries in the East and South-East Asian region
under the IAEA's Regional Cooperative Agreement. The potential value of using
long-lived environmental isotopes to study hydrological problems has been recognis-
ed by the IAEA with an invitation to the Commission to join a coordinated research
program on the dating of very old ground-water.

ISOTOPE HYDROLOGY

For many years, the Commission, in collaboration with the Bureau of Mineral
Resources, Geology and Geophysics (BMR), has undertaken isotopic studies of the
waters in the Great Artesian Basin. These investigations have culminated in the
establishment of a joint investigation with scientists from the University of Arizona,
the New Mexico Institute of Mines, BMR and the Australian National University
(ANU) into the systematic evaluation of a number of new techniques. The program
has been included within the framework of the US/Australia Agreement for Scien-
tific and Technical Cooperation.

The initial aim is to assess the validity of using chlorine 36 (half-life 308,000
years) as a means of dating old ground-water. However, the program also includes
studies of the distribution of iodine 129 (University of Arizona), dissolved noble
gases (New Mexico Institute of Mines, and the Weizmann Institute, Israel), helium
accumulation (ANU), the chemical and isotopic composition of dissolved hydrocar-
bons (BMR, AAEC, CSIRO Institute of Earth Resources), sulphate (Macquarie
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University), and uranium (AAEC), and the extent of oxygen exchange between
water and sulphate (US Geological Survey).

Collection of samples of krypton 81 began for colleagues at the University of
Berne, Switzerland, and Oak Ridge National Laboratory, USA, even though
measurement techniques have not been properly developed as yet. The concept that
the Great Artesian Basin be evaluated as a standard aquifer for the study of the
behaviour of long-lived environmental isotopes was discussed.

APPLICATION OF CAESIUM 137 TO SEDIMENTOLOGY

Caesium 137 from fallout is very strongly adsorbed on the clay and silt fractions
of surface soils. The surface soils are thus radioactively labelled and this can be used
to trace their movements under conditions of erosion or sedimentation.

A study of the distribution of caesium 137 in soils and sediments in the Maluna
catchment at Pokolbin resulted in a semi-quantitative and predictive model being
developed based on major geomorphological units and land uses within the catch-
ment. The data base for this model is being extended and, in conjunction with
CSIRO, studies are being undertaken of erosion in other land use systems, such as
the wood chip areas at Eden, NSW.

In a joint project with the Water Resources Commission of NSW, caesium 137
profiles were used to measure the accumulation of sediments at Burrinjuck and
Wyangala storage reservoirs. From the geochronology of the sediments it has been
possible to derive modern sedimentation rates. This work is being extended to a
survey of sedimentation in other significant reservoirs.

WASTE-WATER TREATMENT LAGOONS

Waste stabilisation ponds are used extensively throughout the world as the final
stage in the treatment of sewage and other liquid wastes containing organic
materials. In Australia, about 2900 hectares of ponds are in use in some 320 country
areas where the effluents ultimately discharge into rivers. The correct functioning of
these lagoons is, therefore, vital to the preservation of unpolluted surface waters.

Following the release of a
small quantity of radioac-
tive technetium 99m into a
maturation lagoon at a
NSW water pollution con-
trol plant, scientists from
the A A EC's Isotope Divi-
sion measure (he concentra-
tion of technetium in the
lagoon. At the same time
water temperatures are
measured from the shallow

draft boat.
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In many cases, pond systems are not providing effluents meeting today's high
pollution control standards and this is widely considered to be the result of limits to
our understanding of pond function rather than limits to the pond method itself.
The processes effective in destroying pathogens and removing organic material are
biological, biochemical and chemical but the creation of favourable conditions
under which they will proceed at the desired rates is dependent on physical condi-
tions in the pond system. Overseas workers have cited the hydraulic (flow)
behaviour of ponds as one of the major areas in which more knowledge is needed.

Since 1979, the Commission has used radioactive tracer techniques to study
flow patterns and retention times in three sewage treatment plants now operated by
the Department of Transport and Construction. The first two studies traced flow
patterns using bromine 82 (half-life 36 hours) and technetium 99m (half-life
6 hours). These studies showed that:

i) Pronounced short circuiting of flow occurs and, for a single lagoon, the tracer
will appear in the discharge a matter of hours rather than days after tracer in-
jection.

ii) In sunny weather, temperature (density) stratification occurs and the flow
path is closely associated with the region of steepest temperature gradient
(thermocline), generally at a depth of 30-60 cm.

iii) The thermocline acts as a very effective barrier to downward transfer of
dissolved material,

iv) In overcast conditions, thermal stratification does not occur and tracer
disperses over the full depth of a lagoon,

v) Wind can have a marked influence on the short-term dispersion
characteristics.

The use of tritium (half-life 12.26 years) was included in tests done during
.1981-82. As tritiated water, this isotope is an ideal tracer for studying the true reten-
tion capabilities of lagoons and obtaining information on the longer-term flow
mechanisms. At the end of the period under review, these experiments had shown
that at least under conditions where temperature stratification does not occur ex-
tremely rapid mixing of a given fraction of influent throughout the pond occurs with
its concentration decreasing with time as it mixes and is discharged from the pond.
Under this flow regime, about 50 percent of the influent passes through a lagoon
system in less than the design retention time of, say, 20 to 30 days.

Results of the early flow pattern tests were presented to the 9th Federal Conven-
tion of the Australian Water and Waste-water Association (AWWA). Subsequently
the NSW State Pollution Control Commisson (SPCC) expressed interest in the work
and permission was obtained to undertake tests at two plants in New South Wales
operated by the Metropolitan Water Sewerage and Drainage Board (MWSDB), in
parallel with a study of pathogen removal being done by the SPCC. This work
confirmed findings of the earlier studies, particularly the close association of
preferred flow paths with regions of highest temperature gradient. The study will
continue with the objective of identifying important flow characteristics, retention
capabilities, and the factors which influence them.

URANIUM DAUGHTER PRODUCT MIGRATION

A study on the migration of uranium and its daughter products in the vicinity of
ore deposits in the Alligator Rivers Uranium Province is being supported by the US
Nuclear Regulatory Commission. In the first stage of the project, a coordinated
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study was made of uranium series disequilibria in the Ranger No. 1 orebody and in
the intersecting ground-water. The data are being interpreted in terms of an open
system model from which it is possible to estimate leaching and precipitation rates of
uranium and radium in defined regions of the deposit. By comparing measured con-
centrations in ground-water with those calculated from the model (assuming no
precipitation), the extent of retardation of the uranium and radium over geological
time can be estimated. This type of information is fundamental to the geochemical
analogue approach to predicting the ultimate fate of long-lived radionuclides which
might be derived from high-level radioactive waste repositories or from uranium
mining and milling operations.

The ground-water aspect of the program has been undertaken in collaboration
with the Water Division, Department of Transport and Works, Northern Territory.
The Commission also appreciates cooperation received from Ranger Uranium
Mines Ltd, Pancontinental Mining Co. Ltd, and that foreshadowed by Queensland
Mines Ltd and Denison Mining Co. Ltd.

RADIOPHARMACEUTICAL RESEARCH AND
DEVELOPMENT

To support its role as a manufacturer of radiopharmaceuticals, the Commission
maintains an active research program to improve methods of production and quality
control and to increase the scope and applicability of medical radioisotopes par-
ticularly technetium 99m compounds.

TUMOUR SEEKING AGENTS

Research into the development of tumour seeking agents has centred on syn-
thesis of compounds suitable for labelling with technetium 99m. The compounds
being investigated include sulphanilamides (sulpha-drugs) and several analogues of
acridine compounds.

Gallium 67 is a cyclotron-produced radionuclide used for tumour imaging.
However, it is also taken up by healthy tissue. A method of enhancing gallium 67
images in experimental animals has been found whereby chelating agents are ad-
ministered after gallium 67 injection. These remove excess gallium 67 and increase
the tumour-to-background ratio. This procedure reduces the time delay between ad-
ministration and scanning and, by decreasing the total activity uptake, reduces the
radiation dose to a patient.

DRUG INTERACTIONS

Prior to any radiopharmaceutical procedure, a patient may have been prescrib-
ed drugs which could interact with the technetium-labelled compound and reduce
the scanning efficiency. For example, several skeletal imaging agents such as
technetium 99m pyrophosphate give poor scans in patients receiving intravenous
iron dextran therapy. This is due to the formation of a circulating complex of the
two agents and shows the importance of being aware of previous drug treatments
prior to the radionuclide investigation. Investigations to identify other interactions
of this type continued.

41



BLOOD CLOT LABELLING

A method for the scintigraphic detection of deep vein thrombosis is being in-
vestigated. The scanning agent is modified plasmin labelled with technetium 99m.
This approach capitalises on a recent discovery that plasmin when chemically
modified at a specific site becomes inactive towards inhibited proteins. These nor-
mally keep plasmin at low levels while retaining its clot-binding ability. Chemical
modifiers have been synthesised and labelled plasmin is being evaluated in rabbits
bearing induced blood clots.

NEW TECHNETIUM GENERATOR

A generator is used in hospitals for the chromatographic separation of the
short-lived radioisotope technetium 99m from its longer-lived parent molybdenum
99. It is essentially a simple device based on well-known chemical techniques.

The Commission's project has been to develop an improved generator of
technetium 99m which meets the current standards of the Commonwealth Depart-
ment of Health and the demands of the Australian nuclear medicine community.
The objective has been to achieve desirable performance characteristics by the
simplest and cheapest means available rather than develop the ultimate generator
design.

The Commission's new generator exhibits a number of improvements on its
previous generators. These improvements include sterility and freedom from
pyrogens of the eluates, consistently high elution efficiencies and low levels of
radionuclidic and chemical impurities. The efficiency of the elution process is ex-
tremely consistent (80-90 percent) and is affected only minimally by increasing age
of the generator or its radioactive content. This is achieved by the use of specially
prepared alumina which has been treated with the solvated-electron scavenger
cerium-IV ions and calcined at a high temperature.

The generator has been subjected to rigorous testing and data are being collated
for a submission to the Commonwealth Department of Health seeking approval for
use.

ZIRCONIUM MOLYBDATE GEL GENERATOR

A longer-term project is concerned with a method for replacing both
chromatographic and solvent extraction methods for technetium 99m production.
The new concept has the advantage that it uses molybdenum 99 obtained by the ir-
radiation of natural molybdenum instead of molybdenum 99 produced by the fis-
sion of uranium 235. It therefore eliminates waste problems associated with the
disposal of residual fission products when the molybdenum 99 has been removed.

Neutron irradiated molybdenum is incorporated into an insoluble zirconium
molybdate gel, which forms the matrix of the generator. The gel has an open struc-
ture, which allows the elution of the daughter nuclide technetium 99m by means of a
saline wash. The basic chemical problems associated with the concept have been
solved. Generators suitable for elution in hospitals and larger generators for the
preparation of ready-to-inject technetium 99m solutions have been prepared. These
provide high quality technetium 99m with elution efficiencies of 80-90 percent.
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LABORATORY ANIMAL RESOURCES

The Commission operates a unit to produce special-grade laboratory animals
for its own research program and for use in work at other laboratories. The animals
are used in radiopharmaceutical research and development, quality control, radia-
tion biology, cancer research and endocrinology studies.

The unit is currently engaged in several collaborative research programs with
other laboratories. This work includes an investigation of the late effects of radia-
tion following whole body exposure and marrow rescue with the Radiotherapy Unit,
Prince of Wales Hospital, Sydney; an evaluation of gastrointestinal microbial
association and radiation effects with the School of Microbiology, University of
NSW, and the development of a technique for the study of radiation induced
pathology of the spinal cord with the Radiotherapy Unit, M.D. Anderson Hospital
and Tumour Institute, Houston, USA.

COMPUTER STUDIES AND MATHEMATICS

The use of computers as management information aids has greatly increased
during the past decade. Data Base systems, which allow data to be stored within a
computer, indexed, and accessed as required by management have been provided by
many computer manufacturers and software houses. Such Data Base systems have
traditionally used a hierarchical structure for their operation, and have grown to be
quite cumbersome. A more modern approach uses a relational structure and a more
natural query language. To date, however, few satisfactory implementations of rela-
tional data bases exist.

In seeking a suitable computer tool for use by both management and scientific
staff, the Commission is investigating the feasibility of developing a relational data
base suitable for small to medium sized organisations. As a result, a relational data
base called ADD (A Database Demonstration) has been developed. ADD is
undergoing extensive field testing by both mangement and research staff within the
AAEC Research Establishment.

Reactor and neutron studies in the Commission have relied traditionally on a
diffusion theory model for reasonably speedy day-to-day calculations. A two-
dimensional diffusion theory implementation, POW, has been used since 1973 and
runs as part of the AUS neutronics scheme on the main site computer. Since 1976
POW has evolved to become the three-dimensional version, POW3D, and includes
three procedures for solution of the vast, number of linear equations (up to 100,000
unknowns). One of these solution procedures, the Method of Implicit Non-stationary
Iteration (MINI), developed at Lucas Heights was rigorously studied and tested for
a range of test calculations. MINI was found to be the most suitable procedure for a
wide class of problems. The iterative procedures may be accelerated by variational
methods including those based on finite-element-like approximations. The function-
ing and applicability of such secondary acceleration methods were investigated using
Fourier analysis. Tiie investigation showed the extent such secondary processes play
in removal of low-frequency error components.
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3

COMMERCIAL SERVICES

RADIOISOTOPE AND RADIOPHARMACEUTICAL
PRODUCTION

SALES AND DISTRIBUTION

After experiencing a rapid and sustained increase in the production and
distribution of medical radioisotopes in Australia since the middle 1960s, a levelling
off in demand for Commission-produced radiopharmaceuticals occurred during
1981-82, possibly reflecting the current economic situation and financial constraints
on health service expenditures.

Radiation Sources

One new and three refurbished cobalt 60 teletherapy sources were supplied and
installed. A particular achievement was the recovery of a large cobalt 60 source from
a malfunctioning teletherapy unit in a private clinic. Although no radiation risk was
involved, the operation was nevertheless complex.

Sales of the specialised ytterbium 169 radiography sources developed by the
Commission for industrial use are steadily increasing. However, growth is restricted
by the scarcity and cost of the enriched ytterbium 168 target material.

Other industrial radiography sources are being produced also in larger quan-
tities. This trend is a reflection of the high standards being applied to weld testing in
Australian manufacturing and construction industries.
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Manufacturing Facilities

Facilities built at Lucas Heights for the manufacture and aseptic assembly of
the Mark III technetium 99m generator have now been in use for six months
producing test generators for evaluation. The facilities, which incorporate a number
of features which will make the assembly of generators safer, have been constructed
to meet current and foreseeable standards for the manufacture of Pharmaceuticals.

Work is well advanced on the installation of a fully-filtered air supply system
for the Commission's production and quality control laboratories and, together
with some minor modifications to the production-despatch interface area, this work
will complete the upgrading program of the existing laboratory complex.

The combined efforts of research, equipment development and production
staff have led to a better scientific understanding of the plant used to extract fission-
product molybdenum 99. Large improvements in the plant's extraction efficiency
have been made.

New dispensing equipment for ready-to-inject radiopharmaceuticals is in an ad-
vanced stage of construction. When commissioned, this equipment will contribute
towards improved product quality and will increase further the radiological safety of
the manufacturing process.

Thallous chloride (2°'T1) is now being dispensed to order each week from an im-
ported bulk solution. The production schedule for technetium 99m based products
has been reduced from a three-shift roster to a two-shift roster as the result of reduc-
ed demand.

Radio-pharmaceutical Sales and Distribution

The gross activity of technetium 99m solutions dispensed and sold continued to
decline for most of the year. This reflects the gradual change from the use of ready-
to-inject technetium 99m based radiopharmaceuticals to the use of technetium 99m
generators. Generators can be used in conjunction with lyophilised (freeze-dried)
reagents to prepare radiopharmaceuticals in the hospitals as and when required.
However, generators are expensive arid are economic only in large hospitals. As a
consequence it is thought that sales of Commission ready-to-inject radiophar-
maceuticals have now stabilised.

The new AAEC technetium 99m generator has been fully developed. Approval
for general marketing is expected in the coming year. Release of this generator will
provide Australian users with a high-quality indigenous product, delivery of which
will not be subject to the vagaries of international air cargo transportation.

The sales value of materials supplied from imports showed an overall decline in
response to the tighter domestic economic situation.

Industrial and Research

Demand for radiography and other sealed sources continued to increase as the
standards being set by regulatory authorities for the construction of major industrial
plant become more stringent. It is anticipated that this trend will continue in future
years.

On the other hand, the past year saw a decline in the use of isotopes in research.
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TABLE 1
VALUE OF RADIOISOTOPES SUPPLIED AND DISTRIBUTED

BY THE AAEC COMMERCIAL PRODUCTS UNIT

(For the period 1 April 1981 to 31 March 1982)

Use and Type

WITHIN AUSTRALIA
Industrial

Radiography and sealed
sources

Miscellaneous solutions and
services

Total for Industrial Use

Research
Cobalt 60 sources
Miscellaneous solutions
Neutron irradiations
Miscellaneous services

Total for Research

Medical
Implant sources
Radiopharmaceutical products
Materials supplied from

imports

Total for Medical Use

EXPORT
Radiography sources and

services
Medical products
Miscellaneous solutions

Total for Export

TOTAL FOR ALL
CATEGORIES

Items

322

797

1,119

1
1,210

205
28

1,444

2,145
40,529

9,178

51,852

86
187

8

281

54,696

Activity Value $A

268 TBq 127,705

— 19,407

— 147,112

71 TBq 1,900
400 TBq 61,920

— 11,057
— 975

— 75,852

202 GBq 12,784
89 TBq 1,260,344

— 419,578

— 1,692,706

64 TBq 49,568
2 TBq 31,215

— 375

— 81,158

— 1,996,828

NOTE: 1 Bq (becquerel)=2.7xlO-! ' Ci (curie) (rounded).
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PROVISION OF SERVICES

In addition to the radioisotopes and radiopharmaceuticals produced from the
operation of its reactor HIFAR, the Commission has for many years provided
services to Australian industry. These services, which take the form of
consultancies, materials or hire of equipment, are charged at normal commercial
rates.

The growth in revenue from the service areas has increased quite rapidly during
the past five years due to acceptance by industry of the Commission's special
expertise and products. In particular, nuclear analysis techniques and acoustic
emission analysis showed encouraging growth for the commercial application of
Commission technology. The Commission's compiler for the programming
language Pascal showed that the by-products of Commission research can be
marketed successfully worldwide. Agreements licensing the exploitation of the
compiler were made with both a United Kingdom and a Canadian based
organisation. Negotiations are currently in progress to appoint an agent in Japan
and Korea, and the market territory covered by the UK and Canadian agents is being
reviewed.

As a result of government decisions during 1981, several of the Commission's
service areas which had the greatest potential for commercial exploitation have been
transferred to CSIRO. The effect will be a reduction in the revenue earning capacity
of the Commission's Commercial Applications Group.

During 1981-82, reduced staff ceilings in some research divisions also led to the
abandonment of commercial activities provided by those divisions. The effect of the
reduction in staff and the transfer of other revenue earning activities to CSIRO, is
shown in Figure 3.

EXPLOITATION OF INVENTIONS

Since its inception, the Commission has endeavoured to protect and exploit the
results of its research activities. In earlier years, patents were sought by the
Commission on a number of inventions relating to nuclear reactors. However, since
the early 1970s, the majority of inventions arising from research have related to the
industrial application of nuclear technology.

At 30 June 1982 the Commission had 35 inventions which were patented or in
the process of patent action. Of these inventions, 11 were associated with the nuclear
fuel cycle and the remainder related to the practical use of nuclear technology.

A small number of inventions are being commercially exploited and a number
of inventions have now reached the stage of exploitation. Foremost among these is a
group which involves the analysis of coal using nuclear techniques and substantial
royalties are expected to be derived from licensing these inventions. No new licence
agreements for the exploitation of Commission inventions were concluded during
1981-82.

Patenting of Inventions

Patent action associated with Commission inventions is summarised in
Appendix F. During review, a number of inventions were determined as having no
commercial or defensive interest and were allowed to lapse or were abandoned.
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COST RECOVERY
As a result of a Review of Commonwealth Functions, personnel from the

Department of Finance visited the Commission to discuss cost recovery activities,
including those undertaken by the Commercial Applications Group. Resulting from
the discussions, certain initiatives were proposed to implement cost recovery from
the private sector. The most promising initiative in the light of recent changes to its
revenue earning areas is that the Commission may make submissions to the
Department of Finance proposing further cost recovery activities which can be
accommodated within the Commission's resources, but which may require minor
additional expenditure.

RADIOISOTOPE ADVISORY SERVICE
There was a continuing demand for the Commission's consulting and advisory

service on the use of radioisotopes and radioisotope techniques in industry and other
areas. As well as the provision of expert advice on a wide range of problems to a
number of organisations, consulting work was carried out for the then
Commonwealth Department of Housing and Construction, the NSW Public Works
Department, the Electricity Commission of NSW, CSIRO Division of Textile
Physics, CSIRO Division of Soils, Tubemakers of Australia Ltd and Tioxide
Australia Pty Ltd.

Because of the Commission's research program on waste water treatment
lagoons, see pages 39-40, the then Department of Housing and Construction
requested radioisotope tracer studies on retention ponds used for the treatment of
sewage before its final discharge.

This research work is of considerable importance since, in Australia, there is a
total of some 2900 hectares of ponds in use in 320 country areas and the discharge
from these ponds ultimately enters river systems. The correct operation of these
plants depends upon a detailed knowledge of iheir hydraulic behaviour. Further
research is being undertaken by the Commission using radioisotope techniques to
elucidate flow characteristics.

Work is being undertaken for the NSW Public Works Department on the
measurement of sediment transport in Port Hacking. A suspended sediment gauge
has been designed and used to measure suspended sediment levels at various stages
of the tidal cycle. Injections of sand labelled with gold 198 as a tracer have been
made at selected locations and the progressive dispersion of the sand over a number
of tidal cycles has been measured using a submersible scintillation detector mounted
on a steel sledge drawn by a survey vessel. The results of this work have been
correlated with measurements of the bed form ripples made by the State
Department. Work is continuing to study the movement of sediment and determine
the processes responsible for the observed sediment behaviour.

The Electricity Commission of NSW requested assistance to monitor the build-
up of deposit in pipelines carrying fly ash slurry from the Liddell Power Station to
the discharge area (a distance of 3.3 km). It had been found that two types of
deposit occurred, one an annular crust and the other a settled deposit. A caesium
137 transmission gauge was designed to measure these deposits. Measurements were
carried out at 50-100 m intervals along two pipelines. Analysis of the results showed
the variation in the thickness of the built-up annular crust from the power station
and also clearly demonstrated the levels of the deposited material in the pipes.

Work continued for the CSIRO Division of Textile Physics on developing a
means of standardising the assessment of wool quality. There are no presently-
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Figure 3. Graph showing the movement in value of the Commission's com-
mercial services.

accepted standards and contamination of white wool by beige, brown or black fibres
is assessed by individual classers attached to various processing mills. The
Commission devised a neutron activation technique that allows the position and
length of incorporated coloured wool to be measured accurately.

The Commission worked with the CSIRO Division of Soils on the use of
radioisotope techniques for the study of harvester termites. Some of the work was
directed to the measurement of the population levels of three species present in semi-
arid woodland environment near Charters Towers, Queensland. Gold 198 and
iodine 131 were used in initial population studies for Tumulitermes pastinator,
Amitermes vitiosus, Drepanotermes rubriceps. It is believed that these termites play
an ;mportant part in the turnover of soils and a knowledge of their population
density is essential in assessing their importance to soils.

Tubemakers of Australia Ltd commissioned a study on two recently completed
pipelines built in the BHP complex at Newcastle to enable location of obstructions
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preventing the movement of cleaning pigs. Using a small 480 MBq cobalt 60 source
located inside the cleaning pigs, it was possible to locate readily the points of
obstruction in pipework some 6-10 m overhead.

Tioxide Australia Pty Ltd contracted the Commission to study the dispersion
and movement of ocean-discharged industrial effluent. Their plant at Burnie,
Tasmania, discharges iron-rich waste liquor through a 3 km off-shore pipeline into
Bass Strait at a depth of 30 m. The iron rapidly hydrolyses in sea water to give a
ferric hydroxide floe. The floe was labelled with gold 198 and the movement
monitored for ten days using submersible scintillation detectors. The direction of
movement, plume dimensions and dilution factors were measured for both calm
weather and for storm periods. Analysis of weather, wave and current data enabled
the threshold weather conditions for floe dispersal to be predicted. The tracer work
indicated how inappropriate the application of conservative dispersion equations
can be to predict the dispersal of non-conservative components in effluent.

RADIATION ADVISORY SERVICE

Industries, government departments and authorities, university researchers and
members of the public were given technical advice on applications of high-energy
ionising radiation. Some examples were decontamination of raw materials used in
Pharmaceuticals and cosmetics, and of final products accidentally contaminated
during manufacture; sterilisation of beverages, ophthalmic products, disposable
medical items, clean-room garments, antibiotics, thickening agents, imported
goods, water; various aspects of food preservation using radiation; re-sterilisation
of medical products; disinfestation of flowers and seedlings.
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4

SITE OPERATIONS

HIFAR OPERATIONS

HIFAR reactor first produced a sustained chain reaction in January 1958, first
achieved full power operation in January 1960 and is now in its twenty-third year of
continuous operation. The reactor is shut down for fuelling and minor maintenance
for four days per month and undergoes major maintenance every three to four years
for a period of three months.

The Commission supports the continued operation of HIFAR for the following
reasons:

1. HIFAR is a unique national facility which provides a focus for an Australian
nuclear research program. It is used by the Commission in its research pro-
grams, by the Commonwealth Scientific and Industrial Research Organisa-
tion (CSIRO) for such services as neutron activation analysis and for irradia-
tion studies. Neutron beams from HIFAR are used by some 70 scientists each
year from the 17 Australian universities for advanced studies of the structure
of matter. These latter studies are arranged through the Australian Institute
of Nuclear Science and Engineering (AINSE).

2. HIFAR is indispensable for the domestic production of most of the
radioisotopes used in Australia in industry and medicine. Radiophar-
maceuticals to an annual value of about $2 million are distributed to hospitals
throughout Australia for use in nuclear medicine departments for the benefit
of more than 150,000 patients annually. While many of these radioisotopes
could be imported, a domestic production capability is considered highly
desirable to ensure reliability of supply, competitive prices and local research
and development capability.

3. HIFAR operations provide the means for maintaining practical experience in
nuclear reactor technology and its regulation.

51



During the 52 week period to 30 June 1982, HIFAR operated at full power for a
total of 7241 hours. It was shut down for scheduled refuelling and maintenance for
1124 hours. Unscheduled shutdown time can be attributed to the following:

• Industrial action by operating staff — 264 hours
• Loss of power supply from Sydney County Council — 32 hours
• Late start-up following scheduled refuelling and maintenance — 56 hours
• Minor plant outages — 19 hours

HIFAR operated at full power for 95.1 percent of the time scheduled for opera-
tion throughout the year.

USE OF HIFAR DURING THE YEAR

The most intense neutron field in the HIFAR fuel core is located in the region
of a number of hollow fuel element rigs. These rigs were used during the year mainly
for the production of medical radioisotopes and the irradiation of SYNROC, a syn-
thetic material under study for the long-term storage of radioactive waste products.

The most significant medical isotope produced was technetium 99m, used in
diagnostic medicine. This nuclide is made at Lucas Heights using two processes, one
of which requires the irradiation of uranium dioxide and the other the irradiation of
molybdenum trioxide. During the year 18,700 grams of uranium dioxide and 19,600
grams of molybdenum trioxide were irradiated for this purpose. In addition, 2106
grams of tellurium oxide targets were irradiated to produce radioiodine (I 131) for
diagnosis and treatment of thyroid disease. A small quantity (134 grams) of iridium
was irradiated for industrial radiography sources.

Two hollow fuel element rigs were used for irradiation of SYNROC materials.
A total of 16 samples of the different phases of SYNROC were irradiated to
simulate the radiation doses these materials would receive over many hundreds of
years of actual radioactive waste storage. By irradiating these phases separately a
more precise understanding is obtained of the contribution each makes to the waste
retention properties of the overall composite material.

