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Preface:

The AAEC Research Establishment is Australia's only national nuclear laboratory.
It is a multidisciplinary organisation at a single location whose program is oriented
towards applied research'and development. It has engineering and operational support
facilities that can service not only laboratory-scale applied research and development
but also commercial isotope production and project-oriented work including the design
and construction of demonstration pilot plants.

During the 1983-84 financial year the Commission re-aligned its research and
development program at the Research Establishment to accord with changed
government priorities. The program preserves the primary aims of developing
techniques in nuclear science and technology for the benefit of the Australian
community, providing expert advice to government, and undertaking technical activities
in support of Australia's international obligations and interests in the nuclear field.

The structure of the program is one of applied projects in the key fields of
environmental science, nuclear waste management, medical and industrial applications
of radioisotopes and radiation, and nuclear technology. There is also underlying
research in related fields including nuclear science and materials science, and the
development and provision of scientific services.

The Commission has continued its strong commitment to international
collaboration and technical assistance, playing a primary role in Commonwealth
Government funded programs of bilateral aid to Malaysia and, through the International
Atomic Energy Agency, in multilateral aid to several countries under a Regional
Cooperative Agreement. In the field of technology for the management and disposal of
radioactive waste, the Commission is collaborating with equivalent agencies in the
United Kingdom and Japan under Government to Government agreements. In the
immediate future these collaborative programs will focus on the further development of
SYNROC. The Commission is confident that this program will enable Australia to make
a most significant contribution to improving international waste management practices.

The operational problems highlighted in the 31st Annual Report of the
Commission in relation to the serious over-ceiling staffing problem were resolved at the
commencement of the 1983-84 financial year. The Commission has instituted a number
of organisational changes aimed at improving the efficiency and effectiveness of its
operations. Budgetary constraints have continued to hinder capital programs,
particularly the replacement of obsolescent plant and equipment, and these problems
have been brought to the attention of the Government.

On behalf of all Commissioners, I wish to record sincere appreciation of the
contribution by all members of the Commission's staff during the past year.

M.H. BRENNAN
Chairman
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Enabling Legislation and
Ministerial Arrangements

7 New legislation governing the
activities of the Australian Atomic
Energy Commission is being developed
by an interdepartmental committee but
has not yet been put to the
Government. The planned introduction
of this legislation was deferred pending
the outcome of the Australian Science
and Technology Council Inquiry into
Australia's Role in the Nuclear Fuel
Cycle, which is under consideration by
the Government. It is now expected
that the legislation will be introduced
next year. The Atomic Energy Act
1953, which has been subject to
criticism in several quarters, continues
in force and constituted the enabling
legislation for the Commission
throughout the review period
2 The Atomic Energy Act 1953 is
administered by the Minister for
Resources and Energy.

Functions and Powers of the
Commission

3 The functions and powers of the
Commission pret-.ribed in Section 17(1) of
the Act broadly cover development of
uranium resources, operation of reactors,
research in connection with uranium and
atomic energy, sale of radioisotopes,
training in nuclear science, and publication
of research work. The Commission has
continued its work on all these functions
but its role in the development of uranium
resources has diminished; the only current
work that relates to these functions is
research studies on environmental aspects
of uranium mining and the disposal of
wastes produced in the nuclear fuel cycle.
4 The proposed new legislation is
expected to re-define the Commission's
functions in line with contemporary national
priorities.

Membership of the Commission

5 The Atomic Energy Act 1953 provides
for up to five Commissioners, including a
Chairman and a Deputy Chairman. At
present there are four Commissioners,
each of whom served for the full year. The
membership was:
Chairman: Professor M.H. Brennan
Appointed 27 May 1983 for three years.
Professor of Physics (Plasma Physics),
University of Sydney.
Deputy Chairman: Mr A.J. Woods
Appointed 11 April 1978 for seven years.
Secretary, Department of Resources and
Energy.
Member: Dr J.G. Morris
Appointed 31 May 1983 for three years.
Director, Department of Nuclear Medicine,
Royal Prince Alfred Hospital, Sydney.
Member: Dr D.G. Walker
Appointed 26 May 1983 until 1 December
1986.
Chief Executive Officer,
Australian Atomic Energy Commission,
and Director, Research Establishment.

The AAEC occupies the major part ol the Lucas Heights
Research Laboratories site
Inset: LHRL at dusk



Safety Review Committee

6 Health and safety matters at the
Lucas Heights Research Laboratories are
regarded by the Commission as of
paramount importance in relation to both
staff and the public. Under Section 20 of
the Atomic Energy Act the Commission in
1961-62 estab|ished a Safety Review
Committee of independent specialists to
review operation of the reactors and the
use of radiation, radioactive substances
and toxic materials.
7 The current membership is:
D.J. Stevens, O.B.E., R.Sc., F.R.A.C.R.(Hon.),
Hon.F.I.R. (Chairman)
Dr P.L T. llbery, M.D., B.S., F.R.A.C.R.,
F.R.A.C.P., D.M.R.T.
Dr J.D. Harley, M.D., F.R.A.C.P.
WG. Webster, B.Sc.. F.R.A.C.I.
8 The Committee inspected and
reviewed AAEC activities on two occasions
for periods of three days in November 1983
and June 1984. A two-day visit in March
1984 was devoted to review of CSIRO
activities at Lucas Heights.
3 The Safety Review Committee's
assessments and advice are reported to
the Commission and constitute a very
valuable monitoring of the safety practices
at Lucas Heights.

The Commission's Program

10 The Commission has two main units,
the Research Establishment at Lucas
Heights which constitutes the larger part,
and the Regulatory Bureau at Mascot,
NSW. The operations of the Regulatory
Bureau are described in Chapter 5.

The Research Establishment
Program

77 The Commission has re-aligned its
program at the Research Establishment to
accord with changed government priorities.
The program preserves the primary aims of
developing and using nuclear science and
technology for the benefit of the Australian
community, providing expert advice to
government, and undertaking technical
activities in support of Australia's
international obligations and interests in the
nuclear field.

72 The AAEC Research Establishment is
Australia's only national nuclear laboratory.
It is a multidisciplinary organisation at a
single location whose program is oriented
towards applied research and development.
It has engineering and operational support
facilities that can service not only the
traditional aspects of applied research and
development but also isotope production
and project-oriented work, such as the
development and construction of pilot
plants.
73 In the national interest the AAEC
Research Establishment:
• Pursues research objectives in areas of
national priority.

• Provides expert technical advice to
government on key nuclear issues, and
maintains Australia's technical competence
in nuclear science and technology to
enable it to assess the nuclear activities of
other countries.

• Provides specialised facilities and
services to the community (e.g.
radioisotopes, neutron beams, radiation
sources) for research, medicine, and the
development of Australian industry.

• Contributes to the maintenance of
Australia's position as a country advanced
in nuclear science and technology, to
ensure an effective voice in international
forums.
74 In addition, the AAEC promotes
exchanges of information between
countries, trains scientists and
technologists from Australia and overseas,
provides the public with information, makes
grants in aid of research (especially to
universities and other institutions), and
contributes to the world's scientific and
technical knowledge by publishing scientific
and technical papers, reports and
periodicals.
75 The Commission's current program has
three components: research and
development, commercial operations, and
service infrastructure.

10



Applied Research and Development

16 Applied research and development
emphasises five priority areas:
environmental science, waste management,
medical applications of radioisotopes and
radiation, industrial applications of
radioisotopes and radiation, and nuclear
technology. Increased effort in these areas
has been at the expense of some previous
activities, particularly uranium centrifuge
enrichment research and development
which is being phased out. The
considerable expertise developed in the
enrichment program is being used in the
development of international nuclear
safeguards as part of Australia's program
of assistance to the International Atomic
Energy Agency (IAEA). In addition to the
main activity in applied research and
development there are underlying research
projects and projects that support the
service infrastructure. A review of the aims
and achievements in the research and
. >velopment program is given in Chapter 3.

Commercial Operations

77 The Commission supports a
production program for radioisotopes and
radiation services in as wide a range as
possible. These and other commercial
operations are carried out by the
Commercial Products Unit. The
Commission has proposed the acquisition
of a cyclotron facility to enable a much
wider range of radioisotopes to be available
in Australia, and to open new fields of
nuclear medicine research in which the
AAEC would have a key role. The potential
use of the reactor HI FAR for the irradiation
of silicon crystals for the semiconductor
industry is being explored.

Service Infrastructure

18 These programs require an
infrastructure of scientific services such as
computing, instrumentation, materials
fabrication and examination, environmental
survey and the handling of highly
radioactive materials. Some services are
unique to the Research Establishment and,
together with the skills derived from the
research program, are increasingly being
made available to the community.

The Year in Brief

• The demonstration, non-radioactive
SYNROC fabrication plant was designed
and construction is under way. SYNROC
containing high-level waste can now be
prepared on a laboratory scale for
performance testing in specialised remotely
controlled equipment.

• Collaborative agreements were
negotiated with United Kingdom and
Japanese organisations for collaboration in
nuclear waste management research,
particularly SYNROC.

• Revenue of $2.24 million was produced
from the sale of radioisotopes throughout
Australia, New Zealand and South-East Asia
for use in nuclear medicine, industry and
research.

• A sterile version of the technetium-99m
generator for use in nuclear medicine has
been developed. It will be marketed as
soon as it is approved by the health
authorities.

• An in-cell pilot plant is under construction
for full evaluation of the zirconium
molybdate gel generator, a future source of
technetium-99m.

• A high temperature, high pressure
radioactive source of vapourised zinc-65 for
use in on-stream analysis for copper in
mineral processing plants is in routine
production.

• Over 1000 infected beehives, as well as
imported hides, kidney dialysis kits and
various biological materials, were gamma-
sterilised with cobalt-60.

• Measurements of sedimentation rates in
reservoirs, and erosion loss in water
catchment areas, continued to be valuable
practical applications of radioisotopes,
using caesium-137.

11



• The first phase of research in aid of the
IAEA Safeguards project was completed;
the gas phase enrichment monitor was
successfully demonstrated and two
instruments were installed in overseas
plants.

• A second three year program of
assistance to the IAEA in nuclear
safeguards research was announced late in
1983. The Commission is involved in two
major projects: development of an
instrument to measure fissile material in
bulk media, and a systems study on
safeguards in centrifuge plants.

• The stable plasma behaviour of the
Australian rotamaK device has been
maintained at power levels a factor of ten
higher than reported in 1983-84.

• The role of iron minerals and colloids in
retarding radioactivity movement from
buried waste was better understood
through research on uranium ore bodies in
the Northern Territory, supported by a US
Nuclear Regulatory Commission contract.

• AAEC techniques were used to show the
success of measures to reduce the
environmental impact of the largest waste
rock dump at the Rum Jungle mine site in
the Northern Territory.

• Equations were derived for exact
description of diffusion of the gas radon
through mine tailings covered with layers of
earth, allowing accurate prediction of radon
release from tailings dams.

• Studies are being undertaken on the
means whereby turtles and water-lilies from
the Northern Territory concentrate radium.
This has required the establishment of
large scale cultures at Lucas Heights.

• An employee health reviexv and research
committee with an independent chairman
was established to review all cases of
chronic work-related illness or injury.

• In collaboration with Commonwealth and
State authorities the Commission monitored
radiation levels near ali visiting nuclear
powered warships.

• The Commission gave support to
Malaysia's atomic energy authority
(PUSPATI) and participated in several other
technical assistance programs in South-
East Asia. Nuclear hydrology laboratories
were set up for the Malaysian and Thailand
Governments.

• The Australian School of Nuclear
Technology and the Research
Establishment provided nuclear technology
training for 30 South-East Asian students
and technicians.

• AAEC Nuclear News, a periodical news-
sheet on nuclear technology, was
distributed to secondary schools for the
first time, and brought a favourable
response from teachers.

• The Centrifuge Enrichment Project
Division was disbanded and most staff
transferred to Nuclear Technology Division.

• The Commission's investment in Mary
Kathleen Uranium Ltd for the
Commonwealth Government yielded a
20 cents per share dividend of $6,152,828
and a further $6,152,828 from a return of
capital of 20 cents per 25 cent share.

• Major progress was made with an
up-dated quantitative safety analysis of the
reactor HIFAR to demonstrate more
effectively its safety with respect to any
possible accidents that could occur due to
plant failures.

12
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19 In accordance with Section 31 of
the Atomic Energy Act 1953, the
financial statements for the year ended
30 June 1984, co~-'ri,sing Statements
of Assets and Liabilities, Capital
Accumulation, Activity, Sources and
Applications of Funds and Notes to
and Forming Part of the Financial
Statements, are presented as
Appendix 5. The Report of the Auditor-
General is included as Appendix 6.
20 The Commission is funded
substantially on an annual cash basis
by Parliamentary appropriation to meet
actual expenditure incurred, in
accordance with expenditure estimates
approved by the Minister for
Resources and Energy. Consistent with
government guidelines, the financial
statements have been prepared in
accordance with the principles of
accrual accounting to provide a factual
account of the state of affairs of the
Commission at 30 June 1984. No
allowance is made for unspent or
accrued appropriation and this is the
cause of the net deficit after the
inclusion in the expenditure of non-
cash items, depreciation and change in
liability for recreation leave and long
service leave.
21 The Commonwealth Scientific
and Industrial Research Organization
(CSIRO) is co-located with the AAEC at
the Lucas Heights Research
Laboratories, and the CSIRO
contributes to the cost of site support
services common to both
organisations. Certain other costs
beneficial to the CSIRO are incurred
by, and at cost to, the AAEC as owner
and principal occupier of the Lucas
Heights site and are included in total
expenditure disclosed in the financial
statements.

Revenue

22 Appropriation by the Parliament for
running expenses amounted to $35.151
million, an increase of 5.4 per cent
($1.803m) on the previous year. After
adjusting for an abnormal item in 1982-83
in an amount of $124,000, the 1983-84
contribution by the CSIRO to common site
support costs increased by 5.3 per cent,
reflecting the CSIRO share of cost
escalation in both salary and non-salary
support services. Revenue generated
through sales of radioisotopes was only
marginally above that of 1982-83 despite a
review and increase in price of a range of
products. Completion of a number of grant
funded projects resulted in income through
grants in aid of research being markedly
down (-55%) on the previous year.
23 Welfare Fund operations for the
provision of staff amenities resulted in a
surplus of $14,223, bringing accumulated
funds available to $62,674.
24 Income for 1983-84 was boosted by
two dividends totalling 20 per cent per
share ($6,152,828) on the Commission's
investment in Mary Kathleen Uranium Ltd,
bringing earnings from this investment to
$11,382,782. The Commission holds the
shares as agent for the Commonwealth
Government and must immediately remit all
dividends to the Department of Resources
and Energy. It should be noted, however,
that the effect is to reduce the
Commission's net impact on the Budget.
25 The life of this investment is now
limited as the project has entered an asset
realisation phase. The company made a
return of capital of 20 cents per share
($6,152,828) which was also remitted to the
Department of Resources and Energy. The
investment now stands at $2,021,029
(30 764 142 shares at the residual 5 cents
per share face value, adjusted for the value
of the underwriting commission and
capitalised interest incurred in financing the
acquisition).

Expenditure

26 The distribution of 1983-84
expenditure for both running expenses and
capital works is shown on the following
page.

Accounting 1957 style
Inset: Accounting 1984 style

15



Expenditure Pattern
1983-84

Reactor supplies, isotopes
for resale and stores

Outside services and
other non-salary running
expenses

Buildings and works, plant
and equipment, library acquisitions

Special projects — HIFAR refurbishment,
SYNROC demonstration and development 2.1

Total

16



Years Staff No. I Expenditure Pattern by Major Categories 1959-1984

Percentage 0

Salaries

20 40 50 60 70 80 90 100

Other Running
Expenses

Ongoing Running
Expenses

Running Expenses

27 Salaries and payments in the nature
of salary again dominated total outlays,
representing 71.7 per cent (70.3% in
1982-83) of total research expenditure. This
dominance of expenditure by salary-related
items is cause for concern in terms of total
available funds for the maintenance of a
viable first class research establishment.
Purchase of fuel elements for the reactor
HIFAR, isotopes for resale and stores
absorbed 8.2 per cent (8.6% in 1982-83) of
total research expenditure. The reduction
was due to deferral of 1983-84 budgeted
expenditure to 1984-85 following a
rescheduling of deliveries of HIFAR fuel
elements, and the effect of a special
supplementation of stores funds in 1982-83.
Stores stock replenishment was
constrained throughout the year, consistent
with the level of available funds, and many
inventory controlled items were out of stock
in the latter months of the financial year.
28 The level of funds to meet outside
services and other non-salary running
expenses at 12.1 per cent of total research
expenditure was consistent with the level
for 1982-83(12.2%).

Special Projects

29 For the project to refurbish HIFAR
and the project for the construction of a
non-radioactive pilot plant for the
demonstration of SYNROC fabrication
technology, $1.809 million was appropriated
by the Parliament. Final expenditure was
lower than expected, owing to delays in
finalising design specifications for major
items of equipment and slow delivery of
some major components from overseas.

Funding of Capital Programs

30 Expenditure totalling $2.5 million on
buildings and works (2.2%), plant and
equipment (3.1 %) and capitalised library
acquisitions (0.6%) represented 5.9 per
cent of total research expenditure,
compared with 7.2 per cent ($3m) in
1982-83.
31 The Commission has been concerned
for some time that levels of funding for
capital works, plant and equipment are
insufficient to sustain a first class research
organisation or to ensure proper
maintenance of the unique national
facilities at Lucas Heights. Limited funding
is forcing the Commission to schedule the
commencement of key research facilities
up to five years ahead. At the same time,
identified deficiencies in site fire protection

17



measures and other basic site maintenance
requirements remain uncorrected.
32 Several years of continued financial
restraint have seen the proportion of funds
available for capital programs (excluding
special projects) decrease markedly, while
an increasing proportion is absorbed by
salaries. The change is illustrated in the
graph on previous page.
33 The point has been reached where
the skilled professional workforce of the
Commission is not appropriately housed or
equipped to enable adequate exercise of
their skills. Two special injections of
supplementary funds in 1981-82 and
1982-83 allowed the replacement of some
worn and out-dated safety related items
and other laboratory equipment, but an
absolute increase in the Commission's
funding base is needed if the trend is to be
reversed. The Commission is pursuing this
matter with the Government.

18
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34 The Commission's research
program is divided into seven sub-
programs: environmental science,
waste management, nuclear medicine,
the application of radiolsotopes and
radiation in industry, nuclear
technology, underlying research and
service support. This chapter reviews
the Commission's work and
achievements in research and
development in the year to 30 June
1984. Some specific topics are
highlighted.

Water-lilies grown lor research into radium pollution
Inset: Frogs in radiation studies

Environmental Science

35 Research in environmental science
has two main objectives. The first is to
minimise environment.-' degradation
caused by past, present and possible future
uranium mining. This work includes
investigations into the transport of
contaminants, the toxicity of heavy metals,
release mechanisms of radioactive
pollutants from mine wastes and the uptake
of these pollutants by flora and fauna, and
some basic geological research. The
second objective is to apply radioisotope
techniques to the study of ground and
surface waters and sediments. This
research includes determination of the age
of waters, their transport mechanisms and
uptake of such solutes as salt.