Cobalt 60 is used extensively in medicine to treat cancer and in industry for
radiography. An average of eight rigs loaded with cobalt were irradiated for the full
year in the vertical experimental facilities located in a neutron field only slightly less
intense than that in the hollow fuel element rigs.

Throughout the year two rigs on average were loaded into other vertical
facilities for the irradiation of various materials such as zinc. The zinc was used for
the development of a device to analyse minerals on-stream for the mining industry.

The reactor also has a number of horizontal self-service facilities in which 798
individual samples were irradiated for medical and industrial use, for scientific
research, and in support of forensic application and research.

HIFAR REFURBISHING

The report of the National Energy Research, Development and Demonstration
Council (NERDDC) review committee on the research and development activities of
the AAEC Research Establishment in November 1979 recommended to the Com-
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monwealth Government that although there was justification for Australia
operating a research reactor of a type similar to HIFAR, it would be preferable to
refurbish HIFAR to enable it to continue operation until 1990, rather than to
replace it with a new reactor. This recommendation terminated the study for a new
reactor and initiated a HIFAR refurbishing program at an estimated cost of $4.7
million over five years.

Expenditure for the first year was low because certain systems which had been
assigned priority in the program required safety assessments and analysis before
engineering could commence. This was undertaken in-house in order to bring to
bear specialised skills on the problem as early as possible.

Concurrently with the in-house development of the proposals to upgrade pri-
ority systems, action began to appoint a firm of project management consultant
engineers to undertake, under the Commission's direction, the safety assessment
and conceptual engineering design necessary to permit the remaining work to be
undertaken by public tender.

In December 1981, after 32 companies had expressed an interest, eight com-
panies were invited to tender. Siemens Ltd has been selected as project management
consultant. This company is supported in nuclear expertise by Interatom, Bensberg
(near Cologne), West Germany. Interatom (Internationale Atomreaktorbau GmbH)
is a subsidiary of Kraftwerk Union which is fully owned by the parent Siemens AG
of West Germany. Interatom specialises in research reactors, fast reactors and
uranium enrichment.

Although HIFAR has now been operating for more than 20 years it has been
well maintained. However, standards for safety and reliability have been developed
since HIFAR was built and some of its systems do not comply with these new
criteria. Non-compliance with a standard does not imply that the system is unsafe,
but on the other hand compliance is an indication that a system, is more
demonstratively safe.

If HIFAR is to continue operation until 1990, it was thought necessary to
upgrade those systems which have a public safety connotation to a level at which
compliance with criteria can be demonstrated. Systems which fall into this category
are the containment building, emergency core cooling system, reactor instrumenta-
tion and the electrical power supply. Electrical power supply has to be included
because most of the safety-related equipment depends for its operation on electrical
power.

The reactor instrumentation will be subjected to close scrutiny, particularly the
channels designed to detect operating conditions at variance with normal levels.
Complete replacement is contemplated for all nuclear channels and the requirements
will incorporate modern solid state logic similar to that used in new nuclear power
stations.

The present emergency core cooling system which is manual in operation will be
converted to automatic and its layout, piping and testing will be upgraded. This will
be supported by considerable analytical effort verifying that the required level of
reliability has been met and that its performance will be adequate under accident
conditions.
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"MOATA"

"Moata" reactor was used for approximately 300 hours during the year for a
variety of applications including neutron absorption measurements on HIFAR
coarse control arms, uranium assay, including uranium 235 content of radioactive
waste, neutron radiography of plants and industrial samples, and general irradia-
tions.

Various items of instrumentation have been upgraded and a program of fuel
plate examination continued. All plates were found to be in good condition after 15
years of operation.

A uranium assay rig on "Moata" was used for the determination of the
uranium content of samples submitted by outside organisations and additional
samples were analysed for Commission projects.

3 MeV ACCELERATOR

The 3 MeV Van de Graaff Accelerator has now operated for 69,000 hours since
being commissioned in 1964. Although annual experimental time has declined to less
than 2000 hours, the nature of experiments performed is such that there is usage for
shorter periods by more people, whereas in past years long periods were required for
a single experiment.

Maintenance of the accelerator and associated equipment requires approx-
imately 500 hours per year and additional time is needed for improvements and
development of associated equipment.

SAFETY SERVICES

The Commission's Health and Safety Division is concerned with maintaining
safe working conditions for all staff at the Lucas He.ights Research Laboratories, in-
cluding AAEC and CSIRO personnel and Federal Police officers. This includes pro-
vision of services in areas of radiological protection, occupational hygiene, in-
dustrial safety, site emergency procedures, safety training, fire prevention, basic fire
training and maintenance of fire fighting equipment.

The Division continued a long-standing policy of preliminary safety assessment
of new and significantly different projects, safety surveillance during operational
phases, and formal incident reporting and investigation systems. As a result the ex-
cellent safety record of previous years was maintained at Lucas Heights during the
period under review.

Of the incidents reported during the year 1981-82, six percent involved no per-
sonal injury, about 13 percent involved injuries during travel to work or recreation
on Commission property, and the remainder were mainly minor work-related in-
juries such as abrasions, sprains and strains. A few incidents involving possible ex-
posure to toxic chemicals indicated on investigation negligible exposure to per-
sonnel. Only minor incidents were recorded involving radioactive contamination of
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personnel. In cases where a small amount of radioactive material was taken into the
body, investigation indicated that the levels of intake were small and well below
limits recommended by the International Commission on Radiological Protection
(ICRP).

Radiation doses to staff whose work involves possible exposure to ionising
radiation are monitored individually and detailed dose history records are maintain-
ed. The highest individual whole-body dose recorded for the calendar year 1981 was
26.7 mSv which represents 53.4 percent of the annual limit for occupational ex-
posure recommended by the National Health and Medical Research Council and the
ICRP. Three-tenths of this annual limit is the level of the whole-body dose below
which, on ICRP recommendations, individual monitoring of doses of individuals is
unnecessary. In the calendar year 1981 only one of the Commission's staff received a
dose above this three-tenths level.

The limit on dose to any tissue or single organ of 50 mSv was not exceeded.
Twenty persons received doses greater than one-tenth of the annual dose equivalent
limit for a radiation worker (500 mSv). The highest tissue dose recorded was 212.29
mSv.

Staff working in HIFAR reactor continued to be biologically monitored by
urine analysis. The maximum contribution to whole-body dose discovered in these
samples was 1.8 mSv.

Intakes of radioactive materials into the body of radiation workers were in-
vestigated in the whole-body monitor.

SAFETY TRAIN ING

In keeping with the general safety policy of the Lucas Heights Research
Laboratories safety training was provided in a range of subjects during the year
under review. This was in addition to the standard safety induction courses con-
ducted for new employees. Such subjects as safe handling of chemicals, ergonomics,
kinetic lifting and specialised use of breathing apparatus are covered in training pro-
grams. Approximately 250 Commission employees were given some form of safety
training. In addition, personnel from other organisations such as Federal Police and
the NSW Fire Brigade were given training.

The Australian School of Nuclear Technology made heavy demands on Health
and Safety Division staff as lecturers and demonstrators in providing training in
radiation safety and other related matters during Radiation Protection and
Radioisotope courses.

Staff from the Lucas Heights Research Laboratories also received basic fire
fighting training from the NSW Fire Brigade.

EMERGENCY PLANNING

The Local Liaison Working Party consisting of officers of the Commission, the
Health Commission of NSW, the NSW Police Department, the NSW State
Emergency Services and the NSW Board of Fire Commissioners met during the
year to review plans for dealing with possible emergencies at the Research
Laboratories, no matter how unlikely, that might affect the public. Emergency exer-
cises involving on-site personnel were conducted to familiarise new Duty Safety
Coordinators with their role.
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SERVICES TO OTHER ORGANISATIONS

On behalf of the Department of Defence and in association with appropriate
State authorities, radiation monitoring operations were maintained during visits of
nuclear-powered warships of the US Navy to HMAS Stirling, Western Australia,
Hobart and Brisbane. Each of these visits involved the detachment of radiation pro-
tection officers on continuous duties for the period of the visits. During the year,
340 man-days of monitoring time were provided in support of the program. This im-
posed considerable strain on the resources of the Health and Safety Division as
many of the personnel involved are employed normally in supervisory capacities at
Lucas Heights.

The Duty Safety Coordinator roster has been maintained so that a professional
officer from Health and Safety Division is always on call to deal with any safety
related incidents at Lucas Heights at any time. The Duty Safety Coordinator has
also been available to respond to calls from Sydney Airport (Kingsford-Smith)
relating to damaged packages containing radioactive materials. For the year ending
30 June 1982 five such responses were required. No release of radioactive material
was involved and no person was at risk from these incidents.

Measurements were made in the whole-body monitor of the potassium levels in
total body and in the lung region of three children with cystic fibrosis. This work
was performed in conjunction with staff of the Biochemistry Department, Uni-
versity of Queensland (Royal Brisbane Hospital). The gamma-ray emitter potassium
40 is used as a naturally present tracer for these measurements which are a continua-
tion of previous studies.

CLAIMS FOR WORKERS COMPENSATION

A total of 95 claims for Workers Compensation were lodged during the first
nine months of 1981-82. The majority of these covered sprains, strains, cuts or abra-
sions.

SAFETY COMMITTEES

The following Safety Committees operated at the Research Establishment dur-
ing 1981-82. The Joint Advisory Committee on Safety and Health Policy, the Joint
Advisory Committee on Safety and Health Operations, the Safety Assessment Com-
mittee, and the Compensation Claims Consultative Panel.

The external Safety Review Committee appointed under Section 20 of the
Atomic Energy Act 1953 visited the Research Establishment twice during the period.
See page 12.

Officers of the Commission again contributed significantly to the work of the
Australian Radiation Protection Society both as members and office bearers.
Similar contributions were made to Standards Association of Australia committees.

COMPUTING SERVICES

The Commission's Applied Mathematics and Computing Division provides a
comprehensive computing service and specialised programming and mathematical
advice to both the Commission and CSIRO personnel at Lucas Heights and to a
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Computer systems officers at the operating consoles of the Commission's IBM
3033S central computer which was installed in early 1982.

number of external users through the Australian Institute of Nuclear Science and
Engineering. The division's research role mainly arises out of the provision of in-
depth support to often locally designed and implemented software and extends to
the areas of numerical analysis, distributed computer networks, database design,
operating system design and optimisation and interactive computing.

During December 1981 and January 1982, the Commission's mainframe com-
puter was upgraded from a four megabyte IBM3031 to an eight megabyte
IBM3033S. Also, as part of the upgrade, the previous two disk controllers
(IBM3830s) were replaced by a single IBM3880 to accommodate the new I/O chan-
nel speed. Benchmark tests showed the new machine to be two to four times faster
than the old machine depending on the nature of the jobstream. Further, since the
IBM operating system used about 1.5 megabytes of storage, the effective available
storage for user programs was increased by about a factor of 2.5. The installation
was carried out with minimal user interruption as an overlap period of a month was
allowed between installation of the new machine and the disconnection of the old
machine. As the changeover was carried out mainly during the holiday period, most
users were completely unaffected by the machine change and they themselves had no
changes to make to existing programs.

Unscheduled downtime of the main machine(s) has been minimal, and because
of the policy to make all system enhancements conform to stated standard system
functions, the user has been insulated from operating system changes. Presently the
Commission operates a Multiple Virtual System (MVS) with SP1.1 enhancement.
There are about 70 terminals connected to the DATAWAY network and central
computer. Lately some graphics and microcomputer-based devices have begun to be
used as intelligent terminals.
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In addition to the DAT A WAY, a standard IBM network has been operating for
three years. This network has been used by Administration Division and recently by
Isotope Division. An upgrade of the communications controller from an IBM3704
to an IBM3705 was necessary because of software extensions to the main machine.
The IBM3705 extends the number of connections from two to ten lines to accom-
modate future expansion.

The main computer languages used on site are Pascal, for system programming,
and FORTRAN for scientific and engineering computations. The Pascal compiler
was written within the Division and has been sold to outside organisations. In March
1982, the FORTRAN compiler was upgraded from the previously unsupported G
and H compile!s (following IBM's unbundling) to the recently announced IBM VS
compiler that compiles code to both the FORTRAN 66 and 77 standards. Switching
over to the new compiler has been deliberately slow as some incompatibilities exist in
running the site (200 man-year developed) subroutine library.

The Commission continued its support of the regional IBM computer users'
organisation, Australasian SHARE/GUIDE Ltd (ASG). Two Commission officers
held the positions of Immediate Past President on the ASG Board and MVS Project
Manager, the latter being responsible for directing technical communication about
large IBM operating systems for ASG and its members.

Research at Lucas Heights into database theory has led to the design and im-
plementation of a generalised relational database system — ADD. Special I/O
routines were written to support the database application. These routines include
some of the features of IBM's VSAM I/O package, but more acutely address the
needs of the ADD system. ADD has been made available to a few test users for set-
ting up electronic note books for the storage and quick retrieval of experimental
data.

An operator adjusting the analogue section of the Commission's Hybrid Computer.
Immediate insight into complex problems is obtained by observing the effect of

parameter changes.
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As with all atomic energy establishments around the world, nuclear research
and development is traditionally a heavy user of main computer memory and com-
puter processing power. More than 90 percent of the workload at Lucas Heights is
scientific computing submitted by "end users" — mathematicians, physicists,
engineers and chemists. These users write their own applications, usually in FOR-
TRAN. Extensive use is made of simulation techniques, computer modelling and
mathematical analysis of experimental results. The development of computer
analysis techniques and the widening range of problems capable of solution using
these techniques has led to the type of growth patterns experienced in computing at
the AAEC over the past 15 years: a doubling of capacity in 1972, 1975, 1978 and
now again in 1982.

With the formation of the CSIRO Institute of Energy and Earth Resources,
based partly at Lucas Heights, the Applied Mathematics and Computing Division
will be called upon to provide computing services for what is likely to be a rapidly
growing research load in the Institute. Links are being established with CSIRONET,
the CSIRO's own computer network, not only giving Lucas Heights' scientists ac-
cess to the CDC facilities of that network, but also giving CSIRO staff around
Australia access to the Commission's IBM facilities at Lucas Heights.

ENVIRONMENTAL MONITORING

The standards imposed on waste management practices, including the release of
effluents, are designed to protect public health. Four aspects of the waste manage-
ment operations at the Lucas Heights Research Laboratories could impact on the
surroundings.

First, low-level radioactive liquid wastes after treatment together with treated
sev/age are discharged to the regional sewer line that has its outfall on the Cronulla
peninsula. Second, the ventilation of HIFAR and several of the research
laboratories involve discharges from stacks. These air streams can carry low-level
radioactivity that is almost invariably gaseous. Third, until the mid-1960s, low-level
solid radioactive waste was buried at Little Forest, an area close to the fenced section
of the Lucas Heights Research Laboratories. Fourth, stormwater could carry con-
taminents from the site to the fresh water section of the Woronora River.

Discharge of liquid effluent is authorised under the NSW Radioactive
Substances Act and its schedules which are based on the recommendations of the In-
ternational Commission on Radiological Protection (ICRP). The most restrictive
alpha and beta omitters are radium 226 and strontium 90. Prior to every discharge,
CSIRO officers at Lucas Heights carry out gross alpha and beta determinations. At
this time it is assumed that all the activity is due to radium 226 and strontium 90. In
general, with this assumption, the concentrations are about 10 percent of those
allowed under the Act. Subsequently, radium 226 and strontium 90 are determined
specifically and these levels are generally about 1 percent of the allowable concentra-
tion. Composites of all liquid effluents are sent quarterly to the Health Commission
of NSW for the Health Commission to analyse as they see fit.

The Metropolitan Water Sewerage and Drainage Board maintains its own
sampling station on the effluent line near the Lucas Heights boundary fence. The
Health Commission of NSW carries out some monitoring for radioactivity at the
various sewerage outfalls.
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Over the years, the Commission's research program on nuclear fission has been
reduced substantially. However, the production of radiopharmaceuticals has in-
creased dramatically. These changes are reflected in the airborne releases which are
authorised by the NSW Radiological Advisory Council. The most highly exposed
groups near Lucas Heights receive a dose from these sources equivalent to about 1
percent of the natural background. About half of this arises from irradiation of the
argon component of air in passing around the reactor HIFAR. The remainder comes
from short-lived gaseous fission products (isotopes of krypton and xenon) that escape
during the extraction of molybdenum 99 from irradiated uranium. The uranium is
irradiated in HIFAR for only 7-10 days so there is very little accumulation of
isotopes such as caesium 137 and strontium 90 that have half-lives of 30 years of so.

The monitoring program for the Little Forest burial site samples ground-water
from between the disposal trenches and from the perimeter of the burial area still
within the AAEC property boundary. No trace of radioactivity originating from the
burial site was found in the perimeter bores during the past year.

The assessment for contaminants carried by the stormwater drains is based on
an assumption that campers could draw drinking water from a pool where the water-
course that carries drainage from Lucas Heights meets the Woronora River. Under
this assumption, the calculated dose, which arises predominantly from tritium, is
less than 0.01 percent of natural background. The greatest return from the storm-
water monitoring program is its use as an index of "good housekeeping".

WASTE CONTROL

The aim of waste management at the Lucas Heights Research Laboratories is to
ensure that the wastes present no risks to the health and safety of the public or the
staff nor produce any environmental consequences.

Towards this end, radioactive liquid effluents undergo treatment, reducing the
radioactive content to levels well below those set by the regulations of the NSW
Radioactive Substances Act and also of the Metropolitan Water Sewerage and
Drainage Board.

The techniques available for the management and treatment of radioactive
wastes are as varied as the type of wastes encountered, but three principles apply.
These are:

1. Delay and Decay — This method is adopted for radioactive wastes having
short half-lives. After a suitable time, depending on the original amount pre-
sent, the level is low enough to discharge or treat in some further way. Reten-
tion for ten half-lives results in one thousandth of the original amount of
radioactivity being present.

2. Dilute and Disperse — This is an acceptable method when the levels are such
that release to the environment will not affect the natural radioactivity levels
in the area to any significant extent.

3. Concentrate and Contain — Use of this approach is restricted to those wastes,
generally liquids, which require some form of pretreatment. To aid in storage
of the concentrate it is common practice to convert to a solid, or to a form
which can be incorporated in a stable solid.
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The low-level liquid effluent plant at Lucas Heights, including the seven holding
tanks for retaining treated effluents prior to discharge. A section of the 1.6 km
buffer zone which surrounds the research reactor HIFAR can be seen beyond the
AAEC perimeter fence. At this location the fence is about 0.7 km from the reactor.

LIQUID WASTES

At Lucas Heights, the large volume, low-level radioactive liquid effluents are
collected in delay tanks, from which, after analysis, they are transferred to either a
mixing tank or a holding tank. Effluents requiring treatment are directed to a mixing
tank, from which they are pumped through a conventional waste water treatment
process which utilises the highly absorbent properties of aluminium hydroxide.
Those not requiring treatment pass directly to one of six holding tanks. Ultimately,
all liquid streams, including non-active sewerage effluent, are combined in the
holding tanks. From there, they pass to a discharge pond and are finally released via
a pipeline to the sewer.

At every stage from collection in delay tanks, through the mixing tanks and the
holding tanks, analyses for radioactive contaminants are carried out. This serves to
direct the effluent to the next appropriate step, and also to monitor and check for
activity so there is no possibility of effluent being discharged which does not meet re-
quirements.

The volume of effluent which is routinely discharged to the sewer after ap-
propriate treatment is about 8000-9000 m3 per month. Of this, about 2000 m3 re-
quires treatment through the low-level plant, which operates at an average removal
efficiency of about 80 percent for alpha activity and 70 percent for beta activity.

Medium-level liquid comprising much smaller volumes is collected and treated
separately, using methods specifically designed to remove the radionuclides known
to be present. Detailed analyses of these wastes are usually made both prior to and
after treatment, using various counting methods including gamma spectrometry.
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High-level liquid wastes resulting from the production of technetium 99m for
use in radiopharmaceuticals are produced in small volumes only. These are stored in
specially shielded tanks on site.

SOLID WASTES

Low- and medium-level solid wastes arising from both operational and research
projects are transferred, using appropriate shielding, to one of two destinations.
Depending on the dose rate from the container, the waste is either stored for a
period in delay-decay cells, or sent for compaction into 0.2 m3 steel drums. Those
wastes undergoing decay storage are eventually sent for compaction in the normal
course of events. After compaction, these wastes, along with solar dried sludge from
the effluent treatment process are stored on site.

High-level solid wastes are placed in specially constructed concrete pits. These
provide long time storage for this category of waste and, with this in mind, the pits
have been fitted with high density 45 cm thick concrete lids. Most high-level solid
wastes originate from the cropping of spent HIFAR fuel elements and isotope pro-
duction.

HIFAR fuel elements after their useful life within the reactor are transferred to
storage ponds, where they remain for at least twelve months. They are then transfer-
red to a dry, shielded, long-term storage facility. This transfer operation is ac-
complished using a heavily-shielded fuel element handling flask, and is done under
the auspices of inspectors from the International Atomic Energy Agency, who
monitor each cannister before transfer and who, at the conclusion of the transfer, fit
an IAEA seal to each filled storage hole.

SPECIALISED SERVICES

In addition to the direct management of solid and liquid wastes, the Waste Con-
trol Section operates a laundry, a decontamination centre and provides cleaning
assistance for areas using radioactive material.

The laundry is principally engaged in the washing, drying and pressing of
clothing worn in active areas, i.e. areas using radioactive materials. This is a site
service and includes pickup and re-delivery of the items. Special precautions are
taken in the pickup and laundering procedures to ensure the safety of personnel
from any possible contamination.

The decontamination centre operates for the purpose of removing radioactive
contamination adhering to or embedded into the surface of a material. The reason
for removal is generally one of the following: for reuse in its original area, for reuse
in another area, or to make safe for disposal.

Cleaning assistance provided by the section is given to active areas, and some
areas of special significance. It consists of a group whose duties are to ensure that all
floors in these areas are kept to a high standard and that all waste material
emanating from the area is correctly packaged and awaiting collection.

PROJECT ENGINEERING

Engineering Projects Section provides a multi-discipline engineering service in
design, development and project management in support of the research programs
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of the Commission and CSIRO at Lucas Heights and of the operations and capital
works programs. It is responsible also for assessing and approving all designs of
pressure vessels, lifting equipment, and radioactive materials transport packaging
and sealed sources. It provides a consulting service on noise control, electrical in-
terference and irradiation of materials in HIFAR.

A typical cross-section of engineering projects during the past year includes the
following.

Pultrusion Pilot Plant

Construction continued of a pultrusion pilot plant for the production of
carbon-fibre-reinforced, resin-bonded tubes of different diameters. Testing and
commissioning were undertaken of all the major functional systems such as the resin
circulating system, the resin curing heater, the hydraulic system which pulls the
formed tube through the machine, and the winding system for laying the cir-
cumferential fibres of the tubes. Trials using resin and carbon fibre will begin
shortly.

Bulk Mineral Analyser

In association with the Australian Mineral Development Laboratories,
Adelaide, the Commission is developing a bulk mineral analyser for the rapid and
accurate measurement of copper or nickel in ore samples. Operation of the analyser
requires the heating of a capsule containing a radioisotope at temperatures up to
1000 °C in a specially designed furnace. Three different source capsules have been
designed as well as capsule leak test facilities and transport containers. Two of these
capsules recently completed 10,000 hours of thermal cycling. Design evaluation is
continuing together with the furnace development.

Design Evaluation of Irradiation Cans

As part of Isotope Division's technetium production program, a design evalua-
tion of irradiation cans is in progress for the containment of uranium oxide during
and after irradiation in HIFAR. These cans normally will be loaded and unloaded
while the reactor is at power. An instrumented rig designed to monitor the
temperature of the cans and the surrounding heavy water recently was used to ir-
radiate four of the loaded cans. The rig provided reasonable agreement with the
predicted can temperatures as well as other valuable data for the refinement of the
mathematical model used in selecting the operating limits.

Electrical Sub-Station Upgrading

To provide for increased electrical demand, new 11 kV feeders were connected
to two Sub-Stations. A third Sub-Station was left on existing feeders. New 13 kV
protection and isolating switchgear was selected in preference to oil circuit breakers,
as used in the other Sub-Stations, and has resulted in considerable cost savings. The
new switchgear comprises modern fuse switches with appropriate switching and
short circuit ratings.
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Packages for the Transport of Radioactive Materials

During the transport of radioactive materials within Australia and overseas, the
protection from radiation of persons, property and the environment is provided by
specially designed and constructed packaging. Internationally acceptable standards
of safety and protection are provided in the International Atomic Energy Agency
(IAEA) Regulations for the Safe Transport of Radioactive Materials which encom-
passes the transport, handling and storage of the radioactive materials during
normal transport and under accident conditions.

All consignments of radioactive materials from the Lucas Heights Research
Laboratories comply with regulations current at the time of consignment. Com-
pliance with the regulations is assured by the formal documentation (i.e. certifica-
tion), and by independent approval and certification, inspection and audit.

The appropriate approving authority is established by the IAEA classification
of the package. For low activity packages (IAEA Type A), the approving authority
is the Commission's Packaging Approving Officer. For high-activity packages
(IAEA Type B) the approving authority, i.e. the IAEA-recognised "Competent
Authority" for Australian designs, is the Department of Transport and Construc-
tion.

These comprehensive procedures involve considerable AAEC engineering
design, manufacture and inspection resources as well as the provision of special test
facilities such as a nine metre drop test facility and an 800 °C thermal test facility.
With the trend towards more stringent revisions to the regulations, the Commission
is committed to an extensive program of updating superseded packaging designs and
the development of new designs.

One such packaging design being updated is the AAEC/200 which is the largest
radioactive material transport packaging currently operated by the Commission.
With a total mass of 4.48 tonne, the AAEC/200 is capable of being used in the safe
transport of approximately 19,000 curies of cobalt 60.

During the past year the AAEC/200 was subjected to a full scale mechanical
and thermal testing program in accordance with the latest requirements of the IAEA
regulations. The tests were designed to produce the form of damage typically found
after severe transport accidents. Analysis of the test results has shown that the
previously approved packaging will continue to meet current IAEA regulations with
some modification and with a small down rating in capacity.

Significant savings in time and resources are being achieved by using the design
concepts and the test results of the AAEC/200 in the development of a number of
other similar packaging designs.

PRODUCTION, WORKS AND MAINTENANCE

PRODUCTION

Engineering Production provides an on-site manufacturing facility as a support
service to research and development and also to isotope production. The need for
on-site manufacturing is brought about by the diverse nature of the skills required,
the wide range of materials used and the stringent quality control requirements plac-
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ed on items manufactured, particularly for isotope production and reactor-use com-
ponents.

The need to modify experimental equipment during and after the manufactur-
ing process can only be handled efficiently by an on-site workshop familiar with
customer requirements and standards, and ensures that relevant security precautions
are met. Machining and fabrication of virtually the entire spectrum of engineering
materials requires the continual development of new processes and procedures.

APPRENTICES

The reintroduction of the apprentice training scheme in 1979 resulted in
building up the number of apprentices to 36, covering eight different disciplines.

The scheme is important to the Commission as it provides a valuable source of
trades staff familiar with the unique requirements of the nuclear industry. In par-
ticular, apprentices are trained in the special techniques required for machining and
fabrication of engineering materials possessing a diverse range of properties which
would not be encountered normally by apprentices. While it is not possible to
reemploy all apprentices on completion of their apprenticeship due to restrictions on
staff numbers, the scheme produces apprentices who are suited also to the re-
quirements of outside industry.

WORKS

This sub-section is responsible for all new construction and maintenance pro-
grams carried out under contract for the AAEC in the area of civil engineering,
building construction, ventilation and site services. The majority of work is under-
taken by contractors and where appropriate to nuclear industry standards.

The Government policy decisions to relocate Head Office and to co-locate part
of a CSIRO division at Lucas Heights caused a number of interruptions and changes
to the Commission's capital works program, certain research projects and personnel
accommodation.

A number of existing buildings were made available for CSIRO use. The Com-
mission's Health and Safety Division was resited to an existing ground floor office
building in the centre of the site. A new laboratory extension is now under construc-
tion to complete the need for close-coupled research and industrial facilities. The
Environmental Science Division was centralised into a major building. HIFAR
Refurbishing Section was relocated into the HIFAR area. Head Office staff was ac-
commodated at Lucas Heights with upgrading of security and records areas to cope
with additional centralised workloads. Accommodation was provided for the fusion
program. Nuclear Materials requirements were upgraded.

CAPITAL WORKS

The Capital Works program during the year included changes to site heating by
replacing the oil fired boiler with electrical heating to reduce operating costs; a new
site security monitor concept has been developed to replace the existing system; in-
troduction of an industrial collection and disposal off-site system to allow phasing
out the existing inactive materials incinerator; extension of the Environmental
Sciences building by the addition of a top floor and centralising research staff into a
manageable location; providing a new ventilation system for radiopharmaceutical
production.
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BUILDING MAINTENANCE

Despite the increasing age of the research laboratories, the present level of
funds makes it possible to let only two or three major building maintenance con-
tracts each year. With 69 buildings on site it has not been possible to undertake ma-
jor repair contracts on a cyclical program basis. Hence work is now undertaken on a
"breakdown" basis. Many of the older buildings require replacement of their roof
systems and problems are being experienced from water intrusion under storm con-
ditions. The grounds and building exterior maintenance are being managed on a
minimum cost basis.

SITE PLANT AND MAINTENANCE

The primary function of Site Plant and Maintenance Sub-section is to ad-
minister and coordinate all activities associated with the maintenance and operation
of all site plant and services. Responsibilities cover a wide variety of engineering and
maintenance and operations fields.

Examples of work performed during the current period include extensive
modifications to technetium handling cells and the radiopharmaceutical active ven-
tilation system; provision of carpentry, painting and electrical work associated with
construction of a special radiopharmaceutical clean room for packaging the Mark
III technetium generators; renewal of the chilled water pipework associated with the
centrifuge enrichment project; installation of the hot can press rig for the SYNROC
project; extensive maintenance and improvement of air flow patterns in the
fumehoods associated with an active ventilation system for CSIRO; and overhaul of
the effluent treatment plant hydrotreater.

Work carried out by site plant and maintenance staff involves active areas,
security areas, breakdown maintenance, special Commission projects and specialis-
ed maintenance. Specialised procedures are required associated with radioactivity,
radiation and security. Outside contract staff are unfamiliar with this type of work
and it is essential to ensure that adequate trained craft effort is readily available at
the Lucas Heights Research Laboratories.

Numerous items of plant and equipment were purchased during the year pro-
viding the opportunity to update obsolete equipment. Two rotary screw air com-
pressors were purchased and will replace two reciprocating type compressors for
which spare parts are no longer available. The new compressors will provide high-
quality compressed air to the site for use in laboratories, workshops and provide air
to the electro-pneumatic control systems of the active ventilation systems. A new
ten-ton mobile crane will replace two existing mobile cranes. It will reduce
maintenance costs and provide a reliable unit capable of lifting loads encountered at
Lucas Heights.

TESTING AND INSPECTION

In keeping with the Commission's policy of ensuring that the activities of the
AAEC are consistent with the best current international practices as well as meeting
Australian statute requirements, testing and inspection staff provide an independent
testing, inspection and auditing service for items or services used by or through the
Research Laboratories. The level of service provided is determined by the intended
purpose of the item or service, for example whether the item or service is for nuclear
or non-nuclear application.
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Broadly, the services being provided or developed include the initial and subse-
quent periodic tests and inspections for the certification of experimental pressurised
equipment and storage vessels, radioisotope transport containers and packages as
required by national and/or International Atomic Energy Agency requirements, and
lifting equipment certification as required by the applicable statute requirements.
Services also include quality control activities associated with the provision of items
or services to Lucas Heights by Engineering Services and Operations or from other
suppliers.

INSTRUMENTATION

Work under this heading was pei formed at a number of different levels, involv-
ing standard commercial equipment, new systems making use of standard com-
ponents, and the development of completely new instruments.

A wide range of commercial electronic equipment was maintained and tested
durng the year and advice was provided on its use and selection for purchase. About
600 instruments were serviced and a further 300 were inspected and tested. In addi-
tion, a number of small data processors were maintained and various maintenance
contracts on small computers and peripherals were supervised.

In the area of instrument design and construction, relatively standard com-
ponents are built into novel circuits to provide instruments for unusual situations for
which no suitable commercial equipment is available. One example is a hand-held
radiation monitor now being produced by an external contractor to an AAEC design
and under AAEC supervision. This unit will replace an earlier type and uses readily
available components.

Other devices under development during the year included a low-noise, op-
toelectronic pre-amplifier for use with a thermoelectrically cooled silicon X-ray
detector for use in a probe for the analysis of mineral slurries; microprocessor-
controlled staircase voltage stripping voltameter, a prototype of which is undergoing
trials in the C3IRO Division of Energy Chemistry; and a low-noise pre-amplifier
suitable for a wider range of detector characteristics. A set of nuclear ship monitor-
ing units designed and tested at Lucas Heights was installed at HMAS Stirling,
Western Australia, and work began on restructuring two high-power 9 MHz
oscillators for fusion research.

COMPUTER SYSTEM DESIGN

The main areas of activity in computer system design cover computer-computer
and computer-terminal communications, and the application of small computers to
the control of experiments.

The Serial Multi-User Terminals (SMUT) system was expanded using a new
design for the terminal control box which employs a microprocessor to schedule the
appropriate responses. This design uses one printed circuit card and so is con-
siderably less labour intensive than the original series. The microprocessor program
is held on erasable read-only memory which allows several options to be incor-
porated using a program change only. This would have been impossible using the
original multicard design.

An alternate path from the IBM3033 to the DATAWAY and SMUT networks
has been designed in two stages. The first stage was the channel-to-node computer
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link which has been operating successfully for some time. The second stage, the
development of a DATAWAY controller operating from this node computer, is now
under construction.

INSTRUMENT DEVELOPMENT

Completely new high-resolution semiconductor (solid-state) detectors are under
development. The application of such detectors in radioisotope X-ray fluorescence
on-stream analysis of mineral slurries offers the possibility of simplifying existing
systems by eliminating the gamma-ray absorption probe currently used to measure
density and solid weight fraction. Both slurry-probe and bench-top analyser detec-
tion systems have been under development for the past three years as part of a col-
laborative program with CSIRO Division of Mineral Physics. The project is spon-
sored by the Australian Mineral Industries Research Association Ltd.

Silicon detectors used in these analysers are thermoelectrically cooled and mat-
ched with the optoelectronic amplifiers described above. Construction of a pro-
totype is well advanced, and detailed performance measurements have shown that
the overall requirements can be met. At this stage practical operation of the detec-
tors with thermoelectric cooling appears to be possible.

HIFAR EMERGENCY CORE COOLING SYSTEM

A reactor safety system was designed during the year and installation is to start
shortly. Instrumentation required for a fully automatic emergency core cooling
system is straightforward in concept and involves only standard equipment and
techniques. However, difficult problems have been involved in designing the system
to meet the stringent performance criteria for a range of leak sizes, for the specified
reliability, for installation in the very restrictive environment in HIFAR, to comply
with international safety standards, and in the very short time available.

As an indication of its scope, this system employs more than 60 logic relays with
up to eight contacts each, and involves key-operated inhibit switches and mechanical
interlocks. More than 150 inter-unit connections are involved requiring about 7 km
of cable.

SITE INFORMATION SERVICES

The Commission's library at the Lucas Heights Research Laboratories is one of
the major special libraries in Australia and provides a service as the national centre
for nuclear information. Since the transfer of the Commission's Head Office from
Coogee to Lucas Heights, the Head Office library has closed. A small branch library
remains at the Mascot Office.

Since the establishment of CSIRO units at Lucas Heights, the library has
broadened the scope of subjects on which research information is provided in order
to include non-nuclear energy research. This involves the acquisition of books,
periodicals and information Databases relevant to the energy research topics being
pursued by CSIRO.

Stage 1 of the National Energy Information System (NEIS) has been im-
plemented with CSIRO compiling and publishing a Compendium of Australian
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Energy Research Projects. Work on Stages 2 and 3 of the bibliographic and data
retrieval systems has been deferred. Planning for this project was carried out with
the Department of National Development and Energy, CSIRO and the National
Library of Australia.

The uses of overseas computer databases were expanded with access being ar-
ranged to the SDC Orbit system in the USA. The Australian 1 decommunications
Commission's MIDAS data link to the USA was extended to Europe thus making
available such European computer Databases as those at the International Atomic
Energy Agency and the European Space Agency. The Commission continued its ac-
tive involvement in the International Nuclear Information System (INIS) based in
Vienna. This system is the only abstracting and indexing system covering the inter-
national literature of nuclear science and technology. It is an essential input to scien-
tific research.

Publication of research papers in learned journals and the proceedings of scien-
tific conferences has high priority in the Commission's information program. In this
way the research work of its staff is submitted to international review and brought to
notice in the international scientific press and abstracting services. The Commission
is also providing an editorial service to CSIRO units at Lucas Heights and the input
of CSIRO papers is growing.

AAEC research and development activities not suitable for submission to jour-
nals because of their lengthy or detailed nature were reported in the AAEC/E, M
and S series of publications printed at Lucas Heights. AAEC publications are listed
in Appendix G.
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5

REGULATION

^

SEPARATION OF OPERATIONAL AND
REGULATORY ROLES

Commission assurances regarding the safety of its reactors are sometimes ques-
tioned on the grounds that the Commission is at the one time both an operator of
nuclear plant and the arbiter of its own safety standards. The Commission accepts
the view that any nuclear operator should be subject to independent safety regula-
tion. It assumes that this is one of the matters to which the Commonwealth Govern-
ment will be giving attention in the context of its announced intention* to establish a
new legal base for the development, regulation and control of nuclear activities.

Meantime, as an interim arrangement, the Commission's activities are pro-
ceeding under an internal system of regulation. This provides for a small, separate
Regulatory Bureau charged with the responsibility of oversighting the safety aspects
of the Commission's reactor operations. With a view to establishing the Regulatory
Bureau's functional independence from the Research Establishment, the
Commission has now made the Bureau responsible to the Commission through the
Chairman of the Commission and has housed it in separate offices at Mascot.

AUTHORISATIONS

To date the Bureau has limited itself to reviewing and agreeing proposed reactor
modifications, to defining safety upgrading measures and to inspecting plant and
auditing operations. It is now looking to the possible adoption of a more com-
prehensive and integrated regulatory approach based on a system of formal Com-
mission Authorisations. The Authorisations would be issued by the Commission to

Review of the Atomic Energy Act and Related Matters — Joint announcement by the Deputy
Prime Minister and Minister for Trade and Resources and the Minister for National Develop-
ment and Energy, 5 June 1981.
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the Director of the Research Establishment who would be authorised to carry out
defined operations such as the operation of the HIFAR reactor subject to a range of
safety requirements set down in the Schedules to the Authorisations. It would be the
Bureau's responsibility to review proposed arrangements for meeting these re-
quirements and to audit compliance with the approved arrangements. Draft
authorisations for the operation of HIFAR, the operation of "Moata", the Critical
Facility, and for use of sources of ionising radiation have been prepared by the
Bureau and referred to the Commission for approval.

SAFETY ASSESSMENT PRINCIPLES

Prior to the accident at the Three Mile Island Unit 2 (TMI-2) nuclear power sta-
tion in 1979, the assessment of risk to the public in the vicinity of a nuclear reactor
was almost universally based upon the consequences of a single hypothetical acci-
dent which was judged to represent the upper bound of all credible accidents. The
accident was generally called the "maximum credible ao:ident" and was usually
based on a single plant failure of low probability, such as a break in the main
coolant pipe leading to a loss of coolant and core melt-down. The accident at TMI-2
showed that serious accidents could result from a sequence of fairly minor,
unrelated faults, including human error, escalating together, as well as from single
low-probability catastrophic events. It was apparent that the maximum credible ac-
cident approach gave undue emphasis to highly improbable single events and
diverted attention from a balanced consideration of the full spectrum of possible
faults. The outcome has been a rapid development in the major nuclear countries in
the application of quantitative risk assessment techniques to reactor safety studies.
These techniques model possible reactor accident scenarios in the form of event or
fault sequences, ascribing probabilities to each event. Such calculations enable acci-
dent probabilities and consequences in the form of exposure of individuals to be
determined for a wide range of fault sequences.

The Regulatory Bureau has now adopted a probabilistic approach to the assess-
ment of systems affecting the safety of the Commission's reactors and seeks a high
level of confidence that the probabilities of fault sequences which could cause
significant radiation exposure of members of the public are sufficiently low to be of
no practical concern. To this end, the Bureau has adopted a set of safety assessment
principles which translate this safety objective into specific engineering re-
quirements.

The safety assessment principles are modelled on those currently used by the
Nuclear Installations Inspectorate in the United Kingdom. They are concerned
primarily with the provision of effective barriers to prevent or terminate any fault
sequence which in the absence of the barrier mi{jht lead to the release of radioactive
material to the environment. An effective barrier may consist of the combined ac-
tion of more than one safety feature and is not necessarily a single physical barrier.

Application of the safety assessment principles requires an analysis of potential
fault sequences to determine their frequency and the resultant doses to an individual
at the outer boundary of an area in which public access can be strictly controlled (i.e.
a no-development zone). If the maximum dose calculated, without the benefit of an
effective barrier, exceeds dose limits specified in the safety assessment principles,
then at least one effective barrier is required. If the estimated frequency of occur-
rence of a potential fault sequence without barriers is greater than about once in
three thousand years and the resultant dose exceeds the appropriate emergency
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reference level specified by the National Health and Medical Research Council for
evacuation, then two independent effective barriers are required. Each effective bar-
rier must be capable of ensuring compliance with specified dose limits for accidents
and be shown to have very low failure rates.

SAFETY GOALS FOR NUCLEAR POWER PLANT

A common problem for all nuclear regulatory bodies is to decide how safe is
safe enough. The Bureau therefore welcomes the current attempts by the United
States Nuclear Regulatory Commission (NRC) in 1982 to define explicitly the level
of risk from the operation of nuclear power plants which would be acceptable to the
US community.

The NRC has proposed that:
1. Individual members of the public should be provided with a level of protec-

tion from the consequences of nuclear power plant accidents such that no in-
dividual bears a significant additional risk to life and health.

2. Societal risks to life and health from nuclear power plant accidents should be
as low as reasonably achievable and should be comparable to or less than the
risks of generating electricity by viable competing technologies.

3. The risk to an individual or to the population in the vicinity of a nuclear
power plant site of prompt fatalities that might result from reactor accidents
should not exceed one-tenth of one percent (0.1%) of the sum of prompt
fatality risks resulting from other accidents to which members of the US
population are generally exposed.

4. The risk to an individual or to the population in the area near a nuclear power
plant site of cancer fatalities that might result from reactor accidents should
not exceed one-tenth of one percent (0.1 %) of the sum of cancer fatality risks
resulting from all other causes.

5. The benefit of an incremental reduction of risk below the numerical guidelines
for societal mortality risks should be compared with the associated costs on
the basis of $1000 per man-rem averted.

6. The likelihood of a nuclear reactor accident that results in a large-scale core
melt should normally be less than one in 10,000 per year of reactor operation.

The safety goals are concerned only with the risks from accident situations and
do not cover risks from routine emissions.

Ultimately, it is the intention of the NRC to use the safety goals in conjunction
with probabilistic risk assessment to supplement existing licensing procedures based
upon compliance with regulations. There is no intention to substitute for the current
regulations, but the safety goals will be used as an additional standard against which
a plant will be assessed for licensing.

LAND USE RESTRICTIONS AT LUCAS HEIGHTS

After more than a quarter-of-a-century of accident-free operation, the Com-
mission's Research Establishment at Lucas Heights is, for most of the public, an ac-
cepted feature of the Sydney environs. Nevertheless, there have at times been expres-
sions of concern about the risk posed by the location of the reactor HIFAR so close
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to the outskirts of a major city. Over recent years this concern has been exacerbated
by the development for residential purposes of land proximal to the Lucas Heights
site and by the accident at Three Mile Island in the USA.

When the decision to construct the reactor HIFAR on the Lucas Heights site
was taken in 1954, the only close residential area was the township of Engadine. The
fringe development of Engadine along the Woronora escarpment was situated ap-
proximately one mile from the reactor site. There was some privately-owned land in-
cluding a few scattered houses and farms within two miles of the site but its develop-
ment was inhibited by County of Cumberland planning restrictions. The greater
portion of the surrounding areas for a number of miles consisted of either
Commonwealth-owned land utilised by the Department of the Army as a training
area, or land owned by the State of New South Wales and over which the Army had
either permissive occupancy or permit to enter.

HIFAR achieved criticality in 1958. In 1959, following the initiation by the
State authorities of a review of the County of Cumberland development restrictions,
the Commission decided to reassess the safety of HIFAR with a view to defining
criteria for land use in the vicinity of the Lucas Heights site which it considered to be
compatible with its own operations. The reassessment showed that the radiation
hazard which could result from the postulated maximum credible accident would
not necessitate the evacuation of members of the public from any area outside of a
one-mile (1.6 km) exclusion zone to avoid exposures in excess of those recommend-
ed by the British Medical Researc.i Council at that time. The assessment therefore
pointed to permanent control over the 1.6 km zone as a means of ensuring public
safety. Moreover, recognising the desirability of avoiding unnecessary exposure of
the public in the event of an accident, the assessment also concluded that it would be
wise to discourage any development in the area immediately outside of the 1.6 km
zone which could prejudice the scope for evacuation.

As a consequence of this reassessment, the Commission decided not to raise any
objection to the proposed green belt releases but to propose certain development
criteria for land in the vicinity of the Lucas Heights site. These criteria were the
discouragement of settlement in the Woronora Valley within a two-mile radius of
the Research Establishment and the arrangement of future settlement in other areas
so that the population living within any 20° sector at a distance of not more than
three miles from the reactor would not exceed the maximum population then en-
visaged for a similar sector of Engadine insofar as this was possible. The State
authorities indicated that the Commission's objectives were already met by State re-
quirements and over subsequent years there were consultations between the State
authorities and the Commission defining these requirements in more quantitative
terms.

With the rapid residential development of Menai, the Commission concluded in
1980 that it should base its safety arrangements solely on the maintenance of the
1.6 km exclusion zone around the reactor HIFAR. To this end, the Commission
sought the advice of the Regulatory Bureau on the engineering modifications to
HIFAR which should be effected before the Commission could withdraw its recom-
mendations on land use restrictions outside the 1.6 km exclusion zone.

The Bureau concluded that with the provision of an automatic highly reliable
emergency core cooling system capable of preventing core meltdown in the event of
loss of coolant, and the upgrading of the containment building to improve its
reliability to seal off any accident, evacuation in the event of an accident is unlikely
to be necessary. The Commission adopted these recommendations and work on the
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provision of an automatic emergency core cooling system for HIFAR and the
upgrading of the HIFAR containment is now well advanced.

Completion of the modifications will involve it being demonstrated to the
satisfaction of the Bureau that they comply fully with the Bureau's Safety Assess-
ment Principles. The satisfactory completion of these improvements is being treated
as a matter of urgency by the Commission.

HIFAR REFURBISHING

In order to have confidence that the reactor can continue to operate safely to at
least the end of the decade, a program of refurbishment is required to update
systems and replace ageing equipment. A suitable program has been endorsed by the
Minister for National Development and Energy for immediate implementation. The
Bureau, which had reviewed and endorsed this program earlier, is currently engaged
in examining safety requirements for the detailed implementation of the various
items of the program. Bureau officers are currently formulating the safety re-
quirements for the electrical power supplies to the reactor, the irradiated-fuel
storage block in the reactor containment building, and the instrumentation and con-
trol system, ail of which are to be upgraded under the refurbishing program.

RADIOACTIVITY RELEASED FROM REACTOR
ACCIDENTS

Estimates of the amount of radioactivity which could be released to the en-
vironment in nuclear reactor accidents are fundamental to the licensing and
regulatory process, since they determine the restrictions to be placed on the use of
land surounding reactor sites, such as limits on population density, and the detailed
planning requirements for emergency response.

The amount of radioactivity (fission products) which could be released is
estimated for licensing purposes by theoretical modelling of hypothetical accident
sequences. The modelling is necessarily based on conservative assumptions. The
Three Mile Island Unit 2 accident in 1979 presented the first opportunity to compare
the theoretical predictions used for licensing purposes with actual experience.

Comparisons carried out to date suggest that the actual release of fission pro-
ducts, and particularly the release of radioactive iodine, from the damaged core at
TMI-2 was considerably less than predicted for licensing and regulatory purposes.
Based on analysis of the TMI-2 accident, a US Department of Energy Report sug-
gests that the release of radioactive iodine from a light-water power reactor under
accident conditions could be a factor of 50 less than currently assumed for licensing
purposes. Radioactive iodine is expected to be the dominant public hazard in most
reactor accidents.

Further studies are in progress in the USA and elsewhere to confirm these con-
clusions which have not yet been accepted by the NRC. If these conclusions are con-
firmed, the real risks from nuclear accidents may well be significantly less than
theoretical predictions have so far suggested. The Bureau is maintaining a close in-
terest in these studies in view of their importance to both HIFAR safety and the
safety assessment of nuclear warships visiting Australian ports.
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SEISMIC RISK

Although the Australian continent is adjacent to some of the most seismically
active regions of the globe, most of Australia, and particularly NSW and
Queensland, is seismically inactive. Only the Antarctic, which is almost completely
aseismic, has less contemporary activity. As a consequence, and in keeping with
building construction requirements in the Sydney region, no specific earthquake
standards were included in the specificatons for the construction of plant and
facilities, including HIFAR, at Lucas Heights in the early 1950s and early 1960s.

A Commission review in the early 1970s confirmed the low seismicity of the
Lucas Heights region. However, it also indicated a very low but finite probability of
earthquakes of moderate severity. The Commission was confident that the margin
of safety built into its reactor plant, and particularly into the containment building
to cope with other induced stresses, would be sufficient to withstand these earth-
quakes. Subsequent calculations of the strength of the HIFAR containment building
confirmed this.

In keeping with modern trends in the development of risk assessment tech-
niques, the Commission decided in 1980 to upgrade its earlier seismic study. An ob-
jective of this new study, which is still in progress, will be to show compliance with
the Regulatory Bureau's safety assessment principles for the Commission's nuclear
reactors. Because of the specialist nature of seismic risk analysis, the Department of
Transport and Construction is collaborating with the Commission in this study.

VISITS BY NUCLEAR POWERED WARSHIPS

Under the arrangements set up by the Commonwealth Government for ensur-
ing that the safety of the Australian public is not jeopardised by visits of nuclear
powered warships, the Commission acts as technical adviser to the Department of
Defence on nuclear safety aspects of the visits and monitors radiological aspects.
The Bureau carries out the safety assessments and liaises with the Department of
Defence on behalf of the Commission and the Research Establishment provides the
monitoring effort.

The Government's confidence in the safety of visits is based on international ex-
perience and expert assessments which show that the risk of an accident resulting in
a release of radioactivity is extremely low and on its insistence that adequate
measures be in place to prevent the over-exposure of members of the public in the
unlikely event of such an accident. To this end, the arrangements for visits by
nuclear powered warships provide, amongst other things, that the warships must be
berthed only at locations and under conditions such that in the unlikely event of a
reactor accident they could be removed to a remote location before members of the
public received radiation exposures in excess of defined emergency limits. The
technical factors affecting the safety of visits by nuclear powered warships are ex-
plained more fully in the report Environmental Considerations of Visits of Nuclear
Powered Warships to Australia tabled by the Prime Minister in Parliament on
4 June 1976.

During 1981-82, at the request of the Department of Defence, the Bureau
assessed berths at the Container Terminal, Fisherman Islands, Brisbane, for their
suitability for use by visiting nuclear powered warships. The Bureau also col-
laborated with Commonwealth Departments and State Authorities in the develop-
ment of emergency plans to protect the public in the unlikely event of an accident in-
volving the reactor of a visiting nuclear powered warship.
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There were 15 visits to individual ports by United States Navy nuclear powered
warships during the past year. Of these, 13 were to HMAS Stirling in Cockburn
Sound, Western Australia, one was to Hobart and one to Brisbane. On each occa-
sion radiation levels in the vicinity of the vessel were monitored by Commission of-
ficers. The monitoring did not provide any evidence of a measurable increase in the
radiation background levels.

REGULATION OF LIQUID AND GASEOUS
EFFLUENTS

The Research Establishment informs the Bureau quarterly on its discharges to
the Metropolitan Water Sewerage and Drainage Board sewer of radioactivity in
liquid wastes and also on its discharges to the atmosphere of radioactivity in air-
borne effluents from the individual stacks of its major ventilation extract systems.

Over the year, the discharges to the sewei met the requirements of the NSW
Radioactive Substances Act and all discharges from the stacks were within the
working limits approved by the NSW Radiological Advisory Council. (See also
Chapter 4.)

Each stack has its own working limit. These limits take account of the potential
for exposure of members of staff and the public to discharged radioactivity in air,
the potential for contamination of milk produced in the neighbourhood, and the ad-
ditive effects of the discharges from several stacks.

A single site discharge limit would simplify the presentation of discharge figures
and their significance. But because each stack has its own unique potential ground
level exposure pattern, the simple addition of the separate discharges provides a
figure that bears no simple relationship to potential exposure, either on site or in the
near neighbourhood. The Bureau therefore is examining the practicability of deriv-
ing weighting factors which would fairly represent the contribution of given releases
from each stack to exposure on or off site.

Noting overseas interest in the radiological significance of carbon 14 produced
in water-moderated reactors, the Bureau has been evaluating the radiation exposures
which could result from carbon 14 produced in HIFAR. Carbon 14 is produced by
the interaction of neutrons with nitrogen and oxygen. It has a half-life of 5700 years
and once released to atmosphere becomes part of the global carbon cycle. The
estimated annual radiation doses to individuals from carbon 14 released from water-
moderated reactors, even to those individuals working with or living near such reac-
tors, are very small relative to radiation protection standards for individuals. An-
nual radiation doses to individuals from carbon 14 produced in water-moderated
reactors are therefore not of great significance. However, carbon 14 appears to be
the major contributor to the collective dose from the operation of water-moderated
reactors. Collective dose is the sum total of the potential doses to all members of
present and future generations globally from a release of radioactivity to the en-
vironment.

The National Health and Medical Research Council does not recommend
specific limits for collective dose but it does recommend that all exposures should be
kept as low as is reasonably achievable, economic and social factors being taken into
account. This recommendation, which originated with the International Commis-
sion on Radiological Protection, is often interpreted as meaning that collective dose
should be reduced where this is cost effective. Joint studies by the Bureau and the
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Researcn Establishment suggest that discharges of carbon 14 from HIFAR are
already significantly smaller than those from similar UK reactors, due to differences
in primary circuit water chemistry.

RADIATION PROTECTION IN THE MINING AND
MILLING OF RADIOACTIVE ORES

The limit for occupational exposure to airborne radon daughters in the
Australian Code of Practice on Radiation Protection in the Mining and Milling of
Radioactive Ores is based on US uranium mine experience. More recently published
information from Czechoslovakia, Sweden and Canada provides a higher risk per
unit exposure than is obtained from the US studies. A critical review of the literature
has been prepared in the Bureau.

A Working Group to the Commonwealth/State Consultative Committee on
Nuclear Codes is developing guidelines to the Radioactive Waste Management (Min-
ing and Milling) Code 1982. The guidelines are intended to provide technical advice
on methods of implementing the requirements of the Code. The Bureau was able to
draw on its extensive collection of regulatory material and its broad radiological ex-
perience in preparing first drafts of sections of the guidelines for consideration by
the Working Party.

TRANSPORT OF RADIOACTIVE MATERIALS

The efficient and safe transport of radioactive materials internationally have
been greatly facilitated by the almost world-wide adoption of the International
Atomic Energy Agency's (IAEA) Regulations for the Safe Transport of Radioactive
Materials.

The recommendations are crucial to the export of both uranium concentrates
and monazite sands from Australia and a Commission officer was heavily involved
in their development during the late 1950s.