The Environmental Impact of
Uranium Mining and Milling
36 Research into the transport of
contaminants aims to identify the
processes by which heavy metals and
radioactivity are released from uranium
mine wastes and the ways in which they
enter ground and surface waters. If these
processes can be described accurately, the
impact of such mine wastes on the
environment can be assessed and
predicted. A standard potentiometric
technique which measures the reactivity of
metal ions with water was rigorously
applied to achieve results of very high
precision and accuracy. Hydrolytic
behaviour was thus ascertained for the
following metal ions: coppev, uranium, lead,
indium, thorium, scandium, beryllium,
aluminium and molybdenum — all of which
are likely either to occur in or to be related
to mine wastes. As a result of this work, a
more general understanding of metal ion
hydrolysis was obtained. Extension of this
work to complexing agents other than
water is proving equally successful.
37 A problem common to many mine
sites is pollution of ground and surface
waters caused by oxidation of pyrites in
mine waste dumps. A program funded by
the Commonwealth Government and
managed by the Northern Territory
Government was begun in 1983 to
rehabilitate the now-abandoned
uranium/copper mine site at Rum Jungle.
The first step in this program was the
reshaping of White's dump and sealing of
its surface with topsoil and vegetation. The
Commission's role is to advise the

21



Department of Resources and Energy and
to collaborate with relevant Northern
Territory departments in assessing the
effectiveness of the program. AAEC
measurements in the past year show that
the oxygen concentration in White's dump
has decreased since it was sealed with
clay. As previous measurements indicated
that the oxygen supply to oxidation sites
within the dump was the rate-limiting
process, it would appear that the clay-soil
seal is effective. Temperatures in the dump
have also changed, but it is too soon to say
whether this indicates a decrease in the
oxidation rate within the dump. Lysimeters,
which collect water that has percolated
through soil, were installed just beneath the
original surface of the dump. Water
removed from these lysimeters shows that
the amount passing through the dump
since the clay seal was laid has been
reduced to about one-tenth of that
measured previously. A mathematical
model that has been developed describes
the oxidation process in a waste dump like
White's and will prove useful in assessing
the effectiveness of methods for reducing
the oxidation rate. It also provides insight
into some of the physical mechanisms of
oxidation.
38 Radon, a radioactive, chemically inert
gas, is formed from radium, an element
present in very small amounts throughout
the earth's crust. Radium, and hence
radon, occur in higher concentrations in
uranium deposits. Like all radioactive
elements, radon decays to form daughter
products. To study radon and its daughter
products, and the effectiveness of radon
detectors, a radon atmosphere simulator
has been developed. It enables air
temperature, humidity, particle and radon
concentration to be controlled, thus
simulating any desired radon environment.
A radon calibration instrument based on the
simulator is planned for use by the Office of
the Supervising Scientist in the Alligator
Rivers Region.
39 Significant quantities of radon are
formed continuously in piles of uranium
tailings and migrate through them by
molecular diffusion. In such a pile, most of
the gas decays to its daughter products but
some escapes to the environment through
the surface. The Commission is studying
the effectiveness of earth and other natural
materials in suppressing radon release.
Prediction of radon movement through the
various types of covering layers used in
rehabilitation schemes requires solution of

mathematical equations that account for
radon production, decay and diffusion
within each layer. Solutions exist for single
layer equations but work by the
Commission has resulted in solutions being
obtained for equations representing
multiple layers. Experimental results have
confirmed the validity of these solutions.
The factors with greatest effect on radon
release are the moisture contents in the
tailings and covering layers because radon
diffuses more slowly through water than
through air. Suitable choice of materials for
covering layers will reduce radon emissions
to low levels.
40 Freshwater organisms exposed to
radium which may have been leached from
mine wastes into the water where they live
can incorporate and concentrate it in their
cells. Such organisms are studied because
they may be direct food items (e.g. mussels
and turtles), or be involved in a human food
chain (e.g. aquatic plants eaten by
buffaloes). They may also be involved in
processes which lead, via death and decay,
to the concentration of radioactivity in soil,
or they may be useful as monitoring
'devices'. Commission studies of
freshwater mussels have revealed that
radium concentrations in their tissues vary
widely between individuals, making it
difficult to discern differences from natural
background levels. Further work has,
however, shown that if the size of the
mussel and the concentration of calcium
and magnesium in its tissues are taken into
account, almost all this variation
disappears, thus enabling regulatory
authorities to identify significant changes in
radium tissue concentration. Water-lilies
and semi-aquatic grasses also concentrate
radium, but to a lesser extent than mussels.
Water-lilies are consumed directly by
humans and both organisms are grazed by
buffaloes. Both too, because of their large
biomass, may concentrate radium in flood
plain soils where they die and decay.
Preliminary studies on water-lilies show that
there is a rapid uptake of radium onto the
upper part of the plant, and that radium is
rapidly lost again when plants are exposed
to radium-free water, suggesting that
physico-chemical effects have a dominant
role in this uptake pathway.
41 In another research project a species
of frog found in the Northern Territory
uranium mining areas has been studied to
assess the effect of radiation at various
stages of its life cycle. The fertilised egg is
the stage most sensitive to radiation, with
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sensitivity decreasing rapidly as
development proceeds. Tadpoles surviving
radiation have been reared until they
change to frogs and then studied for
skeletal defects. Various defects were
observed after high radiation doses but
when the same doses were administered
over a longer period of time, these defects
occurred much less frequently.
42 The Commission is also examining
the effects of uranium, selenium and
copper on the survival, growth and
reproductive biology (through successive
generations) of a marine amphipod whose
environment may be polluted by wastes
transported from uranium mining sites.
Uranium concentrations of two parts per
million resulted in significant reduction in
specimen growth but a concentration of
one part per million did not. Experiments
with selenium indicated that a
concentration of 93 parts per billion
significantly reduced growth but that 44
parts per billion had no effect. Copper
concentrations of 0.5 and 0.11 parts per
million resulted in death for, respectively,
half the adult and half the juvenile
specimens exposed to such concentrations
over four days. The presence of certain
naturally occurring water-soluble
complexes was found to decrease copper
toxicity because they decrease the
concentration of free ionic copper, while
fat-soluble complexes increased copper
toxicity because they diffuse through the
cell membrane and participate in injurious
reactions in the organism. In related work,
experiments on uranium uptake by fed and
starved marine mussels have been
completed and are being extended to
studies at various temperatures and
salinities.
43 Another way to approach the problem
of environmental pollution by mine wastes
is to improve mining and milling processes.
Since 1978, the Commission has
collaborated with Interox Chemicals Ltd on
the use of Caro's acid as an alternative
oxidant to pyrolusite (manganese dioxide) in
the leaching of uranium ores. In May 1983
this research came to fruition when a plant
to manufacture Caro's acid from hydrogen
peroxide and sulphuric acid came on line at
the Nabarlek mill in the Northern Territory
(see AAEC Thirty-first Annual Report
1982-83). The change from pyrolusite to
Caro's acid reduced the dissolved
concentration of the heavy metal,
manganese, in the tailings, improved
control of leaching, and proc'uced cost

savings of about $3 per tonne of ore
treated. Its suitability for other Australian
ores is being investigated, as well as the
underlying chemical processes.
44 In a collaborative study with
Australian Groundwater Consultants,
accelerated leaching tests were conducted
on tailings from various depths in the Mary
Kathleen mine tailings dam '••• Queensland.
Tests indicated that up to ai.<.ut 0.1 per
cent of the radium present would be
leached in the first thousand years. The
highest concentrations were found in the
smallest tailings particles which also had
high concentrations of barium, sulphate
and silica. This led to the tentative
conclusion that radium is associated with
barium sulphate and adsorbed onto high
surface area clays and gels, including
silica.
45 Primary geological sources of
uranium occur in very low concentrations
in granites which weather over geological
time and the uranium is subsequently
re-mobilised into possibly economic ore
bodies. The Commission has used the
fission track method of uranium detection
to estimate the location, concentration and
distribution of uranium in samples of rocks
from a wide range of geological
environments. These measurements are
obtained by neutron irradiating a thin slice
of rock which is in close contact with a
solid state fission track detector. The
detector is subsequently etched to reveal
the image of those minerals in the sample
which contain uranium.

Isotope Hydrology and Sedimentology
46 In a country where water is so
scarce a knowledge of the age, transport
and composition of the groundwaters and
sediments is of prime importance. Naturally
occurring and introduced isotopes afford a
particularly powerful method of obtaining
this information.
47 Chlorine-36 is a very long lived
isotope found in groundwaters and can,
therefore, be used to determine the age of
very old groundwaters. Results of
collaborative research on chlorine-36 levels
in water in the Great Artesian Basin, whose
age was estimated from hydrological data,
show that this technique can be used to
obtain valid results on waters up to one and
a haif million years old.
48 In another hydrological investigation,
environmental radiocarbon was used to
study groundwater origin, transport and
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mixing in the Shepparton and Caliyil aquifer
systems in northern Victoria. Results
indicate that in the Shepparton formation,
which is less than 30 metres deep, water
has percolated underground only since
European settlement and the subsequent
irrigation, which raised the water table,
resulting in waterlogging and salination of
the land. The groundwater in the deep
Calivil aquifer in the Loddon and Goulburn
Valleys was found to flow at a rate that
varied between 1 and 10 centimetres per
day. This information will assist the
Victorian State Rivers and Water Supply
Commission and confirms that pumping is
an effective way of removing sub-surface
water, and so help overcome the problems
of waterlogging and salination.
49 Detailed investigations of erosion and
sedimentation'using environmental
caesium-137 techniques continued. Further
sampling of sedimentation sites in the
Burrinjuck Dam was undertaken, as well as
a study of erosion in a south-west
Queensland semi-arid area which had been
subjected to tree- and shrub-thinning
experiments. During the year, the
Commission's project officer was invited to
work for six months with the US
Department of Agriculture, Durant,
Oklahoma.

Waste Management

50 Immobilisation and ultimate disposal
of nuclear waste is seen to be a major
concern in the peaceful use of nuclear
energy. SYNROC, the high-level radioactive
waste disposal form invented by Professor
A. E. Ringwood of the Australian National
University (ANU), could provide a superior
solution to this problem, and the
Commission is heavily involved in
development of SYNROC fabrication
methods, as well as supporting research
projects on the properties and behaviour of
SYNROC. The Commission is also studying
the migration of radioisotopes in
groundwater in order to increase
understanding of the long-term behaviour of
buried wastes.

SYNROC
51 SYNROC is an artificial rock
composed basically of three synthetic
minerals which can incorporate all
elements likely to occur in the waste
produced by a nuclear power reactor; the
natural minerals are known to have

contained radioactive elements under
extreme geological conditions over millions
of years. The Commission has been
engaged in work on SYNROC for a number
of years; its current SYNROC research and
development has five sub-projects.
52 The quality of SYNROC is defined as
its resistance to leaching in hot water and
determined by an international standard
test. To ascertain the effect of various
fabrication process variables, e.g. hot-
pressing temperature, on this quality, the
Commission is continuing to fabricate and
test small specimens. Because the quality
of SYNROC is determined by its overall
chemistry and not necessarily by its level of
radioactivity, non-rad/oacf/ve, simulated
waste can be used in these tests. Tests
have shown that good quality SYNROC can
be made at lower temperatures than
previously found, provided higher pressures
are used.
53 For a second series of tests,
SYNROC samples are being 'doped' with
actinides in a laboratory 'glove box'. These
actinides: plutonium, neptunium, americium
and curium, are minor components in high-
level waste but are significant because of
their long half-lives. The specially designed
laboratory glove-box facility which was
funded under the National Energy
Research, Development and Demonstration
Program (NERDDP) is also being used to
test that the resultant SYNROC holds the
actinides as tightly as it does the simulated
wastes used in the above tests.
54 Operation of the Commission's
radioisotope production facility over a
number of years has resulted in about two
cubic metres of highly radioactive liquid
waste which is kept in safe storage at
Lucas Heights. This waste arises from the
irradiation of uranium dioxide to yield a
range of fission products, including
molybdenum-99, from which is obtained the
versatile radiopharmaceutical,
technetium-99m. A research project for the
conditioning, solidification and alternative
storage of the waste is in progress and will
ultimately provide a source of fission
products for fabrication and testing of
radioactive SYNROC specimens. The
project has two phases: the first, which is
well advanced, involves separation of
uranium from the waste by counter-current
solvent extraction, followed by
concentration of the fission products for
immobilisation in SYNROC. The second
phase, which is funded by NERDDP, has
involved the assembly of a small SYNROC
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fabrication line in two high-activity handling
cells where waste arising from the first
phase will be added to SYNROC for quality
testing.
55 Over hundreds of thousands of years,
radioactive decay of waste elements in
SYNROC will damage its crystalline
structure. Similar damage has been
produced in accelerated irradiation tests on
SYNROC samples exposed for up to six
months to an intense flux of fast neutrons
in the Commission's research reactor,
HIFAR. At exposures equivalent to 600 000
years, the samples expanded progressively
and decreased in density; neither of these
changes would adversely affect SYNROC's
effectiveness as a high-level waste form.
Standard leach tests to show whether there
was any corresponding effect on leach
resistance have demonstrated that there
was very little effect. Another way of
producing accelerated irradiation damage
is to incorporate a relatively short-lived
actinide (e.g. plutonium-238, half-life
87 years, or curium-244, half-life 18 years)
in SYNROC during manufacture and to
assess the damage that occurs over
several years. Specimens containing
plutonium-238, made in 1981 by the United
Kingdom Atomic Energy Authority (UKAEA),
will be examined by them for any possible
deleterious changes as part of the
collaborative program reported in Chapter
6. The next step will be for the UKAEA, in
1984-85, to make specimens which contain
curium-244 and in which damage will build
up even more quickly.
56 Essential to the international
acceptance of SYNROC is a convincing
demonstration that it can be fabricated in
the shapes and sizes required for high-level
waste disposal and at a rate equivalent to
that of a medium-size commercial waste
disposal plant. First estimates of the cost of
fabricating SYNROC, and much of the other
information required, can be obtained from
a non-radioactive fabrication plant. A joint
AAEC/ANU project was begun in 1983 to
design, construct and operate such a plant,
with Davy McKee Pacific (DMP) as project
manager/consultant for the first stage. After
DMP's first report was accepted, a second
stage to plant completion was
recommended and a consultancy contract
prepared. After the Commission completed
pre-plant development of alternative
methods of hot pressing SYNROC in
collapsible bellows, it decided to specify the
method of hot pressing in free-standing

bellows for the plant. By the end of the
period:

• a final layout for the plant had been
developed and detailed design was
proceeding;

• refurbishing of the allocated area to plant
requirements had begun;

• some major plant items with long delivery
had been ordered and should be delivered
before June 1985;

• DMP had advised an earliest date of
completion as September 1985;

• pre-plant development and testing of
bellows at full scale was continuing, using a
specially modified 250 tonne hydraulic
press and a new 250 kilowatt induction
heater;

• an improved hot press was being
designed.

The Migration of Radioisotopes
57 The ultimate goal of this work, to
which the United States Nuclear Regulatory
Commission contributes funds, is to assess
and predict, via a mathematical model, the
effectiveness of geological barriers to the
migration of radionuclides from waste
disposal sites over long periods. The
project has attracted significant Australian,
North American and European interest and
it involves cooperation between the
Commission and many private and
government organisations, both in Australia
and overseas. During the review period, the
Commission has continued its program of
systematic measurements, in and near
Australian uranium deposits, of the levels of
uranium, thorium and radium isotopes to
ascertain their mobility over geological
time. These measurements reveal the role
of specific minerals in the weathered ore in
retarding uranium and thorium migration,
and the role of colloids in the sub-surface
transport of radionuclides.
58 The Commission, in collaboration with
the Department of Soil Science, University
of Sydney, is also investigating the
underlying crystalline rock. In the first stage
of this research the Commission's PIXE-
PIGME facility is being used to examine the
extent to which a wide range of elements
have diffused through microfissures in
samples of schists from the Ranger
uranium deposit. PIXE-PIGME techniques,
in which the Commission has spearheaded
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development, involve observation of )(-rays
and gamma-rays emitted when a sample is
bomBarded with positive ions. (The
underlined letters form the basis of the
name.) Use of such techniques in this work
has established that a significant
relationship exists between uranium and
chlorides. The second stage involves a two-
dimensional mapping of the element
distribution, and correlations between
optical mineralogy, element distributions
and the uranium series disequilibria. A new
PIXE-PIGME facility suitable for this work is
being designed.

Nuclear Medicine
59 The AAEC, the only indigenous
source of radioisotopes, has been, in effect,
the underwriter of nuclear medicine in
Australia. The Commission is giving high
priority to research and development in
support of its radiopharmaceutical
production. Much of the relevant research
is done in collaboration with workers in
nuclear medicine. Investigations include
research into new and improved methods
of manufacture and quality control of
reactor-generated radiopharmaceuticals,
radiation biology and radiation dose effects
in radiotherapy, and nuclear diagnosis via
the Commission's whole-body monitor.

Radiopharnaceuticals
60 The Commission has continued the
search for new compounds that can be
labelled with the short half-life isotope
technetium-99m for use as an imaging
agent in nuclear medicine diagnosis.
Interest has turned to the purlne family of
compounds to determine whether a purine-
technetium-99m complex can be easily
incorporated into the DMA of rapidly
proliferating tissue and so function as a
tumour localising agent. Three new
derivatives of the purine, theophylline, have
been synthesised and their properties
investigated. In other research, in
collaboration with the Institute of Medical
and Veterinary Science, Adelaide, a novel
method using modified plasmins labelled
with technetium is being investigated as a
means of imaging deep vein thrombosis, a
condition which if not detected and treated
promptly may cause fatal pulmonary
thrombosis. The Commission is also
contributing towards the cost of a high
resolution, Fourier-transform nuclear
magnetic resonance (NMR) spectrometer
which CSIRO has installed at the Lucas

Heights Research Laboratories. This
instrument will assist Considerably in
establishing the structure of the organic
compounds being synthesised.
61 Research and development also
continued on a new type of technetium-99m
generator based on zirconium molybdate
gel which is produced from molybdenum
oxide that has been irradiated in the
reactor HIFAR. Patents have been granted
for the process in Australia, Canada,
France, the UK and USA, and are pending
in West Germany and Japan. Two types of
applications are envisaged: a large
generator for a central pharmacy to supply
technetium-99m solutions to hospitals daily,
and a smaller portable generator supplied
weekly, direct to hospitals. Tne next stage
of development is to design, construct and
test a full-scale pilot production plant in a
heavily shielded cell. While this stage is
proceeding, research is being continued to
optimise the production process for the two
applications. Initial biological trials were
performed on animals, using such 'gel
generator' technetium-99m solutions in a
selection of bone and renal scanning kits.
The results of these trials are comparable
to those obtained using solutions provided
by the currently used generator which is
based on fission-product molybdenum.
62 As part of an IAEA-coordinated
research program, the Commission is also
investigating the possibility that some
radiopharmaceutical compounds may
contain an excessive quantity of
technetium-99, the long-lived decay product
of technetium-99m. Although the quantity of
technetium-99 present would not be
sufficient to harm the patient, it can affect
the chemical reactions involved in the
preparation of a radiopharmaceutical and,
consequently, its biological properties and
effectiveness as an organ-imaging agent.
The Commission has developed a
technique to determine technetium at parts
per billion levels, to compare its measured
and predicted levels, and to find out to
what extent certain Pharmaceuticals can
tolerate increasing technetium
concentrations before their biological
properties are significantly changed. The
results show that the use of technetium-
99m for red blood cell labelling is affected
by technetium concentration. Initial results
with technetium-tin-pyrophosphate and
other bone-scanning agents indicate that
high levels of technetium can cause
significant changes in the distribution of
these agenis in the body.
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Radiation Medicine
63 Patients with acute or chronic
leukaemia, lymphoma or solid tumours can
be effectively treated with intensive
chemoradiotherapy followed by bone
marrow transplantation. Because such
treatment is occasionally followed by
complications, it has become important to
investigate the susceptibility of various
organs to it. The Commission is using its
pathogen-free laboratory mice in
experiments into combined drug and
radiation treatments, followed by controlled
matched and slightly mismatched bone-
marrow transplants. The aim of these
experiments is to determine what
modification is required to the tolerable
radiation dose, as well as assess possible
changes in organ vulnerability, consequent
to chemotherapy and mild graft-versus-host
disease. This research is being conducted
in collaboration with the Physics
Department, Prince of Wales Hospital
(Sydney), and the Division of Radiotherapy,
University of Texas, System Cancer Center,
Houston, USA.

Radiation Dose Effects in Radiotherapy
64 Acute penetrating radiation exposure
in the human body can be estimated with
reasonable accuracy by counting the
chromosome aberrations in the
lymphocytes present in a sample of blood.
This method is particularly useful where
measurements by physical dosimetry are
unsatisfactory or unavailable. The
technique, however, can be applied only to
cases where the whole body, or almost the
whole body, has been exposed to a single
acute homogeneous dose of more than
0.2 gray (Gy). It therefore is mainly of value
in determining the dose in accidental
radiation exposures and in verifying the
validity of film badges showing high
radiation exposures. At present, there is no
experimental evidence as to when the
blood sample should be taken after the
radiation exposure; it is usually taken about
24 hours afterwards, for convenience.
Since there were no patients available
having doses within the range likely to be
encountered in biological dosimetry
(0.1-5 Gy), blood samples were taken from
12 cancer patients undergoing partial body
exposures at a metropolitan hospital.
Results on blood samples taken
immediately after irradiation and at 0.5, 3, 6
and 24 hours after irradiation indicate that
the number of chromosome aberrations
frequently varies up to 6 hours after

irradiation. After 24 hours, however, the
number of aberrations is sufficiently stable
for accurate biological dosimetry estimates
to be made.