Since that beginning, the Commission has maintained an active interest in
amendments to the recommendations, and a Bureau officer attended recent
meetings of the Agency's Advisory Group undertaking a comprehensive review of
the recommendations. The Bureau has been able to draw on this experience when
contributing to the formulation of Australia's Code of Practice for the Safe
Transport of Radioactive Materials, and companion Guidelines, through a Com-
monwealth/State Consultative Committee convened by the Department of Home
Affairs and Environment.

Because of the steady growth of shipments of radioactive material world-wide,
and the adoption by the International Commission on Radiological Protection of a
radiation protection principle that all radiation exposures should be as low as
reasonably achievable (ALARA), the IAEA is carrying out a world-wide assessment
of the risks from the transport of radioactive materials. When completed in 1984,
the assessment may reveal areas for improvement in the Regulations. The Bureau
has collated and forwarded to the Agency data necessary for a computer computa-
tion of the risk from transport in NSW. Almost 16,000 shipments of radioactive
materials, containing about 70,000 individual items, were made to and from the
Lucas Heights Research Establishment during the past year.
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6

NTERNATIONAL RELATIONS

INTERNATIONAL ORGANISATIONS

The Commission continued its close association with international organisations, in
particular the International Atomic Energy Agency and the OECD Nuclear Energy
Agency, during the past year. Collaboration with these organisations complements the
many bilateral and multilateral international activities in which the Commission is in-
volved and facilitates investigations in areas of common interest. The Commission in-
teracts with these agencies both as an operator of nuclear plant and as an organisation
concerned with research and development in nuclear science and technology.

INTERNATIONAL ATOMIC ENERGY AGENCY

The International Atomic Energy Agency (IAEA) continued to give priority in its
programs to technical assistance, safeguards and nuclear safety. The Commission is in-
volved actively in these areas as well as in other important fields, including the nuclear
fuel cycle, waste management, the physical sciences, fusion research and technical infor-
mation services.

The Commission continued to assist Australian representation on the Agency's
governing organs, the General Conference and the Board of Governors. The Commis-
sion's Chairman, Professor D. W. George, led the Australian delegation to the 25th
General Conference of the IAEA and attended meetings of the Board of Governors in
Vienna in September 1981. The Australian delegation to these meetings included Mr J.
M. Holland, Counsellor (Atomic Energy), Australian Embassy, Vienna, who also at-
tended meetings of the Board in July, August and September 1981 and February and
June 1982 in Vienna.

The Commission, as an operator of nuclear plant, has a strong interest in IAEA
nuclear safety activities. The Commission continued its close interest in the Nuclear
Safety Standards Program (NUSS), Commission officers assisted in the ongoing revi-
sion of basic safety standards for nuclear protection. These standards serve as guidelines
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for Member States wishing to produce regulations for the protection of workers and the
public. Commission officers participated in the development of regulations for the safe
transport of radioactive materials. These regulations have been incorporated in the rules
of nearly all international transport agencies. Many countries, including Australia, have
adopted them as the basis for regulating domestic transport of radioactive materials.

The Commission maintained a close interest in waste management studies during
the year. It continued its involvement in a Coordinated Research Program (CRP) on
the Evaluation of Solidified High-Level Waste Forms and joined a new CRP on En-
vironmental Migration of Radium and Other Contaminants Present in Liquid and Solid
Waste from the Mining and Milling of Uranium. Participation in these programs and
attendance at meetings, for example in relation to the definition of de minimus quan-
tities of radioactive waste in the terrestrial environment and on the conditioning of
radioactive waste for storage and disposal, facilitate detailed studies by scientists and
provide guidance to the Commission's research programs. Commission officers con-
tributed to the revision of the IAEA/International Labour Organisation/World Health
Organisation Code of Practice on Radiation Protection of Workers in Mining and Mill-
ing of Radioactive Ores (due for publication late in 1982).

In collaboration with the Department of Foreign Affairs and the Australian
Development Assistance Bureau, the AAEC continued to be active in IAEA technical
assistance matters. This involvement was directed primarily through the Regional
Cooperative Agreement for Research and Development Training Related to Nuclear
Science and Technology for South Asia, South East Asia and the Pacific or the Far East
(RCA).

During a visit to Malaysia, Dr D. G. Walker (second from left), the
Commission's Acting Director and Chief Executive Officer,
represented Australia at the 4th Working Group Meeting of the
Regional Cooperative Agreement. He visited the Tun Ismail Atomic
Research Centre (Puspati) and inspected its 1MW (thermal) TRIG A
Mark II swimming pool type research reactor during crlticality tests.

79



During a four-week study (our of Australia, two specialists in animal
nutrition and production from Thailand visited the Commission's
Research Establishment at Lucas Heights. Dr Suntraporn R. Naphu-
ket (right) and Dr Parnich Tinnimit are shown a dummy fuel assembly
of the "Moata" reactor by a member of the AAEC Public Relations

Unit.

The Commission is joint manager with the IAEA of an RCA project concerned
with developing isotope hydrological techniques as an additional investigational tool in
countries of the region.

Under this program tritium enrichment facilities for the Tun Ismail Atomic
Research Centre (Puspati), Malaysia, have been constructed. A program designed to in-
vestigate the effects of sediment erosion and accumulation in the Song Khla Lagoon,
Thailand, and the Sung Lui Catchment, Malaysia, also has been implemented. The
Commission also assisted in the development of a project concerned with the training of
Asian metallurgists and control engineers in on-stream analysis and control of mineral
concentrators. The project will involve the installation of a demonstration unit in the
Philippines and will have training components in Australia and in the Philippines utilis-
ing the demonstration unit. The Australian Government will provide $A655,000 over
the period 1982-87.

The great reliability of gamma irradiation as a sterilisation process for many types
of medical products is reflected in the worldwide increase in the number of radiation
plants used for this purpose. At least 25 irradiators are now operating in North America
and several in Europe, as well as others in Japan, South Korea, India, Indonesia,
Malaysia, New Zealand and Australia (two plants).

Commercial radiation sterilisation facilities are also planned for construction in the
near future in Thailand and the Philippines. These two countries have been involved
over the past six years in an IAEA CRP on Radiation Sterilisation Practices Significant
to Local Medical Supplies and Conditions for Asia and the Pacific Region. Countries
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involved in this CRP are Australia, Burma, India, Indonesia, Japan, Pakistan, the
Philippines and Thailand. Australia has made a major contribution to the Project.

Other IAEA activities in which Commission officers were involved during the year
included the following: studies relevant to ths conversion of research reactors from the
use of highly-enriched uranium fuel to the use of low-enriched uranium fuel, investiga-
tions on industrial applications of radioisotopes, and the compilation of nuclear data.
Involvement in international nuclear fusion research was maintained through continued
membership of the International Fusion Research Council. The Commission's Library
at Lucas Heights continued its close association with the International Nuclear Informa-
tion System (INIS).

On 1 December 1981, Dr Hans Blix took office as Director-General of the IAEA in
succession to Dr Sigvard Eklund who had occupied the position since 1961.

Listed below are IAEA meetings attended by Commission officers during 1981-82.

IAEA MEETINGS ATTENDED BY AUSTRALIA-BASED
AAEC OFFICERS 1981-82

Meeting Location

IAEA-CEC-NEA Symposium
on Migration in the Terrestrial
Environment of Long Lived
Radionuclides from the
Nuclear Fuel Cycle

IAEA Consultants Meeting on
Preparation of wmTc
Generators Using Low Power
Nuclear Reactors

IAEA Consultants Meetings
on Conversion of Research
Reactors from High Enriched
to Low Enriched Fuel

Date
1981

Officer

Knoxville, USA July

Rez,
Czechoslovakia

Vienna,
Austria

July

Sept.

IAEA Advisory Group
Meeting on Definition of de
Minimus Quantities of
Radioactive Waste in the Ter- Vienna,
restrial Environment Austria

IAEA Conference on In-
dustrial Applications of
Radioisotopes and Radiation Grenoble,
Technology France

IAEA Conference on In-
dustrial Applications of
Radioisotopes and Radiation Grenoble,
Technology France

Sept.

Sept.

Sept./
Oct.

A.R. Williams

R.E. Boyd

D.B. McCulloch

D.R. Davy

J.F. Easey

J.G. Clouston
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IAEA General Conference and Vienna,
Board of Governors Meeting Austria

Sept.

IAEA (Lecturer at) Regional
Training Course on
Radioisotope Techniques in In-
dustry for Process and Quality
Control

Kuala Lumpur,
Malaysia

IAEA-UNESCO (Lecturer at)
Regional Seminar on Isotope
Techniques in Water Resources
Development in Asia and the Colombo,
Pacific Sri Lanka

IAEA Advisory Group
Meeting on Instrument
Authentication Techniques for
In-plant NDA Equipment Ap- Vienna,
plied to IAEA Safeguards Austria

IAEA-WHO Consultants
Meeting to prepare IAEA-
WHO Code of Practice on the
Mining and Milling of Vienna,
Radioactive Ores Austria

Oct./
Nov.

Nov.

Nov.

Dec.

D.W. George
(AAEC
Chairman)

J.F. Easey

P.L. Airey

J.W. Boldeman

J.E. Cook

1982

IAEA Coordinated Research
Project Meeting on Radiation
Sterilisation of Medical Sup- Manila,
plies Philippines

IAEA Advisory Group to
revise IAEA Transport Regula- Vienna,
tions Austria

IAEA International Fusion Vienna,
Research Council Meeting Austria

IAEA Mission to Thailand,
Bangladesh, Malaysia and In-
donesia as part of IAEA Pro-
gram on Nuclear Data

IAEA Technical Assistance Tokyo,
Experts Meeting Japan

Feb.

March

March

April

April

P.A. Wills

R.H. Nelmes

M.H. Brennan
(AAEC
Commissioner)

J.W. Boldeman

J.D.C. Studdert
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IAEA Training Course on
Physical Protection of Nuclear
Facilities and Materials

IAEA Coordinated Research
Program Meeting on En-
vironmental Migration of
Radium and other Long Lived
Radionuclides in Wastes Aris-
ing from the Mining and Mill-
ing of Uranium

IAEA-NBA Symposium on
the Management of Wastes
Arising from Mining and Mill-
ing of Uranium

IAEA Consultants Meetings
on Conversion of Reactors
from Highly Enriched to Low
Enriched Fuel

IAEA Symposium on the Con-
ditioning of Radioactive
Wastes for Storage and
Disposal

IAEA RCA 4th Working
Group Meeting

Albuquerque,
USA May J.A. Gerrard

Ottawa,
Canada

Albuquerque,
USA

Vienna,
Austria

Utrecht,
Netherlands

Kuala Lumpur,
Malaysia

May J.V. Evans

May R.J. Ring

May D.B. McCulloch

June

June

J.L. Woolfrey

D.G. Walker

OECD NUCLEAR ENERGY AGENCY

During 1981, the OECD Nuclear Energy Agency (NBA) initiated a review of the
objectives and scope of its program with a view to reinforcing cooperative efforts in sup-
port of national technical policies which, in turn, could help improve the understanding
of factors underlying nuclear power development. This review included the reassessment
by each of the standing technical committees of its programs, strategies and objectives,
with the aim of rationalising them and allocating appropriate priorities. The
Committees cover radioactive waste management, radiation protection, nuclear
safety and the nuclear fuel cycle. The NBA Steering Committee, the governing body
of the NBA, strengthened its rok; as a forum for high-level exchanges. Meetings of
the Steering Committee held during the year were attended by Commission officers.

The AAEC, in contributing to the technical and operational aspects of NBA ac-
tivities, was involved in the following during the year.

Radiological and Environmental impacts of Nuclear Activities

A revision of radiation protection standards for radiation workers and for
members of the public undertaken jointly by NBA, IAEA, WHO and the ILO was com-
pleted towards the end of 1981. These radiation protection standards are now available
to the Member States of all four organisations as a basis for their own standards. The
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revision embodies recent concepts developed by the International Commission on
Radiological Protection (ICRP). The Commission coordinated the Australian contribu-
tion to this revision.

During the year the NEA continued the formation of guidelines for long-term
radiological protection related to the management of uranium mill tailings, including
criteria to be applied to tailings retention and disposal systems. This involved the ap-
plication of radiation protection and radioactive waste management principles to the
management of mill tailings, the evaluation of relevant engineering problems and the ex-
amination of monitoring requirements, particularly over the longer term.

As a contribution to research and development on the disposal of solid, high-
level radioactive waste into continental geologic formations, a project was started to
investigate the suitability of crystalline tock for isolating waste.

Nuclear Safety Research and Licensing

The Commission was involved in this area through interaction with the Committee
for the Safety of Nuclear Installations.

Nuclear Fuel Development and the Fuel Cycle

A new edition of Uranium Resources, Production and Demand ("Red Book") was
published jointly by the NEA and the IAEA in February 1982. The Commission provid-
ed data for incorporation in the publication, and Commission officers attended drafting
meetings.

The publication concludes that production capability exceeds currently projected
uranium requirements for most of the rest of this century. No supply problems were
foreseen at least for that period, subject to a variety of economic, technical and political
factors.

(Following the transfer of the AAEC Uranium Resources Evaluation Unit from
the Commission to the Bureau of Mineral Resources (BMR), announced by the
Minister for National Development and Energy in June 1982, BMR will be
responsible in future for provision of this information to the NEA/IAEA.)

In its new edition of Nuclear Energy and Its Fuel Cycle: Prospects to 2025 ("Yellow
Book") published in May 1982, the NEA examined aspects of supply for source
material and fuel cycle services on the basis of various nuclear power growth estimates.
No technical or industrial reasons are seen for the supply of fuel cycle services not
meeting realistic estimates of demand for the rest of this century and well beyond. The
Commission provided data for this publication and Commission officers attended
drafting meetings.

New and improved methods for the recovery of uranium from its ores were kept
under review by the NEA. Particular attention was paid to methods aimed at reducing
the potential environmental impact of mill tailings. Commission officers participated in
this work and attended NEA/IAEA Working Group Meetings.

Food Irradiation

After operating for ten years, the International Project in the Field of Food Ir-
radiation, under the sponsorship of the NEA, IAEA and the United Nations' Food and
Agriculture Organisation (FAO), came to an end on 31 December 1981. As a result of
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work done on the Project, the joint FAO/IAEA/WHO Expert Committee on the
Wholesomeness of Irradiated Foods has recommended the general acceptability of ir-
radiation as a preservation technique for almost all foods. This recommendation is be-
ing submitted to governments through the procedures of the FAO/WHO Codex
Alimentarius Commission. The Commission provided the Australian liaison officer to
the Project.

NEA MEETINGS ATTENDED BY AUSTRALIA-BASED
AAEC OFFICERS 1981-82

Meeting

NEA Geomorphological
Workshop

NEA Working Group on the
Long Term Management of
Uranium Mill Tailings

NBA/IAEA Working Party on
Nuclear Fuel Cycle Re-
quirements

NBA/IAEA Steering Group
and Working Party on
Uranium Resources

OECD Steering Committee for
Nuclear Energy

NEA Workshop on Ore Pro-
cessing and Tailings Condition-
ing for Minimising En-
vironmental Problems in Tail-
ings Disposal

NEA Committee on Safety of
Nuclear Installations (CSNI);
Plenary Session and Sub-
Committee on Licensing

NEA Group for the Study of
the Legal, Administrative and
Financial Aspects of Long
Term Management of
Radioactive Wastes

NEA Radioactive Waste
Management Committee

Location

Fort Collins,
USA

Fort Collins,
USA

Paris, France

Vienna,
Austria

Paris, France

Date
1981

Oct.

Oct.

Sept!/
Oct.

Oct.

Oct.

Fort Collins,
USA Oct.

Paris, France Nov.

Paris, France

Paris, France
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Dec.

1982

Feb.

Officer

D.R. Davy

D.R. Davy

C.J. Hardy

C.J. Hardy

R. Smith

D.M. Levins

R.W.S. Carlson

J.E. Cook

J.M. Costello



NEA Workshop on the
Supply/Demand of Nuclear
Energy Prospects Paris, France Feb.

NEA Working Group on the
Long Term Management of Albuquerque,
Uranium Mill Tailings USA May

NBA/IAEA Symposium on
the Management of Wastes
from Uranium Mining and Albuquerque,
Milling USA May

C.J. Hardy

D.R. Davy

R.J. Ring

SAFEGUARDS

INSPECTIONS

IAEA safeguards inspectors visited the AAEC Research Establishment at Lucas
Heights on three occasions during 1981-82 to verify that Australia is abiding by its inter-
national obligations assumed under the Treaty on the Non-Proliferation of Nuclear
Weapons. The IAEA reported to the Australian Safeguards Office that all inspections
were satisfactory. Officers of the Australian Safeguards Office also visited the Commis-
sion on a monthly basis throughout the year for purposes associated with the operation
of Australia's national system of nuclear material accountancy and control.

SAFEGUARDS RESEARCH AND DEVELOPMENT

Commission work on safeguards research and development attracted considerable
attention during the year. As part of Australia's prog!Ye.n of assistance to the IAEA in
safeguards, the Commission was contracted by the Department of Foreign Affairs to
explore the possibility of developing a new instrument which the IAEA could use in the
safeguarding of enrichment plants.

The aim of the project was to design an instrument which could measure the level
of enrichment of a uranium hexafluoride gas sample taken from an operating enrich-
ment plant. This information would assist the IAEA to detect material being enriched
beyond the level required for nuclear power generation.

Dr J. Boldeman of the Applied Physics Division led the group working on the pro-
ject. By March 1982, a prototype gas phase monitor had been designed and built and
was ready for testing. IAEA technical experts, Dr R. Augustson and Dr D. Rundquist,
visited Lucas Heights in March to assess the instrument, and final approval to proceed
was given by the IAEA in April after a successful demonstration before senior IAEA
safeguards officials Dr A. von Baeckmann and Dr L. Thorne.

The instrument will be transported to Europe where the IAEA is arranging for it to
be field tested at an operating enrichment plant early in the 1982-83 financial year.
When successful testing is completed, the Commission will construct two machines
which it will give cost-free to the IAEA for immediate use.

86



A gas phase enrichment monitor has been developed in the AAEC's Applied Physics
Division at Lucas Heights as part of the Commonwealth Government's program of
assistance to the International Atomic Energy Agency's nuclear safeguards. The
function of the monitor is to measure the enrichment of uranium 235 in uranium
hexafluoride gas samples taken from product cylinders at gas centrifuge enrichment
plants. An important aspect of its operation is ''he computer control of the measure-
ment procedure which allows its use by a relatively inexperienced operator.

OVERSEAS REPRESENTATION

As part of its review of overseas representation carried out under the Review of
Commonwealth Functions, the Government decided that Commission representation in
Washington be discontinued. The Counsellor (Atomic Energy) returned from
Washington in December 1981 and was not replaced.

Similarly, the Government has been reviewing Commission representation in Lon-
don. The position of the Counsellor (Atomic Energy), London, will be continued until
the end of 1983 at which time it will again be reviewed. Dr A. Jostsons currently oc-
cupies this position.

The Commission continued to be represented by Mr J.M. Holland as
Counsellor (Atomic Energy) in the Australian Embassy in Vienna.

The Commission decided to discontinue its representation in Tokyo when the
Counsellor (Atomic Energy) completed his posting in December 1981.
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OVERSEAS VISITS AND ATTACHMENTS

The Commission funded the quota of 23 overseas visits allocated by the Oversea
Visits Committee for 1981-82. Of these, four visits were made by officers who had been
or were subsequently transferred to CSIRO. In addition, overseas visits by Commission
officers were funded by Commonwealth Government Departments as well as from
sources external to the Commonwealth Government. In all, 51 overseas visits by Com-
mission officers took place during the year.

Overseas travel by its officers is seen by the Commission as important as it con-
tributes significantly to the Commission's ability to perform many of its functions, in-
cluding the carrying out of scientific research and the provision of advice and assistance
to Government and to others.

The attachment of Mr V. Diamond, a Commission engineer, to the UK Nuclear In-
stallations Inspectorate is continuing. He is participating in safety studies of nuclear
reactors and gaining regulatory experience in other areas of the nuclear fuel cycle.

The attachment of Mr M. Thackray, Isotope Division, to SRI International, Menlo
Park, California, concluded in December 1981 and he returned to Lucas Heights. Mr
Thackray was doing research on nuclear etching and printing processes, on a new
method of radiography with potential medical applications, and on autoradiographic
image enhancement.

Mr R. B. Knott, Applied Physics Division, commenced an attachment to the
Brookhaven National Laboratory, New York, for eight months and to the National
Research Council of Canada, Division of Biological Sciences, for one month.
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7

GENERAL

FINANCE

The financial statements for the year ended 30 June 1982, comprising State-
ments of Assets and Liabilities, Capital Accumulation, Income and Expenditure and
Notes to and Forming Part of the Financial Statements, are annexed as Appendix A
and the Report of the Auditor-General is included as Appendix B in accordance with
Section 31 of the Atomic Energy Act 1953.

The principles of accrual accounting and compliance with Australian standards
have been adopted for these statements except for instances mentioned in Notes to
the accounts where the current resources of the Commission do not permit revision
of existing programs. The procurement of more suitable computer hardware and the
acquisition of suitable commercial packages will permit revision of programs to ob-
tain strict compliance with the standards.

The amalgamation of the Head Office formerly situated at Coogee with the
Research Establishment at Lucas Heights and the transfer of staff to CSIRO af-
fected the accounts, as mentioned in the Notes, and in 1982-83 will require changes
to the existing format as well as the financial content.

The Excess of Assets over Liabilities as shown by the Statement of Assets and
Liabilities was $39,135,135 at 30 June 1982, an increase of $1,436,879 over the
previous year. The movements are detailed in the Statement of Capital Accumula-
tion. This statement also discloses that cash at bank and in hand increased by
$976,992 due to the inadvertent deferment of a major payment to 1982-83 and the
inability to reach an industrial agreement on payment of wage increases to one
group of employees.

The improvement in Accounts receivable ($313,046) reduced outstandings to
3.7 months (previously 5 months).

Parliamentary appropriations for operating expenses were $35,258,500, an in-
crease of 26.49 per cent ($7,384,500) over the previous year. Contributions of
$301,350 were received from CSIRO for site support services following co-location
at the Research Establishment. Grants in aid of research increased by 57.36 per cent
to $965,235. Radioisotope sales were down by 9.16 per cent ($190,261) and total
sales by 6.1 per cent.
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A profit of $4,933 (1.26 per cent on sales) was earned on Welfare operations.
The Canteen traded to 20 September 1981 for a loss of $8,420 (11.5 per cent on sales)
and a further loss of $20,225 was incurred for the remainder of the year when the
Canteen operated under a management agreement. The net loss for the year was
$28,645. Steps taken to improve the economics of this service in 1982-83 have in-
dicated that an improved result is possible.

Total costs of research represented 87.96 per cent of cash expenditure (86 per
cent in 1980-81) and expenditure on grants in aid of research was 2.56 per cent (1.9
per cent in 1980-81). Research salary costs increased by 29.2 per cent due mainly to
award variations. Labour resources devoted to research showed a decrease due to a
reduction in staff ceilings and transfer of staff to CSIRO. General Expenses increas-
ed by 53.96 per cent due to staff re-arrangements following re-location of the
Coogee office and the co-location with CSIRO at Lucas Heights, increased charges
for telephone, fares, travelling expenses and compensation payments. This increase
is partly offset by savings reported hereunder in Administration expenditure.

Stores expenditure was again marginally higher (3.18 per cent) and caused
delays in procurement towards the end of the year. Increased funds for this item
have been obtained in 1982-83.

Expenditure on maintenance and external contracts increased by 22.1 per cent
as a result of escalating costs for service agreements and repairs to equipment, in-
creased funding for the operations of the Australian Institute of Nuclear Science and
Engineering and the increased momentum of refurbishment of the reactor HIFAR.

Administration expenditure absorbed 6.75 per cent of the total cash expen-
diture compared with 8.1 per cent in the previous year. The decrease reflects the
closing of the Head Office at Coogee during the year and the transfer of staff to
Lucas Heights.

Regulatory and External Relations expenditure was consistent with the previous
year.

Non-cash items ($1,683,731) comprised 4.2 per cent of total expenditure com-
pared with 8.4 per cent for 1980-81. This total, which represents the net deficit for
the year, is effected by lower provisions required for the reduced staff numbers of
the Commission.

Capital additions, $952,427 on buildings and $1,436,941 on plant and equip-
ment were higher by 56 per cent and 49 per cent respectively than in the previous
year. Capital additions to the reactor HIFAR amounted to $277,961. This will in-
crease as the refurbishing program for the reactor proceeds.

INDUSTRIAL RELATIONS

In April 1980, a Joint Public Service Board/Commission Working Party was set up
to investigate the possibility of reducing shiftworkers' hours of duty to an average of
363/4 per week. The Australian Council of Trade Unions (ACTU) undertook negotia-
tions with the Commission and Public Service Board on behalf of its relevant on-site af-
filiates. On 8 July 1981, the local group of the Association of Draughting, Supervisory
and Technical Employees (ADSTE) placed a ban on certain work within HIFAR in fur-
therance of the claim for the introduction of the 363/4 hour week. The issue was resolved
finally with the reduction in hours being effective on and from 1 October 1981, with a
Memorandum of Undertaking being signed by all parties to the agreement.
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The April 1981 Review of Commonwealth Functions together with the implemen-
tation of the findings of the National Energy Research, Development and Demonstra-
tion Council (NERDDC) Review have led to a degree of industrial unrest. A shortage of
staff in certain areas has increased the incidence of demarcation disputes and also has
had an adverse effect on morale. Concomitantly the discontinuation of wage indexation
and the general economic downturn have caused increased representations in relation to
conditions of employment.

The Professional Officers' Association placed bans on the monitoring of
nuclear powered warships visiting Australia. The matter has been referred to the
Public Service Board and is under negotiation.

The letting of the AAEC Canteen to a contractor has resulted in the diminution of
the number of Associations/Unions. The total number of Associations/Unions now
represented at the AAEC is 19.

INFORMATION SERVICES

Following the closure of the Commission's Head Office at Coogee at the end of
1981, the AAEC Public Relations Department transferred to Lucas Heights where it
combined with Site Public Relations to form a new Public Relations Unit.

During the period under review more than 12,000 members of the public visited the
Information Centre near the main entrance to the Lucas Heights Research Laboratories
to inspect the permanent exhibition on the peaceful uses of nuclear energy. The Centre is
open on week-days from 9.30 a.m. to 4.30 p.m., except public holidays. A staff member
is in attendance to answer questions and to discuss exhibits.

Eight Invitation Days were held during the year to give community leaders the
opportunity to inspect the AAEC Research Establishment and to learn more of the
Commission's research activities at Lucas Heights. Guests included representatives
of Federal, State and Local Governments, the Services, trade unions, the media,
educational organisations and the business community.

A Director's Press Invitation Day was held at Lucas Heights on 10 February 1982,
Emphasis was directed towards the Commission's future research programs and current
work of national significance. These included the SYNROC waste immobilisation
technique, environmental studies concerning the uranium mining industry, and the pro-
duction and use of radiopharmaceuticals for medical diagnosis.

The Commission assisted in the production by Film Australia of a short feature on
the SYNROC process for continuous screening at the 1982 International Energy Exposi-
tion in Knoxville, Tennessee, USA.

Assistance was given to all branches of the media throughout the year in the
preparation of articles, news items, TV programs and radio talks. In addition, more
than 1500 requests for information on nuclear energy were received directly from the
public. Several thousand copies of publications were distributed on request to schools
and teaching hospitals.

Wide use was made of the Commission's 16 mm Film Lending Library, particular-
ly by educational organisations. A catalogue listing some 150 films covering most
aspects of nuclear energy is available on request from the Public Relations Unit.

The Commission continued to publish a periodical journal, Atomic Energy in
Australia, and a quarterly newsletter, AAEC Nuclear News.
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A weekly staff news is distributed at Lucas Heights and includes information on
parliamentary matters, press statements, internal memoranda, short articles and notices
on conferences, meetings, etc. To the end of June 1982, a total of 1257 issues of this
staff news had been published.

PROGRAMS FOR SCHOOLS

Summer School for High School Students

During the week 7-11 December 1982, the Commission and the CSIRO divisions at
the Lucas Heights Research Laboratories conducted a Summer School for 65 local
region high school students about to enter year 12. The topic chosen, Mathematical
Modelling of a Limited Resource, concerned the important question "When will the
world have consumed 90 per cent of all available crude oil?" Any consideration involves
guess-work, however the mathematical and computer methods of the Summer School
gave a glimpse of likely answers to the "what if" type questions for various economic
scenarios.