Whole-body Monitoring
65 In a collaborative study with the
Royal Alexandra Hospital for Children, the
use of nuclear diagnostic techniques is
being investigated as a way of monitoring
the amount of protein present in weight
gained by children with cystic fibrosis. This
is an inherited disease that affects the
pancreas and inhibits digestion of food,
causing anorexia and retarding growth.
Weight gain resulting from nutritional
support regimes administered by the
hospital may be caused by increased fat or
water retention, but the aim of such
regimes is to increase protein. Because
nitrogen is an important constituent of
protein, gain in protein is measured by
examining the nitrogen/potassium ratio in
the patient. Radioactive potassium occurs
naturally in minute, harmless quantities in
the body. These levels can be measured in
the whole-pody monitor at Lucas Heights.
The level of nitrogen, on the other hand, is
indicated by the high energy gamma-rays
emitted in the neutron capture reaction in
nitrogen-14. This too can be measured by a
nuclear technique for which the irradiation
dose is comparable to that of an average
X-ray. In a typical course of treatment, the
patient's protein status would be assessed
initially by the proposed method and again
six months later. The procedure has been
approved by the hospital's ethics
committee and is being examined by the
Commission's safety assessment
committee; the equipment is being
calibrated in anticipation of approval of the
project.
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Applications of Radioisotopes and
Radiation in Industry

66 In addition to the medical uses of
radioisotopes and radiation, the
Commission's research program includes
important industrial applications, such as
termite tracing, sediment and sand
movement, and wear in moving parts;
isotope services for radiography and
analysis of minerals; neutron beams for
radiography, and particle beams for
analysis and characterisation. The
Commission is also examining the use of
radiation to sterilise manufactured items
and to preserve or disinfest food and other
items.

Termite Tracing in Soil Studies
67 In cooperation with the CSIRO
Division of Soils in Townsville, Queensland,
the Commission has been engaged in a
large project on the behaviour of termites
in their natural environment. Because the
study area has a tropical climate, it is
important to understand as fully as possible
the processes of soil formation and nutrient
cycling. The species being studied are not
those that attack building timbers but the
mound-building harvester species, which
eat mainly grasses. They are very important
agents of soil formation and possibly of
nutrient cycling in the soil. Full evaluation
of their role in these processes requires
population data, integrated with studies on
rates of mound erosion, pasture
consumption, and nutrient levels in mounds
and the soil beneath them. This called for a
bait containing a radioisotope tracer that
would be acceptable to the termites.
68 Preliminary laboratory work to assess
the suitability of the tracers was carried out
on small groups of termites, and
measurements were made of their rates of
excretion and food exchange or
trophallaxis. Since termites in small groups
are under stress and can be maintained for
only a few days before unacceptably high
death rates occur, the rates obtained were
only approximate. Laboratory experiments
are now being conducted on complete
colonies. Preliminary field results for two of
the species active in a cattle-grazing area
suggest that they constitute a major factor
in the ecology of the area, the mass of the
termites being, in fact, twice that of the
cattle grazing on it. The distribution of
colonies is now being investigated to find
out the size of a colony's foraging area and

whether certain colonies occupy more than
one mound.

Tracer Studies of Water and
Sediment Movement
63 The Commission, in collaboration with
the Port of Brisbane Authority (PBA), has
begun a major investigation of sediment
movement near Moreton Island. At present,
vessels with a draught of 17 metres must
follow a long and complex channel through
Moreton Bay to avoid the extensive sand
shoals that block the northern bay regions.
The PBA has proposed a more direct route
requiring less maintenance dredging. It
involves upgrading an existing tidal channel
and cutting through 3 kilometres of a sand
bar over which the present depth of water
is 10 metres. The shoals form from sand
that drifts north along the east coast of
Australia and is pushed around Cape
Moreton by the predominant south-east
Pacific swell. It is presently unknown
whether these shoals are a sink for the
sand or a bypass route for sand migrating
to the coast further north. If they are a
bypass, the proposed new channel would
cut the migration route at right angles.
Because the location is subject to ocean
swell, wind waves and strong reversing
tidal currents, calculation of sand transport
via even the most complex models
available is not feasible, since even the
direction of transport is uncertain. For this
reason the AAEC and PBA are conducting
tracer studies to show the direction of
transport. Results of work between April
and July 1983 using the short half-life
radioisotope chromium-51 to label sand
showed that the labelled zones are
stretched either side of the channel by tidal
currents. However, migration of bed sand
across the channel, causing sedimentation
at a calculated rate of 27 000 tonnes per
year, was also observed and attributed to
wave asymmetry and mass transport
velocities in the boundary layer caused by
waves and oscillating currents. More field
work for one year from mid-1984 using the
longer half-life iridium-192 will allow sand
movement to be monitored over the full
seasonal cycle.
70 The Commission has been actively
involved since 1979 (see for example AAEC
Thirty-first Annual Report 1982-83) in
studies of wafer and sediment movement
through very much smaller man-made
channels, such as the shallow ponds often
used as the final stage in treatment plants
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for waters containing organic human waste.
These 'stabilisation'ponds are intended to
retain waste water for sufficient time to
allow natural chemical and biological
reactions to reduce its pathogen and
organic levels to those acceptable for
discharge to surface waters. The extent of
these reactions depends very much on the
time that the organic matter remains in the
pond and this, in turn, is determined by the
way the water moves through the whole
pond system. The AAEC has studied plants
operated by the Metropolitan Water
Sewerage and Drainage Board and the
Hawkesbury Shire Council. Contact has
been maintained with the NSW State
Pollution Control Commission which has
also been conducting studies at these
plants. The Commission has continued
tracer studies of these ponds, using water
containing tritium, to obtain additional
detailed information on residence time
distributions in the form of discharge tracer
concentrations over time. Although these
distributions vary from plant to plant, they
have generally been found to reflect a flow
regime involving rapid mixing throughout
the pond after injection rather than the
simple plug flow which, in principle, would
give the longest residence time
distributions.

Coal Abrasion in Pulverisers
71 The Commission, in collaboration with
the Electricity Commission of NSW, has
been engaged in a project to assess the
relative hardness and abrasion qualities of
a range of coals which are pulverised and
burnt in electricity generating stations.
Various types of pulverisers are used. The
research aim is to achieve a simple
empirical method o* estimating coal wear
factors for a particular type of pulveriser
and so determine the most economic
operation. The pulveriser used in these
experiments is a lidded metal cup
containing eight hardened steel balls which
have been neutron-irradiated in the reactor
HI FAR to make them radioactive. A coal
sample is placea in the cup, the lid
replaced and the mill rotated a set number
of times to grind the coal. In the process
some metal is worn off the balls and
transferred to the coal. The whole sample
is then counted in a very sensitive
counter/analyser. Because of the time
since irradiation, the only significant
radioisotope remaining is cobalt-60, and a
multichannel analyser is used to distinguish
background radiation from the extremely

low levels of cobalt-60 in .the samples. The
results for average coals seem very
promising. The work will be extended to a
range of very soft coals.

Ionising Energy Treatment of Food and
Other Items
72 Increasing acceptance in recent
years of the use of ionising energy
processing as an alternative to chemical
treatments for the disinfestation and
preservation of foods culminated in 1983
when the Codex Alimentarius Commission
approved international standards and codes
of practice which ensure that foods
processed in this way can be safely
consumed. In view of this development, a
national symposium on the ionising energy
treatment of foods was held in Sydney in
October 1983 to discuss the state of the art
worldwide and to foster its application in
Australia, particularly for treating export
fruits. The Commission, in conjunction with
the NSW Department of Agriculture, is
already investigating irradiation of
mangoes, avocados, tomatoes, apples and
oranges to find a dose level that effectively
eradicates such pests as fruit-fly but, at the
same time, does not blemish the skin of the
fruit nor adversely alter its flavour and
texture. To this end the effects of
combination treatments, such as those
involving hot water dipping followed by
irradiation, are being compared with
treatment by irradiation alone. The way in
which the effective dose level prevents
moulds and extends shelf-life is also being
monitored.
73 In one of the Commission's gamma-
irradiation facilities, more than 1000
beehives have been irradiated to destroy
the American foulbrood infection which
otherwise necessitates burning of infected
hives. Treatment at Lucas Heights has
avoided the difficulties associated with
moving infected hives from NSW across
state borders. The same facility was also
used extensively for treatment under
quarantine of artefacts being brought into
Australia from overseas; these include
masks, drums, shields and spears.

Nuclear Technology

74 This sub-program covers two main
projects — a tactical research project in
support of nuclear safeguards and a
strategic research project on nuclear
fusion. The safeguards work contributes to
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international efforts under the Nuclear Non-
proliferation Treaty by, in particular,
developing equipment for measuring and
monitoring material, such as enriched
uranium and plutonium, as a means of
safeguarding research facilities for
uranium centrifuge enrichment. The
Commission's fusion research is aimed at
helping to establish whether nuclear fusion
can be put to practical and economic use
for the generation of electricity.

Safeguards Research
75 In the review period, the Commission
completed development of its gas-phase
enrichment monitor, and two field
instruments were installed, one at an
enrichment plant in Japan and the other at
the IAEA laboratory in Siebersdorf, Austria,
thus concluding Australia's first three-year
program of support for the IAEA safeguards
research project. The Commission has
begun a second three-year program to
investigate existing instruments which
measure the amount of plutonium in waste
from processing plants. The techniques
used rely on neutron coincidence counting
in which the Commission has acquired
considerable expertise because of its
previous research in nuclear data. The next
step is to design a better instrument which
is less dependent on calibration standards.
A novel approach in preliminary studies has
yielded a concept which permits the
instiuments to be calibrated by reference
to accurate nuclear data values rather than
material standards.
76 The Commission's centrifuge test
bank, which was being built for the uranium
enrichment project, now terminated, is now
being used for collaborative research with
the Australian Safeguards Office, with the
objective of designing an instrument
package for surveillance of research and
development enrichment cascades. The
isotope separation performance achieved
by the test bank will be adequate to verify
the effectiveness of the various monitoring
devices used; for example a quadrupole
mass spectrometer to monitor enrichment
levels, lapse time cameras to detect illegal
plant changes, radio detectors to determine
power supply frequencies, and data
transmission modems to enable data to be
assessed quickly.

Fusion Physics
77 The controlled release of fusion
energy occurs when the gas 'fuel', for
example a mixture of the hydrogen isotopes
deuterium and tritium, is raised to
sufficiently high temperatures for fusion
reactions to occur. At these temperatures,
the gas exists as a plasma which can be
confined by various magnetic field
configurations. A uniquely Australian
approach to this problem of confinement is
the rptamak, a configuration generated by
rotating radio-frequency fields. The plasmas
it produces are doughnut-shaped and
compact; they require only a simple
external coil arrangement and can be
operated in a relatively continuous mode.
As yet, the rotamak is only in the laboratory
proving stage, but it promises a number of
advantages over the more conventional and
extensively developed concepts. The
Commission's laboratory program on the
physics of the rotamak continued during
the review period with the development of a
flexible computer-based data acquisition
system and associated diagnostic
techniques aimed at measurement of the
important electromagnetic phenomena that
occur during a rotamak discharge. A
comprehensive series of measurements at
low power levels were carried out using
hydrogen, deuterium, helium and argon
plasmas at three different rotating field
frequencies. A series of experiments at
higher power levels has now commenced
using power amplifiers constructed and
tested by Australian industry.

Neutronic Performance of
Fusion Reactor Blankets
78 The main aim of this research
program is to study aspects of the practical
use of the neutrons that transport most of
the energy away from the fusion reaction
zone of a conceptual fusion reactor. To
make use of these neutrons, the reaction
zone must be surrounded with a neutron
absorbing, heat developing, tritium-breeding
blanket. For the reactor to be self-
sustaining, the blanket must produce
substantially more tritium than the reactor
consumes to allow for processing and other
losses. Since the consumption of one
tritium atom in the nuclear fusion process
results in the production of only one
neutron, albeit a very energetic one, and
one neutron is needed to react with a
lithium atom in the blanket to form one
replacement tritium atom, considerable
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ingenuity is needed to design a blanket
capable of producing tritium at the desired
rate. In particular, the blanket must capture
as many as possible of the emitted
neutrons and exploit to the maximum their
very high initial energy for the generation of
additional neutrons, while minimising loss of
neutrons by leakage and parasitic
absorption.
79 Ability to assess the neutronics
aspects of conceptual fusion power
schemes is essential for the evaluation of
their prospects and feasibility. The
Commission's research program includes
both analytical and experimental
components. The analytical component has
entailed further development of the
Commission's own fission-reactor computer
codes to enable them to be used, together
with others, for the analysis of fusion
blanket characteristics. The experimental
component is at present primarily
concerned with developing methods of
measurement of the tritium formation rate
in a test volume of representative blanket
materials irradiated by fast neutrons from
an accelerator source.

Underlying Research and
Service Support

80 These two sub-programs consist of
research which underlies the work being
conducted in the five applied research and
development sub-programs already
described, and also research in support of
site operations at Lucas Heights. Projects
described include computer studies and
mathematics, development of a device for
on-stream analysis of mineral slurries, and
fission reactor research in support of the
operation and safety assessment of the
reactor HI FAR.

Computer Studies and Mathematics
81 The main use of ADD, the AAEC's
relational database system, has been to
provide quick access to selected segments
of extensive text data, such as titles and
abstracts of reports, books and papers. A
recent extension to ADD enables users to
carry out arithmetic computation on any
numerical data stored in the database. For
example, the Commission's medical
records database can be accessed and
used to obtain by calculation such
reference respiratory functions as the ratio
of forced vital (lung) capacity (fyc) to a
person's height raised to the third power.

The ADD command to select this function
is

select age, ratio = fvc/height**3.
Graphs produced by ADD of results thus
obtained for different sample populations
can then be compared.
82 The Commission has developed a
mathematical method of implicit non-
stationary iteration (MINI) to speed
convergence of solutions to very large
systems of linear equations. This method
has been shown to be ideal for use with
multi-grid numerical techniques which
themselves use iteration to solve many
levels of approximation to the original
problem. These approximations are derived
by reducing the geometrical complexity of
the problem at each iteration. Because the
reduced system of equations thus obtained
may not necessarily reflect all aspects of
the original ones, a robust iterative
technique is essential. MINI has proved to
be an ideal algorithm for this purpose.

Silicon X-ray Mineral Probe Analyser
83 As part of a joint project with the
CSIRO, the Commission has completed
laboratory installation of a silicon X-ray
mineral probe for on-stream analysis of
mineral slurries. The detector operates at a
low temperature and is cooled
thermoelectrically, thus eliminating cooling
by the more conventional liquid nitrogen
technique and making it more suitable for
industrial use. The resolution available with
this instrument enables it to be applied to a
wide range of analytical problems in the
mineral processing industry.

Neutronics Studies of the Reactor HI FAR
84 The AUS modular computer program
developed by the Commission over a
number of years is a general system and
can be used to analyse neutronic behaviour
in fission reactor cores as well as fusion
reactor blankets. Because of Australia's
international responsibilities to assist in
minimising the risk of nuclear weapons
proliferation, the Commission has
participated in IAEA-coordinated studies
into the use of reduced enrichment fuel for
research reactors. As a consequence it is
studying the problems associated with the
eventual conversion of the reactor HI FAR
to operate on fuel of lower enrichment than
it presently uses. The AUS system has
been used for the necessary neutronics
analysis of HIFAR since no empirical data
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were available on its operation with lower
enrichment fuels. To demonstrate the
reliability of the AUS code to yield the
desired data, a standard set of
cnmputational models was constructed for
HI FAR and tested against the experimental
data accumulated over more than 20 years'
safe operation with the present high
enrichment fuel. These standardised
models enable reactor physics parameters
related to operation and safety to be
calculated for any operating program. They
have been used to produce reactivity
coefficients and other operational
parameters required for use in the major
safety review of the reactor (see Chapter 5).

Reactor Containment Studies
85 In connection with the major safety
review of the reactor HI FAR
(see Chapter 5), the analytical method used
by the Commission in the OECD Committee
for Safety of Nuclear Installations series of
international standard problems on nuclear
reactor containment was applied to obtain
estimates of thermohydraulic conditions to
be expected in the reactor containment
building following a postulated loss-of-
coolant accident. This involved modification
of the containment response computer
code to reflect certain features peculiar to
HIFAR. Transients of pressure,
temperature, condensation and leak rates
were calculated for use in the HIFAR safety
analysis.

Flow Boiling Studies
86 Arising primarily from consideration
of loss-of-coolant accidents in water-cooled
reactors, but nevertheless relevant to other
two-phase or boiling fluid systems, the
Commission has made a limited study of
the flow characteristics, boiling crisis and
heat transference that will occur under
certain circumstances. In the course of this
work, theoretical models have been
developed which depart significantly from
those of other researchers working in this
field. The Commission has already made
advances in several of the two-phase flow
topics that a recent survey by the US
Department of Energy (DOE) showed were
essential for future technological advances
based on fluid mechanics. The US DOE's
foremost recommendation, that single-
phase theory be applied to multi-phase
turbulent flows, had already been adopted
at Lucas Heights. Some of this work has
had the unexpected result that simpler

alternative approaches seem to be
applicable to some theoretical aspects of
single-phase turbulent flow.

Pipe Bend Studies
87 HIFAR's primary cooling circuit
consists largely of short lengths of pipe
connected with flange-ended elbows. For
continued safe operation of the reactor, an
understanding was required of the stresses
in the bends in pipework because of
misalignment or heat expansion during
start-up; however, few published data were
available. The complex equations of thin-
shell theory were subsequently applied to
analyse these phenomena and are being
extended to predict the effects of in-plane
and out-of-plane loads on pipe bends which
are conjoint with either straight pipes or
flange endings. A computer program,
BENDPAC, has been developed to
calculate stresses in, and the flexibility and
cross-section distortion of, curved pipes in
a range of geometries. This code is now
used by the Risley Nuclear Power
Development Establishment, UK, and the
Westinghouse Electric Corporation, USA,
and is distributed by the National Energy
Software Center at Argonne, USA.

HIFAR Safety Analysis
88 The working party reviewing HIFAR
safety (see Chapter 5), in terms of currently
held criteria and standards, has continued
its task, using widely accepted probability-
based techniques to assess the cumulative
effects of compounding conservative data
and assumptions. This relates to the offsite
consequences of accidents within the plant.
Results obtained to date indicate that the
probability that evacuation of nearby
suburbs will need to be considered is
negligible, thus substantiating earlier
assessments obtained using other methods.
When this assessment is complete, the risk
from damage to the plant caused by
external events will be considered.
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55 All commercial services provided
by the Commission are now
consolidated in a separate unit called
the Commercial Products Unit. The
major component is production, sale
and distribution of radioisotopes which
was formerly a function of the Isotope
Division. Other revenue producing
functions include consultative arid
advisory services. The aim of the unit
is to provide AAEC customers with a
comprehensive range of high quality
radioactive products and commercial
services. It also cooperates with
practitioners in nuclear medicine and
other users to develop and evaluate
new products.
90 Total revenue was approximately
$2.3 million, constituting a small
increase in demand for the
Commission's products. Export sales
declined following a sharply reduced
demand for ytterbium-169 radiography
services by the West German nuclear
power industry. This was partly offset
by increased sales of other products
to New Zealand. Income from
consultative and advisory services, fell
slightly owing to a reduction in
available staff.
91 The categories of radioisotopes
supplied and distributed are shown in
Table 1. Distribution within Australia
and New Zealand is illustrated on
page 37.

The new sterile technelium generator showing the elutlon
process.

AAEC product catalogues lor nuclear medicine
Inset: New model technetium generator

Radiopharmaceuticals

92 The manufacture of technetium-99m
based radiopharmaceuticals has continued
to be the major activity and production
levels have in total remained steady with
some reduction in sales of technetium
(99mTc) sulphide colloid being offset by
increases in sales of other products.
53 The demand for products using the
radioisotope iodine-131 continues to
increase as has the demand for the
reagent pentastan, a lyophilised DTPA-
stannous chloride complex primarily
intended for cerebral scanning, and a
lyophilised stannous chloride-calcium
gluconate renal agent.

The Sterile Technetium Generator
94 A sterile version of the AAEC
technetium-99m generator is ready for
general marketing. Pre-production
generators have been made weekly since
March 1984 and their performance has
been highly satisfactory. Distribution to
nuclear medicine; centres will commence
once formal approval has been received
from the Department of Health.
55 The complex production process
commences with the manufacture of small
pellets of high purity, high density uranium
dioxide pellets which are encapsulated,
loaded into the reactor HI FAR and
irradiated for o->e week. Under neutron
irradiation some uranium-235 atoms fission
and each fission event produces two atoms
of various lighter elements. In particular,
the radipisotope mplybdenum-99 is formed
in significant quantities. After irradiation the
material is removed from the reactor and
transferred to a heavily shielded, remotely
operated, chemical processing cell.
Subsequent processing efficiently
separates the required molybdenum from
all the other elements formed during
fission.
55 The generator is shown at left and
inset on page 34. Essentially it consists of
an alumina column upon which the
radioisotope molybdenum-99 is adsorbed.
From this the daughter product technetium-
99m is eluted at the hospital, as required,
for up to 15 days.
57 In the process each generator vial is
first washed, sterilised and partly filled with
specially prepared alumina. The required
quantity of molybdenum-99 load solution is
dripped onto each column to meet the
specific needs of individual users. Each
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column is then measured to confirm its
radioactive content before the elution tubes
are 'capped' onto each end and the
assembled units steam sterilised. The
sterile units are then transferred into a
mobile cell and fitted into their lead
shielded pots. The generator vials, in their
pots, can then be removed from the heavily
shielded production cells and placed in the
generator cases.
98 Final connection of the generator
elution tubing to the bag of treated saline
eluant solution takes place in a sterile,
laminar-flow cabinet and the assembly is
completed by firmly bolting the generator
shield pot into its case. A cover plate which
also retains the dispensing mechanism is
attached and a descriptive label applied.
99 Prior to release from production each
generator is test eluted to check its
mechanical function and the eluate
analysed by gamma jpectrometry to
confirm its purity. For transport each
generator is placed in ">. specially designed,
foam filled pack which includes a set of
sterile evacuated elution vials, sterile
elution needles and descriptive literature.

700 For quality control purposes a
'dummy' generator is included v/ith each
production batch to monitor the
manufacturing procedure for sterility and
an extra radioactive generator is produced
and held for quality control. The control
generator is eluted at least once each day
and eluates are analysed for chemical,
radiochemical and radionuclidic purity, and
to determine elutipn efficiency.
707 The technetium-99m generator has
superficial simplicity to the user but its
manufacture is complex, involving remote
handling in harsh radioactive and chemical
environments under strict quality control
which includes microbiological monitoring
of sterility assurance procedures. It also
must comply with the stringent
requirements of the code of good
manufacturing practice issued by the
Department of Health for the production of
Pharmaceuticals. Finally under the
International Atomic Energy Agency's
regulations for the transport of dangerous
substances, the package must be able to
withstand a drop of nine metres onto
concrete without breaching the elution
system.

TABLE 1
RADIOISOTOPES SUPPLIED AND DISTRIBUTED
(Period 1.7.83 — 30.6.84)

Use and Type

Within Australia
Industrial
Radiography and sealed sources
Miscellaneous solutions and services
Total for Industrial Use

Research
Cobalt-60 sources
Miscellaneous solutions and services
Neutron irradiations
Total for Research

Medical
Implant sources
Radiopharmaceutical products
Materials supplied from imports
Total for Medical Use

Export
Radiography sources and services
Medical products and miscellaneous solutions
Total for Export

Total for all Categories

Shipments'3'

331
129
460

4
764
131
899

80
15,143
2,957

18,180

62
140
202

19,741

Value $A

150,590
32,077
182,667

6,260
72,713
22,992
101,965

15,423
1,409,862

445,861
1,871,146

45,980
38,279
84,259

2,240,037(b)

(a) Previous Annual Reports show this column as Items,
(b) Includes internal AAEC supply.
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Quality Control

102 A quality control program ensures
that all pharmaceutical products
manufactured by the AAEC meet specified
standards for chemical, radiochemical and
radionuclidic purity, are sterile and pyrogen
free, and aie of proven efficacy. This is
linked with a program to develop improved
analytical techniques and a better
understanding of the chemical and
radiochemical reactions which occur in the
manufacture, analysis and, to a limited
extent, the clinical applications of the
products.
103 Procedures were formulated for the
assay of minute quantities of lead, copper,
arsenic and zinc in gelatin. A technique
developed in the Commission's research
program for the measurement of small
quantities of radioactive iodine isotopes in
molybdenum-99 solutions was also
introduced as a standard analytical
procedure. Another joint program with

Isotope Division investigated the
significance of varying concentrations of
technetium-99 in solutions of technetium-
99m on the efficiency of labelling red blood
cells and led to procedural changes in the
manufacture of sodium pertechnetate
solutions. The concentration of
iechnetium-99 in these solutions has been
significantly reduced and a method of
assay for quantities of technetium-99 as
small as one billionth of a gram OO^g) in
decayed technetium-99m solutions, using
high pressure liquid chromatography, has
been developed.
104 Final procedures for the manufacture
and assembly of sterile technetium
generators were proved and demonstrated
to officers of the National Biological
Standards Laboratory and training
programs were arranged to familiarise staff
with aseptic manufacturing techniques.
Four methods of producing Bacillus
Stearothermophilus spores were evaluated

Shipments

•N.S.W.

VIC.

•OLD

S.A.

.W.A.

TAS.
N.Z.

'N.T.

Other

• Total

Count of
Records

9,688
6,838

707

606

1,990

576

155

1

1,301

21,862

Radioisotope Distribution — Australia and New Zealand
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and spore strips prepared for use in
validating product sterilisation procedures.

Improvements in Manufacture

705 Most of the molybdenum-99 which is
used as the raw material for the
manufacture of technetium-based
radiopharmaceuticals is a fission product
from the irradiation of uranium dioxide
pellets in the reactor HIFAR. To improve
product quality, process plant has been
designed and installed in a shielded
production cell to provide an additional
purification step in the molybdenum-99
extraction process. !t will reduce
concentrations of other radionuclides to
less than one part in one hundred thousand
and ensures that products easily meet
prescribed medical standards.
106 Molybdenum-99 is radioactive and
decays to technetium-99m. The technetium-
99m is separated from molybdenum-99 for
the production of ready-to-inject
radiopharmaceuticals. A new shielded but
mobile facility was designed and
constructed to house the extraction
apparatus. The new facility will release for
other purposes the fixed shielded cell now
in use and permit the physical separation of
technetium-99m product manufacture from
that of products incorporating other
radioisotopes. This will further reduce the
possibility of cross-contamination.
707 In a long-term project, work is
proceeding on the construction of
equipment for the manufacture of
iodine-131 based radiopharmaceuticals in
capsule form. Ultimately this will permit the
AAEC to offer customers a full range of
iodine-131 products.

Radiation Sources
108 Two new cobalt-60 cancer therapy
sources were produced and assembled for
use in hospitals in Sydney and Perth, one
cource was supplied to the Australian
Radiation Laboratory and a series of large,
sealed sources totalling 3700
terabecquerels (100000 curies) were
prepared and loaded into the Commission's
irradiation researcii facility. Demand for
iridium-192, cobalt-60 and caesium-137
industrial radiography sources was steady
with a small increase in numbers supplied
towards the end of the year.
703 An interesting long-term development
program resulted in the successful routine
production during 1983-84 of high
temperature and high pressure radioactive
sources of vapourised zinc-65 which can be
used to analyse bulk minerals for copper
content. These sources have been tested in
the field bv the Australian Mineial
Development Laboratories in conjunction
with Mt Isa Mines Ltd and AAEC (now
CSIRO) research staff who developed the
technique.
770 The technology is complex but its
application at the mine site simplifies and
improves mineral sampling by permitting
whole drill cores to be analysed intact. The
undamaged cores are then available for
subsequent geological examination and
retention. The copper content to be
determined is typically 1 per cent by weight
to an accuracy of ±0.1 per cent.
777 Final certification work is now under
way for a new 1 millimetre diameter
iridium-192 medical implant source which
has been developed for use in cancer
therapy equipment imported from West
Germany. The project was highly
challenging as the iridium is encapsulated
in a titanium case whose external diameter
is only 1.8 millimetres. The case has to be
sealed by argon arc welding and must then
be able to withstand the rigorous testing
procedure set by the International
Standards Organisation. This includes
exposure to temperatures ranging from
-40°C to 600°C, external pressure, and
impact load, followed by leak testing. The
irradiated capsules are securely crimped
onto a flexible stainless steel wire before
being loaded into a specially built transport
container. The source is loaded into the
therapy unit at the hospital and treatment is
achieved by threading the radioactive
source to the cancer site via a 2 millimetre
diameter tube previously inserted in the
patient.
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112 The Commission's Regulatory
Bureau is a small group of engineers
and scientists who give technical
advice to the Commission and monitor
the safety of the Commission's reactor
operations. The Bureau also
contributes technical expertise to
extramural nuclear regulatory
activities. The Regulatory Bureau is
housed separately from the Research
Establishment and its Director is
directly responsible to the Chairman of
the Commission.

The sleel containment building, one ol the many protective
barriers ol the reactor HIFAR, may be isolated from the outside
atmosphere in an emergency by various devices including U-tube
water seals (one pictured)
Inset: The containment building and cooling towers (loreground)

Regulation of Commission Reactor
Operations

773 The Commission delegates its
responsibility for the public safety aspects
of operation of the reactor HIFAR to the
Director of the Research Establishment
under conditions given in a document
called Authorization — HIFAR Operation.
On behalf of the Commission the
Regulatory Bureau monitors compliance
with the conditions and refers all major
issues affecting the safety of HIFAR
operation for decision by the Commission.
In monitoring compliance with the
Authorization the Bureau reviews the safety
of the reactor plant and proposed
modifications, the adequacy of the
operating, training and maintenance
procedures, and contingency planning.
774 The Director of the Research
Establishment must submit for Commission
approval the various proposed
arrangements relied on to ensure that the
conditions of the Authorization are met. The
currently approved arrangements are
basically those existing before the
introduction of the Authorization. In the 24
years since HIFAR was commissioned
detailed arrangements for its maintenance,
operation and modification were developed.
Where the Commission considers there is a
need to add to or modify existing
arrangements, the approvals are
designated as interim to ensure timely
attention to the desired changes. The
Regulatory Bureau continuously reviews
progress in introducing the changes
covered by Interim Approvals and the
adequacy of arrangements covered by
unqualified Approvals.
775 The Research Establishment made
considerable progress in consolidating the
documentation of arrangements, identifying
and removing discrepancies and
strengthening arrangements for some high
priority safety concerns. These included
precise definition of the operating
organisation, accreditation of operating
staff, upgrading of training manuals,
consolidation of operating limits, conditions
and procedures, reporting of abnormal
occurrences, detailing of containment
repair procedures and elaboration of
emergency response procedures.
116 When commissioned in 1960, HIFAR
had the most up-to-date research reactor
plant safety design features. Twenty-four
years of accident-free operation bear
testimony to the soundness of the plant as
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commissioned. However, as reactor safety
philosophy evolved, some of the safety
design features were significantly
outmoded by the end of the 1970s. A
program of revision of the land use
restrictions around HI FAR provided for
installation of an engineered automatic
emergency core cooling system, as well as
upgrading of the sealing of the containment
(the steel shell housing the reactor). When
these modifications were formally
completed early in 1983, HI FAR was again
reasonably in step with modern plant safety
design philosophy.
777 The Commission will keep the overall
safety of HIFAR plant broadly in line with
the evolving standards being applied to new
research reactor plant. Under the
Authorization the Director of the Research
Establishment must provide for continuing
review, and where necessary upgrading, of
the safety of HIFAR plant, taking account of
relevant standards and evolving safety
practice. A major safety review of the
reactor is in progress. This will assist the
Regulatory Bureau to decide whether
further plant modifications are needed on
safety grounds and to allocate priorities.
Meantime the level of plant safety is being
raised by modifications as part of a
refurbishment program (see Chapter 7).
118 The Authorization rriaKes the
progressing by the Research Establishment
of modifications to HIFAR involving
significant safety issues subject to stage by
stage endorsement by the Commission on
the advice of the Regulatory Bureau.
During 1983-84 the Bureau reviewed
Research Establishment submissions
covering various stages of projects to
replace the electrical power supply system
and the fuel element storage block within
the reactor containment shell.

New Power Supply System
119 HIFAR shuts itself down
automatically when any system with safety
significance loses its electrical power
supply, but it is essential that some
electrical power be available following
shutdown, to remove decay heat which
could lead to overheating of fuel, and to
operate instruments and. the seals and
valves that close the containment.
Consequently the power supply system was
designed to be able to draw on two
separate main feeder lines and is backed
up by a system of emergency diesel
generators and batteries. On the few
occasions of loss of power due to a mains

supply failure, the system has worked well.
But good as the system is, its reliability can
be appreciably upgraded by applying
modern electrical design practice to give
more attention to the separation,
independence, redundancy and diversity of
components. This can appreciably reduce
susceptibility to failure of both the primary
and back-up electrical supplies resulting
from a common cause. The Commission
decided to replace the entire electrical
power supply system as part of the
refurbishment program.
720 Integration of the new electrical
system into an existing plant called for
judgements on the extent to which the
most modern standards, concepts and
equipment can be incorporated in the
design. In the preliminary design stage, the
Bureau and the Research Establishment
examined such issues and the detailed
design of the new system was carried out
by contractors. A safety submission has
been reviewed by the Bureau and a
recommendation put to the Commission.

Fuel Storage Block Modifications
121 The fuel storage block provides
interim storage of the small number of
irradiated fuel elements removed from
HIFAR after every four-week operating
cycle pending their transfer to the long
term storage facility outside the reactor
containment and also the whole fuel
loading during long periods of shutdown for
maintenance. In the fuel element storage
block the fuel elements are immersed in
demineralised water to remove the decay
heat that they generate. Failure of the
storage block aluminium coolant tank could
lead to the loss of the demineralised water
and cause overheating of the fuel elements
and possible release of fission products.
The modifications being made will increase
protection against a loss of coolant which
would be of particular concern when the
containment shell is open for maintenance.
The aluminium tank will be removed and
replaced by two new aluminium tanks, one
inside the other, and the pipe connections
to the heat exchangers will be relocated so
that they will not drain the tank in the event
of breakage.
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Non-AAEC Regulatory Activities

Safety Aspects of Visits by
Nuclear Powered Warships
122 The Commission acts as a technical
adviser to the Department of Defence on
the nuclear safety aspects of the entry of
nuclear powered warships into Australian
ports. During 1983-84 the Commission
evaluated potential berths in the Port of
Albany, Western Australia, in terms of the
criteria given in the report Environmental
Consideration of Visits by Nuclear Powered
Warships to Australia, tabled in the
Parliament by the Prime Minister on 4 June
1976. The Commission monitored the
radiation levels in the vicinity of all visiting
nuclear powered warships and cooperated
with State Government departments in the
finalisation of the Draft Model Port Safety
Scheme prepared in collaboration with the
Natural Disasters Organisation.
723 The Commission and the Department
of Defence developed proposals for the
protection of tug crews if a nuclear
powered warship were unable to leave port
under its own power, initiated consideration
of potential collaboration with the warship
crew in reacting to a nuclear incident and
prepared an environmental report covering
visits during 1983.

Transport of Radioactive Materials
124 The Commonwealth's Code of
Practice for the Safe Transport of
Radioactive Substances promulgated in
1982 under the Environment Protection
(Nuclear Codes) Act is based on the
International Atomic Energy Agency's
(IAEA's) Regulations for the Safe Transport
of Radioactive Materials. The Commission
has been coordinating Australian input to a
review of the IAEA Regulations by an
advisory group of experts from member
states. The revised regulations should be
available late in 1984.

The Mining and Milling of
Radioactive Ores
125 The Commission is not directly
involved in the regulation of the mining and
milling of radioactive ores but does provide
technical advice and assistance to
departments and instrumentalities
concerned with radiation safety aspects of
these operations. Involvement with working
groups of the Commonwealth/State
Consultative Committee on Nu-jear Codes
included the drafting of guidelines on the
decommissioning and rehabilitation of mill
tailings retention systems and on methods
for determining safe discharge and release
limits.
726 The IAEA Code of Practice published
in 1976 is the authoritative international
guideline on the management of wastes
from the mining and milling of uranium and
thorium ores. An IAEA advisory group
reviewing the code in the light of changes
in radiation protection standards and
technical progress based its work on the
recommendations of two invited specialists,
one of whom is a Commission officer.

Management of Radioactive Wastes
127 The Commission provided technical
advice to the Commonwealth/States
Committee reviewing national
arrangements for wastes arising from the
medical, industrial and research uses of
radionuclides in a paper on a classification
system for shallow land burial. The paper
recommends adoption of a system similar
to that used by the US Nuclear Regulatory
Commission (NRC). The NRC system is
based on consideration of the radiation
doses that might be received via exposure
pathways involving environmental transport
of buried radioactivity away from the burial
site. This could occur by leaching and
dispersion in groundwater or by eventual
surface erosion, or by people intruding on
the site after active institutional control
ceases. Intruder exposure pathways were
found to be significantly more restrictive
than the offsite transport pathways, and
also much less site specific.
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725 The Commission critically reviewed
literature on radioactive waste
management standards to broaden its
ability to respond to government requests
for regulatory information. Most national
authorities agree that management of
radioactive wastes should ensure that
consequent radiation doses to operators
and members of the public are limited, to
meet the radiation protection objectives of
the International Commission on
Radiological Protection (ICRP). All
exposures should be kept as low as
reasonably achievable, economic and
social factors being taken into account and
doses to individuals should not exceed the
appropriate ICRP limits. Demonstration of
compliance with these objectives presents
no difficulties in principle for waste storage
because the ICRP provides advice on
techniques for optimising radiation
protection and because radiation doses
associated with storage can be directly
measured or assessed from measurements
of exposure rates. For waste disposal,
however, there are problems in
demonstrating compliance with these
objectives because any releases of
radioactivity which re-enter the utilised
environment are future events. The
Commission review was primarily
concerned with the various ways in which
these problems can be solved.
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International Organisations International Atomic Energy Agency

725 The Commission has maintained
bilateral and multilateral agreements
with a number of comparable
organisations overseas and
participated actively in the work of the
International Atomic Energy Agency
(IAEA) and the OECD Nuclear Energy
Agency (NEA). This gives access to
scientific work by other countries and
makes it possible to collaborate in
investigations which reinforce
Commission programs. The
Commission interacts with the IAEA
and NEA both as a nuclear research
and development organisation and as
an operator of research reactors and
associated plant. Counsellors (Atomic
Energy) are located in Australian
Missions in London and Vienna.

AAEC links with other countries in 1984
Inset: Signing the SYWflOC Memorandum at Understanding,
(from left: Professor Max Brennan, Chairman, AAEC; Mr Tsuneo
Fujinami, President. Japan Atomic Energy Research Institute: and
Dr Sueo Machi, Deputy Director, Office ol Planning, Japan
Atomic Energy Research Institute.)

130 The IAEA is concerned with the
development and peaceful use of atomic
energy. The Commission is involved
actively in the Agency's priority areas of
nuclear safeguards and non-proliferation,
waste management, safety and technical
assistance.
737 The Commission provided assistance
to Australian representatives on the
Agency's two governing bodies, the
General Conference and the Board of
Governors. In October 1983 the Chairman,
Professor M. H. Brennan, led the Australian
delegation to the 27th General Conference
of the IAEA and attended meetings of the
Board of Governors held before and after
the General Conference.
732 Commission experts were involved in
coordinated research programs on the
evaluation of solidified high-level waste
forms, and on environmental migration of
radium and other contaminants in wastes
from the mining and milling of uranium.
This work has strengthened the
Commission's research programs. Close
interest was maintained in the Nuclear
Safety Standards Program (MUSS) and the
Safe i ransport of Radioactive Materials
Program.
733 In collaboration with the Department
of Foreign Affairs and the Australian
Development Assistance Bureau, the
Commission continued its involvement in
Agency nuclear technical assistance
programs. This was achieved 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 (see below).
734 Other IAEA activities in which the
Commission was involved included nuclear
fusion (primarily through the International
Fusion Research Council), uranium ore
processing, reduced uranium enrichment
for research and test reactors,
management of waste from mining and
milling of radioactive ores, and studies of
small and medium power reactors. The
Commission continued to be the Australian
member of the International Nuclear
Information System (INIS). Three AAEC
professional staff were released for terms
of several years to work with the IAEA
Secretariat in its safeguards, laboratory and
information sections.
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755 The Director General of the IAEA, Dr
H. Blix, visited Lucas Heights on 30 March
1984. He also had discussions with
Commonwealth Ministers and senior
officials and inspected uranium mines. He
stressed the importance of nuclear
technology not only as a means of
producing electricity but also in
applications of nuclear techniques in, for
example, nuclear medicine, food irradiation,
and other industrial applications. He also
outlined the Agency's work in safeguards,
nuclear safety and waste management.