The School was the twelfth in a series involving various scientific themes. They aim
to show students the insights possible with a scientific approach to a problem. Those at-
tending used computers at the Research Establishment and came away from the School
knowing something about (1) the severity of the world oil problem, (2) the insights possi-
ble with mathematical modelling, and (3) the power and intellectual stimulus possible
with a computer approach.

Work Experience Program

The Commission continued to support the Schools Work Experience Program
whereby students select their work category from the following areas of training —
computing, draughting, accounting, photography, plumbing, carpentry, electrical trade
and public relations. Year 10 and Year 11 students from State and private schools and
colleges of advanced education have participated in the program. During the past year,
77 students from 23 schools and colleges undertook a minimum of one week's training
at Lucas Heights under the scheme.

AUSTRALIAN INSTITUTE OF NUCLEAR SCIENCE
AND ENGINEERING

The activities of the Australian Institute of Nuclear Science and Engineering
(AINSE) during the year were directed towards the support of research and training pro-
jects undertaken by members of tertiary academic institutions in Australia which re-
quired the use of facilities at the Lucas Heights Research Laboratories, or were in fields
related to nuclear science and engineering. These activities involved the provision of
AINSE Grants for 100 projects in the 1982 series, the support of six AINSE Research
Fellowships and 12 AINSE Post-graduate Research Studentships, the holding of three
AINSE Conferences and arrangements for over 300 members of the tertiary academic
institutions to spend more than 3000 man-days at Lucas Heights. A major development
which took place on 19 February 1982, was the admission of the Commonwealth Scien-
tific and Industrial Research Organisation (CSIRO) to membership of AINSE, reflec-
ting the co-location of some elements of the CSIRO with the AAEC to form the Lucas
Heights Research Laboratories. AINSE completed its twenty-third year of activity on
4 December 1981.
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As President of AINSE through 1981-82, Professor S. C. Haydon (University of
New England) chaired four meetings of the AINSE Council, two being held at Lucas
Heights, one at La Trobe University (also involving a visit to Monash University) and
one at the University of Wollongong.

From 19 February 1982, the membership of AINSE Council consisted of 22 per-
sons, including one from each of the 17 member universities, one representing CSIRO,
and four representing the AAEC,

Policies determined by Council were implemented during the year through the
AINSE Executive Committee the members being the President, the Vice-Presidents
(Professor I. J. Polmear of Monash University and Professor K. N. R. Taylor of the
University of New South Wales), the Immediate Past President (Professor R. W. Par-
sons, University of Queensland), the Director of the AAEC Research Establishment (the
late Professor S. T. Butler), the Chief Scientist, Nuclear Fuel Cycle, AAEC (Dr C. J.
Hardy), and the Executive Officer, AINSE (Mr E. A. Palmer).

CSIRO ADMITTED TO MEMBERSHIP

The decision of the Federal Government announced in April 1981, which resulted
in the transfer to the CSIRO of certain staff and facilities at Lucas Heights, was follow-
ed by discussions between CSIRO and AINSE. These discussions concerned ar-
rangements for tertiary academic organisations to continue to have access to those
Lucas Heights facilities now administered by CSIRO, and led to the admission of
CSIRO to membership of AINSE on 19 February 1982, and the appointment by the
CSIRO of Dr P. G. Alfredson (Chief, Division of Energy Chemistry) as CSIRO
representative on the AINSE Council.

These actions reflected agreement that AINSE should continue to assist co-
operation in the use of all facilities within the Lucas Heights Research Laboratories, and
should stimulate collaborative research between the staff of academic institutions and
staff of both the AAEC and CSIRO at Lucas Heights.

AINSE FINANCES

For the third successive year, the Institute's overall expenditure ($642,170) in 1981
again exceeded total income ($637,490). It was necessary to finance this deficit ($4,680)
by further reducing working capital (to $182,864 at the end of December 1981). The
calendar year 1981 was the fourth successive year for which the Commission's annual
Contribution for Research and Training to AINSE remained unchanged at $300,000;
this sum in 1981 had a purchasing power of less than 70 percent of the same amount
received for 1978.

Annual subscriptions for membership paid by the 18 member organisations for the
calendar year 1981 totalled $292,100 and amounts received from other sources provided
$45,390. Expenditure for research and training for 1981 was $508,696, representing 79
percent of total expenditure.

In response to a request by the AINSE Council to the AAEC for the Commission's
Contribution for Research and Training for 1982 to be increased to $500,000, the Con-
tribution was increased to $400,000 for the year.

Except for short periods, the AINSE staff consisted of ten members through
1981-82. Three members of the AINSE secretariat assisted the Executive Officer, the
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AINSE Neutron Diffraction Group had four members and the AINSE Accelerator
Group two members. All members were involved in the ongoing operations at Lucas
Heights, much of this being associated with arrangements for visitors from universities
and colleges of advanced education to carry out experimental work at Lucas Heights.

AINSE CONFERENCES

The Institute sponsored and organised three AINSE conferences during 1981-82:

The 8th AINSE Radiation Biology Conference, 1981, was held at Lucas Heights on
27-28 August 1981. Twenty-nine papers (including eight reviews) were discussed by 60
participants. A symposium on "Radiation Biology Research Prospects and Priorities"
stimulated a critical review of research programs from DNA repair mechanisms to en-
vironmental radioactivity.

The 3rd AINSE Engineering Conference, 1981, was held at Lucas Heights on 12-13
November 1981. More than 100 participants discussed 36 papers. A symposium on
"Energy from Nuclear Sources" formed part of the program which included sessions on
Nuclear Engineering, Mining and Processing, Fluid Dynamics, Power Systems and
Waste Disposal.

The 8th AINSE Nuclear Physics Conference, 1982, was held at the University of
Melbourne on 8-10 February 1982. More than 110 persons attended this conference in-
cluding ten nuclear physicists from overseas to discuss 65 papers. As part of the pro-
ceedings, Sir Mark Oliphant presented a Public Lecture to more than 250 people on 9
February 1982 entitled "Chadwick and the Search for the Neutron". The lecture
celebrated the 50th anniversary of Professor Chadwick's discovery of the neutron in
1932.

Preparations began during 1981-82 for other AINSE conferences in ".he ongoing
series, including the llth AINSE Radiation Chemistry Conference, 1982, the 14th
AINSE Plasma Physics Conference, 1983, and the 3rd AINSE Conference on Nuclear
Techniques of Analysis, 1983.

AINSE STUDENTSHIPS

AINSE Post-graduate Research Studentships were held by 12 individuals during
1981-82 including two who began new awards (Mr R. A. J. Lit Jens, University of
Western Australia, and Mr J. C. Osborn, Monash University) and three who completed
their Ph.D. studies (Dr M. Trotman, University of Western Australia, Dr D. Cousens,
Griffith University, and Dr S. Pearton, University of Tasmania).

During 1982 the Council reviewed the operation of the Studentship Scheme, and
noted that 37 AINSE students had been awarded Ph.Ds. since 1960, with nine others
still studying as at 30 June 1982.

AINSE students continued to undertake three-year programs of post -graduate
research which involved them in spending a quarter or more of their working time at-
tached to Lucas Heights to use the special facilities at the Lucas Heights Research
Laboratories. This involved close cooperation with AAEC, CSIRO and AINSE scien-
tists. The Institute's expenditure on AINSE studentships in 1981 was $67,941. Titles of
the research projects undertaken in 1981-82 by AINSE students are given in Appen-
dix H.
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AINSE RESEARCH FELLOWSHIPS

Three new AINSE Research Fellows began tenure of their awards in 1981-82 (Dr
I. E. Reid at AAEC-RE, Dr B. L. Jessup at University of Sydney and Dr T. S. White at
Griffith University), two Research Fellows completed their work (Dr G. Lichti, Univer-
sity of Sydney and Dr T. Hamilton, University of Wollongong) and one Research
Fellow continued through the period (Dr E. Gray, Monash University).

The Institute continued its practice of inviting member organisations to nominate
candidates for AINSE Research Fellowships twice each year, the closing dates being 28
February and 31 August. The number of candidates nominated in 1981-82 was a con-
siderable multiple of the number of Fellowships awarded, the number being limited by
the funds available. Research undertaken by AINSE Research Fellows involved
cooperation with scientists based at Lucas Heights, and the work of several Fellows con-
tributed significantly to the development of new techniques and experimental facilities
available thereafter to other research workers. The policy of awarding AINSE Research
Fellowships to candidates at an early stage of an independent post-doctoral career was
continued, as was the practice of fixing the period of tenure at two years unless extraor-
dinary circumstances justified a short extension. The Institute's expenditure for AINSE
Fellowships for 1981 was $77,493. Titles of research projects undertaken by AINSE
Fellows in 1981-82 are given in Appendix H.

AINSE GRANTS

The Institute's major mechanism for providing support for research and training in
its areas of interest through 1981-82 remained the AINSE Grants. A total of 100 pro-
jects received grants for 1982, covering many areas of science and engineering relevant
to the nuclear field and involving the use of nuclear techniques or the special facilities at
the Lucas Heights Research Laboratories. The work so supported in 1981-82 included
projects in various branches of engineering, chemistry, physics, biology, agriculture, ar-
chaeology, environmental science, geology, materials science and other disciplines.
These projects were undertaken by research groups from 22 organisations and involved
scientists and engineers from Lucas Heights in collaborative work with academic staff
and research students from these organisations.

Titles of AINSE Grants for 1982 allocating a total amount of $202,919 are given in
Appendix H. The total expenditure for AINSE Grants in 1981 was $127,878.

AINSE NEUTRON DIFFRACTION GROUP

The AAEC research reactor HIFAR continued through 1981-82 to provide beams
of neutrons which were used as probes in investigating the structure and other properties
of a wide variety of materials of scientific and technological interest. AINSE has shared
in provision of equipment for this purpose and in the provision of scientific and
technical staff to develop, operate and maintain this equipment.

Through 1981-82, the AINSE Neutron Diffraction Group (two professional and
two technical officers, leader Dr F. H. Moore) provided assistance for visiting research
workers from the universities, institutes of technology and the CSIRO whose projects
involved the use of the neutron scattering equipment based on HIFAR. Most develop-
ment effort in this period was directed to the high resolution neutron diffractometer
(HRD-4H5B), responsibility for this instrument being shared with the AAEC Neutron
Diffraction Group. Demand for time on the various neutron diffractometers continued
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at a high level, most of the data collection being undertaken by visiting research
students. Research on the structure of biological membranes continued on a col-
laborative basis, as was the work on inelastic scattering, using the triple axis neutron
spectrometer. Facilities for studying magnetic structure of metal alloys and the
molecular structure of other materials, using long-wavelength neutrons, were developed
further during the year. AINSE made a further submission to the AAEC seeking the
provision of a cold source to increase the intensity of long-wavelength neutron beams
from HIFAR. This 1982 submission estimated that the provision of $2,000,000 over the
next four years would permit the installation of this research facility as part of the
refurbishment of HIFAR.

The Institute supported more than 25 research projects using neutron diffraction
techniques in 1981-82, involving more than 60 members of university research groups.
During 1981 AINSE spent $29,910 on the provision of neutron diffraction equipment at
Lucas Heights as well as $113,033 for salaries and other running costs for the AINSE
Neutron Diffraction Group. This included a contribution towards costs involved in a
journey in August/September 1981 by Dr F. H. Moore, leader of the group, to present
papers at international conferences and visit research centres in Canada, the USA,
Britain, Norway, Denmark, Germany and France.

AINSE ACCELERATOR GROUP

Significant use was made of the three particle accelerators at Lucas Heights. The
3 MeV proton accelerator (AAEC) was used by AINSE visitors in the study of radiation
effects in biological systems and as the source of protons for PIXE (proton induced
X-ray excitation) analysis. Refinement of this technique resulted in its application to a
wide range of research problems, including the determination of fluorine concentration
in coal, the measurement of hydrogen penetration in metal surfaces, the detection of im-
planted impurites in semi-conductor surfaces, measurement of diffusion effects in
glasses and other materials involved in radioactive waste disposal, and the analysis of
solar absorber surfaces.

The leader of the AINSE Accelerator Group (Mr D. D. Cohen) was involved in
developing PIXE and related techniques, in direct collaboration with the visiting
research workers and with AAEC and CSIRO staff at Lucas Heights. This AINSE
group was responsible also for the operation of the two electron accelerators at Lucas
Heights (1.3 MeV Van de Graaff, CSIRO, and the 600 keV Febetron, AINSE) used
mainly in radiation chemistry research, a field in which close cooperation
between university research groups and Lucas Heights scientists continued actively
through 1981-82. The group also cooperated with AAEC staff in assisting AINSE
visitors whose projects required the use of the 100 kW research reactor "Moata" (e.g.,
for neutron radiography to examine the development of root systems of plants in dif-
ferent soils) and other installations such as the gamma-irradiation facility. The 1981 ex-
penditure for the AINSE Accelerator Group was $22,181 toward the provision of equip-
ment at Lucas Heights and operating costs of $44,958 which included staff salaries.

OTHER AINSE ACTIVITIES

Other AINSE activities included circulation of papers reporting the results of
research undertaken with AINSE support, preparation of submissions to government
authorities, organisation of informal meetings to assist research, research planning, pro-
vision of financial support for academic staff attending certain courses presented by the
Australian School of Nuclear Technology, and the distribution of heavy water required
for research purposes.
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AUSTRALIAN SCHOOL OF NUCLEAR TECHNOLOGY

The courses conducted at the School of Nuclear Technology, Lucas Heights, con-
tinued to attract participants from a number of overseas countries in addition to those
attending from within Australia. Overseas participants, where appropriate, may seek
periods of post-course attachments to a variety of organisations within Australia. The
post-course attachments are arranged in conjunction with the Australian Development
Assistance Bureau of the Department of Foreign Affairs. In providing courses and mak-
ing arrangements for post-course attachments for these participants, the School makes a
positive contribution to Australia's Overseas Aid Program.

A Radioisotope Course for Graduates was held from 20 July to 14 August 1981.
The course attracted 20 participants, including 12 from overseas countries. The course
involved 44 hours of lectures on the direct subject matter and a number of feature lec-
tures in associated areas. The lectures were supported by 60 hours of practical work.

A Radionuclides in Medicine Course was held from 14 September to 9 October
1981. This course involved 46 hours of lectures and 52 hours of practical work. Seven of
the practical sessions were held at the following hospitals in Sydney — Royal Prince
Alfred, Prince of Wales, St George, St Vincents and the Westmead Medical Centre of
Parramatta Hospital. There were 11 participants on the course, eight of whom were
from overseas. Five of the participants from overseas received a four-week post-course
attachment in the nuclear medicine departments of Australian hospitals.

. Two Radioisotope Courses for Non-Graduates were held from 9 November to
4 December 1981 and from 31 May to 25 June 1982. The first course had 15 participants
of which six came from overseas. The second course had 16 participants (seven from
overseas). Both courses were made up of 30 hours of lectures supported by 60 hours of
practical work.

A Radiation Protection Course was held from 8 March to 2 April 1982 and at-
tracted 16 participants (five from overseas). The course consisted of 50 hours of lectures
and 60 hours of practicals including a visit to a Sydney hospital for one of the practical
sessions.

The total number of persons attending the courses at the School during the year
under review was 78, of whom 38 came from the following countries — Malaysia,
Thailand, Fiji, Jamaica, Mexico, Japan, Philippines, Zimbabwe, Papua New Guinea,
Nigeria, Zambia, Tanzania and Sudan.
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Appendix A — Financial Statements

AUSTRALIAN ATOMIC ENERGY COMMISSION
STATEMENT OF ASSETS AND LIABILITIES AS AT 30 JUNE 1982

Note

CAPITAL ACCUMULATION
Balance transferred from Statement

of Capital Accumulation I

being represented by

CURRENT ASSETS
Cash at bank and in hand 2
Cash at bank, trust moneys 3
Accounts receivable 4
Investments 5
Stock on hand 6
Prepayments
Interest accrued

LESS CURRENT LIABILITIES
Accounts payable 7
Money held in trust 3
Accrued charges
Provision for recreation leave 8
Provision for long service leave 9

Net Current Assets

NON-CURRENT ASSETS 10
Land
Buildings
Plant and equipment
Reactor HIFAR
Library and films

INVESTMENTS
Mary Kathleen Uranium Ltd 11

LESS NON-CURRENT LIABILITIES
Provision for long service leave 9
EXCESS ASSETS OVER LIABILITIES

1981

S

37,698,256

1982

$

39,135,135

(98,636)
42,209
991,371

5,726,004
84,427

6,745,375

647,418
42,210

1,035,624
2,057,004
442,682

4,224,938
2,520,437

5,070,556
13,353,824
7,541,268
1,655,952
4,847.432
32,469,032

8,173,858
8,173,858

5,465,071
37,698,256

878,356
13,440

678,325
20,000

5,469,674
42,794

677
7,103,266

1,687,271
13,440

294,435
2,081,292
420,265

4.496,703
2,606,563

5,205,601
13,921,979
7,843,976
1,785,151
4,786.328
33,543,035

8,173,858
8,173,858

5,188,321
39,135,135
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STATEMENT OF CAPITAL ACCUMULATION FOR YEAR ENDED 30 JUNE 1982

1981 1982

$ $ Note $ $

Capital accumulation from
56,288,097 previous years 37,698,256

Adjustment to previous years
69,308 Accounts receivable 4 510

— Library and films 10 6,255
— Stock on hand 6 (4,893)

Recreation leave for Canteen
— 69,308 written back 8 9,811 11,683

Add
Parliamentary appropriation

Division 924-2 for Capital
1,600,440 Works and Services 2,564,250

CSIRO contribution to Capital
— 1,600,440 Works and Services 13 96.000 2,660,250

57,957,845 40,370,189

Less
Funds transferred to Statement

of Income and Expenditure to
meet expenditure of a non-

— capital nature 12 106,404 106.404

57,957,845 40,263,785

Funds transferred from Statement
of Income and Expenditure for
acquisition of items of a

219,236 capital nature 14 483,121
57,816 277.052 Capital items brought on charge 15 71,960 555,081

58,234,897 40,818,866

Deduct
Payments to consolidated revenue:
Sale price cf interest in Ngalia

603,000 Basin Joint Venture —
Refund of appropriation for

17,047,168 Ranger Uranium Joint Venture —
17,650,168 Z~~

aa •
6 Cash in hand written off —

Net deficit transferred from
2,886.467 20,536.641 Statement of Income and Expenditure 1,683,731 1,683,731

Capital accumulation transferred to
37,698,256 Statement of Assets and Liabilities.... 39,135,135
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STATEMENT OF INCOME AND EXPENDITURE FOR YEAR ENDED
30 JUNE 1982

1981 1982

Note

INCOME

Parliamentary appropriation —
27,874,000 Division 436-1 Running Expenses 35,258,500

Less amount of 1981-82 appropriation
56,092 relevant to 1982-83 expenditure I 726,451

27,817,908 34,532,049

Funds transferred from Statement of
Capital Accumulation for
re-location and co-location
expenditure of a non-capital

— nature 12 106,404
Contribution from CSIRO towards

— cost of Site support services 13 301,350
27,817,908 34,939,803

Less expenditure on acquisition of
219,236 27,598,672 items of a capital nature 14 483,121 34,456,682

336,720 Grants in aid of research 17 1,090,953
Add outstanding grant moneys

276,656 owing —
613,376 1,090,953

— 613,376 Less unspent grant moneys retained 125,718 965,235

2,077,916 Sales — radioisotopes 1,887,655
275,310 2,353,226 —other 18 321.732 2,209,387

— Dividend from investment 11 615,283
175,812 Profit on disposal of assets 19 12,085
431,445 Canteen operations 20 73,238
387,868 Welfare operations 394,755

— Bad debts recovered 4 8,961
Net change (increase) in value of

Cobalt 60 sources in process and
4,049 work in process at 30.6.82 16 75,077

31,564,448 TOTAL INCOME

100

38,810,703



1981 1982

$ $ Note $ S

EXPENDITURE
Administration
Salaries and payments in the

1,916,575 nature of salary 2,048,090
597,846 General expenses 452,619
35,109 2,549,530 Information services 45,030 2,545,739

Research
Salaries and payments in the

20,109,347 nature of salary 25,972,234
678,455 General expenses 1,044,571
764,121 Power, water and heating 796,398

Reactor supplies and special
1,254,524 nuclear materials 1,152,696
1,799,446 Stores 1,856,769
1,918,774 26,524,667 Maintenance and external contracts 21 2,343,378 33,166,046

Regulatory and external relations
Salaries and payments in the

912,310 nature of salary 917,447
123,959 1,036,269 General expenses :. 109,248 1,026,695

Expenditure against grants in aid
613,376 of research 17 965,235
462,446 Canteen operations 20 101,883
378,160 Welfare operations 389,822

— Dividend from Investment 11 615,283

NON-CASH ITEMS 1
359,623 Depreciation — Buildings 10 384,272
714,826 — Plant and equipment.... 10 1,134,232
127,381 — Reactor H1FAR 10 148,763
267,603 — Library and films 10 278,203

1,469,433 1,945,470

Increase (decrease) of
377,599 Recreation leave liability 8 34,098

1,020,931 Long service leave liability 9 (299,167)

2,867,963 1,680,401

Debts, recovery of which is
18,504 2,886,467 considered doubtful 4 . 3,330 1.683,731

34,450,915 TOTAL EXPENDITURE 40.494,434

Deficit transferred to Statement of
2,886,467 Capital Accumulation 1 1.683,731
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NOTES TO AND FORMING PART OF THE FINANCIAL STATEMENTS

1. Statement of Accounting Policies

(a) The financial statements have been prepared on an accrual basis and comprise:

(i) Statement of Assets and Liabilities at 30 June 1982;

(ii) Statement of Capital Accumulation, which discloses the movement in accumu-
lated funds during the period; and

(iii) Statement of Income and Expenditure.

(b) The Commission is funded predominantly by Parliamentary Appropriation, and
accounts prepared on an accrual basis must make allowance in the income for that part of
the appropriation applied towards expenditure of another year. A deduction of $726,451 has
been made from the 1981-82 Parliamentary Appropriation because that amount will be applied
towards 1982-83 expenditure within the accrued accounting concept.

(c) The inclusion in the expenditure for the year of non-cash items (depreciation
and change in liability for recreation leave and long service leave) results in a net deficit.

(d) The Commission contributes to the Commonwealth employer superannuation scheme
in accordance with Section 159 of the Superannuation Act 1976 and meets its liability on an
accruing cost basis. The rates of contribution were set by the Australian Government Actuary.
Superannuation payments are included in salaries and payments in the nature of salary.

(e) In prior years the Commission has valued its stock of enriched uranium, natural and
depleted uranium at current market value. The value at 30 June 1982 is calculated on valuations
at 30 June 1981 with additional new material included at purchase price. After considering
the requirements of the Accounting Standards the valuation for 30 June 1981 was selected,
in the absence of original cost figures, because it represented the lowest market value since
the Commission commenced accrual accounting.

(0 The policy of non-capitalisation of expenditure relative to the development and
registration of patents has continued during 1981-82. At 30 June 1982, a total of 70 patents
were registered to the Commission. Due to the current rate of technological change the
commercial value of these is uncertain and they are not included in the Statement of Assets
and Liabilities.

(g) The Australian Atomic Energy Commission and the University of New South Wales
are involved in a joint enterprise known as the Australian School of Nuclear Technology, details
of which are not included in these accounts. The objects of the School are to promote, within
the policies and budget approved by the Commission and the University of New South Wales,
the formal training of personnel in the field of atomic energy. Both parties provide assistance
to the School at no charge and the Commission makes available on this basis executive personnel
for the administration of the School.

(h) With the exception of the contingent liability for yet to accrue long service leave
entitlements, reference to which is included in Note 9, the Commission has no contingent
liabilities.
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2. Cash at bank and in hand

Details of the various bank accounts and other components of this item are as follows:

30.6.81 30.6.82
S $

Cash in hand 9,906 9,383
Cash at bank:

Bank of New South Wales, Sydney Branch:
Australian Atomic Energy Commission

Operating Account 1,588 1,853
Commonwealth Trading Bank of Australia,
Sydney Branch:

Australian Atomic Energy Commission
Operating Account (157,393) 843,304
Canteen Account 3,610 2,874
Welfare Account 39,082 17,954

(103,207) 875,368
Add postage stamp and franking machine balances.... 4,571 2,988

(98,636) 878,356

3. Moneys held in trust

Summary of receipts and payments for the year ended 30 June 1982.

S
Funds on hand 1 July 1981 42,209
Add receipts 12.862

55,071

Deduct payments 41,631

Funds on hand 30 June 1982 13,440

The main components of the funds on hand at 30 June 1982 were:

(a) Security deposits from contractors pending $
satisfactory performance of a contractual
liability; and 6,871

(b) Moneys received for the purpose of:
International Atomic Energy Agency —
Technical Contract 4,419

4. Accounts receivable

Details of accounts receivable at 30 June 1982:

Sundry debtors 697,247
Canteen 2,361

699,608
Less provision for doubtful debts 21,283

678.325

The major component within the item sundry debtors relates to the sale of
radiopharmaceuticals.
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The provision for doubtful debts in 1981-82 is as follows:

Balance as at 30.6.81 28,171

LESS
bad debts recovered 8,961
adjustments by credit notes 1,257 10,218

17,953

ADD
provision for 1981-82 3.330

21,283

An amount of $510 which is included in sundry debtors, is a final adjustment to previous
years understatements.

5. Investments

Excess Welfare funds are invested in Australian Savings Bonds to provide a short term
investment.

6. Stock on hand

The components of this item and the basis of valuation are:

Stores stock on hand, valued on the basis of the most
recent purchase price 1,181,935

(The Commission's inventory is not priced on a continual
basis and no facility is available to value stock on hand
at respective purchase prices so that the Australian
Accounting Standard 2 is not met in this case.)

Nuclear Materials

HI FAR fuel elements, heavy water and degraded heavy
water valued at cost 2,278,524

Enriched uranium, natural and depleted uranium and
other at 1981 market value (see note l(e)). (These
materials are maintained only on physical inventories,
acquisition costs are not readily available).. 1.543.279 3,821,803

Cobalt 60 Sources in process (at market value) which
is substantially below production cost 423,325

Pitchblende ore exhibit (at cost) 9,637

Work in progress being the cost to date of work
undertaken on behalf of outside organisations 12,386

Trading stock on hand:
Welfare, at cost 20,588

5,469,674
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Stock of fuel elements in 1980-81 was overstated by $23,827 and is partly offset by
acquisitions in 1981-82 amounting to 518,934. The net reduction of $4,893 is brought to account
through Statement of Capital Accumulation.

7. Accounts payable

This item comprises the following categories:

$

AAEC trade accounts 700,427
Balance of CS1RO contribution for plant and equipment purchases 53,177
Unspent balance of grants in aid of research 125,718
Parliamentary appropriation applicable to 1982-83 782,543
Canteen accounts 5,112
Welfare accounts 20,294

1.687,271

8. Provision for recreation leave

The provision for recreation 'oave at 30 June 1982 reflects the liability for recreation leave
($1,906,033 — actual) and leave loading ($175,259) entitlement ai that date. The payment of
recreation leave and leave loading entitlement is funded by Parliamentary Appropriation and
is included as expenditure under the heading salaries and payments in the nature of salary
in the Income and Expenditure Statement. The difference between the calculated liabil i ty at
30 June 1981 and 30 June 1982 is brought to account as a non-cash item in the Statement
of Income and Expenditure. The transfer of staff to CS1RO (see note 13) has reduced the
non-cash item recreation leave liability for 1981-82.

Provision for Canteen recreation leave of $9,811 was written back to Capital Accumulation
as Canteen employees prior to 20 September 1981 have transferred to the Commission.

9. . Provision for long service leave

The provision for long service leave has been determined on the basis of the actual l iabi l i ty
for this item at 30 June 1982. Entitlements arising from the application of the provision of
the Long Service Leave (Commonwealth Employees) Act 1976 have been calculated at the
appropriate salary rate as at 30 June 1982. Entit lement for the purpose of the l i ab i l i ty is 10
years service with the Commission and where applicable any prior service which is regarded
as Commonwealth employment. At 30 June 1982 the current liability component was determined
by using the ratio of the 30 June 1981 current liability to the 30 June 1981 total l iabi l i ty as
applied to the total liability at 30 June 1982.