IAEA Regional Cooperative Agreement
136 The recognition that within programs
of member states there are projects of
common interest that could benefit from
cooperation with the IAEA led to the
establishment in 1972 of the Regional
Cooperative Agreement (RCA). To meet its
commitment, the Australian Government
initiated a project on'isotope hydrology and
sedimentology and funded it through the
IAEA.
737 In Thailand and Sri Lanka, new water
management policies are being developed
to meet the challenge of inadequate or
deteriorating water supplies. Data on water
movement in the environment, the extent
and dynamics of aquifers (underground
sources of water) and the effect of
removing water from them have to be
collected and interpreted. A powerful
technique based on the naturally occurring
isotopes tritium (3H) and radiocarbon (14C)
is being used. A similar technique,
employing radioactivity from nuclear fallout
(caesium-137), is being used in Sri Lanka to
assess the erosion of land surfaces and the
siltation of water catchments.
138 A Commission officer visited Malaysia
and Thailand to establish laboratories
capable of determining natural levels of
tritium in environmental water samples. The
age of a suite of 44 groundwater samples
from bores in the upper Chao Phraya Basin,
Thailand, is being established, using tritium
and radiocarbon techniques, the
Commission also helped to train
geohydrologists from Thailand and The
Philippines.
1?9 Direct Australian funding of the
piogram ceased in 1983. The IAEA is
continuing to support the program through
its regular budget.
140 The Commission's Chief Executive
Officer, Dr D. G. Walker, led the Australian
delegation to the 7th RCA Working Group

Meeting in Madras in March 1984 to
review, plan and implement programs.

Environmental Tritium Survey
141 As part of the World Survey of
Isotope Concentration in Precipitation, the
assay of tritium in precipitation samples
from the Australian network stations has
continued, results being sent to the IAEA
for publication.

Nuclear Safeguards Inspections
142 IAEA safeguards inspectors made
three visits to Lucas Heights to verify that
Australia meets its international obligations
under the Treaty on the Non-proliferation of
Nuclear Weapons (NPT). The IAEA reported
to the Australian Safeguards Office (ASO)
that the inspections were satisfactory.
Under the Australian national system of
accounting for and control of nuclear
materials, officers of ASO visited Lucas
Heights each month.

Nuclear Safeguards Research and
Development
143 With financial support from the
Department of Foreign Affairs, a
Commission research project leading to the
development of the gas phase monitor, an
instrument for measuring isotopic
enrichment levels of uranium hexafluoride
gas used in uranium enrichment plants,
was successfully completed in 1983. This
was part of a comprehensive Australian
program to assist the IAEA in nuclear
safeguards research and development. The
instrument assists IAEA inspectors to verify
that a plant is producing enriched uranium
at only the declared isotopic enrichment
level. Two prototype gas phase monitors
were donated to the IAEA for use in training
and in the field.
744 A second three-year program of
assistance to the IAEA was announced by
the Australian Government late in 1983. Of
the ten projects, the AAEC is involved in
two major ones:
Neutron Cc;widence Counting: A self-
calibrating instrument is being developed to
enable IAEA inspectors to measure fissile
material in various bulk media. It would be
particularly useful for measuring the
Plutonium content in wastes arising from
reprocessing or in spent fuel elements.
Early results have been promising.
Systems Study on Safeguards Applying to
Centrifuge Plants: Various safeguards
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strategies applicable to centrifuge research
and development plants are being
evaluated by ASO using the facilities and
staff of the Commission's centrifuge
enrichment laboratory. Although the
uranium enrichment research program is
being phased out, Ministerial approval has
been given for sufficient continuing effort
until December 1985 to complete this
project.

OECD Nuclear Energy Agency

745 The OECD's Nuclear Energy Agency
(NEA) gives priority to programs on nuclear
safety, radioactive waste management and
the nuclear fuel cycle and indicates means
whereby the Agency's technical work can
benefit member governments. Dr Shapar,
Director General, and Mr K. Stadie, Deputy
Director General of the NEA, visited the
Research Establishment for discussions on
participation in NEA activities.
146 The Commission continued to assist
Australian representatives on the NEA's
governing body, the Steering Committee for
Nuclear Energy. The Chief Executive
Officer was a delegate to a meeting of the
Steering Committee in Washington, USA, in
April 1984. The Counsellor (Atomic Energy),
London, attended a Steering Committee
meeting in October 1983 in Paris.

Nuclear Fuel Cycle
147 The tenth edition of the joint
NEA/IAEA publication, Uranium, Resources
Production and Demand, the 'Red Book',
was published in December 1983. The
Commission, the Bureau of Mineral
Resources, Geology and Geophysics, and
the Departments of Resources and Energy,
Trade, and Foreign Affairs contributed
information and the Counsellor (Atomic
Energy), London, attended NEA meetings
on its preparation and on several other fuel
cycle topics including the economics of the
fuel cycle, nuclear fuel cycle requirements,
uranium extraction and energy projections.

Waste Management, Radiological
Protection and Nuclear Safety
148 Commission representatives attended
meetings of the NEA's major standing
committees on radioactive waste
management, radiation protection and
public health, and the safety of nuclear
installations, and also specialist meetings
on geochemical aspects of uranium mill

tailings, geologic disposal, long-term
radiological protection, nuclear safety and
licensing, and spent fuel management.

Expanded Program
149 The Commission has offered six man-
months of effort in 1985 to make
performance assessments of high-level
waste disposal systems and assisted in
preparing a working document on the
handling of uncertainties in such
assessments. This is part of an expanded
program approved by the NEA Steering
Committee in April 1983 to supplement or
reinforce the Agency's work in four fields:
the nuclear fuel cycle, reactor safety, high-
level waste disposal and exploitation of the
Agency's results, the work to be
undertaken primarily in 1984-85 and
supported by member states through
voluntary cash contributions and
professional assistance.

Bilateral Collaboration on SYNROC

750 In December 1983, the Australian
and UK Governments, represented
respectively by the Department of
Resources and Energy (ORE) and the
Department of Environment (DOE), agreed
on a Memorandum of Understanding
"concerning collaboration in research and
development of technology for the
management and disposal of high-level
radioactive wastes". The initial cooperation
will be on SYNROC which was invented by
Professor A. E. Ringwood (see Chapter 3).
Implementing institutions will be the
Australian Atomic Energy Commission in
cooperation with the Australian National
University (ANU) and the UK Atomic Energy
Authority (UKAEA). ORE and DOE will jointly
contract the UKAEA to carry out a program
of research and will share the funding
equally. Negotiations are proceeding on the
contract details.
757 Cooperation between Australia and
Japan in research and development of
technology for the management of high-
level radioactive wastes was initiated with
an exchange of Notes Verbales between
the two governments. These referred to
DRE (for Australia) and the Science and
Technology Agency (for Japan) arranging
for a cooperative program through
"designated institutions" in both countries.
Initially, the Australian institutions are the
AAEC in collaboration with the ANU and
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those in Japan are the Japan Atomic
Energy Research Institute (JAERI) in
collaboration with Power Reactor and
Nuclear Fuel Development Corporation.
The AAEC and JAERI have agreed in a
Memorandum of Understanding to
implement the cooperative programs as
expressed in the Notes Verbales. These
actions took place in May 1984.
Discussions are proceeding on the details
of an implementing agreement. Initially, as
with the UK, cooperation will be on
SYNROC.

United States Nuclear Regulatory
Commission

Migration of Radionuclides in the
Vicinity of Uranium Ore Bodies
152 With the financial support of the
United States Nuclear Regulatory
Commission, the Commission is evaluating
uranium ore bodies as geochemical
analogues of high-level radioactive waste
repositories. The aim is to make a scientific
contribution to the prediction of the
effectiveness of geological barriers to the
migration of radionuclides over very long
periods. Assistance has been given by
government agencies, industry and tertiary
institutions, and several overseas
organisations and universities. Further
details are given in Chapter 3.

Overseas Visits

153 The Commission's allocation of
23 overseas visits enabled technical
specialists to attend major conferences and
international nuclear institutions to
exchange information with their peers.
Some other visits were funded by
government departments and other
sponsors.

Nuclear Technical Assistance

154 The Commission provided expert
technical advice to the Tun Ismail Atomic
Research Centre (PUSPATI), Malaysia, on
behalf of the Australian Government. Six
officers visited PUSPATI to advise on health
and safety, quality control and production
of radioisotopes and radiopharmaceuticals,
and site services.
755 Assistance is given in the context of
Article IV of the Nuclear Non-proliferation
Treaty under which . . . "All the Parties to
the Treaty undertake to facilitate, and have
the right to participate in, the fullest
possible exchange of equipment, materials
and scientific, and technological information
for the peaceful uses of nuclear energy"
Australia and Malaysia have a common
policy in giving the strongest possible
support to the NPT and to international
safeguards.
756 The Commission also provided
training at the Research Establishment for
30 scientists and technicians from
Bangladesh, Indonesia, Malaysia, The
Philippines, Sri Lanka and Thailand for
periods up to one year. Some of this
training was provided through the
Australian School of Nuclear Technology
(see Chapter 9).
757 Mr p.R. Davy, Chief, Environmental
Science Division, visited Mururoa Atoll and
Papeete as part of a team of scientists
from Australia, New Zealand and Papua
New Guinea to inspect the nuclear testing
site and obtain information concerning
aspects of the French nuclear testing
program.
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HIFAR Operations

158 The reactor HIFAR operated at
full power for 7521 hours, or 84 per
cent of available time. Unscheduled
shutdowns due to minor plant outages
totalled 80 hours. The reactor is now
operated under a formal Authorization
issued by the Regulatory Bureau (see
Chapter 5).
159 HIFAR was used to produce a
range of radioisotopes for application
in nuclear medicine, industry and
agriculture, to analyse ore samples for
uranium content, and to provide
neutron beams for tertiary educational
institutions. Its irradiation facilities
were also used for materials research
and neutron activation analysis.

Neutron Transmutation Doping of Silicon
160 Commercial irradiation of silicon
crystals for the semiconductor industry is
being considered and trial neutron flux
calibrations and irradiations were carried
out. Semiconductor devices are commonly
made from extremely pure crystals of
silicon to which specific impurities have
been added to modify the material's
electrical characteristics. Impurity addition,
or doping, is a critical operation and typical
impurity concentrations are less than one
atom per million. Phosphorus is a typical
dopant and the neutron flux in a reactor
can be used to transmute silicon atoms
directly to atoms of phosphorus.
161 This technique gives a high quality
product as the phosphorus dopant is very
evenly distributed within the crystal. In
many research reactors in the United
Kingdom, Europe and North America silicon
crystals are irradiated on a production
basis. Australia's reactor HIFAR is very
suitable for this work because it has
appropriately sized irradiation facilities and
relatively uniform neutron flux distribution.

Computer-controlled machin ng centre in the Lucas Heights
workshops
Inset: General view ol the interior ot the reactor building

HIFAR Refurbishing
162 The two previous annual reports
described the origin and progress of the
program to refurbish HIFAR. Further
progress was made in 1983-84.
763 The building to house the new
electrical power supply system was
completed and the design of the system
itself finalised, subject to its approval by the
Regulatory Bureau (see Chapter 5). Tender
action will commence soon when current
work on the design manual, the reliability
analysis and the preliminary safety analysis
report is complete. Some delay was due to
the need to rationalise different
international safety standards for their use
on the job, and the unforeseen extent of
the analysis and documentation required.
164 A specification was prepared for a
modern reactor protection system which
automatically shuts down the reactor if any
one of a number of key parameters
exceeds a preset limit.
165 Design has been completed, the
contract let and construction under way for
a new fuel element storage tank to be
installed late in 1984.
166 A seismic analysis by Siemens, the
principal consultant, is well advanced. The
objective is to obtain more precise
information on the seismic resistance of the
reactor.
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The Reactor Moata

757 The Commission's smaller research
reactor, Moata, was operated under a
formal Authorization issued by the
Regulatory Bureau. It was used as a
neutron source for an average of two days
per week for such applications as neutron
activation analysis, neutron radiography,
fission track analysis, alpha track analysis,
and the analysis of uranium ores, leachants
and waste. A metallurgical inspection of
fuel plates continued throughout the year
and all plates examined were in good
condition.

3 MeV Accelerator

168 The 3 million electron volt Van de
Graaff Accelerator was operated for 2800
hours bringing its total operation time to
more than 74 000 hours since being
commissioned in 1964. It was used for
research into the fission process and in the
applications of nuclear techniques. In a
major service, the charging belt, which had
been in service for almost 6000 hours, was
replaced.

Health and Safety

169 The Health and Safety Division
ensures that a safe and healthy work
environment is provided for all personnel at
tha Lucas Heights Research Laboratories
(LHRL).

Occupational Health Services
170 The Commission provides pre-
employment and periodic medical
examination of employees, including
physical examination, chest X-ray,
respirometry, and haematolpgical and
biochemical analyses. This involved 1200
medical examinations and 15600 pathology
tests. The Site Medical Officer continued a
modest program of occupational health
research associated with blood flow
dynamics.

Occupational Hygiene Services
171 The occupational hygiene program of
environmental monitoring of the workplace
continued and was expanded to assess the
hazards from toxic chemicals used at the
LHRL. Ergonomic factors in the widespread
use of visual display units at the LHRL were
reviewed.

Employee Health Review and
Research Committee
172 To complement the occupational
health services and occupational hygiene
services programs the Commission
established an Employee Health Review
and Research Committee, with an
independent chairman, Dr Thomas Ng, the
AAEC members being the Site Medical
Officer, a senior occupational hygienist and
a staff representative. The committee's role
is to review all cases of unusual disease
occurring amongst staff and to investigate
the causes. To facilitate the work, staff
health and safety records are being
computerised.

Health Physics and Safety Services
173 Advice and services were provided to
staff at the LHRL in health physics, internal
and external dosimetry, industrial safety,
ventilation safety, safety training and fire
safety. Health physics support for HI FAR
operations was provided on a 24-hour,
seven-day-a-week basis. Routine
inspections were made of workplaces and
laboratories to ensure the safety of cranes,
hoists, lifting devices, pressure vessels, gas
installations, and machines. Ventilation
systems and their associated filters were
checked. Airborne radioactive effluents
were measured to ensure compliance with
discharge limits approved by NSW
Government authorities. All discharges of
airborne radioactivity were within
prescribed limits.

External and Internal Measurement of
Radiation Dose
174 Staff whose work involves pocsible
exposure to ionising radiation were
individually monitored and detailed dose-
history records maintained. The highest
individual whole-body (penetrating) dose
recorded was 18.31 millisieverts (mSv). This
represents 3C.6 per cent of the annual
whole-body limit of SOmSv for occupational
exposure recommended by the National
Health and Medical Research Council
(NH&MRC) and the International
Commission on Radiological Protection
(ICRP). Three-tenths of this annual limit is
the level below which, in NH&MRC and
ICRP recommendations, individual
monitoring of doses is unnecessary. In the
calendar year 1983 only one person
received a dose above this three-tenths
level. The highest individual tissue (skin)
dose recorded for the calendar year 1983
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was 236.34mSv which is 47.3 per cent of
the annual tissue dose limit of SOOmSv for
occupational exposure.
775 Staff working in the HIFAR reactor
building were monitored by urine analysis
to assess exposure to the hydrogen isotope
tritium. The individual whole-body dose from
tritium is added as an increment to the
employee's record of annual whole-body
dose.

Safety Training
176 In addition to safety induction
courses for all new employees of the AAEC
and the CSIRO at the LHRL, health and
safety training was provided for
approximately 600 people. Approximately
300 received basic fire fighting training
provided by the NSW Fire Brigade.

Emergency Planning
177 The Local Liaison Working Party,
which consists of officers of the AAEC, the
NSW Department of Health, Police
Department, State Emergency Services and
the NSW Fire Brigade, met twice to review
the arrangements for dealing with any
accidents at the LHRL that could have
off-site effects on the public.
178 The responsibility for manning the
emergency alarm centre was transferred
from the Australian Federal Police to the
AAEC and obsolescent alarm monitoring
equipment was replaced by a modern
computerised alarm system in a new
location. A number of emergency exercises
were conducted to familiarise AAEC staff
with their respective roles.
779 Safety coordinators (professional
officers from Health and Safety Division)
were on call at all times to deal with any
safety-related incidents at the LHRL. The
Duty Safety Coordinator was also available
to respond to any call from Sydney Airport
relating to damaged packages of
radioactive materials.

Services to Other Organisations
180 The Commission provided 127 man-
days of effort on radiation monitoring
during rest and recreation visits of nuclear
powered warships of the US Navy to
Hobart (Tasmania), Brisbane (Queensland),
and Albany, Port Fremantle and HMAS
Stirling in Western Australia. Each visit
required the presence at the port of at least
one AAEC Health and Safety Division
officer; the Royal Australian Navy provided
staff assistance wherever practicable.

Safety Assessment and Investigation of
Incidents
181 Preliminary safety assessment of new
and significantly different projects, safety
surveillance during operational phases, and
a formal incident reporting and
investigation system enabled the
Commission to maintain its excellent safety
record. There were no serious work-related
accidents in 1983-84. Of all accidents and
incidents reported, 18.4 per cent involved
injuries during travel to or from work or
from recreation on Commission property.
Some reported incidents involved possible
exposure to toxic chemicals, but on
investigation there was no evidence that
long term effects would occur. Only minor
incidents involving ionising radiation or
contamination occurred, in no case in
excess of limits recommended by the
International Commission on Radiological
Protection. The Commission continued to
encourage staff to report incidents which
had the potential to cause injury even when
no injury occurred.
182 One hundred and four claims for
Workers' Compensation were lodged but
most of these concerned sprains, strains,
cuts and abrasions.

Health and Safety Committees
183 The independent Safety Review
Committee's work is reported in Chapter 1.
In addition the Commission's internal safety
review bodies, some of which had union
representation, comprised the:

• Joint Advisory Committee on Safety and
Health Policy.

• Joint Advisory Committee on Safety and
Health Operations.

• Safety Assessment Committee.

• Compensation Claims Consultative
Panel, and

• Employee Health Review and Research
Committee.
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Computing Services

184 Computing services, specialised
programming and mathematical advice
were provided to AAEC and CSIRO staff at
the LHRL and to external users through the
Australian Institute of Nuclear Science and
Engineering. The central computing
facilities are based on an eight-megabyte
IBM 3033S mainframe computer running an
MVS/SP1.3 (Multiple Virtual Systems)
operating system. These facilities are
interconnected to smaller computers
forming a local area network.
Approximately 13 500 jobs were processed
each month for 300 users, with a weighted
average turnaround time of 6.2 minutes and
average job-processing time of 1.2 minutes.
185 The network provided support for
more than 80 terminals and a number of
minicomputers. While these are used
mainly to gain access to the central
computer, they can also access other
network resources, including the PDP11-
based UNIX operating systems. Four
automatic answering modem lines attached
to a DGC Micro Eclipse computer provided
remote terminal access to the LHRL.
Automatic calling units attached to UNIX-
based PDP11/34 and FDP11/45 systems
provided access by the LHRL to remote
computer networks.

Information Services

186 The information services of the
Commission were reorganised to achieve
better control of the dissemination of
information. A media relations office
improved contact with the print and
electronic media with a view to achieving
better-informed media coverage of
Commission activities. Over 20 segments
and interviews were presented on news
and current affairs programs and
information for newspaper articles was
provided. An information office placed
accent on provision of oral and written
information and renovation of the display in
the Information Centre at Lucas Heights.
The periodical news-sheet AAEC Nuclear
News, distributed to secondary schools for
the first time, brought a favourable
response from teachers. Over 14000
persons, principally from schools and other
educational institutions, visited the
Information Centre and over 4500 of them
toured HIFAR and other laboratories. Many
of the remainder were given a bus tour of
the LHRL

Library
187 The LHRL Library provides an
information service for AAEC and CSIRO
units at Lucas Heights and is for practical
purposes a part of the CSIRO library
network with resulting benefit to both
organisations. Cataloguing is shared via
computer links. Library systems have been
improved by using computerised methods
giving research staff quicker access to new
material. The Library is also linked to the
Australian Bibliographic Network (ABN).
188 Australian-INIS, a database resulting
from the AAEC's membership of the
cooperative International Nuclear
Information System (INIS) based in Vienna,
Austria, is available on-line. Over 30
registered Australian users have access to
information on such topics as the industrial
and medical use of radioisotopes and
radiation, solid-state physics, cosmology,
radiation chemistry, nuclear controversy,
uranium mining, and the nuclear fuel cycle.