The contingent or yet to accrue l iab i l i ty for long service leave has been calculated at
$539,871 on the basis of:

(i) The pro-rata yet to accrue entitlement of all staff with less than 10 years recognised
service; and

(ii) Probability factors p ovidcd by the Office of the Australian Government Actuary.

Similar to recreation leave, payments of long service leave are funded by Parliamentary
Appropriation on an as required basis and are included as expenditure under the heading salaries
and payments in the nature of salary in the Statement of Income and Expenditure.

The transfer of staff to CSIRO (see note 13) has reduced the non-cash item long service
leave liability for 1981-82.
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10. Non-current assets

The following table sets out the depreciation provisions as at 30 June 1982:

Depreciation Net
Asset Cost Cost Provision Value

30.6.81 30.6.82 30.6.82 30.6.82
$ $ $ S

Buildings 19,763,750
ADD

6,794,198 13,921,979Additions

Plant and equipment ,
ADD
Additions

LESS
Disposals

Reactor H1FAR
ADD
Additions

952,427

17,639,543

1,436,941

19,076,484

922 125

4,437,277

277,961

20,716,177

18,154,359

4,715,238

10,310,383 7,843,976

2,930,087 1,785,151

Land

Land is disclosed at cost and has not been depreciated. The expenditure on site services
for 1981-82 was $135,045 and this has been included in the value of land.

Buildings

Buildings are disclosed at cost and have been depreciated on the basis of their useful life
from the date of completion of each building. Current year additions have been charged with
a full year's depreciation.

Plant and equipment

Plant and equipment is disclosed at cost and has been depreciated on the estimated useful
life of individual plant items. Plant and equipment items to the value of 5517,063 were purchased
in 1981-82 by the Commission from funds supplied under NERDDC grants. The items are
held by the Commission on behalf of NERDDC but remain the property of the Commonwealth.

All items in the plant and equipment register with a value of $250 or less which are no
longer classified as non-current assets in accordance with the Commission's accounting
procedures, were extracted and fully depreciated. The value of such items written off in 1981-82
amounted to $922,125.

Reactor HI FAR

The reactor HIFAR is disclosed at cost and is depreciated on the basis of an assumed
life to 1994.

Library and films

When accrual accounting was commenced in 1978-79 stocks of library and films were
valued at the estimated replacement cost and all purchases since then have been included at
cost. Items received at no cost during 1981-82 are brought to account at replacement cost values
at 30 June 1979. The current year's purchases were $174,765.
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An adjustment of $6,255 is made to 1980-81 siock of saleable publications.

Provision for depreciation has been calculated at the rate of 5% for the total inventory
of library and films, with the exception of saleable publications, the value of which at 30 June
1982 was $24,605.

11. Mary Kathleen Uranium Ltd

As a result of an underwriting agreement with Mary Kathleen Uranium Ltd dated 4 October
1974, the Commission holds 30,764,142 shares fully paid to 25c. The asset is disclosed at net
cost (including interest incurred to finance the acquisition and net of the underwriting
commission) because the size of the respective holdings of both Conzinc Riotinto of Australia
Limited and the Commission tend to make the market value uncertain.

A dividend of 2c per share was received and an amount of $615,283 paid to Department
of National Development and Energy.

Mining operations at the Mary Kathleen uranium mine have ceased and a partial return
of capital is expected within two years and a final return within four or five years.

12. Funds transferred to Statement of income and Expenditure to meet expenditure of a

non-capital nature

During 1981-82 an amount of $106,404 was expended on Head Office relocation and
CS1RO co-location costs of a non-capital nature. Appropriated funds were included in the
appropriation for capital works and services and the amount of $106,404 was transferred to
the Statemem of Income and Expenditure through the Statement of Capital Accumulation.

i

13. Contribution from Commonwealth Scientific and Industrial Research Organisation

Transfer of staff and resources were made to CSIRO for the establishment of non-nuclear
activities at the Lucas Heights Research Laboratories. On 1 April 1982, portion of the funds
appropriated to the Commission ($1,685,250) were re-allocated to CSIRO by Department of
Finance. The Commission subsequently received from CSIRO a reimbursement for the following
Commission services and capital expenditure.

Running expenses 301,350
Buildings and works 96,050
Plant and equipment 190,750

588,100

Plant and equipment expenditure for CSIRO amounted to $137,574 and the reimbursement
of $190,750 was accepted on the basis that commitments outstanding ($53,176) at 30 June
1982 will be met by the Commission in 1982-83.

14. Funds transferred from Statement of Income and Expenditure for acquisition of items

of a capital nature

The acquisition of library supplies is funded by Parliamentary Appropriation under the
heading Running Expenses. Library purchases during 1981-82 of a non-consumable nature
in the sum of $174,765 were capitalised and are included in the Statement of Assets and Liabilities
under the non-current asset heading library and films.
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The HIFAR refurbishing program expenditure in 1981-82 included some items of a capital
nature which were funded in Running Expenses under the sub-item, Outside Services. They
have been capitalised and are included in the Statement of Assets and Liabilities under plant
and equipment $30,470 and buildings, reactor HIFAR $277,886.

15. Capital items brought on charge

This item comprises:

Library reports acquired and Commission reports
produced 36,080

Plant items acquired through collaborative agreements 23,439
Reinstated and research manufactured items brought on
charge 12,441

71,960

16. Change (increase) in value of Cobalt 60 sources in process and work in process at

30 June 1982

(a) Cobalt

Cobalt 60 sources in process and Cobalt 60 teletherapy sources in process are manufactured
in the reactor HIFAR by irradiation over an extended period. During 1981-82 the market value
of these increased by $75,996.

(b) Work in process

Work in process is valued on the basis of recoverable labour rates and the actual cost
of work in process is included in expenditure disclosed in the Statement of Income and
Expenditure. The reduction in value of work in process on hand at the conclusion of the year
was $919.

17. Grants in aid of research

During 1981-82 the Commission expended funds on 23 grants in aid of research. The
total expenditure on grants in 1981-82 was $965,235 which includes sundry creditors $21,533.
Money received for grants in 1981-82 amounted to $1,090,953 and the balance of unspent grant
moneys of $125,718 is included as a sundry creditor (see note 7).

18. Sales — other

The major items under this heading are:

$
Miscellaneous services 47,757
Isotope consultancies 46,126
Environmental surveys 43,972
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19. Profit on disposal of assets

Assets sent for disposal are fully depreciated. Income brought to account under this heading
represents the proceeds received as a result of disposal, SI2,085.

20. Canteen operations

A reduction in Canteen operations results from a decision by the Commission to cease
trading from 20 September 1981 and to place the Canteen under outside management control
by Corporate Catering Services Pty Ltd. In future years, the profit or loss on Canteen operations
will be shown in the Statement of Income and Expenditure.

21. Maintenance and external contracts

This item includes:
c c
^ 4>

Maintenance of grounds and buildings 226,947
Computer hire 773,004
Service agreements, period contracts, design and

development contracts, and HIFAR upgrading 646,774
Grants in aid of research:

Australian Institute of Nuclear Science
and Engineering
— membership subscription 165,000
— contribution to research and training 400,000

565,000
Australian universities 85,566
Australian Mineral Development Laboratories 46,087 696,653

2,343,378

In our opinion the above Statements of Income and Expenditure, Capital Accumulation
and Statement of Assets and Liabilities have been properly drawn up so as to show fairly the
financial transactions of the Commission for the year ended 30 June 1982 and the state of
the Commission's affairs as at that date.

D.W. GEORGE A.J. MOULDING
Chairman Assistant Secretary (Finance)

Australian Atomic Energy Australian Atomic Energy
Commission Commission

109



Appendix B - Auditor-General's Report, Commonwealth of Australia

Auditor-General's Office
Canberra House, Marcus Clarke St.,

Canberra City, A.C.T. 2601
18 January 1983

The Honourable the Minister for
National Development and Energy

Parliament House
CANBERRA ACT 2600

Dear Sir

AUSTRALIAN ATOMIC ENERGY COMMISSION

In compliance with sub-section 31(2) of the Atomic Energy Act 1953, the Australian
Atomic Energy Commission has submitted for my report its financial statements for
the year ended 30 June 1982. These comprise a Statement of Income and
Expenditure, Statement of Capital Accumulation, Statement of Assets and
Liabilities and accompanying 'Notes to and forming part of the Financial
Statements'.

The financial statements, which have been prepared having regard to the policies
outlined in Note 1, are in the form approved by the Minister for Finance under sub-
section 31(1) of the Act. A copy of the financial statements and accompanying Notes
is attached for your information.

In accordance with sub-section 31(2) of the Act, I now report that the statements are
in agreement with the accounts and records of the Commission and, in my
opinion —

(a) the statements are based on proper accounts and records, and

(b) the receipt, expenditure and investment of moneys and the acquisition and
disposal of assets by the Commission during the year have been in
accordance with the Act, except to the extent that moneys were expended
by the Commission between 1 July 1981 and 3 December 1981 without the
prior approval of the Minister to the estimates of expenditure as required
by sub-section 30A(2) of the Act.

Yours faithfully

(C. T. MONAGHAN)

First Assistant
Auditor-General
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Appendix C — Organisation of Commission

Australian Atomic Energy Commission Executive Organisation at 30 June 1982

Chief Scientists:
Nuclear Fuel Cycle

Power & Energy

Engineering Services
& Operations Division

Reactors Department

Site Information
Services Department

Commercial Applications

Applied Mathematics
& Computing Division

Applied Physics Division
Centrifuge Enrichment

Project Division
Environmental Science

Division

Isotope Division
Materials Division
Nuclear Technology

Division

DIRECTORATE

Acting Director and Chief Executive Officer: D. G. Walker, M.Sc., Ph.D., A.R.A.C.I.,
A.M.Aus.I.M.M.

Acting Deputy Director, Research: P. M. Kelly, M.A., Ph.D., Sc.D., M.Inst.P., F.A.I.P.
Deputy Director, Operations: R. Smith, B.Met.E.(Hons.), M.Eng.Sc., Ph.D.

Chief Scientist (Nuclear Fuel Cycle): C. J. Hardy, B.Sc.(Hons.), Ph.D., D.Sc., C.Chem., F.R.I.C.,
M.Aus.I.M.M.

Chief Scientist (Power and Energy): J. L. Symonds, B.Sc.(Hons.), Ph.D., F.Inst.P., F.A.I.P.
Head, Technical Secretariat: L J. Humphreys, B.E., A.S.T.C., C.Eng., M.I.E.E.(Lond.)

Head, Public Relations Unit: E. A. Lane

Overseas Representatives

Counsellor (Atomic Energy), London: A. Jostsons, B.Sc.(Hons.), Ph.D.
Counsellor (Atomic Energy), Vienna: J. M. Rolland, B.E., M.Eng.Sc.

Special Assistants to the Directorate

R. C. P. Cairns, B.Sc.(Hons.), Ph.D., D.Sc., A.S.T.C., C.Eng., F.I.Chem.E., F.I.E.Aust.
W. J. Wright, M.Sc., F.I.M.

REGULATORY BUREAU*

Director: A. R. W. Wilson, M.Sc., Ph.D., F.T.S.t
Director, Nuclear Plant Safety Unit: D. W. Crancher, M.Sc., F.I.E.Aust., M.I.Mech.E.

Acting Director, Environment and Public Health Unit: J. E. Cook, B.Sc.(Hons.)

* The Regulatory Bureau is responsible directly to the Chairman of the AAEC. The Bureau is located at
the Commission's Mascot Office.
fAlso, Special Adviser to the Department of the Prime Minister and Cabinet.
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ADMINISTRATION

Acting Secretary/Manager Administration: L. H. Keher\ B.Sc.
Assistant Secretary (Manpower): N. Carnegie

Assistant Secretary (Finance}: A. J. Moulding, A.A.S.A., A.C.I.S.
Director, Organisation and Methods: R. J. Waddell, M.R.I.P.A., M.I.P.M.A.

Chief Auditor: L. Favelle, B.Com.
Acting Director, Commission Security: J. A. Gerrard

Acting Assistant Manager, Personnel and Administrative Services: C. J. Wilding
Acting Assistant Manager, Finance and Supply: R. J. Baker, A.A.S.A.
Assistant Manager, Automatic Data Processing: R. Cubbin, M.A.C.S.

Acting Personnel Officer: N. Thorburn

DIVISIONS

Applied Mathematics and Computing Division

Chief of Division: D. J. Richardson, B.A.(Hons.), B.Sc., Ph.D., F.A.C.S.
Leader, Computing Systems Section: P. L. Sanger, B.Sc.(Hons.), Ph.D., F.A.C.S., M.A.C.M.,

M.A.I.P.
Leader, Scientific Computing Section: J. P. Pollard, Dip.Appl.Chem., M.Sc., Ph.D., M.A.C.S.

Applied Physics Division

Chief of Division: J. K. Parry, M.Sc., Ph.D.
Leader, Nuclear Applications and Energy Studies Section: J. R. Bird, M.Sc., Ph.D., F.A.I.P.

Leader, Semiconductor and Radiation Physics Section: A. J. Tavendale, M.Sc., Ph.D.
Leader, Electronic Systems Section: C. P. Gilbert, M.Sc., M.l.E.E.

Acting Leader, Fusion Physics Section: J. L. Cook, M.Sc., Ph.D., F.A.I.P.

Centrifuge Enrichment Project Division

Chief of Division: D. R. Ebeling, E.Mech.E.(Hons.), M.E.(Nuc.), C.Eng., F.A.I.E., M.I.E.Aust.
Leader, Centrifuge Unit Development Section: J. Price, B.Sc.(Hons.), Dip.Eng., C.Eng.,

M.I.Mech.E., M.I.E.Aust., A.F.A.I.M.
Leader, Cascade Development Section: K. S. Turner, A.S.T.C., M.Sc., C.Eng., M.I.Chem.E.
Leader, Separation Performance Section: D. J. Mercer, B.E.Mech.(Hons.), M.Eng.Sci.(Nuc-),

M.I.E.Aust.

Engineering Services and Operations Division

Manager, Engineering Services and Operations: A. C. Higgins, C.Eng., F.I.Mech.E.
Controller, Reactors Department: A. C. Wood, B.Sc., F.I.E.Aust.

Leader, Production, Works and Maintenance Section: W. J. Turner, B.Mech.E., A.S.T.C.,
M.I.E.Aust.

Leader, Engineering Projects Section: R. M. Uebel, B.Mech.E.(Elect.), M.I.E.Aust.
Leader, Testing and Inspection Section: R. L. Truer, C.Eng., M.I.Mech.E.

Leader, Waste Control Section: A. T. Duff, B.Sc.(Hons.), A.R.A.C.I.

Environmental Science Division

Chief of Division: D. R. Davy, B.Sc.(Hons.), Dip.Environ.Stud.
Leader, Physics of Environment Section: A. I. M. Ritchie, B.Sc., Ph.D.

Leader, Environmental Chemistry Section: J. V. Evans, B.Sc.(Hpns.), Ph.D., C.Chem., M.R.I.C.
Leader, Environmental Biology Section: M. S. Giles, M.I.R., B.Sc.

Leader, Radiation Biology Section: J. K. Brown, B.Sc., M.Sc.
Leader, Chemical Engineering Section: D. M. Levins, B.E.(Hons.), Ph.D., C.Eng., M.I.Chem.E.

Health and Safety Division

Chief, Health and Safety Division: J. C. E. Button, B.Sc.(Hons.), F.Inst.P., F.A.I.P.
Leader, Safety and Health Physics Services: J. A. Grey, M.B.E., B.A., M.Sc.

Site Medical Officer: A. D. Tucker, M.B., B.S.
Nuclear Materials Officer: K. J. Quealy, B.Sc.
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Isotope Division

Chief of Division: J. G. Clouston, M.Sc., Ph.D., A.S.T.C., D.I.C., F.A.I.P.
Leader, Radioisotope Research Section: P. L. Airey, B.Sc.(Hons.), Ph.D., A.R.A.C.I.
Leader, Radioactive Products Research Section: R. E. Boyd, B.Sc.(Hons.), A.M.C.T.,

M.A.C.P.S.M.
Controller, Commercial Products Unit: K. W. Horlock, M.l.Mech.E., A.M.I.E.E., A.M.B.I.M.

Deputy Controller, Commercial Products Unit: J. Robson, M.Sc., A.R.A.C.I.
Leader, Medical Products Section: H. H. Brian, M.Sc., A.R.A.C.I.

Acting Manager, Technical Sales Section: C. E. Logan, B.Sc., F.A.C.B.S., A.A.I.M.
Leader, Irradiation Research and Technology Section: P. A. Wills, M.Sc., M.A.S.M.

Materials Division

Acting Chief of Division: K. U. Snowden, B.Sc., Ph.D., M.Inst.P., M.A.I.P.
Leader, Ceramics Section: K. D. Reeve, M.Sc., Ph.D., F.I.Ceram.

Leader, Reactor Materials Section: K. U. Snowden, B.Sc., Ph.D., M.Inst.P., M.A.I.P.
Leader, Metallurgy and Assessment Section: R. J. Hilditch, B.Tech., A.S.A.S.M., A.M.Aus.I.M.M.

Leader, Materials Science Section: C. J. Ball, M.A., Ph.D.

Nuclear Technology Division

Chief of Division: G. W. K. Ford, M.B.E., M.A.(Cantab.), M.l.Mech.E.
Assistant Chief of Division (Engineering): K. K. Lawther, B.Sc., B.E., Ph.D., C.Eng., M.I.Chem.E.

Assistant Chief of Division (Physics): D. B. McCulloch, B.Sc.(Hons.), F.A.I.P.
Leader, Reactor Thermohydraitlics Section: W. J. Green, B.Sc.(Hons.), M.Eng.Sci.
Leader, Nuclear Engineering Section: L Marshall, B.Sc.(Hons.), M.E., F.I.E.Aust.

Leader, Nuclear Analysis Section: B. E. Clancy, M.Sc., Ph.D.
Leader, Reactor Systems Section: E. R. Corran, B.Sc., M.Eng.Sc., C.Eng., A.C.G.l.

Site Services

Controller, Site Information Services: K. H. Tate, B.Sc., M.Aus.I.M.M.
Head Librarian: W. H. Neale, B.Sc.(Hons.), A.L.A.A.

Scientific Editor: M. E. Workman, B.A.(Hons.), Dip.Ed.
Manager, Commercial Applications: A, Walker, B.E., Grad.Dip., A.S.T.C., M.A.I.E.

Australian School of Nuclear Technology
Principal: B. Toner, B.E.
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Appendix D — AAEC Research and Development Programs

^^AMMgaHm^MMSaJajdra^Vaa^^

The main research and development programs in progress at 30 June 1982 are listed below.

Nuclear Technology

1. Fission Reactors: A base level of research and development is maintained to support the opera-
tion, refurbishing and safety assessment of HIFAR and Moata.

2. Fusion: Study of compact torus devices and the use of radio frequency waves for plasma heating;
investigation of blanket neutronics and tritium breeding and the behaviour of candidate first wall
structural materials.

Nuclear Fuel Cycle

1. Enrichment: Development of an independent centrifuge technology for uranium enrichment in-
cluding assessment studies and a laboratory program to improve the design of individual cen-
trifuge machines, to test the behaviour of centrifuges in cascade and to investigate the basic scien-
tific principles underlying other methods of enrichment.

2. Waste Management: Development and demonstration of the SYNROC concept for high level
nuclear waste solidification including the fabrication and testing of SYNROC containing actinide
and fission product elements and the construction and operation of a non-radioactive SYNROC
fabrication pilot plant; development of processes for consolidation of Research Establishment
wastes and studies on Australian uranium ore processing activities aimed at reducing the en-
vironmental impact of the waste materials.

Health and Environmental Science

1. Uranium Environmental Studies: Study of the formation, detection, characterisation and
transport of pollutants from the uranium industry; uptake and toxicity studies of heavy metals on
freshwater and marine biota.

2. Isotope Hydrology: Application of environmental isotope techniques to studies of the transloca-
tion of solutes and absorbates and of the transporting media.

3. Radiation Biology and Biophysics: Study of the biological response to low levels of radiation and
the biophysical aspect of radiation quality.

Application of Radioisotopes and Radiation

1. Nuclear and Radiation Medicine: Synthesis of new radiopharmaceuticals and their screening in
.animals; investigation of methods of manufacture and quality control; studies of possible drug
interactions and radiation dose-rate effects in radiotherapy.

2. Irradiation Research and Technology: Investigation of microbiological aspects of radiation pro-
cessing and development of appropriate microbiological techniques for AAEC radiophar-
maceuticals.

3. Industrial and Research: Development and application of radioisotope techniques to industrial
and economically important problems.

4. Radiation Detection, Measurement and Standards: Basic studies into semiconductor nuclear
radiation detectors; provision of nuclear measurement and radiation standards.

Nuclear Science

1. Nuclear Physics: Basic nuclear studies associated with neutron reaction processes and the
development of neutron data.

2. Nuclear Applications: Application of neutron and ion beams from HIFAR, Moata and the
3 MeV accelerator to a broad spectrum of scientific and industrial problems involving liaison
with government, industrial and university laboratories.

3. Materials Science: Develop and maintain expertise relevant to the nuclear industry including frac-
ture of components, crack propagation and flaw detection.
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Services

1. Computing Services: Studies into mathematical and computing problems relevant to the Commis-
sion's interests; provision of a mathematical and computing service.

2. Instrumentation: Specialised services and technique development in dynamics analysis, computer
interfacing, instrument design and maintenance.

3. Environmental Services: Monitors the Lucas Heights environs to ensure that no unacceptable
effects have occurred.

4. Materials Services: Fabrication, testing, non-destructive examination, high activity handling and
metallography.

5. Isotope Service: Operation and maintenance of specific pathogen free and gnotobiotic animal
colonies, for biological and isotope research and radiopharmaceuticai quality control.
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Appendix E — AAEC Research Contracts

In 1981-82 the Commission awarded research contracts for the projects listed
below.

NEW CONTRACTS

University or Organisation

University of Sydney
Department of Aeronautical Engineering

Siromath Pty Limited

Flinders University of South Australia
School of Physical Sciences

Project

Application of the direct simulation monte carlo
technique to high speed centrifuge operation (515,000).

Analysis of gas flows within a gas centrifuge using a
finite difference technique ($10,030).

Axial tomography using analogue data processing
($9,030).

EXTENDED CONTRACTS

Australian National University
Research School of Earth Sciences

School of Physical Sciences

Flinders University of South Australia
School of Physical Sciences

Griffith University
School of Science

Macquarie University
School of Mathematics and Physics

The immobilisation of high level nuclear reactor wastes
in crystalline mineral phases ($15,831).

Studies of high temperature magnetically confined
toroidal plasma ($12,371).

Formation and properties of linear diffuse pinches
($15,562).

Surface and bulk modification of nuclear waste solids
under hydrothermal leaching conditions ($3,186).

Development of tunable UV-VIS lasers for laser isotope
separation ($4,800).
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Appendix F — AAEC Patent Activities

AUSTRALIA AND OVERSEAS — COMPLETE

P. J. SORBY, R. E. BOYD. Generators for Technetium. Australia 73065.
B. D. SOWERBY. Neutron method for elemental analysis independent of bulk density. Australia 83431,

Britain 8213662, Canada 402700, Japan 57077634, United States of America 375648.
J. E. EBERHARDT. Improvements in and relating to method and apparatus for measuring the concen-

tration of gaseous hydrogen fluoride. Australia 82524, Canada 400796, International
PCT/AU82/55.

E. J. RAMM, A. E. RINGWOOD. Arrangements for containing waste material. Australia 72825,
Canada 382357, Europe 81303221.6, Japan 109533, United States of America 282327.

PATENT APPLICATIONS ALLOWED TO LAPSE

F. C. HUNT, J. G. WILSON. Radiopharmaceuticals for hepato-biliary imaging. Australia P.O. 5874.
B. D. SOWERBY. Combination neutron and V-ray method of elemental analysis. Russia 2803647/25.
M. THACKRAY, T. J. MAGEE, R. R. PETTI JOHN, S. A. STEWART. Method of controlled surface

texturization of crystalline semiconductor material. Australia 36332, Japan 50269, Britain 8805,
France 7811903, Germany P.2817072.1.

W. T. SPRAGG. Control of insects. Holland 7608806.

LETTERS PATENT GRANTED

R. W. MATTHEWS, R. E. BOYD. Improvements relating to Technetium-99 generators. Britain
2006511B, dated 3 March 1982, Canada 1108312, dated 1 September 1981, France 7829818, dated
21 August 1981.

B. D. SOWERBY. Annihilation radiation analysis. South Africa 80/7688, dated 30 December 1981.
J. S. WATT. Analysis of slurries. South Africa 80/5700, dated 29 July 1981.
B. D. SOWERBY. Combination neutron and X-ray method of elemental analysis. Australia 516362,

dated 13 November 1981, Canada 1126414, dated 22 June 1982, United States of America 4314155,
dated 2 February 1982.

M. THACKRAY, R. R. PETTIJOHN, C. LEUNG, R. G. MANNING, Z. REYES. Photographic image
enhancement method employing luminescence. United States of America 4299904, dated 10
November 1981.

J. V. EVANS, R. W. MATTHEWS. Technetium-99m generator. Australia 515808, dated 20 October
1981, Britain 2000361, dated 30 June 1982, United States of America 4280053, dated 21 July 1981.

K. G. McLAREN. Improvements in and relating to the treatment of wool textiles. Britain 1593123, dated
11 November 1981, United States of America 4277242, dated 7 July 1981.

J. S. WATT, V. L. GRAVITIS. Analysis of coal. South Africa 81/2363, dated 28 April 1982.
M. THACKRAY. Sources of nuclear radiation. France 7631932, dated 14 May 1982.
W. T. SPRAGG. Insect control. Britain 1597293, dated 25 November 1981.

PATENTS ABANDONED

M. THACKRAY. Sources of nuclear radiation. Britain 1563234.
W. T. SPRAGG. Control of insects. Britain 1561901.
M. THACKRAY. Reproduction of photographic images. Australia 422872.
W. T SPRAGG, B. W. SEATONBERRY. Method and apparatus for measuring gas flow. Australia

466930, Britain 1425151, 1425152, 1425153.
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Appendix G - Technical Papers by Commission Staff

The research publications of the Commission include reports in official AAEC series
distributed widely throughout the world, papers contributed to learned journals,
and papers presented at conferences where proceedings are subsequently
published.

PUBLISHED PAPERS

* AFGHAN, B. K., **BATLEY, G. E. [1981]. Progre"s dans la chromatographie liquide haute pression et
ses applications a 1'analyse d'echantillons environnementaux. Eau (hi Quebec, 14(3):205-2IO.
(*Division des Mfthodes Analytiques, Centre Canadien des Eaux IntSrieures, Burlington, Ontario,
Canada. **Work done while on attachment to CCE1.)

AHSANULLAH, M. [1982]. Acute toxicity of chromium, mercury, molybdenum and nickel to the
amphipod Altorchestes compressa. Ai/st. J. Mar. Freshwater Res., 33(3):465-474.

AHSANULL.AH, M., *NEG1LSKI, D. S., **MOBLEY, M. C. [1981]. Toxicity of zinc, cadmium and
copper to the shrimp Callianassa aitstraliensis 1. Effects of individual metals. Mar. Biol.,
64:299-304. ("Lilly Res. Labs., Indiana, U.S.A., **Marine Science Labs., Victoria.)

AHSANULLAH, M., *NEGILSKI, D. S., **MOBLEY, M. C. [1981]. Toxicity of zinc, cadmium and
copper to the shrimp Callianassa austra/ie/isis 111. Accumulation of metals. Mar. Biol., 64:311-316.
("Lilly Res. Labs., Indiana, U.S.A.,'**Marine Science Labs., Victoria.)

AHSANULLAH, M., *EDWARDS, R. R. C., **KAY, D. G., fNEGILSKI, D. S. [1982]. Acute toxici-
ty to the crab Paragrapsus qua(lrictentattts(H. Milne Edwards) of Kuwait Light Crude Oil, BP/AB
dispersant, and an oil-dispersant mixture. Attsl. J. Mar. Freshwater Res., 33(3):459-464. (*Ashbur-
ton, Victoria, **Dept. Sci. Technology, A.C.T., fLi l ly Res. Labs., Indiana, U.S.A.)