Editorial and Publications
189 Commission policy is to promote
publication of the research results achieved
by its staff in reputable scientific journals.
The editorial and publication service, which
is also provided to CSIRO research staff at
Lucas Heights, edited and arranged
illustrations for scientific papers to be
submitted to journals throughout the world.
Similar services were provided to staff
presenting papers at specialist
conferences. Other research work was
published by the Commission in its widely
distributed AAEC/E series. Details of all
published papers and reports by
Commission staff are given in Appendix 2.
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Waste Management Environmental Monitoring

190 Waste management systems and
services, including decontamination, active
area cleaning and the laundry service,
operated satisfactorily.
191 In accordance with standard
practice, irradiated spent HIFAR fuel
elements were stored, immediately after
discharge from the reactor, in a cooling
pond for several weeks to allow for initial
radioactive decay. Their continued emission
of powerful gamma-rays was then utilised
for several months for the sterilisation of
manufactured products and the disinfection
of foodstuffs. When the intensity of the
gamma-ray emission had declined too far
for use, the used fuel elements were
transported, under the surveillance of the
International Atomic Energy Agency's
safeguards inspectors, to an underground
shielded facility for storage in a dry inert
atmosphere.
192 Small volumes of medium-level and
high-level liquid waste arising from the
production of radiopharmaceuticals and
containing mixed fission products were
transferred to shielded storage tanks at
Lucas Heights. Some of thes~e wastes will
be used for experimental studies on
SYNROC (see Chapter 2). Medium-level
liquid wastes arising mainly from isotope
production operations were treated by
flocculation and precipitation; the effluent
was sent to the low-level liquid waste plant
for further treatment and the solid fraction
was stored.
193 Low-level liquid waste was treated to
reduce radioactivity to very low levels and
the resulting purified effluent was
discharged by pipeline to the Metropolitan
Water Sewerage and Drainage Board's
sewer; the radioactivity level of the
discharged effluent was well below the
limits set in the regulations of the New
South Wales Radioactive Substances Act,
1957, and also met the Board's regulations
for other pollutants.
194 All solid waste was stored at Lucas
Heights. High-level solid waste was placed
and retained in dry, concrete storage pits;
low-level and medium-level solid waste was
compacted and stored in sealed drums
under weatherproof conditions above
ground. Some medium-level solid waste
was allowed to decay before compaction
and subsequent storage. Hazardous non-
radioactive solid waste and unwanted toxic
chemicals were disposed of through an
industrial disposal system approved by the
NSW Government.

735 Since authorised discharges of low-
level liquid wastes to the Woronora Estuary
ceased four years ago the concentration of
radioactivity in samples from the estuary
has reduced to a level below the detectable
limit. As a precaution against an unknown
accidental release, weekly samples
continue to be taken. These were analysed
for tritium and no extraneous levels were
found. As a further precaution, analyses
are made of weekly samples of stormwater
issuing from the LHRL and quarterly
samples of soil and vegetation.
196 An automatic air sampler has been
installed at the Little Forest waste burial
ground. The normal program of soil,
vegetation and groundwater monitoring was
continued.
737 Environmental measurements during
1983-84 show that all releases have been
kept well within authorised limits and that
no health risks have arisen for either the
staff or the public.

Meteorological Records

735 There is a need for continuous
monitoring of meteorological conditions at
Lucas Heights so that estimates can be
made of concentrations of pollutants
downwind from the Research
Establishment. Two estimates serving
rather different needs are required:
retrospective estimates where the type,
duration and distribution of the pollutant
release is known; and prospective
estimates to predict the consequence of a
release, usually under accident conditions.
The first needs accurate and continuous
meteorological records and the second
requires estimates of the probability of
occurrence of particular meteorological
conditions. Data from 1977 to the present
were analysed to assist in predicting the
transport and dispersion of airborne
pollutants, especially the persistence of
particular atmospheric conditions over
some hours. Acoustic sounder records,
which provide information on the height
above jround level of the mixing layer in
the atmosphere, proved invaluable in
interpreting the more standard
meteorological observations.
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Engineering Projects

199 Design, development and project
management support was given to the
research, operations, and capital works
programs ot the Commission and CSIRO at
Lucas Heights. All designs of pressure
vessels, lifting equipment, radioactive
transport packaging and sealed sources
were assessed and a consulting service
was provided on noise control, electrical
interference and irradiation of materials in
the reactor HIFAR.
200 A general liaison and consultancy
service, including the inspection of tenders
and specifications, was provided to the
SYNROC demonstration project. The 350
tonne Mark I press was modified and
relocated to enable either upwards or
downwards pressing. Hot pressing
concepts were studied and a design for a
furnace featuring a controlled atmosphere
blanket and an off-gas system was
completed. A preliminary design
specification for a Mark II press was
prepared.
207 Design, manufacture and assembly
of a plant for processing the high-level
liquid waste from molybdenum-99
production has proceeded. A hot cell was
upgraded to make it more suitable for use
with liquids, and equipment for the process
line is being manufactured and assembled.
202 The instrumentation to measure the
volume of high-level liquid waste in storage
tanks was upgraded by installing a self-
calibrating digital display system. No
leakage from the high-level liquid waste
storage tanks has ever occurred but as a
safety precaution a tank leakage alarm
system to detect ingress of water or tank
leakage was also designed and installed for
continuous monitoring of a number of catch
trays.
205 The existing medium-level solid waste
storage facility at Lucas Heights is
expected to be full within three or four
years. Pending establishment of a
permanent facility a new storage facility at
Lucas Heights is being planned.
204 Another design study aimc to improve
the quality and availability of neutron
beams from the reactor HIFAR.

Drawing Office Upgrading
205 Electronic data processing of drawing
records has been introduced. The data-
base provides archival storage and rapid
retrieval of information on drawings and
engineering documents. Advantages
include reduction in search times from
hours to minutes, rapid printout of drawings
lists, and savings in equipment cost.

Packages for Transport of
Radioactive Materials
206 Transport packages for radioactive
materials, especially AAEC products, were
designed and approval of the designs was
obtained from the relevant Australian
authorities. A new bottom loading flask,
adapted from a top loading container for
transporting the larger radioactive sources
used in industry and research, is being
manufactured.

Production Works and Maintenance

Product/on
207 As part of a program to upgrade
workshop facilities a computer numerically
controlled (CNC) machining centre was
installed in the main workshop. It features
automatic tool change and selection,
automatic tool length setting,
conversational programming and graphical
verification of the programmed shape and
tool paths. Trades staff involved in
programming and operating the machine
have quickly become aware of its
capabilities in the efficient manufacture of
large and small batches of components.
Plans were made for further application of
computer technology, including a
computerised management information
system for planning, job progressing and
administration.

Apprentices
208 The full complement of 40
apprentices in training was maintained in
the trades of fitting and machining,
sheetmetal work, plumbing, carpentry and
joinery, electrical fitter mechanic, painting
and decorating, and printing machining. !n
line with government policy, nine ex-
apprentices who completed their training
were retained as tradesmen. Eleven
positions vacant for 1984 were filled.

58



Works
209 The civil works and maintenance
program with an expenditure of $2 million
involved building construction and services,
ventilation and site services for both the
AAEC and CSIRO. The work was performed
to the appropriate nuclear and industrial
standards.

Site Plant and Maintenance
210 Maintenance effort was provided for
the efficient operation of plant and services
and for support for the research divisions
of the AAEC and CSIRO. Approximately
5500 jobs were received for the repair and
maintenance of site plant and services,
manufacture and installation of specialised
equipment, modification and repair of
laboratories and offices, and installation of
special rigs and experimental equipment.
Approximately 60 per cent of the work was
repair of site plant and services. Two high-
pressure hot water boilers were
decommissioned and reliance was placed
on electrical heating of buildings.
277 A new computerised safety and plant
monitoring alarm system, involving 136
different alarms, was installed and
commissioned.

Supply of Laboratory Animals

272 Inbred specific-pathogen-free
laboratory rodents were produced and
supplied for biomedical research at the
LHRL and elsewhere. Institutes that have
arranged for a continuing supply of these
special quality animals are the Ludwig
Institute for Cancer Research, the Royal
Prince Alfred Hospital, the University of
Sydney, the Prince of Wales Children's
Hospital, and the Royal North Shore
Hospital. Other institutes supplied on
request where surplus stock has been
available included the Institute for Clinical
Pathology and Medical Research at
Westmead, the NSW Red Cross Blood
Transfusion Service, the Queensland
Institute for Medical Research, the
University of Newcastle, the University of
New South Wales, Macquarie University,
the CSIRO Division of Food Research,
Australian Monoclonal Development, and
the National Biological Standards
Labora-ories.

273 Consultation on laboratory animal
technology has been given on request to
the Prince of Wales Children's Hospital, the
University of Newcastle, the University of
New South Wales, the Royal North Shore
Hospital, and the project coordinating study
team for the proposed Centenary institute
for Cancer Medicine and Cell Biology.

Land Management

274 The Commission has always taken
particular care in improving the land within
its boundaries. The Lucas Heights
Research Laboratoiies occupy a fenced
area of some 70 hectares, which has been
progressively landscaped since the 1950s.
Outside this area and within the 1.6
kilometre buffer zone centred on the
reactor HIFAR, an area of 355.7 hectares
was acquired on 1 July 1982 by the
Commonwealth under the Lands Acquisition
Art for Commission purposes. At 30 June
1984, title to the land had not been
transferred to the Commission. In the
interim the Commonwealth Department ot
Administrative Services has agreed to the
Commission managing the land to preserve
the natural bushland and wildlife habitats,
to minimise the dumping of waste by the
public, and to control passive recreation in
the area.
275 A significant proportion of the land in
the Mill Creek valley is badly degraded and
restoration would have required resources
outside those available to the Commission.
After discussion with the Commission, the
NSW Government's Metropolitan Waste
Disposal Authority (MWDA) agreed to
abandon an earlier proposal to use a
portion of the Barden Creek valley in favour
of using the Mill Creek site for the
Authority's next regional landfill depot. The
MWDA lodged an alternative development
application with the Sutherland Shire
Council for development in the Mill Creek
area, northwest of the Research
Establishment and partly within the area
owned by the Commonwealth. If the MWDA
uses this Mill Creek site, the
Commonwealth owned portion will be
progressively restored to meet Commission
requirements. This arrangement will enable
the Commission to pursue its land
management objectives more effectively,
especially in the Mill Creek area.
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216 Funding under the Community
Employment Program (see Chapter 8) has
enabled the Commission to repair
environmental damage .:n the buffer zone
and begin rehabilitation of the land. Since
the work began in January 1984
considerable improvements have been
achieved, especially north of the Research
Establishment. Derelict vehicles and other
wastes have been cleared, pole barriers,
fences and gates have been erected to
restrict further despoliation, and bush
regeneration and erosion control schemes
are in progress.
277 The Commission acknowledges the
assistance given by the Department of
Administrative Services and the Australian
National Parks and Wildlife Service in
developing a plan for the buffer zone.
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Staff of the Commission

275 In the 31st Annual Report, the
Commission drew attention to the
difficult over-ceiling staffing problem it
experienced following the 1981
government decision to transfer staff
and other resources from the AAEC to
the Commonwealth Scientific and
Industrial Research Organization
(CSIRO). This was caused by a
shortfall of transfers. The problem was
solved when the Government approved
an increase in the Commission's staff
ceiling for 1983-84.

275 The relevant average staffing levels
for 1983-84 were:

Approved Actual
average average

Full-time operative
staff

Apprentices
Part-time staff

1020
40
49

1109

1016
37
47

1100

The level approved for 1983-84 was
sufficient for the Commission's current
research program, for operation and
administrative support of the program, and
for support services to CSIRO units located
at Lucas Heights. Under the co-location
arrangements agreed between the
Commission and CSIRO, the Commission
provides a notional 80 man-years of effort
for direct support of CSIRO research, while
a further 90 man-years is assessed to be
the CSIRO use of common site services at
Lucas Heights.
220 The senior executive staff of the
Commission are listed in Appendix 1.

Community Employment Program

227 The Commission received a grant of
$446,000 in 1983-84 under the
Commonwealth Community Employment
Program for the rehabilitation of bushland
in the buffer zone surrounding Lucas
Heights. At 30 June 1984, 26 persons were
employed on this project.

Industrial Relations

222 Industrial relations between
management and the 19 unions and
associations with members employed by
the Commission were generally good
throughout the year. Only two of the 130
separate representations received on a
variety of issues required conferences
before the Public Service Arbitrator. Both
matters were related to claims for salary
upgrading.

Community Employment Program stall preserving natural
bushland in the butler zone
Inset: Umbrella tern. Sticherus llabellatus near Lucas Heights
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Consultative Committee Administrative Data Processing

223 During 1983-84 the Commission
established a Consultative Committee
comprising representatives elected by
various groupings of staff members and
representatives appointed by the
Commission. The first meeting was held in
April 1984, and the Commission is
confident that the Consultative Committee
will make a constructive contribution to
staff relations throughout the AAEC.

Staff Development

224 Despite some staffing difficulties, a
small extension in staff development work
was possible in 1983-84. Courses in
supervision and contract administration
were arranged and personal skills in visual
and written communication were
developed. Pre-retirement seminars were
held. Some staff members attended
external training courses, including
residential management courses. Staff
undertaking part-time studies at universities
and technical colleges were assisted and
scholarships were granted to two staff
members to complete undergraduate
degrees on a full-time basis. Four staff
members were assisted in gaining
specialised overseas experience.

Major Organisation Reviews

225 Major organisation reviews resulted
in rationalisation of some research areas
and a restructuring of administrative
arrangements. Following the change in
research and development priorities (see
Chapter 1)the Centrifuge Enrichment
Project Division was incorporated with the
Nuclear Technology Division in February
1984. The major review of administrative
services mentioned in the 31st Annual
Report was completed and the
recommended reorganisation implemented
in June 1984. The Administration Branch
was structured to provide more effective
and efficient services with a stronger
emphasis on systems management.

22ff Work proceeded on transferring
administrative computer applications from
the central research computer to the
advanced IBM S.38 computer. The on-line
stores system was transferred, simplifying
purchasing of stock items and eliminating
the separate system for production of the
stores vocabulary. An on-line system was
introduced for invoicing, accounts
receivable, sales statistics, and product
costing for sales of radioisotopes and
services. Extensive systems analysis and
design work is continuing on the
specification of requirements for new
general accounting systems.

Internal Audit

227 Systems-based auditing is producing
tangible improvements in management
control systems and managers are
recognising the benefits. Following 25 audit
reports reviewed by the Audit Committee
significant improvements in procedures
were made.

Security

228 A security incident occurred in
November 1983 when persons penetrated
the perimeter fence of an electrical sub-
station on land leased from the Commission
by the Sydney County Council and planted
a quantity of explosive. The explosive did
not detonate and was successfully removed
by Army specialists. The persons
concerned in the incident were successfully
prosecuted by the New South Wales
authorities.
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Freedom of Information

225 Three requests were received for
access to documents under the Freedom of
Information Act 1982 and were granted.
Freedom of Information reading facilities
are provided in the Reception and
Information Centre at the entrance to the
Lucas Heights Research Laboratories.
230 All written requests for access to
documents under the Freedom of
Information Act should be addressed to the
Secretary, Australian Atomic, Energy
Commission, Private Mail Bag, Sutherland,
NSW 2232. Telephone enquiries during
normal business hours, Monday-Friday,
should be directed to the Head, Technical
Secretariat (Telephone (02) 5433111).
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237 The Australian Institute of
Nuclear Science and Engineering and
the Australian School of Nuclear
Technology are located at Lucas
Heights. For many years they have had
a significant impact in Australian and
international research and training.

Australian Institute of Nuclear
Science and Engineering

232 The Australian Institute of Nuclear
Science and Engineering (AINSE) is an
association of nineteen organisations: the
AAEC, CSIRO and seventeen universities.
Each organisation is represented on the
governing body, the AINSE Council, and
pays an annual subscription.
233 The Institute arranged access by
staff and students of Australian universities
and institutes of technology to the major
nuclear research facilities at Lucas Heights
and supported research and training in
aspects of nuclear science and
engineering, and in areas employing
nuclear technology. Support was given to
research and training in plasma physics,
nuclear physics, nuclear engineering,
radiation chemistry, radiation biology,
radiation dosimetry, neutron diffraction, the
structure of SYNROC components, and the
application of nuclear techniques in
archaeometry, mineralogy, geology and
molecular crystallography.
234 Fellowships, studentships and grants
were provided, AINSE conferences
arranged and AINSE staff allocated to
assist visiting research workers. Some
research equipment was installed at Lucas
Heights.
235 The demand for AINSE services was
high. Members of academic institutions
spent more than 3200 man-days at Lucas
Heights under AINSE auspices in the
calendar year 1983; this represents an
increase of about 13 per cent over 1982.
236 In 1983, the Australian Science and
Technology Council (ASTEC) indicated in a
report to the Federal Government its
support for AINSE as an effective
organisation for assisting in the cooperative
use of the major national facilities at Lucas
Heights, and for encouraging collaboration
between government research
organisations and academic institutions.
The Institute's ability to function effectively
after 1983-84, and to fulfil its obligations
under the Atomic Energy Act, will depend
on increased funding for the year 1984-85
and beyond.

Teacher and student at the Australian School ol Nuclear
Technology
Inset: Dr Ahmad Taiuddin AH, Deputy Director-General, Nuclear
Energy Unit, Malaysia, inspecting ASNT training facilities

Management and Staff
237 The President of AINSE for 1983 and
1984 is Professor I. J. Polmear (Monash
University) and the Vice-Presidents are
Professor K. N. R. Taylor (University of New
South-Wales) and Professor P. Mason
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(M-acquarie University). The Executive
Committee consists of these office bearers
together with the Immediate Past President,
Professor S. C. Haydon (University of New
England), Dr D. G. Walker (Chief Executive
Officer, AAEC), Dr P. M. Kelly (Deputy
Director, Research, AAEC) and Mr E. A.
Palmer (AINSE Executive Officer). In the
Institute's operations, the Executive Officer
was assisted by a staff of nine. Professor
D. J. Allen-Williams (University of Western
Australia) and Sir Ernest Titterton
(Australian National University), who had
each served as AINSE Councillors for 25
years since the inaugural meeting in 1958,
relinquished their appointments during the
year; the Council paid tribute to their major
contributions to the work of the Institute.

Finances
238 The Institute's total expenditure for
the calendar year 1983 was $818,081 and
total income was $845,260 ($382,300 as
member subscriptions, $400,000 from the
AAEC as a contribution for research and
training, and $62,960 from other sources).
Although the Council had requested that
the AAEC's Contribution for Research and
Training be increased from $400,000 for
1983 to $600,000 for 1984, it was in fact
reduced to $300,000, the same as for each
of the years 1978 to 1981. It was again
necessary to restrict the level of operations
very severely.
235 Approximately $60,000 was invested
in providing research equipment during
1983-84, bringing the total over 25 years to
more than $1,000,000. This was equipment
to meet the specific needs of the research
community and provide facilities not
otherwise available at Lucas Heights.

Conferences
240 Total expenditure on AINSE
conferences during 1983 was $22,210. The
Council again gave high priority to the
organisation of these conferences which
involve scientists and engineers from
government laboratories, academic
institutions and industry and assist in the
dissemination of information and the
appiication of nuclear technology. Future
conferences on radiation chemistry, plasma
physics and nuclear engineering were
planned. Those held in 1983-84 were as
follows:
The 9th AINSE Radiation Biology
Conference, 25-26 August 1983, at Lucas
Heights. Forty-three papers were discussed

by more than 65 participants. A symposium
on Radiation Biology and Changing
Technology reviewed progress in genetic
research.
The 3rd AINSE Conference on Nuclear
Techniques of Analysis, 1-3 November
1983, at Lucas Heights. More than 100
participants discussed 57 papers on the
use of nuclear techniques in archaeology,
geology, agriculture, forensic science, coal
research, biology, medicine, nuclear
safeguards, mineral processing and
ceramics technology.
The 10th AINSE Nuclear Physics
Conference, 6-8 February 1984, at the
Australian National University. Seventy-nine
papers on current research in nuclear
physics were discussed by 130
participants. Sir Ernest Titterton presented
a public lecture entitled 'Radioactivity,
Natural and Artificial, and its Applications',
to mark the 50th anniversary of the
discovery in 1933 of artificial radioactivity
by Frederic and Irene Joliot-Curie.