AIREY, P. L., ROMAN, D. [1981]. Uranium series disequilibria in the sedimentary uranium deposit at
Yeelirrie, Western Australia. J. Geol. Sac. Aitst., 28:357-363.

*AMBROSE, W. R., DUERDEN, P., BIRD, J. R. [1981]. An archaeological application of PIXE-
PIGME analysis to Admiralty Islands obsidians. Nucl. lustrum. Methods, 191:397-402. ('School of
Pacific Studies, Aust. Nat. Univ., Canberra.)

BALL, C. J. [1981]. The contribution of the intrinsic anistropy of point defect diffusion rates to
irradiation growth of zirconium. J. Niicl. Mater., 101:147-149.

BALL, C. J., KELLY, P. M. [1982]. X-ray method for determination of retained austenite in steels with
pronounced texture. Metals Sci., 16(7):332-334.

BARNES, R. K., BATLEY, G. E., *SHARP, J. H. [1982]. Heavy metal enrichment in the surface
microlayer of the Nepean-Hawkesbury River System. Aust. J. Mar. Freshwater Res., 33(3):417-430.
(*N.S.W. Inst. of Technology.)

BARNES, R. K., BOYD, R. E. [1982]. The chromatographic extraction and purification of
"Mo from uranium solutions by use of a silver impregnated alumina stationary phase. //;/. J. Appl.
Radial. Isot., 33:479-481.

*BEATTIE, D. R. H., **\VHALLEY, P. B. [1982]. A simple two-phase (f ict ional pressure drop
calculation method. Int. J. Multiphase Flow, 8(l):83-87. (*Work done while on attachment to
AERE Harwell, **Univ. of Oxford.)

B1CEVSKIS, A. [1982]. Unacceptability of acceptable risk. Search, 13(l/2):31-34.
BIRD, J. R., DUERDEN, P. *CLAPP, R. A. [1981]. Glancing angle measurements of oxygen depth

profiles. Nucl. lustrum. Methods, 191:345-348. (*N.S.W. Inst. of Technology.)
BIRD, J. R., ROSE, A., *WILKlNS, R. W. T. [1981]. Decoration of dislocations by proton irradiation

of halite. Nucl. lustrum. Methods, 191:19-22. (*CSIRO Div. of Mineralocy.)
BIRD, J. R., DUERDEN, P., *BARBETTI, M., **AMBROSE, W. [1982]. Reading the Unwri t ten.

Hemisphere, 26(4):224-227. (*Univ. of Sydney, **Ausl. Nat. Univ., Canberra.)
BLAGOJEVIC, N., WOOD, N. R. [1982]. Holmium-166m sources for energy and efficiency calibration

of y-spectrometry systems. Int. J. Appl. Radial. Isot., 33:153-154.
BLOSER, D. S. [1982]. A computerised approach to the characterisation of ultrasonic immersion trans-

ducers. Auslralas. Corros. Eng., 26(4/5):9-15.
*BOWLES, S. J., BALL, C. J., KELLY, P. M. [1982]. On a generalised lattice correspondence theory

of martensitic transformations. Scripta Metull., 16:449. (*Univ. of N.S.W.)
BOYD, R. E. [1982]. Molybdenum-99:technetium-99m generator. Radiochim. Ada, 30(3):123-146.
BOYD, R. E. [1982], Technetium-99m generators — the available options. Int. J. Appl. Radial. Isot. ( In

press.)
BROWN, J. K., PANTER, H. C. [1982]. Chromosomal aberrations in Chinese hamster cells exposed in

vitro to tritium-labelled thymidine or X-rays at -196°C. Cytobios., 33:149-156.
BUYKX, W. J., CASSIDY, D. J., WEBB, C. E., WOOLFREY, J. L. [1981]. Fabrication studies on

perovskite, zirconolite, barium aluminium ti tanate, and SYNROC B. Am. Ceram. Sac. Bull.,
60(12): 1284-1288.
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BUYKX, \V. J., [1982]. Specific heat, thermal diffusivity and thermal conductivity of SYNROC, perov-
skite, zirconolite and barium hollandite. J. Nucl. Mater., 107(l):78-82.

CAMPBELL, B. L., "LOUGHRAN, R. J., **ELLIOTT, G. L. [1982]. Caesium-137 as an indicator of
geomorphic processes in a drainage basin system. Ansl. Geographical Studies, 20:49-63. (*Univ. of
Newcastle, **Soil Conservation Service, Scone Research Centre, N.S.W.)

CHAPMAN, J. F., DALE, L. S. [1982]. The use of alkaline permanganate in the preparation of bio-
logical materials for the determination of mercury by atomic absorption spectrometry. Anal. C/iiin.
Acta, 134:379-382.

CLAYTON, E. [1981]. Uncertainties in theoretical thick target PIXE yields. Nucl. Instrum. Methods,
191:567-572.

CLAYTON, E. [1982]. Sample characterization by proton induced X-ray emission analysis. Appl. Surf.
Sri., 13:136-158.

CLAYTON, E., *COHEN, D. D., DUERDEN, P. [1981]. SOXS — A computer code for the synthesis
of X-ray spectra. Nucl. lustrum. Methods, 191:573-578. (*AINSE.)

CORRAN, E. R., WITT, H. H. [1982]. Reliability analysis techniques for the design engineer. Reliabili-
ty Eng., 3(l)-Al-57.

*CRAMER, N. F., **DONNELLY, 1. J. [1981]. The parametric excitation of kinetic AlfvCn waves by a
magnetic pump. J. Plasma Phys., 26(2):253-266. (*Univ. of Sydney, **\Vork done while on attach-
ment to Univ. of Sydney.)

DALE, L. S., LIEPA, I., RENDELL, P. S., WHITTEM, R. N. [1981]. Computer-controlled electrical
detection system for a spark source mass spectrometer. Anal. C/iem., 53(14):2288-2291.

DAVIDSON, M. R., A1REY, P. L. [1982]. The effect of diversion on the establishment of a paleo-
climatic record from groundwater. J. Hvdrol., 58(1/2):131-147.

DAVIDSON, M. R., *ENGEL, L. A. [1982]. Gas transport in an asymmetrical acinus. Bull. Europ.
Physiopath. Resp., 18:203-214. (*Westmead Hospital, Westmead, N.S.W.)

*DAVIS, J. E., SANGSTER, D. F., *SENOGLES, E. [1981]. Pulse radiolysis of aqueous solutions of
n-vinylpyrrolidine-2-one and poly(n-viny!pyrrolidine-2-one). Aust. J. Cliein., 34(7):1423-1431.
("James Cook Univ. of North Qld.)

*DURANCE, G., **JESSUP, B. L., **JONES, I. R. and *TENDYS, J. [1982]. Experimental observa-
tions of Rotamak equilibria. Phys. Rev. Lett., 48(18): 1252. (*Work done while on attachment to
Flinders Univ., **Flinders Univ. of South Australia.)

EBERHARDT, J. E., KNOTT, R. B., PRYOR, A. W., *GILBERT, R. G. [1982]. Master equation
description of the multiphoton decomposition of ethyl acetate. Chew. Phys., 69:45-59. ("Sydney
Univ.)

EKSTROM, A., HURST, H. J., RANDALL, C. H., WHITTEM, R. N. [1982]. Infrared photo-
chemistry of volatile uranyl complexes. J. Phys. Chem., 86(13):2375-2381.

FARDY, J. J., "ISHIMORI, T., **NAVRATIL, J. D., tSATO, T., tfSCHULZ, W. W. [1981].
Solvent extraction chemistry applied to nuclear science. At. Energy Rev., Suppl. 2:235-248. ("Japan
Atomic Energy Res. Inst., **IAEA, Vienna., tShizvoka Univ. Japan., ffRockwell Hanford Opera-
tions, Richland, U.S.A.)

FLORENCE, T. M. [1982]. The speciation of trace elements in waters. Talanta, 29:345-364.
GREEN, W. J., LAWTHER, K. R. [1981]. A flow boiling burnout correlation for water and Freon-12.

Nucl. Eng. Des., 67:13-25.
HAMILTON, N. [1982]. New flexible program calculates component values for active filters. Electron.

Eng., 54(660:21,23.
HAMILTON, N., KELLY, J. W., STRUVE, H. [1982]. Instrument to measure abundance ratios of

transient mass species with a quadrupole mass spectrometer. Rev. Sci. lustrum., 53(5):631-633.
HARRIES, J. R..CALF, G. E. [1982]. Input of tr i t ium to intermediate depth water in the South Pacific.

J. Mar. Res. (In press.)
HARTLEY, P. E. [1982]. Correction of memory effects in analytical instruments. Anal. Cheni.,

54(1):148.
HOWARD, C. J. [1982]. The approximation of asymmetric neutron powder diffraction peaks by sums

of Gaussians. J. Appl. Cryst. (In press.)
KHOE, G., FREDSALL, J., SCURR, I., PLOTNIKOFF, W. [1981]. AAEC nuclear power projec-

tions. At. Energy Aust., 24(3/4):! 1-14.
LANG, D. W., WALSH, R. L. [1982]. The mass resolution correction in double-energy fission. Nucl.

Instrum. Methods, 20(2/3):389-395.
LAWSON, E. M., TAVENDALE, A. J. [1982]. The growth of germanium oxide on thin gold layers on

germanium substrates. J. Appl. Phys. (In press.)
LOWENTHAL, G. C., WYLL1E, H. A. [1982]. A method for measuring the activity of "Fe using a

4IT proportional counter. Int. J. Appl. Radiate. Isot. (In press.)
McLAREN, K. G. [1981]. Routine kilogray dosimetry with dichromate solutions. Int. J. Appl. Radial.

Isot. 32:803-809.
MATTHEWS, R. W. [1982]. Aqueous chemical dosimetry. Int. J. Appl. Radial. Isot. (In press.)
MATTHEWS, R. W. [1982]. Effect of temperature on the radiation induced reduction of dichromate

ion. //(/. J. Appl. Radial. Isot., 33(6):454-455.
*NEG1LSK1, D. S., AHSANULLAH, M., **MOBLEY, M. C. [1981]. Toxicity of zinc, cadmium and

copper to the shrimp Callianassa australiensis II. Effects of paired and triad combinations of
metals. Mar. Biol., 64:305-309. (*Lilly Res. Labs., Indiana, U.S.A., **Marine Science Labs., Vic-
toria.)

PAKALNS, P. [1982]. Non-ionic detergent as a complexing agent in the determination of fluoride with
the fluoride electrode. Mikrochim. Acta. (In press.)
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PEARTON, S. J. [1981]. The use of laser doped Li contacts on semiconductor nuclear radiation
detectors. Nucl. lustrum. Methods, 189:589-598.

PEARTON, S. J. [1981]. Use of thermal annealing for radiation hardening of germanium to y-rays.
Radial. Eff. Lett., 67(3):63-67.

PEARTON, S. J. [1982]. The electronic states of some metal impurities in germanium. Aitst. J. Pliys.,
35:53-58.

PEARTON, S. J. [1982]. Energy levels of some rare-earth related impurities in germanium. Plivs. Status
Solidi D, 109(2):K135-K138.

PEARTON, S. J. [1982]. Thermal and electrical stability of gamma-ray induced defects in germanium.
Radial. Eff., 61(3/4):135-141.

PEARTON, S. J. [1982]. Deep metal-related centres in germanium. Solid-Stale Electron., 25(4):305-311.
PEARTON, S. J. [1982]. A study of deep metal-related centres in germanium by capacitance spectro-

scopy. Solid-State Electron., 25(6):499-503.
PEARTON S. J. [1982]. Hydrogen passivation of copper-related defects in germanium. Ap;A. Phvs.

Leu., 40:253.
PEARTON, S. J., TAVENDALE, A. J. [1982]. The mobility of copper centres in reverse biased

germanium junction diodes. Appl. Phvs. Lett., 41(2):176-178.
PEARTON, S. J., TAVENDALE, A. J. [1982]. Hydrogen passivation of grain boundaries in poly-

crystalline gallium arsenide. J. Appl. Phys. (In press.)
PEARTON, S. J., TAVENDALE, A. J. [1982]. Hydrogen passivation of laser-induced delects in ger-

manium. J. Appl. Phvs. (In press.)
PEARTON, S. J., TAVENDALE, A. J., WILLIAMS, A. A. [1982]. New gamma-radiation damage

centres observed in germanium by deep level transient spectroscopy. Radial. Eff., 60:129-134.
REEVE, K. D., LEVINS, D. M., RAMM, E. J., WOOLFREY, J. L., BUYKX, W. J., RYAN, R. K.,

CHAPMAN, J. F. [1981]. The development and testing of SYNROC for high-level radioactive
waste fixation. At. Energy Aust., 24(l/2):2-12.

REEVE, K. D., LEVINS, D. M., RAMM, E. J., WOOLFREY, J. L. [1982]. SYNROC for containment
of high-level nuclear waste. Trans. Am. Nitcl. Soc., 41:278.

*RYE, O. S., DUERDEN, P. [1982]. Papuan pottery sourcing by P1XE: Preliminary studies.
Archaeometry, 24(l):59-64. (*Aust. Nat. Univ., Canberra.)

SNOWDEN, K. U., [1982]. Grain-boundary migration, sliding and void formation during high
temperature fatigue. [Chapter 8, In Cavities and Cracks in Creep and Fatigue (ed. J. Gittus), Ap-
plied Science Publishers Ltd., Barking, U.K.]

SNOVVDEN, K. U., STATHF.RS, P. A., HUGHES, D. S. [1981]. The consideration of strain limits for
type 310 stainless steel at elevated temperatures. Metals Forum, 4(4):209-215.

SNOWDEN, K. U., STATHERS, P. A., HUGHES, D. S. [1982]. The elevated temperature creep
behaviour of types 321 and 310 stainless steel. Res. Mech., 4:115-126.

*SUTTON, H. C., SANGSTER, D. F. [1982]. Reactivity of semiquinone radicals and its relation to the
biochemical role of supcroxide. J. Chein. Soc., Faraday Trans., I, 78:695-711. (*Dept. Scientific
and Industrial Research, N.Z.)

TAVENDALE, A. J., PEARTON, S. J. [1982]. Hydrogen passivation of a nickel-related defect in
germanium. J. Appl. Phvs. (In press.)

WHATHAM, J. F. [1982]. Thin shell analysis of non-circular pipe bends. Nitcl. Eng. Des. (In press.)
WH1TTEM, R. N., STUART, W. I., LEVY, J. H. [1982]. Smoothing and differentiation of thermo-

gravimetric data by digital filters. Thermochim. Ada., 57(2):235-239.
WILLIAMS, A. R. [1981]. Radioecological survey. CSIRO Arid Zone Newsletter, 1981:92.
WILLS, P. A. [1982]. The use of atomic energy for the irradiation of foods. Food Tec/wol.,

34(9):420-424.
WOOD, B. R. A. [1981]. The use of acoustic emission for structural integrity assurance. Non-Destr.

Test. —Aiist., I8(8):9-15.
WOOLFREY, J. L., REEVE, K. D., CASSIDY, D. J. [1982]. Accelerated irradiation testing of

SYNROC and its constituent minerals using fast neutrons. ./. Nucl. Mater., 108:739-747.

PUBLISHED CONFERENCE PAPERS

A1REY, P. L., DAVIDSON, M., ROMAN, D. [1981]. Solute transport and dispersion in very old
groundwater. Potential applications of chlprine-36. Proc. Workshop on Isotope Hydrology Applied
to Evaluation of Deeply Buried Repositories, Univ. of Arizona, Tucson, U.S.A., 14-16 October.

ALFREDSON, P. G. [1981]. Developments in the Australian uranium industry. Chcmcca 81 — Proc.
9th Australas. Chem. Eng. Conf., Christchurch, N.Z., 30 August-4 September.

ALLEN, B. J. [1982]. Evaluation of the radiation width of the 27.7 keV resonance in S6Fc. Proc.
Specialist Meeting on Fast Neutron Capture Cross Sections, Argonne, Illinois, U.S.A., 20-23 April.

*ALLEN, J., DUERDEN, P. [1982]. At least we have theories at the bottom of our jargon: A progress
report on P1XE sourcing of Papuan pots. Proc. 1st Aust. Archaeometry Conf., Sydney, 15-18
February. (*Aust; Nat. Univ., Canberra.)

*AMBROSE,' W. R., DUERDEN, P. [1982]. PIXE analysis in the distribution and chronology of obsi-
dian use in the Admiralty Islands. Proc. 1st Aust. Archaeometry Conf., Sydney, 15-18 February.
(*Aust. Nat . Univ., Canberra.)

BARRY, .1. M., POLLARD, J. P. [1981]. Solution of neutron diffusion linear equations by the method
of implicit non-stationary iteration. Proc. Conf. on Numerical Solutions of Partial Differential
Equations, Melbourne, 24-28 August, : 605-621.
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BICEVSKIS, A. [1982]. Risk-related decisions in a changing society. Proc. Ann. Engineering Con!"., Inst .
Eng. Aust., Hobart, 22-26 February.

BIRD, J. R., *CLARK, G. J. (eds) [1981]. Ion Beam Analysis. Proc. 5th In t . Conf. on Ion Beam
Analysis, Sydney, 16-20 February. North-Holland Publ. Co. Proceedings also published is Nucl.
lustrum. Methods, Vol. 191. (*CSIRO Inst. Earth Resources.)

BIRD, J. R., *COHEN, D. D., DUERDEN, P., **SMITH, G. B., **HILLERY, P. [1981]. Effects of
roughness in depth profiling by ion beam techniques. Proc. 2nd Appl. Phys. Conf., Melbourne,
30 November-4 December. (*A1NSE, **N.S.W. Inst. of Technology.)

BLOSER, D. S. [1981]. ZoomPLOT — A new technique in applied ultrasonic frequency spectroscopy.
Proc. 9th Nat. Conf., Aust. Inst. Non-Destructive Testing, Surfers Paradise, Qld, 30 August-2
September.

BONHOTE, P. A. [1982]. Reactor decommissioning. In Radiation Protection in Australia (ed. J. C. E.
Button). Proc. 6th Ann. Conf. of the Aust. Radiation Protection Sociely, Univ. of N.S.W., 24-27
August. Bull. ARPS, Issue 1/82 : 118-127.

BRADHURST, D. H., *HEUER, P. M., *STOLARSKI, G. Z. A. [1982]. Hydrogen production and
storage using titanium electrodes and metal hydrides. Proc. 4th World Hydrogen Energy Conf.,
Pasadena, California, U.S.A., 13-17 June.

BUTTON, J. C. E. [1981], Accidents involving ionising radiations and radioactive materials. Proc. 3rd
Ann. Combined Emergency Service Seminar, Inst. of Fire Engineers, Latrobc Univ., Victoria, 7-8
November.

CALF, G. E., AIREY, P. L. [1982], Liquid scintillation counting of carbon-14 in a heavily shielded site.
Proc. 1st Aust. Archaeometry Conf., Sydney, 15-18 February.

CHRIMES, N. W. D. [1981]. Some thoughts on the use of image quality indicators. Proc. 9th Nat.
Conf., Aust. Inst. Non-Destructive Testing, Surfers Paradise, Qld, 30 August-2 September.

CLARK, G. H. [1982]. A study of air pollution meteorology parameters'on the southern extremity of
Sydney. Proc. Conf. on The Urban Atmosphere, Sydney : A Case Study, 4-6 May.

CLAYTON, E. [1982]. Statistical techniques for provenancing artefact material — a user's view. Proc.
1st Aust. Archaeometry Conf., Sydney, 15-18 February.

COSTELLO, .1. M. [1982]. Disposal of high-level radioactive wastes. In Radiation Protection in Aus-
. tralia (ed. J. C. E. Button). Proc. 6th Ann. Conf. of the Aust. Radiation Protection Society, Univ.

ofN.S.W., 24-27 August 1981. Bull. ARPS, Issue 1/82 : 157-188.
*CUNNINGHAM, J. B., RAFTER, P. T., SOWERBY, B. D. [1981]. Bulk analysis of sulphur in lead

sinter samples using neutron inelastic scatter gamma rays. Proc. 2nd Appl. Phys. Conf.,
Melbourne, 30 November-4 December. (*Mount /sa Mines Ltd.)

DALTON, A. W. [1982]. NA1ADQ, a thermal-hydraulics code incorporating thermodynamic non-
equilibrium for the simulation of power transients in nuclear reactors. Proc. 5th Biennial Conf. of
Simulation Society of Aust., Armidale, N.S.W., 10-11 May.

DANIEL, J. A., HARRIES, J. R., RITCHIE, A. I. M. [1981]. The transport ofoxygcn into a waste rock
dump undergoing pyritic oxidation. Proc. 2nd Appl. Phys. Conf., Melbourne, 30 November-
4 December.

DANIEL, J. A., HARRIES, J. R., RITCHIE, A. I. M. [1981]. The temperature distr ibution and heat
transfer in a waste rock dump undergoing pyritic oxidation. Proc. 2nd Appl. Phys. Conf.,
Melbourne, 30 November-4 December.

DANIEL, J. A., HARRIES, J. R., RITCHIE, A. 1. M. [1982]. Runoff and seepage from waste rock
dumps containing pyritic material. Proc. Hydrology and Water Resources Symp., Melbourne,
11-13 May.

DAVIDSON, M. R. [1981]. Dispersion in a model of a layered aquifer-aquiclude system : a simple
numerical treatment. Proc. Conf. on Numerical Solutions of Partial Differential Equations,
Melbourne, 24-28 August, pp.471-477.

DAVIS, G. B., RITCHIE, A. I. M. [1982]. A mathematical model of pyrit ic oxidation in waste rock
dumps. Proc. 5th Biennial Conf. of Simulation Society of Aust., Armidale, N.S.W., 10-11 May.

DUERDEN, P., "COHEN, D. D., **AMBROSE, W. R. [1982]. The measurement ofhydra t ion profiles
in obsidian. Proc. 1st Aust. Archaeometry Conf., Sydney, 15-18 February. (*A1NSE, **Aust. Nat .
Univ., Canberra.)

EASEY, J. F., DAVISON, A. [1981]. A radioisotope study of the movement of dredged spoil in More-ton
Bay. Proc. 5th Aust. Coastal Eng. Conf., Perth, 25-27 November.

ELLIS, W. R., JEFFREE, R. A. [1981]. Determination of the distr ibution of alpha emitters in the tissues
of the freshwater mussel Velesitnio angasi using the alpha track etch method. Proc. 11th In t . Conf.
on Solid State Nuclear Track Detectors, Bristol, U.K., 7-12 September.

GILLESP1E, P., WALL, T. [1981]. Neutron radiography at Lucas Heights, Australia. Proc. World
Conf. on Neutron Radiography, San Diego, California, U.S.A., 7-10 December.

HARRIES, J. R., RITCHIE, A. I. M. [1982]. Measurements of oxygen concentrations and temperature
within overburden dumps at a mine site. Proc. Soil Science Conf., Canberra, 19-23 May.

HARRIS, R. W. [1981]. Mechanical integrity assessment in a hospital environment by the analysis of
external vibration signals. Proc. Machine Conditioning Monitoring Seminar, Caulfield Inst. of
Technology, Victoria, 25-27 August.

HIGSON, D. J. [1982]. Nuclear reactor risk assessment. In Radiation Protection in Australia (ed.
J. C. E. Button). Proc. 6th Ann. Conf. of the Aust. Radiation Protection Society, Univ. of N.S.W.,
24-27 August 1981. Bull. ARPS, Issue 1/82 : 91-117.

JANOV, J., *LePAGE, A. H. [1981]. Uranium hexafluoride production in a 150 mm diameter fluidised
bed pilot plant. Chemeca 81 — Proc. 9th Australas. Chem. Eng. Conf., Christcluirch, N.Z.,
30 August-4 September. (*ESSO Australia, Sydney, N.S.W.)
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KELLY, P. M., BALL, C. J., BLAKE, R. G. [1982]. Crystallography of lath martensite in steels. Proc.
35th Ann. Conf. Australas. Inst. Metals, Sydney, 9-13 May.

KENNY, M. J., BIRD, J. R., BROE, H. G. [1981]. Materials modification by ion implantation. Proc.
2nd Appl. Phys. Conf., Melbourne, 30 November-4 December.

LEVINS, D. M., RING, R. J., *DUNLOP, G. A. [1982]. Reducing the environmental impact of
uranium tailings by physical segregation and separate disposal of potentially hazardous fractions.
Proc. of the OECD/NEA Workshop nn Ore Processing/Tailings Conditioning for Minimising
Long-term Environmental Problems in Uranium Mill Tailings Disposal, Colorado, U.S.A.,
28-29 October 1981, pp.159-171 (*Amdel.)

*LT-4 Group: **BERTRAM, W. K., CHEETHAM, A. D., CORBOULD, M. A., HAMBERGER,
S. M., **HOGG, G. R., HOW, J. A., KUWAHARA, H., MORTON, A. H., SHARP, L. E.,
VANCE, C. F., WH1TBOURN, L. B. [1982]. Fast electrons in the LT-4 Tokamak. Paper presented
at 2nd Gaseous Electronics Meeting, Armidale, N.S.W., 8-10 February. (*Aust. Nat. Univ.,
Canberra. **Work done while on attachment to the Aust. Nat. Univ.)

*LT-4 Group: **BERTRAM, W.K., CHEETHAM, A.D., CORBOULD, M.A., HAMBERGER, S. M.,
**HOGG, G. R., HOW, J. A., KUWAHARA, H., MORTON, A. H., SHARP, L. E., VANCE,
C. F., WHITBOURN, L. B. [1982]. Sub-millimetre wave scattering in the LT-4 Tokamak. Paper
presented at 2nd Gaseous Electronics Meeting, Armidale, N.S.W., 8-10 February. (*Aust. Nat.
Univ., Canberra. **Work done while on attachment to the Aust. Nat. Univ.)

MAYER, I. F. [1981], Supplying the total energy needs of remote, isolated buildings from solar energy
— the TERRESSOL project. Proc. Solar Energy for the Outback Conf., Alice
Springs, N.T., 28-30 September, pp.22-1 to 22-3.

PEADY, G. W. [1981]. High level programming of network hardware. Proc. 1981 DECUS Aust.
Symp., Griffith Univ., Brisbane, Qld, 24-28 August.

RAMM, E. J., REEVE, K. D. [1982]. Demonstration of SYNROC fabrication scaleup on a non-
radioactive basis. Proc. American Nuclear Society Topical Meeting on the Treatment and Handling
of Radioactive Wastes, Richland, Washington, U.S.A., 19-22 April.

REEVE, K. D., LEVINS, D. M., RAMM, E. J., WOOLFREY, J. L. [1982]. The development and
evaluation of SYNROC for high level radioactive waste immobilization. Proc. IAEA Symp. on
Conditioning of Radioactive Wastes for Storage and Disposal, Utrecht, The Netherlands, 21-25
June.

REEVE, K. D., LEVINS, D. M., RAMM, E. J., WOOLFREY, J. L. [1982]. Immobilisation of high
level nuclear wastes in SYNROC. Proc. 35th Ann. Conf. Australas. Inst. Metals, Sydney, 9-13 May.

REEVE, K. D., LEVINS, D. M., RAMM, E. J., WOOLFREY, J. L. and BUYKX, W. J. [1981]. The
development and testing of SYNROC C as a high level nuclear waste form. Proc. Scientific Basis for
Nuclear Waste Management Symp., Boston, Mass., U.S.A., 16-19 November.

*RIGNEY, C. J., WILLS, P. A. [1981]. Disinflation of fruit against Queensland frui t fly by gamma
irradiation. Proc. Seminar on Food Irradiation for Developing Countries in Asia and the Pacific,
Tokyo, Japan, 9-13 November. Paper IAEA-SR-60/09. ('N.S.W. Dept. of Agriculture.)

RING, R. J., LEVINS, D. M., *GEE, F. J. [1982]. Radionudides in process and waste streams at an
operating uranium mill. Proc. Int. Conf. on Management of Wastes from Uranium Mining and
Milling, Albuquerque. New Mexico, U.S.A., 10-14 May. (*Qld Mines Ltd, Darwin, N.T.)

ROOD, J. T. [1982]. Review of ladiological problems of floating nuclear power plants. In Radiation
Protection in Australia (ed. J. C. E. Button). Proc. 6th Ann. Conf. of the Aust. Radiation Protec-
^on Society, Univ. of N.S.W., 24-27 August 1981. Bull. ARPS, Issue 1/82 : 135-156.

ROSE, A., KENNY, M. J., POLLOCK, J. T. A., SCOTT, M. D. [1981]. The use of ion implanted
silicon to measure the uniformity of a homogenised laser beam. Proc. 2nd Appl. Phys. Conf.,
Melbourne, 30 November-2 December.

SOWERBY, B. D., NGO, V. N., ELLIS, W. K. [1981]. Bulk analysis of ash in coal using annihilation
radiation. Proc. 2nd Appl. Phys. Conf., Melbourne, 30 November-4 December.

STOCKS, K., ESSAM, P., MUSGROVE, A. R. de L. [1982]. An examination of the Australian energy
technology system using MARKAL. Proc. 2nd Nat. Energy Conf., Melbourne, 25-27 May.

STRONG, K. P., LEVINS, D. M., *FANE, A. G. [1981]. Radon diffusion through uranium tailings and
earth cover. Proc. Int. Conf. on Radiation Hazards in Mining : Control, Measurement and Medical
Aspects, Golden, Colorado, U.S.A., 4-9 October. Also presented to Second World Congress on
Chemical Engineering, Montreal, Canada, 4-9 October. (*Univ. of N.S.W.)

WALKER, A. [1982]. Intellectual property management at the Australian Atomic Energy Commission.
Proc. Symp. on Venture Capital and Technological Innovation in Australia, Sydney, 20 February.

WALKER J. R. [1981]. Atomic energy and radiation — Industrial and hydrological applications in the
future. Inst. of Plumbing, Australia, Proc. Sixth National Convention, Plumbing and Sanitation
2001, Hobart, 6-9 October 1981.

WALL, T. [1982]. Fission track dating of obsidian. Proc. 1st Aust. Archaeometry Conf., Sydney, 15-18
February.

WALSH, R. L. [1982]. Reflections on uranium. In Radiation Protection in Australia (ed. J. C. E.
Button). Proc. 6th Ann. Conf. of the Aust. Radiation Protection Society, Univ. of N.S.W., 24-27
August 1981. Bull. ARPS, Issue 1/82 : 7-13.

WILLIAMS, A. R. [1982]. Biological uptake and transfer of radium-226: A review. In Environmenial
Migration of Long-lived Radionuclides. Proc. In t . Symp. on Migration in the Terrestrial Environ-
ment of Long-lived Nuclides from the Nuclear Fuel Cycle, Kno.xville, Tenn., U.S.A., organised by
IAEA/CEC/OECD-NEA, 27-31 July 1981. IAEA, Vienna, pp.207-222.
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VVOOLFREY, J. L., REEVE, K. p., CASSIDY, D. J. [1981]. Accelerated irradiation testing ot
SYNROC and its constituent minerals using fast neutrons. Proc. Int . Conf. on Neutron Radiation
Effects, Argonne, Illinois, U.S.A., 9-13 November.

VVYATT, J. H., DIXON R. J., *BENTLEY, K. W. [1981]. Microanatomical localisation of fissionable
elements in histologica! sections using lexan replicas. Proc. l l t h Int . Conf. on Solid State Nuclear
Track Detectors, Bristol, U.K., 7-12 September. (*Now at Ranger Uranium Mines Pty Ltd, East
Jabiru, N.T.)

AAEC/E SERIES

*BABIJ, T., *GOODMAN, A., *KHALID, A. M, *RALPH, B. J. [1981]. Microbial ecology of Rum
Jungle I I I . Leaching behaviour of sulphulic waste material under controlled conditions.
AAEC/E520. (*Univ. of N.S.W.)

BACKSTROM, R. P. [1982]. A magnetic tape analysis and copying program, AECOPY, modified for
IBM360/370 computers. AAEC/E537.

CLANCY, B. E. [1982]. ANAUSN — A one-dimensional multigroup SN transport theory module for the
AUS reactor neutronics system. AAEC/E539.

COOK, J. L., ROSE, E. K. [1982]. Valency effects in compound nucleus level spacings. AAEC/E530.
COOK, J. L., ROSE, E. K. [1982]. An evaluation of the charge exchange rate coefficients for the

hydrogen isotopes in plasmas. AAEC/E540.
COOK, J. L., ROSE, E. K. [1982], SPUTLIB — A library of Maxwellian averaged sputtering

coefficients. AAEC/E541.
DAVIDSON, M. R., BACKSTROM, R. P. [1981]. A software implementation of the Knapsack public

key cryptographic system. AAEC/E525.
DONNELLY, 1. J. [1982]. Magnetohydrodynamic surface and body waves in rectangular and cylindrical

geometries. AAEC/E538.
GILES, M. S., DUDAITIS, A. [1982]. Environmental survey at the AAEC Research Establishment,

Lucas Heights — Results for 1980. AAEC/E542.
*GOODMAN, A. E., *KHALID, A. M., *RALPH, B. J. [1981]. Microbial ecology of Rum Jungle 1.

Environmental study of sulphidic overburden dumps, experimental heap-leach piles and tailings
dam area. AAEC/E531. (*Univ. of N.S.W.)

*GOODMAN, A. E., "KHALID, A. M., *RALPH, B. J. [1981]. Microbial ecology of Rum Jungle II .
Environmental study of two flooded opencuts and smaller, associated water bodies. AAEC/E527.
(*Univ. of N.S.W.)

GREEN, W. J. [1981]. An investigation of critical heat fluxes in vertical tubes internally cooled by
Freon-12. Part I I — The development of a critical heat flux correlation for uniformly heated tubes.
AAEC/E528.

GREEN, W. J. [1981]. Adaptation of a Freon-12 critical heat flux correlation to correlate water data
from uniformly heated vertical tubes. Part 1 : Based on critical heat flux data for water at pressures

•of 3 to 14 MPa. AAEC/E532.
GREEN, W. J. [1982]. Adaptation of a Freon-12 CHF correlation to apply for water in uniformly heated

vertical tubes. Part 2 : Based on CHF data for water at pressures in the range 6-20 MPa.
AAEC/E536.

HAMILTON, N., KELLY, J. W., STRUVE, H. [1982]. A high repetition rate Q-switched CO2 laser.
AAEC/E534.

HAMILTON, N., KELLY, J. W., STRUVE, H. [1982]. A thyratron-switched modular CO; TEA laser
for infrared photochemical studies. AAEC/E545.

HOLLAND, P. G. [1982]. The AAEC blowdown and containment rig. AAEC/E535.
KNOTT, R. B. [1982]. MASTER — A computer program solution of the master equations for laser

multi-photon dissociation. AAEC/E547.
LAWSON, E. M. [1981]. Preliminary investigations into the formation of laser doped contacts on

semiconductors. AAEC/E523.
PEARTON, S. J. [1981]. Neutralisation of point defects in Ge and GaAs by hydrogen incorporation.

AAEC/E521.
PEARTON, S. J., TAVENDALE, A. J. [1982]. The nature of the Ev +0.23 eV and Ev H-0.38 eV gamma-

induced centres in Ge. AAEC/E544.
RITCHIE, A. 1. M. [1981]. The use of flat-vee weirs for measuring runoff from mine waste dumps.

AAEC/E524.
ROSE, A. [1981]. Angular measurement of the energy distr ibution of neutrons from the thick target

7Li(p,n)'Be source. AAEC/E522.
ROSE, A., LAWSON, E. M. [1982]. A Q-switched ruby laser for producing laser doped contacts to semi-

conductors. AAEC/E546.
SANGER, P. L. [1982]. AAEC computer network access to ACL-NOVA facilities. AAEC/E533.
SAUNDERS, M. T., DRUMMOND, C. M., HARRISON, M. A. [1982]. Validation of the sterile manu-

facture of the AAEC Mark I I I molybdenum-99/technetium-99m generator. AAEC/E543.
TURNER, W.J. [1982]. MOVIES, plotting and priming of output from serial calculations. AAEC/E529.
WILSON, D. J. [1982]. The use of thorium as an alternative nuclear fuel. AAEC/E526.
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AAEC/M SERIES

LIEPA, I. [1982]. A computer control facility for a spark source mass spectrometer electrical detection
system. AAEC/M 101.

WHATHAM, J. F. [1982]. The use of computer codes FLEXIN and FLEXOT. AAEC/M99.
WH ATM AM, J. F. [ 1982]. The use of computer codes SHEREF, COILEF and TURNEF. AAEC/M 100.

AAEC/S SERIES

POLLARD, J. P. (ed.) [1981]. Mathematical modelling of a limited resource. A collection of papers
presented at the AAEC Summer School. AAEC/S23.

WATT, J. S., SOWERBY, B. D. (eds) [1982]. IAEA Regional Training Course. Use of nuclear tech-
niques in the mineral industry. AAEC/S24.

NON-AAEC SERIES

*AMBROSE, W. R., BIRD, J. R,, DUERDEN, P. [1981] — The impermanence of obsidian sources in
Melanesia. In Archaeological Studies of Pacific Stone Resources (eds F. Leach and J. Davidson),
British Archaeological Reports, International Series 104 (Article 1) 1-19. (*School of Pacific
Studies, Aust. Nat. Univ., Canberra.)

*BEATTIE, D. R. H. [1981]. A smooth tube analogue of roughened wall thermohydraulics. AERE
Harwell Report AERE-R-10194. Also presented at the 1981 Heat Transfer Fluid Flow Service
Research Symp., Harwell and Nat. Eng. Lab., 14-15 September. (*Work done while on attachment
to AERE Harwell.)

BIRD, J. R., DUERDEN, P., *AMBROSE, W. R., **LEACH, B. F. [1981]. Pacific obsidian
catalogue. In Archaeological Studies of Pacific Stone Resources (eds F. Leach and J. Davidson),
British Archaeological Reports, International Series 104 (Article 3) 31-43. (*School of Pacific
Studies, Ausl. Nat. Univ. **Otago Univ., New Zealand.)

"JESSUP, B. L., **TENDYS, J. [1982]. Low power, long duration Rotamak discharges in argon.
Flinders University Report FUPH-R-174. (*Flinders Univ. **Work done while on attachment to
Flinders Univ. of South Australia.)

*TENDYS, J. [1981]. Stability analysis of some equilibria in a stabilised Z-pinch. Flinders University
Report FUPH-R-180. (*Work done while on attachment to Flinders Univ. of South Australia.)

124



Appendix H — AINSE Grants for Research and Training

The Australian Institute of Nuclear Science and Engineering awarded AINSE Grants in the
1982 Series in support of the 100 projects listed below. (Allocation of up to $202,919). Titles
of projects supported in 1981-82 under the terms of AINSE Fellowships (6) and AINSE
Studentships (12), are listed separately.

AINSE GRANTS FOR 1982

James Cook University of North Queensland

1. Studies on metal complexes of quadridentate ligands. (Dr L. F. Lindoy, Chemistry and
Biochemistry, up to $3,800.)

2. Homogeneous catalysis of the oxidation of simple organic molecules by metal centres. (Dr F. R.
Keene, Chemistry and Biochemistry, up to $1,400.)

3. Solid-state polymerisation of complexes of N-vinyl pyrrolidone with metal salts. (Dr E. Senogles,
Chemistry and Biochemistry, up to $2,200.)

4. Point defect-dislocation interaction in ionic crystals. (Dr G. A. Bielig, Physics, up to $1,200.)

University of Queensland

1. Human genetic disorders involving sensitivity to ionising radiation. (Dr M. F. Lavin,
Biochemistry, up to $2,800.)

2. Measurement of total body potassium and its use to monitor nutritional therapy in children with
fibrocystic disease. (Drs W. G. E. Cooksley, L. C. Ward, Biochemistry; Dr R. W. Shepherd,
Child Health; Dr B. J. Thomas, Physics (Qld Inst. of Technol.), up to $2,000.)

3. Radiation effects on polymers and copolymers. (Dr J. H. O'Donnell, Chemistry, up to $1,800.)
4. Radiation effects in models for polypeptides. (Dr D. J. T. Hill, Chemistry, up to $1,400.)
5. Neutron and X-ray scattering studies of crystalline solids near transition temperatures. (Drs

B. W. Lucas, J. K. Nimmo, W. B. Lasich, Physics, up to $3,100.)
6. Structure analysis using neutron diffraction. (Dr C. H. L. Kennard, Chemistry, up to $1,100.)
7. Composition of fluids producing secondary gold in oxidised lodes, gold nuggets and finely

disseminated gold and other precious metals in soil profiles and hot spring activity. (Professor
A. F. Wilson, Geology and Mineralogy, up to $1,300.)

8. Nuclear techniques of analysis. (Dr C. H. L. Kennard, Chemistry, up to $1,000.)

Griffith University

1. Irradiation effects on structure of polypropylene. (Dr W. K. Busfield, Science, up to $1,100.)
2. The effect of heavy ion irradiation on the chemical durability of HLW glasses. (Professor R. L.

Segall, Drs S. Myhra, R. St. C. Smart, P. S. Turner, Science, up to $2,450.)
3. Radiation damage in semiconductors. (Dr S. Myhra, Science, up to $2,000.)

University of New England

1. Multiphoton and high pressure plasma techniques for tunable VUV generation. (Professor S. C.
Haydon, Associate Professor G. A. Woolsey, Physics, up to $4,100.)

2. Oscillator strengths of highly excited states. (Dr A. 1. Mclntosh, Physics, up to $2,500.)

University of Newcastle

1. Turbulent flow interactions and heat transfer. (Dr D. H. Wood, Mechanical Engineering, up to
$100.)

2. Vibration spectra of solid solutions. (Dr J. D. Browne, Metallurgy, up to $800.)
3. Neutron spectroscopy of metal-hydrogen systems. (Associate Professor W. A. Dates,

Metallurgy, up to $800.)
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4. The absolute configuration of xanthorrhoeol. (Mr H. R. Tietze, Chemistry, up to $800.)
5. Structures of metallic hydrides and deuterides. (Professor E. O. Hall, Metallurgy, up to SI ,200.)
6. Isomerism of some copper compounds. (Mr H. R. Tietze, Chemistry, up to $800.)
7. The crystal and molecular structure of some organic compounds of potential interest as herb-

icides. (Mr H. R. Teitze, Chemistry, up to S800.)
8. An X-ray and neutron powder investigation of the zeolite, ZSM-5. (Mr H. R. Tietze, Chemistry,

up to $400.)

University of Sydney

1. Fracture mechanics of epoxy-based composites: the role of interfaces. (Drs Y. W. Mai, B. Cot-
terell, Mechanical Engineering, up to $900.)

2. Studies on the "mTc-MEK extraction process. (Dr D. E. Moore, Pharmacy, up to $1,000.)
3. The interaction of irradiation and hybrid dysgenesis in drosophila melanogaster. (Dr J. A. Sved,

Biological Sciences, up to $600.)
4. Wave propagation and heating in high temperature plasmas. (Professor M. H. Brennan, Plasma

Physics, up to $9,500.)
5. Far-infrared wave interactions in plasmas. (Drs L. C. Robinson, R. G. Hewitt, G. F. Brand,

Plasma Physics, up to $4,405.)
6. Laser scattering from plasmas. (Dr I. S. Falconer, Plasma Physics, up to $1,500.)
7. Optically pumped submillimetre laser interferometer. (Drs I. S. Falconer, B. W. James, Plasma

Physics, up to $4,260.)
8. Neutron diffraction structures of alums. (Dr J. K. Beanie, Chemistry, up to $500.)
9. PIXE analysis of ancient Greek (seleucid) silver coins. (Professor A. Cambitoglou, Mr J. A.

Buckley, Archaeology, up to $400.)
10. Mathematical modelling of multiple photon decomposition. (Dr R. Gilbert, Theoretical

Chemistry, up to $450.)

University of New South Wales
1. Nuclear power plant safety and control investigations on the HIFAR reactor. (Mr L. G. Kemeny,

Nuclear Engineering, up to $2,300.)
2. Socio-economic cost of nuclear power. (Associate Professor Z. J. Holy, Nuclear Engineering, up

to $1,200.)
3. Mechanical and acoustical properties of alkali halide crystals. (Dr J. 1. Dunlop, Applied Physics,

up to $500.)
4. (a) Radiation catalysis and (b) Studies in mass spectrometry related to radiation chemistry.

(Associate Professor J. L. Garnett, Physical Chemistry, up to $1,300.)
5. Post-irradiation properties of engineering thermoplastics. (Dr R. P. Burford, Polymer Science,

up to $400.)
6. Tritium-NMR studies of new tr i t ium labelling techniques. (Dr M. Long, Nuclear and Radiation

Chemistry, up to $800.)
7. Neutron studies of biological membranes. {Dr V. J. James, Physics, up to $400.)
8. Neutron scattering from fine cobalt particles. (Dr G. L. Paul, Professor K. N. R. Taylor,

Physics, up to $400.)
9. Neutron diffraction studies of biological membranes. (Dr V. J. James, Physics, up to $400.)

10. Mercuric iodide crystal X-ray detectors. (Dr L. B. Harris, Applied Physics, up to $600.)

Macquarie University

1. Radiolysis of olefins in aqueous solutions. (Dr J. M. Gebicki, Biological Science, up to $1,000.)
2. Hot atom reactions in molecules exposed to fast and thermal neutrons and gamma rays.

(Associate Professor G. J. Hawke, Chemistry, up to $700.)
3. Low angle neutron diffraction studies of biological systems. (Dr M. Batley, Chemistry, up to

$500.)

University of Wollongong

1. Study of neutron capture mechanism for a large variety of nuclides including magic nuclides. (Dr
J. N. Mathur, Physics, up to $200.)

2. Production of photovoltaic cells by ion implantation. (Dr J. N. Mathur, Physics, up to $2,200.)
3. Quantum theoretical search for potential high energy molecular lasers. (Dr P. G. Burton,

Chemistry; Dr G. Doherty, Mathematics, up to $1,600.)
4. Rare-earth element contents of igneous rocks of the Northern Sydney Basin, N.S.W. (Mr P. F.

Carr, Geology, up to $1,100.)
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Australian National University

1. Oxidation reduction reactions of coordinated ligands. (Professor A. M. Sargeson, Chemistry, up
to $1,000.)

2. High energy electron spectrometry of ultra-high intensity laser produced plasmas. (Drs M. D. J.
Burgess, B. Luther-Davies, G. B. Gillman, G. J. Tallents, Engineering Physics, up to $4,295.)

3. Mass spectroscopy and impurity analysis on the LT-4 device. (Dr A. D. Cheetham, Plasma
Research Laboratory, up to $4,750.)

4. Fast monitoring of transient signals from LT-4 plasmas. (Dr A. H. Morton, Plasma Research
Laboratory, up to $11,109.)

5. Soft X-ray fluctuation measurements in LT-4. (Dr G. R. Hogg, Plasma Research Laboratory, up
to $4,700.)

6. Molecular structure of hydrido-transition metal complexes by neutron diffraction. (Dr G. B.
Robertson, Chemistry, up to $1,300.)

7. Magnons in y -Mn alloys. (Dr M. C. K. Wiltshire, Solid State Physics, up to $2,100.)
8. JOAr/"Ar age determinations of rocks. (Dr I. McDougall, Earth Sciences, up to $2,000.)
9. Tracing the prehistoric distribution of Admiralty Island pottery through PIXE analysis of

selected mineral components. (Mr W. R. Ambrose, Prehistory, up to $700.)
10. Theory of defects in materials. (Drs J. Mahanty, D. D. Richardson, Physical Sciences, up to

$1,800.)
11. Testing the application of the caesium-137 technique of soil loss/deposition measurement on the

soils of a freshwater lake catchment on the sand mass of Fraser Island. Measurement of lead-210
in lake sediment samples. (Dr M. E. Longmore, Professor J. Chappell, Biogeography and
Geomorphology; Professor C. W. Rose, Australian Environmental Studies (Griffith University);
Mr B. M. O'Leary, Physics (Qld Inst. of Technol.) up to $800.)

12. Calibration of phototype low level counter system for H-3, C-14 and Cl-36. (Mr H. A. Polach,
Radiocarbon Dating Research Laboratory, up to $1,000.)

13. Trace element studies of igneous and metamorphic rocks. (Dr B. W. Chappell, Geology, up to
$1,500.)

University of Melbourne

1. Turbulent shear layers and heat transfer, (Drs A. E. Perry, P. N. Joubert, Mechanical Engineer-
ing, up to $3,000.)

2. Genes controlling radiation response in Pseudomonasaeruginosa. (Dr B. T. O. Lee, Genetics, up
to $2,500.)

3. Pulse radiolysis studies of gaseous free radicals. (Dr R. Cooper, Physical Chemistry, up to
$2,000.)

4. High-temperature studies by the neutron powder technique. (Dr Z. Barnea, Physics; Dr C.
Howard (AAEC), up to $1,100.)

5. Structural relationships in SYNROC minerals. (Dr L. A. Bursill, Physics; Dr T. M. Sabine,
Physics (N.S.W. Inst. of Technol.) up to $1,800.)

6. Lattice dynamics and superlattice formation in rutile (TiOi). (Dr L. A. Bursill, Physics; Dr T. M.
Sabine, Physics (N.S.W. Inst. of Technol.) up to $1,000.)

7. The application of activation and particle track analysis and radiochemical tracer technqiues to
fundamental problems in geochemistry and cosmochemistry. (Professor J. F. Lovering,
Geolpgy, up to $3,400.)

8. Application of activation analysis to problems of ore genesis and evolution of the crust. (Dr R. R.
Keays, Geology, up to $3,000.)

Monash University

1. Distribution of magnetic moment in alloys with magnetic long range order. (Dr T. J. Hicks,
Physics, up to $7,500.)

2. Distribution and dynamics of moments in magnetic alloys. (Dr T. J. Hicks, Physics, up to
$2,700.)

3. Distribution of magnetic moment in superparamagnets, spin glasses and Kondo systems. (Dr
T. J. Hicks, Physics, up to $5,000.)

4. Electronic and nuclear interactions in rare earth and transition metal compounds. (Dr J. D.
Cashion, Physics, up to $600.)
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La Trobe University

1. Do natural populations of Drosophila melanogaster differ in sensitivity to irradiation? (Professor
P. A. Parsons, Genetics and Human Variation, up to $1,500.)

2. Effects of repair inhibitors on spontaneous and radiation-induced mutation yields in bacteria.
(Dr D. G. MacPhee, Microbiology, up to $1,500.)

3. Radiation-induced directional elimination of chromosomes from cell hybrids. (Dr J. A. Marshall
Graves, Genetics and Human Variation, up to $1,500.)

4. Repair of radiation-induced damage in eukaryote chromosomes. (Dr M. Westerman, Genetics
and Human Variation, up to $1,300.)

5. Neutron radiography of plants growing in soil. (Mr S. T. Willatt, Agriculture, up to $2,000.)

University of Tasmania

1. Non-destructive analysis of drill-core samples. (Drs K. B. Fenton, A. G. Fenton, Physics, up to
$2,000.)

2. Soil physical factors and radiata pine root growth. (Mr G. R. Davis, Agricultural Science, up to
$2,000.)

University of Adelaide

1. Polyelectrolyte systems and the production of contractile work. (Dr T. Kurucsev, Physical and
Inorganic Chemistry, up to $1,000.)

2. Pulse radiolysis of metal complexes in non-aqueous solvents. (Dr G. S. Laurence, Physical and
Inorganic Chemistry; Mr D. F. Sangster (CS1RO), up to $3,000.)

3. Low level uranium and thorium determinations for archaeometry. (Professor J. R. Prescott,
Physics, up to $1,500.)

Flinders University of South Australia

1. Rotamak studies. (Professor I. R. Jones, Physical Sciences, up to $11,500.)

University of Western Australia

1. Determination of "O by activation in a particle accelerator. (Professor S. D. Bradshaw,
Zoology, up to $1,500.)

2. Absolute measurement of neutron production. (Associate Professor H. H. Thies, Physics, up to
$1,200.)

3. An investigation of electronically excited species produced during the radiolysis of water. (Dr
T. I. Quickenden, Physical and Inorganic Chemistry, up to $6,000.)

4. Metabolism of (1!N)-Nj by biological nitrogen fixing systems. (Dr C. A. Atkins, Botany, up to
$1,500.)

5. Crystal structure analysis by neutron diffraction. (Dr E. N. Maslen, Physics; Dr A. H. White,
Physical and Inorganic Chemistry, up to $2,300.)

6. Generation centre investigation in silicon devices by ion implant He Rutherford backscattering
and P1XE methods. (Associate Professor A. G. Nassibian, Electrical and Electronic Engineering,
up to $2,000.)

7. PIXE studies in silicon. (Associate Professor A. G. Nassibian, Electrical and Electronic
Engineering, up to $1,500.)

Queensland Institute of Technology

1. Cross placenta! transfer of environmental levels of uranium in marsupials. (Drs B. J. Thomas, K.
Bentley, Mr D. Blyth, Physics, up to $1,600.)

Darling Downs Institute of Advanced Education

1. Fluorine and other trace elements in Australian coals. (Mr E. Tiller, Physics, up to $2,000.)
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New South Wales Institute of Technology

1. Composition profiling of thin films using high energy ions. (Dr G. B. Smith, Physics, up to
$600.)

Royal Melbourne Institute of Technology

1. Materials analysis by high resolution Rutherford scattering and channelling and pulsed laser an-
nealing of ion implanted semiconductors. (Dr J. S. Williams, Communication and Electronic
Engineering, up to $1,400.)

Western Australian Institute of Technology

1. Neutron capture cross-sections at astrophysical energies. (Dr J. R. de Laeter, Physics, up to
$1,800.)

AINSE RESEARCH FELLOWSHIPS

1. A neutron diffraction and magnetic study of atomic order in irradiated, aged and deformed
transition-metal alloys. (Dr E. M. Gray, Physics, Monash University.)

2. The use of neutron activation analysis, coupled with preliminary electro-deposition for chemical
speciation of trace elements in natural waters. (Dr T. Hamilton, Chemistry, University of
Wollongong.)

3. Alfven wave heating of a tokamak plasma. (Dr B. L. Jessup, Physics, University of Sydney.)
4. An investigation of emulsion polymerisation using f -radiolysis initiation. (Dr G. Lichti,

Chemistry, University of Sydney.)
5. Measurement of atomic collision cross sections relevant to radiation dosimetry. (Dr I. D. Reid,

Environmental Science, AAEC.)
6. The microstructure and surface properties of SYNROC for high level radioactive waste disposal.

(Dr T. J. White, Science, Griffith University.)

AINSE POST-GRADUATE RESEARCH STUDENTSHIPS

1. The hydrolysis of indium (III). (Mr P. L. Brown, Chemistry, University of Wollongong.)
2. Dissolution studies of radiation damage in oxides and oxide glasses. (Mr D. R. Cousens, Science,

Griffith University.)
3. Rate limiting mechanisms of pyritic oxidation. (Mr G. B. Davis, Mathematics, University of

Wollongong.)
4. Soft vibrational modes in solids. (Mr M. A. Irving, Physics, Monash University.)
5. Acid effects in radiation grafting reactions. (Mr S. V. Jankiewicz, Physical Chemistry, University

of New South Wales.)
6. Surface and bulk modification of nuclear waste solids under hydrothermal conditions. (Mr R. A.

Lewis, Science, Griffith University.)
7. The radiolytic excitation of aqueous systems. (Mr R. A. Litjens, Physical and Inorganic

Chemistry, University of Western Australia.)
8. Uranium and thorium co-ordination and organometallic compounds. (Mr P. I. MacKinnon,

Chemistry, Monash University.)
9. Distribution of hydrogen in metals. (Mr J. C. Osborn, Physics, Monash University.)

10. Investigation of electrically active impurity and native defects in some compound semi-
conductors and their effects on the performance of nuclear radiation detectors made from these
materials. (Mr S. J. Pearton, Physics, University of Tasmania.)

11. Preparation of mercuric iodide room-temperature crystal X-ray detectors. (Mr N. Shoustov,
Physics, University of New South Wales.)

12. An investigation of electronically excited species produced during radiolysis of water. (Mr S. M.
Trotman, Physical and Inorganic Chemistry, University of Western Australia.)
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