Post-graduate Research
Studentships
241 Only one new AINSE Studentship was
awarded for 1984; the recipient has
commenced a study of mineralogical
controls on thorium mobility in uranium
mining and milling tailings, in collaboration
with AAEC staff. Six other AINSE students
continued PhD studies. All held their
awards at Australian universities and spent
about 25 per cent of their working time
attached to the Institute to undertake
research requiring the use of Lucas
Heights facilities. Total expenditure for
1983 was $86,799.

Research Fellowships
242 AINSE Research Fellowships are two-
year awards offered to promising young
scientists who have recently completed
PhD studies to undertake research in the
Institute's areas of interest, usually
involving the use of Lucas Heights facilities.
Of the six Fellowships current in 1983-84,
four were held at universities and two at
Lucas Heights. The research was
undertaken in radiation dosimetry, plasma
physics, the structure of SYNROC, neutron
diffraction and the structure of zeolite
catalysts.
243 From the large number of suitable
candidates, only one was awarded a
Fellowship, to commence in 1983-84, owing
to reductions in funds. Four Fellowships
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concluded during the year. Total
expenditure for 1983-84 was $107,224.

Grants
244 One hundred and five projects
supported by Research and Training Grants
during 1983 included engineering, nuclear
physics, radiation chemistry, radiation
biology, plasma physics, nuclear techniques
of analysis and neutron diffractirn. Much of
this work required access to research
reactors, particle accelerators and other
specialised equipment, and involved
collaboration between Commission and
academic research workers. Expenditure
for 1983 was $166,143, in response to
requests totalling more than $390,000, and
expenditure for 1984 will be reduced to less
than $130,000. AINSE Grants for 1984 are
listed in Appendix 4.

Accelerator Group
245 The AINSE Accelerator Group
provided professional and technical support
to visiting scientists for projects on any of
the three particle accelerators at Lucas
Heights. Proton induced X-ray emission
(PIXE) equipment for use on the
Commission's 3 MeV particle accelerator
was developed further. PIXE analysis is
used for many studies requiring the
determination of very low concentrations of
trace elements. The 3 MeV accelerator was
also used by AINSE visitors for work in
radiation biology, coal research, diffusion
studies and other topics.
246 The group was also involved in the
operation, maintenance and development of
the CSIRO's 1.3 MeV electron accelerator.
Operational problems caused some delays
but a number of collaborative programs in
radiation chemistry were undertaken. After
relocation, the AINSE 600 keV pulsed
electron accelerator (Febetron 706) was
upgraded by adding new computer-based
equipment for data collection and analysis.
Operating conditions have improved
significantly and the machine is in constant
use for studies in the radiation chemistry of
solids, liquids and gases.

Neutron Diffraction Group
247 The effort of the AINSE Neutron
Diffraction Group, in collaboration with
research workers, was directed to the use
of neutron beams from the reactor HI FAR
for studies in such areas as chemical
crystallography, solid state physics and the
structure of biological materials. The

Institute's proposal to provide a 'cold
source' in HIFAR to produce long
wavelength neutrons was unsuccessful. A
four-year plan is under consideration to
optimise the use of existing neutron beams.
This will involve relocation of some of the
major neutron diffractometers and the
provision of new instrumentation.
248 There was a high demand for
operating time on all major neutron
diffractometers, particularly the high
resolution powder diffractpmeter which is
now equipped with a multidetector system.
To optimise its use AINSE, in association
with the Australian Neutron Beam Users
Group (ANBUG), sponsored a neutron
powder diffraction workshop at Lucas
Heights on 10-14 July 1983. Twenty-five
participants attended for training by
specialists from the AAEC, AINSE, CSIRO,
the NSW Institute of Technology and
several universities.

Australian School of
Nuclear Technology

249 The Australian School of Nuclear
Technology (ASNT) is co-sponsored by the
Australian Atomic Energy Commission and
the University of New South Wales.
Members of the Board are Dr D. G. Walker,
Chief Executive Officer of the AAEC
(Chairman); Professor J. J. Thompson,
School of Nuclear Engineering, and
Associate Professor M. A. Long,
Department of Inorganic and Nuclear
Chemistry, University of New South Wales;
Dr R. Smith, Deputy Director, AAEC
Research Establishment; Professor E. 0.
Hall, Department of Metallurgy, University
of Newcastle (representing AINSE); and Mr
B. Toner, the Principal of ASNT.
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ASNT COURSES 1983-84 Students
Introductory Atomic Energy No. 3
4-15 Ju'y 1983

Gradual.) Radioisotope No. 29
2Sjuly-iq Aug. 1983

IAEA Regional Training
29 Aug.-19 Sepl. 1983

Radionuclides in Medicine No. 11
19Jept.-140ct. 1983

Introductory Nuclear Energy No. 2
23Jan.-17Feb. 1984

Nuclear Safeguards No. 2
20-24 Feb. 1984

Radiation Protection No. 7
5-30 Mar. 1984

Non-graduate Radioisotope No. 30
28 May-26 Juno 1984

10 12

AAEC

14 16 18 20

Overseas

Training Courses
250 Since its inception in 1964 the School
has supported Australia's overseas aid
program by teaching participants from 32
countries in the application of the peaceful
uses of nuclear science and technology.
Participants have been drawn from 138
different overseas organisations and the
specialist course material was of immediate
interest to their sponsors. Major emphasis
has been given to the application of
radioisotopes in agriculture, anima!
research, the mineral industry, medical and
biological applications and radiation
protection. The histogram at right indicates
the origin of participants in the period
1965-1983.
251 In 1983-84, the courses attracted 88
participants, including 34 from overseas.
The balance consisted of staff from the
AAEC and from industrial and government
organisations elsewhere in Australia.
252 These courses dealt with three broad
themes of nuclear training: an introduction
to nuclear science; the production of
radioisotopes and their use in medicine,
industry and environmental studies; and
aspects of radiation health and safety. Each
course offered a series of lectures
complemented by work in the laboratory.
253 Overseas students came from The
Philippines, Bangladesh, Thailand, Malaysia
and Sri Lanka. Following the courses they
were seconded for short-term attachments
to university teaching hospitals or
laboratories in Australia.

Origin of ASNT Students
1965-1983

Australian

Non-AAEC AAEC Foreign

254 The IAEA Regional Training Course
dealt with the use of nuclear techniques in
the mineral processing industry and was
held conjointly with the CSIRO's Division of
Mineral Physics as part of an Australian
commitment to the IAEA. After completion
of the initial training phase, held at the
School, overseas participants spent 12
weeks on field work in The Philippines.
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Appendix 1

Senior Staff of
the Commission

Directorate

Director and Chief Executive Officer:
D.G. Walker, M.Sc., Ph.D., A.R.A.C.I.,
A.M.Aus.l.M.M.
Deputy Director: R. Smith, B.Met.E.(Hons.),
M.Eng.Sc., Ph.D.
Deputv Director, Research: P.M. Kelly, M.A.,
Ph.D., Sc.D., M.lnst.P., F.A.I.P.

Overseas Representatives

Counsellor (Atomic Energy), London:
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.
Counsellor (Atomic Energy), Vienna:
W.J. Wright, M.Sc., F.I.M.

Regulatory Bureau

Director: A.R.W. Wilson, M.Sc., Ph.D., F.T.S.
Chief, Nuclear Plant Safety Division: Vacant.
Head, Radiological Support Unit:
J.E. Cook, B.Sc.(Hons.).

Secretariat and Administration

Secretary/Manager, Administration:
W.H. Ratcliff, B.Ec.
Executive Officer (Secretariat): Vacant.
Controller, Manpower: N. Carnegie.
Acting Controller, Finance and Supply:
R.J. Baker, A.A.S.A.
Acting Controller, Systems and General Services:
R.J. Waddell, Dip. L.L.R., M.R.I.P.A., M.I.P.M.A.
Chief Internal Auditor: L. Favelle, B.Com.,
A.A.S.A., M.I.I.A.
Director, Commission Security: J.A. Gerrard.

Divisions

Applied Mathematics and
Computing Division
Chief of Division: D.J. Richardson, B.A.(Hons.),
B.Sc., Ph.D., F.A.C.S.
Leader, Scientific Computing Section:
J.P. Pollard, Dip.Appl.Chem., M.Sc., Ph.D.,
M.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.

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, Fusion Physics Section: R.C. Grimm,
Ph.D., F.A.P.S.

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.(Hons.), 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.lnst.P., F.A.I.P.
Leader, Health Physics and Safety Services
Section: J.A. Grey, M.B.E., B.A., M.Sc.
Site Medical Officer: A.D. Tucker, M.B., B.S.

Isotope Division
Chief of Division: C. J. Hardy, B.Sc.(Hons.),
Ph.D., D.Sc., C.Chem., F.R.S.C., M.Aus.l.M.M.
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.
Leader, Irradiation Research and Technology
Section: P.A. Wills, M.Sc., M.A.S.M., I.F.T.(P).
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Materials Division
Chief of Division: A. Jostsons, B.Sc.(Hons.), Ph.D.
Leader, Ceramics Section: K.D. Reeve, M.Sc.,
Ph.D., F.I.Ceram.
Leader, Reactor Materials Section:
K.U. Snowden, B.Sc., Ph.D., D.Sc., M.lnst.P.,
M.A.I.P.
Leader, Metallurgy and Assessment Section:
A. Ridal, M.I.M., C.Eng.
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.I.Mech.E.
Deputy Chief of Division: D.R. Ebeling,
B.Mech.E.(Hons.), M.E.(Nuc.), C.Eng., F.A.I.E.,
M.I.E.Aust.
Leader, Nuclear Analysis Section:
D.B. McCulloch, B.Sc.(Hons.), F.A.I.P.
Leader, Applied Mechanics Section: J. Price,
B.Sc.(Hons.), Dip.Eng., C.Eng., M.I.Mech.E.,
M.I.E.Aust., A.F.A.I.M.
Leader, Thermal Engineering Section:
K.R. Lawther, B.Sc., B.E., Ph.D., C.Eng.,
M.I.Chem.E.
Leader, Systems Analysis Section: C.P. Gilbert,
M.Sc., M.I.E.E.
Leader, Isotope Separation Section: K.S. Turner,
A.S.T.C., M.Sc., C.Eng., M.I.Chem.E.

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.
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Proc. Eleventh Aust. Conf. on Chemical
Engineering, Brisbane, Old, 4-7 September.
LOWSON, R.T. [1983] — The aqueous chemistry
of acid mine drainage. Proc. Aust. Water and
Wastewater Assoc.; Int. Specialists Conf.,
Darwin, N.T., 4-9 September.
LOWSON, R.T., EVANS, J.V. [1983] —
Adsorption and desorption of low concentrations
of heavy metal ions on oxides and clays. Proc.
Aust. Wastewater Assoc., Int. Specialists Conf.,
Darwin, N.T., 4-9 September.
MARSHALL, J. [1983] — Response of a two-
compartment containment vessel to a pressure
vessel blowdown. Proc. Eighth Australas. Fluid
Mechanics Conf., Univ. of Newcastle, N.S.W.,
28 November-2 December, pp.4C.14-4C.17.
McCULLOCH, D.B. [1983] — Fuel enrichment
reduction for heavy-water-moderated research
reactors. Int. Meeting on Reduced Enrichment
for Research and Test Reactors, Tokai-' :ura,
Japan, 24-27 October.
McCULLOCH, D.B. [1983] — Reduced
enrichment fuelling of research reactors. IAEA
Seminar on Effective Management and
Utilisation of Research Reactors, Kuala Lumpur,
Malaysia, 7-11 November.
MORRIS, J.G. [1984] — Radiopharmaceuticals in
the detection and treatment of cancer.
Condensed Proc. Seminar on Nuclear Radiation
Applications (eds. G.C. Lowenthal, P.J.F.
Newton), 22 February, School of Nuclear
Engineering, Univ. of N.S.W., pp.43-45.
'PEARTON, S.J., TAVENDALE, A.J., *KAHN,
J.M., 'HALLER, E.E. [1984] — Deep level
impurities in germanium and silicon : Low
temperature passivation or removal techniques.
Proc. 1983 IEEE Nuclear Science Symp., San
Francisco, U.S.A., 19-21 October. Also IEEE
Trans. Nucl. Sci., NS-31 :326 ("Lawrence
Berkeley Laboratory, Univ. of California, U.S.A.)
'REECE, P.H., CAMPBELL, B.L. [1984] — The
use of 13?Cs for determining soil erosion
differences in a disturbed and non-disturbed
semi-arid ecosystem. Proc. 2nd Int. Rangeland
Congress, Adelaide, 13-18 May. (*CSIRO Div.
Water and Land Res., Canberra, A.C.T.)

REEVE, K.D., WALKER, D.G. [1983] — The AAEC
SYNROC program. Eighth Ann. Symp. Uranium
Institute, London, U.K., 24-26 August.
RING, R.J., *VAUTIER, F.E., *' LUCAS, G.,
**FULTON, E., ''WATERS, D.J. [1983] —
Performance of Caro's acid t?s an oxidant at the
Nabarlek Mill. IAEA Technical Committee
Meeting on Advances in Uranium Ore Processing
and Recovery from Non-Conventional Resources,
Vienna, Austria, 26-29 September. (*lnterox
Chemicals Ply Ltd; *'Queensland Mines Ltd.)

•ROSE, A., *POLLOCK, J.T.A., *SCOTT, M.D.,
"ADAMS, P.M., **WILLIAMS, J.S., LAWSON,
E.M. [1983] — Neutron activation measurements
of As and Ga loss during transient annealing of
GaAs. Proc. Materials Research Spc. Symp. on
Laser-Solid Interactions and Transient Thermal
Processing of Materials, Boston, U.S.A.,
November 1982 (eds. J. Narayan, W.L. Brown, R.
A. Lemons, North Holland, N.Y.), Vol. 13,
pp.633-639. (*CSIRO, Div. Chem. Phys.; **Royal
Melbourne Inst. Technology.)

*TROCHON, J., 'FREHAUT, J., 'PRANAL, Y.,
*SIMON, G., BOLDEMAN, J.W. [1983] — Effets
dynamiques dans la fission de 230jh et 232Th
induite par neutrons. Proc. Int. Conf. on Nuclear
Data for Science and Technology (ed. K.H.
Bockoff), Antwerp, Belgium, September 1982,
pp.733-736. (*CEA Centre d'Etudes de Bruyeres-
le-Chatel, France.)
TUCKER, A.D. [1983] — Visualisation of three-
dimensional flow structures: how separations in
cyclic flows affect the walls of smaller
pulmonary airways and arteries. Proc. Sixth Int.
Conf. on Pneumoconiosis, Bochum, F.R.G.,
22 September.

WALL, T., BIRD, J.R., 'BROWN, J., 'MAYNARD,
M., 'KENNARD, C. [1983] — The use of neutron
activation to detect a photographic image under
a painting. Proc. 5th Int. Seminar on Applications
of Science in Examination of Works of Art,
Boston, U.S.A., 7-9 September (*Univ. of Old.)
'WARD, T.A., HART, K.P., "MORTON, W.H.,
LEVINS, D.M. [1984] — Factors affecting
groundwater quality at the rehabilitated Mary
Kathleen tailings dam, Australia. Proc. Sixth Ann.
Symp. on Management of Uranium Mill Tailings,
Low-level Waste and Hazardous Waste, Fort
Collins, Colorado, U.S.A., 1-3 February. ('Mary
Kathleen Uranium Ltd; "Aust. Groundwater
Consultants, Sydney.)
'WILLIAMS, J.S., 'CHIVERS, D.J., 'ELLIMAN,
R.G., 'JOHNSON, ST., LAWSON, E.M.,
'MITCHELL, I.V., 'ORRMAN-ROSSITER, K.G.,
'POGANY, A.P., 'SHORT, K.T. [1984] — The
production of porous structures on Si, Ge and
GaAs by high dose ion implantation. Proc.
Materials Research Soc. Symp. on Ion
Implantation and Ion Beam Processing of
Material, Boston, U.S.A., November 1983 (eds.
G.K. Hubler, O.W. Holland, C.R. Clayton, C.W.
White, North Holland, N.Y.), Vol. 27, pp.205-210.
('Royal Melbourne Inst. Technology.)
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WILLS, P.A. [1983] — Radiation microbiology in
food preservation. National Symp. on Ionising
Energy Treatment of Foods, Sydney, N.S.W.,
4-5 October.
WILSON, D.J. [1983] — The analysis of neutron
moisture meter measurements using multigroup
diffusion code techniques. Third AINSE Conf. on
Nuclear Techniques of Analysis, Lucas Heights,
N.S.W., 1-3 November.
WILSON, D.J., LINKLATER, H., IZARD, B.E.,
ALLEN, B.J. [1983] — Microscopic determination
of '°B for boron neutron capture therapy of
malignant melanoma. Third AINSE Conf. on
Nuclear Techniques of Analysis, Lucas Heights,
N.S.W., 1-3 November.
WOOLFREY, J.L, LEVINS, D.M. [1984] —
Effects of water chemistry on the leach
resistance of SYNROC C. Proc. Materials
Research Soc. Symp. on the Scientific Basis for
Nuclear Waste Management, Boston, U.S.A.,
13-18 November 1983 (ed. Gary McVay), Vol. 7,
p.663.

AAEC/E Series

BALL, C.J. [1984] — An X-ray investigation of
austenite reversion in maraging steels.
AAEC/E584.
CAWLEY, R.J. [1983] — UNED — An interactive
text editor for IBM370 computers. AAEC/E580.
CLANCY, B.E., COOK, J.L. [1984] — SCORCH —
A zero-dimensional plasma evolution and
transport code for use in small and large
Tokamak systems. AAEC/E592.
CLANCY, B.E. [1983] — CLUTCH — An ordinary
differential equation solver for initial value
problems. AAEC/E575.
ENVIRONMENTAL SCIENCE DIVISION [1984] —
Demonstration of an initial screening phase for
site selection for low level radioactive waste
burial — an evaluation of relevant IAEA
guidelines. AAEC/E499.
GILES, M.S. DUDAITIS, A. [1984] —
Environmental survey at the Lucas Heights
Research Laboratories, 1982. AAEC/E591.

•HOOPER, J.D. [1984] — Flow recovery from a
plate blockage element in a square-pitch rod
array: data bank of the mean and turbulent flow
structure. AAEC/E582. (*Now with CSIRO, Div.
Mineral Physics, Lucas Heights, N.S.W.)
KELLY, J.W. [1983] — A review of laser isotope
separation of uranium hexafluoride. AAEC/E567.
LAWSON, E.M., 'WILLIAMS, J.S., **CHIVERS,
D.J., 'SHORT, K.T., tAPPLETON, B.R. [1983] —
Search for an anomalous near-surface yield
deficit in Rutherford backscattering spectra from
implanted germanium and silicon. AAEC/E573.
(*Royal Melbourne Institute of Technology; **on
attachment to RMIT from Atomic Energy
Research Establishment, Harwell; tOak Ridge
National Laboratory.)

MCGREGOR, B.J., *EISLER, P. [1984] — The
effect of the bore hole on nuclear logging
measurements. AAEC/E581. (*CSIRO., Div.
Mineral Physics, Port Melbourne, Vic.)
*MOHAMMAD, R., *MOORE, D.E.,
MADDALENA, D.J., BOYD, R.E. [1984] —
Studies on 99r"Tc-pertechnetate from the MEK
solvent extraction generator. AAEC/EG89.
("Univ. of Sydney.)
RITCHIE, A.I.M., WILSON, D.J. [1984] —
Investigation of the response of a neutron
moisture meter using a multigroup,
2-dimensional diffusion theory code. AAEC/E579.
ROBINSON, G.S. [1984] — Extension of the AUS
reactor neutronics system for application to
fusion neutronics. AAEC/E583.
WHATHAM, J.F. [1983] — Results of pipe bend
analysis. Part VI: stress distributions from out-of-
plane bending on flanged pipe elbows.
AAEC/E576.
WHATHAM, J.F. [1983] — Results of pipe bend
analysis. Part VII: stress distributions in flanged
pipe elbows from an out-of-plane force.
AAEC/E577.
WHATHAM, J.F. [1984] — ResUs of pipe bend
analysis. Part VIII: stresses in elbows with long
tangents under in-plane bending. AAEC/E585.
WHATHAM, J.F. [1984] — Results of pipe bend
analysis. Part IX: stress distributions in flanged
pipe elbows from in-plane shear. AAEC/E586.
WHATHAM, J.F. [1984] — Results of pipe bend
analysis, Part X: stress distributions in flanged
pipe elbows from an axial force. AAEC/E587.
WHATHAM, J.F. [1984] — Results of pipe bend
analysis. Part XI: stress distributions in flanged
pipe elbows from in-plane bending. AAEC/E588.
WILSON, D.J. [1983] — Reduced enrichment
fuel and its reactivity effects in the university
training reactor Moata. AAEC/E574.

AAEC/M Series

FARRINGTON, K.J., BARNES, R.K.,
BLAGOJEVIC, N., HENDERSON, D., MELLER, H.,
MILLER, R.D., JONES, R., WIMBLE, W. [1984] —
The development and application of the methods
of quality assessment for the Mark III
molybdenum-99/technetium-99m generator
system. AAEC/M104.

AAEC/REGBUR Series

CAMILLERI, A. [1983] — Development of a
waste classification system for shallow land
burial of low level radioactive waste for
Australia. AAEC/REGBUR REP/2/83.
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Non-AAEC Series

BO'.DEMAN, J.W. [1983] — Summary of a report
on an Expert Mission to Thailand, Bangladesh,
Malaysia and Indonesia under INT/1/018.
International Nuclear Data Committee,
INDC/P(83)-11.
BOLDEMAN, J.W. [1983] — Charged particle
reaction data for ion beam analysis. International
Nuclear Data Committee, INDC/P(83)-53.
BOLDEMAN, J.W. [1983] — Fission neutron
spectrum from spontaneous fission of 252Cf.
International Nuclear Data Committee,
INDC/P(83)-59.
BOLDEMAN, J.W. [1983] — Nuclear data
techniques and instrumentation — Indonesia.
IAEA-TA-2155.
BOLDEMAN, J.W. [1983] — Nuclear data
techniques and instrumentation — Malaysia.
IAEA-TA-2156.
BOLDEMAN, J.W. [1983] — Nuclear data
techniques and instrumentation — Bangladesh.
IAEA-TA-2157.
BOLDEMAN, J.W. [1983] — Nuclear data
techniques and instrumentation — Thailand.
IAEA-TA-2158.

Patents

The Commission has 25 inventions which are the
subject of applications for patents or for which
patents have betn granted. Eight inventions are
associated with fuel cycle processes and the
remainder with nuclear technology. A further
13 inventions are shared with the CSIRO. All
patents are reviewed annually. A number
considered to have no commercial or defensive
potential were allowed to lapse or were
abandoned. Patent action for 1983-84 is as
follows:

Patent Applications
E.J. RAMM, A.E. RINGWOOD. Containment of
waste material. Australia 18163/83; Europe
83304974.5; Japan 156557/83; USA 524841.
*K. GARDINER. Thermoelectrically cooled
detector. Australia PG2158.
J.V,. EVANS, P.W. MOORE, M.E. SHYING, J.M.
SODEAU. Treatment of technetium-containing
solutions. Australia 25032/84.

Patent Applications Allowed to Lapse
M. THACKRAY, R.3. PETTIJOHN, C. LEUNG,
R.G. MANNING, Z. REYES. Photographic image
enhancement employing luminescence. Australia
53255/79; Japan 54.154134; Canada 340843.
K.G. McLAREN. Improvements in and relating to
the treatment of wool textiles. Federal Republic
of Germany 2804983-4.

E.J. RAMM, A.M. SPENCER. The formation of
reinforced plastic tubing. Japan 34005/78.

Letters Patent Granted
*J.S. WATT, V.L GRAVITIS. Analysis of coal.
Canada 1165018.
*J.S. WATT. Analysis of coal slurries. Australia
532927; Canada 1158783; United Kingdom
2059581; USA 4414472.
*B.D. SOWERBY. Annihilation radiation analysis.
United Kingdom 2065876; USA 4415804.
*B.D. SOWERBY. Application of nuclear
resonance fluorescence of y-rays to elemental
analysis. The Netherlands 172789.

Patents Abandoned
J.S. WATT. An X-ray source. Canada 758195
(expired).
K.G. McLAREN. Improvements in and relating to
the treatment of wool textiles. Australia 511888;
France 7803239; United Kingdom 1593123.
W.T. SPRAGG. Improvements in and relating to
termite control. France 7623996; United
Kingdom 1597293.
M. THACKRAY. Sources of nuclear radiation.
Australia 501541; France 7631932.
E.J. RAMM, A.M. SPENCER. The formation of
reinforced plastic tubing. United Kingdom
1573877.
M. THACKRAY. Photoetching and photogravure
with fission fragments and alpha-ray etch tracks.
Australia 472197; United Kingdom 1449899.

'Shared with CSIRO.

•Shared with CSIRO.
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Appendix 3 Appendix 4

AAEC Research
Contracts

In 1983-84, the Commission awarded research
contracts for the projects listed below

New Contracts

Department of Mines, Tasmania

Geochemistry of radioactive waste disposal
($3,060).

University of Wollongong

Mathematical modelling of gas transport in
pyritic waste rock dumps ($7,500),

New South Wales Institute of
Technology

Ion beam methods of surface analysis
($7,000).

Extended Contracts

Australian National University,
Research School of Earth Sciences

The immobilisation of high-level nuclear reactor
wastes in crystalline mineral phases ($16,178).

AINSE Grants for
Research and
Training 1984

Ninety-six projects received grants from the
Australian Institute of Nuclear Science and
Engineering totalling $202,660, including
direct grants and credits for Lucas Heights
costs. Support for five AINSE fellowships
and seven AINSE studentships is indicated
separately. The wide range of topics
illustrates the importance to Australian
research of access to Commission facilities
through AINSE.

AINSE Grants

James Cook University of
North Queensland
Relationship between microstructure and
physical and mechanical properties of
mechanically alloyed copper-TiCv alloys (Dr N.C.
Kothari, $1,400).
Studies of technetium metal complexes (Dr L.F.
Lindoy, $1,900).
Correlation of solid state nuclear magnetic
resonance analysis of certain clay minerals with
neutron powder diffraction Rietveid refined
structures (Dr C. Cuff, $1,600).
Fission track studies in the Cainozoic history of
north-eastern Australia (Associate Professor P.G.
Stephenson, $500).

University of Queensland
Human genetic disorders involving sensitivity to
ionising radiation (Dr M.F. Lavin, $2,600).
Measurement of total body potassium and its
use to monitor nutritional therapy in children with
fibrocystic disease (Drs W.G.E. Cooksloy, L.C.
Ward, R.W. Shepherd; Dr B.J. Thomas, Qld Inst.
of Technol., $1,700).
Radiation effects on polymers and copciymers
(Dr J.H. O'Donnell, $1,700).
Radiation effects in models for polypeptides
(DrD.J.T. Hill, $1,300).
Neutron and X-ray scattering studies of
crystalline solids, (a) Solids exhibiting phase
transitions, (b) Solids potentially useful in cells
for electricity generation and storage (Drs B.W.
Lucas, J.K. Nimmo, W.B. Lasich, $2,400).
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Structure analysis using neutron diffraction
(DrC.H.L Kennard, $1,500).
-Mode of transport and deposition of gold and
some platinum group elements in soil profiles
and hydrothermally altered rocks (Professor A.F.
Wilson, $1,000).
Nuclear techniques of analysis (Dr C.H.L.
Kennard, $1,000).

Griffith University
Factors affecting long-term leaching of SYNROC
in groundwater and repository conditions
(Professor R.L. Segall, Drs S. Myhra,
R.St.C. Smart, P.S. Turner, $2,500).
Irradiation effects on structure of polypropylene
(DrW.K. Busfield, $1,400).

University of New England
Multiphoton and high pressure plasma
techniques for tunable very ultraviolet (VUV)
generation (Professor S.C. Haydon, Associate
Professor G.A. Woolsey, $1,500).
Spatial and time-resolved studies of the
development of radiofrequency plasmas
(Professor S.C. Haydon, $3,000).
Development of vibration-insensitive optical
interferometers for plasma study (Associate
Professor G.A. Woolsey, $860).

Uranium release from chemically weathered
granite (Dr J.D. Kleeman, $500).
Thorium immobility in uranium mill tailings
(DrJ.D. Kleeman, $1,400).

University of Newcastle
Modification of surfaces by ion implantation
(Professor R.J. MacDonald, Dr D.J. O'Connor,
$800).
Redox properties of rhenium complexes
(Dr G.A. Lawrance, $1,000).
Hydrogen scattering from metal surfaces
(Professor R.J. MacDonald, $1,000).
Structure of metallic hydrides (Dr J.D. Browne,
Associate Professor W.A. Dates, $900).

Vibration spectra of solid solutions (Dr J.D.
Browne, Associate Professor W.A. Gates,
$1,000).
Single crystal neutron diffraction study of VDX
(Associate Professor W.A. Gates, Dr J.D.
Browne, $1,100).

University of Sydney
Fracture mechanics of epoxy-based composites:
the role of interfaces (Associate Professor
Y.W. Mai, Dr B. Cotterell, $600).

Elemental analysis of prehistoric ceramics from
Buka and Sohano Islands, Papua New Guinea
(Dr J.P. White, $200).
Emulsion polymerisation kinetics (Associate
Professor D.H. Napper, Dr R.G. Gilbert, $500).

Boron analogues of phenothiazines for neutron
capture thefapy of melanoma (Dr D.E. Moore,
$1,100).
Magnetohydrodynarnic surface waves (Associate
Professor J.A. Lehane, $3,300).
Far-infrared wave interactions in plasmas
(Drs L.C. Robinson, R.G. Hewitt, G.F. Brand,
$6,500).
Optically pumped submillimetre laser diagnostics
(Drs I.S. Falconer, B.W, James, $2,700).

University of New South Wales
Nuclear power plant safety and control
investigations on the HIFAR reactor (Mr L.G.
Kemeny, $1,300).
Socio-economic cost of nuclear power
(Associate Professor Z.J. Holy, $1,200).

Mechanical and acoustical properties of
deformed and irradiated solids (Dr J.I. Dunlop,
$500).
(a) Radiation catalysis and (b) studies in mass
spectrometry related to radiation chemistry
(Associate Professor J.L Garnett, $1,400).
Tritium-NMR studies of new tritium labelling
techniques (Dr M. Long, $1,200).

Neutron studies of intermembrane forces in
biological membranes (Dr V.J. James, $700).

Neutron imaging detectors (Professor K.N.R.
Taylor; Dr R.L. Davis, AINSE, $3,300).

Macquarie University
Thermal diffusion in ceramics and composites
(DrJ. Unsworth, $3,500).

Reactions of free radicals with metalloproteins
(Associate Professor J.M. Gebicki, $1,200).
Hot atom reactions in molecules exposed to fast
and thermal neutrons and gamma-rays
(Associate Professor J.G. Hawke, $900).

University of Wol/ongong
Production of photovoltaic cells by ion
implantation (Dr J.N. Mathur, $1,000).

Rare earth element geochemistry of the early
Palaeozoic dacites and andesites from the
Cudgegong-Mudgee region, N.S.W. (Mr P.F. Carr,
$1,000).

Australian National University
Application of PIXE-PIGME analysis to prehistoric
Admiralty Islands pottery (Mr W.R. Ambrose,
$600).

Oxidation reduction reactions of coordinated
ligands (Professor A.M. Sargeson; Dr G.A.
Lawrance, Univ. of Newcastle, $900).

Effects of low doses of irradiation and chemical
agents upon naturally high levels of abnormal
chromosome division in germ cells of the
grasshopper genus Atractomorpha (Dr G.B.
Peters, $1,600).
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LT-4 runaway electron energy distribution
(Dr A.M. Morton, $7,650).

Plasma wave studies in linear and toroidal
systems (Dr R.W. Boswell, $4,000).

A micro-target fabrication facility for laser-
plasma interaction experiments (Drs B. Luther-
Davies, M.D.J. Burgess, $4,000).
The elucidation of crystal structure using high
resolution neutron powder diffractometry
(Drs J.B. Parise, P.P.K. Smith, M. Sterns, $2,200).
Molecular structure of hydrido-transition metal
complexes by neutron diffraction (Dr G.B.
Robertson, $2,200).
Magnons and phonons in y-Mn alloys (Dr M.C.K.
Wiltshire, Professor W.A. Runciman, $1,100).
<)OAr/39Ar age determination of rocks
(Dr I. McDougall, $3,000).
Actinides in fluoride crystals (Professor W.A.
Runcirnan, Dr A. Radlinski, $300).

Trace element studies of igneous and
metamorphic rocks (Dr B.W. Chappell, $2,000).

University of Melbourne
L-shell ionisation by heavy charged particles
(Professor B.M. Spicer, $2,000).

Pulse radiolysis studies of gaseous free radicals
(Dr R. Cooper, $3,500).

Luminescence from electron irradiated solid
oxides (Dr R. Cooper, $2,200).

Radiation induced dissolution of colloidal oxides
(Drs R. Cooper, F. Grieser, $1,800).
DNA repair in Pseudomonas Aeruginosa and its
modification by R. plasmids (Dr B.T.O. Lee,
$2,300).
Critical reflection of neutrons (Dr A.G. Klein,
Professor G.I. Opat, $2,600).
Structural relationships in SYNROC materials
(Drs L.A. Bursill, R.W. Cheary; Dr T.M. Sabine,
N.S.W. Inst. of Technol., $3,500).
Lattice dynamics and superlattice formation in
rutile (TiO2) (Dr LA. Bursill; Dr T.M. Sabine,
N.S.W. Inst. of Technol., $1,100).
Application of activation analysis to problems of
ore genesis and evolution of the crust (Dr R.R.
Keays, $2,500).
The application of activation and particle track
analysis and radiochemical tracer techniques to
fundamental problems in geochemistry and
cosmochemistry (Professor J.F. Levering,
$3,000).

Monash University
Distribution of magnetic moments in alloys with
magnetic long range order (Dr T.J. Hicks,
$10,800).
Distribution and dynamics of moments in
magnetic alloys (Dr T.J. Hicks, $4,000).
Distribution of magnetic moments in
superparamagnets, spin glasses and Kondo
systems (Dr T.J. Hicks, $4,200).

Magnetism in atomically random systems
(Associate Professor J.H. Smith, Dr T.J. Hicks,
$7,200).

The neutron Kossel and Kikuchi effects
(Professor T.F. Smith, Dr J.D. Cashion, $2,400).
The influence of residual stresses on the
physical and mechanical properties of alloys
(DrsT.R. Finlayson, J.R. Griffiths, Professor T.F.
Smilh, $2,500).
Chemistry of lanthanoid and actinoid elements
(DrG.B. Deacon, $1,000).
Electronic and nuclear interactions in rare earth
and transition metal compounds (Dr J.D.
Cashion, $700).

La Trobe University
Effect of repair inhibitors on spontaneous and
radiation-induced mutation yields in bacteria (Dr
D.G. MacPhee, $1,700).
Investigations of a cytoplasm-mediated pathway
for radiation damage to chromosomes (Dr J.A.
Marshall Graves, $1,700).
Repair of radiation-induced damage in eukaryote
chromosomes (Dr M. Westerman, $1,400).
A study of N—H---Co hydrogen bonding using
pyridinium salts (Dr B.D. James, $1,100).

University of Tasmania
Trace element abundances in mafic and
ultramafic volcanic rocks from Antarctica and
Southern Australia (Professor D.H. Green, Drs
A.J. Crawford, R. Berry, $500).

Effects of X-irradiation and radiomimetic
substances on animal cells (Dr Y.A.E. Bick,
$1,100).

Soil physical factors and radiata pine root growth
(Mr G.R. Davis, $2,000).

University of Adelaide
Pulse radiolysis of metal complexes in non-
aqueous solvents (Dr G.S. Laurence; Mr D.F.
Sangster, CSIRO, $3,500).
Radioactive disequilibrium in low-level uranium
and thorium determinations (Professor J.R.
Prescott, $2,000).

Flinders University of South Australia
Rotamak studies (Professor I.R. Jones, $2,000).

Hydromagnetic waves and oscillations in
plasmas (Dr A.L. McCarthy, $8,750).
Magnetohydrodynamic spectra (Dr R.G. Storer,
$1,000).
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University of Western Australia
Determination of ^0 by activation in a particle
accelerator (Professor S.D. Bradshaw, $2,000).
Absolute measurement of neutron production
(Associate Professor H.H. Thies, $1,000).
Processing and analysis of GaAs devices and
materials by ion beam methods (Associate
Professor A.G. Nassibian, $3,000).
Investigations of electronically excited species
produced during the radiolysis of water (Dr T.I.
Quickenden, $5,000).
Crystal structure analysis by neutron diffraction
(Dr E.N. Maslen, $3,100).

Darling Downs Institute of
Advanced Education
Fluorine and other trace elements in Australian
coals (Mr E. Tiller, $2,300).

New South Wales Institute of
Technology
Extinction, multiple scattering and absorption in
neutron powder diffractometry (Dr T.M. Sabine,
$600).
The distribution of bonding electrons in di-methyl
oxalate using diffraction and nuclear magnetic
resonance methods (Dr T.M. Sabine, $400).
Microtopology and depth profiles (Dr G.B. Smith;
Dr J.R. Bird, Mr P. Duerden, AAEC; Dr D.D.
Cohen, AINSE, $500).

Royal Melbourne Institute of Technology
Materials analysis by high resolution Rutherford
scattering and channelling and putsed laser
annealing of ion implanted semiconductors
(Dr J.S. Williams, $2,500).

AINSE Post-graduate Research
Studentships

Radionuclides: their application in sediment
chronology and interaction with food chains
through benthic organisms (Mr T.R. Hamilton,
University of Melbourne).
Soft vibrational modes in solids (Mr M.A. Irving,
Monash University).
Mineralogical controls on thorium mobility in
uranium mining and milling tailings (Ms R.M.
Johnston, University of New England).
The radiolytic excitation of aqueous systems (Mr
R.A. Litjens, University of Western Australia)
Distribution of hydrogen in metals (Mr J. Osborn,
Monash University).
Preparation of mercuric iodide room-temperature
crystal X-ray detectors (Mr N. Shoustov,
University of New South Wales).
Rotamak studies (Ms J.E. Trowse, Hinders
University of South Australia)

AINSE Research Fellowships

Structural chemistry of zeolite catalysts (Dr T.W.
Hambley, Division of Energy Chemistry, CSIRO).
Alfven wave heating of a Tokamak plasma
(Dr B.L Jessup, University of Sydney).
Lattice dynamics and superlattice formation in
rutile (Ti02) and related crystals (Dr G.R. Moss,
University of Melbourne).
Phonon spectra of superlattices (Dr I.M.
Robertson, University of Newcastle).
The microstructure and surface properties of
SYNROC for high level radioactive waste
disposal (Dr T.J. White, Griffith University).
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Appendix 5

Australian Atomic Energy Commission

Statement of Assets and Liabilities
as at 30 June 1984

Note

Capital Accumulation
Balance transferred from Statement
of Capital Accumulation •
represented by

Current Assets
Cash at bank and in hand
Cash at bank, trust moneys 2
Accounts receivable 3
Investments 15
Stock on hand 1(d)&4
Prepayments
Interest accrued

Less Current Liabilities
Accounts payable 5
Moneys held in trust 2
Accrued charges
Provision for recreation leave 6
Provision for long service leave 7

Net Current Assets

Non-Current Assets
Land
Buildings
Plant and equipment
Reactor HIFAR
Library and films
SYNROC pilot plant

Investments
Mary Kathleen Uranium Ltd

Less Non-Current Liabilities
Provision for long service leave
Excess of Assets over Liabilities

The accompanying notes form an integral part of this statement.

1983

39,564,536

2,618,150

5,468,212
14,235,692
7,488,714
2,047,052
4,754,461

270,989

1984

34,141,057

208 446
1.779

628,268
10,000

5,946.328
130,788

162
6,925,771

963,129
1,779

345,440
2,346,026
651,247

4,307,621

1,618,164
2,130

752,782
10,000

4,071,667
449,183

170
6,904,096

995,151
2,130

375,326
2,665,251
695,642

4,734,500

2,169,596

5,783,289
14,443,257
8,105,162
2,221,074
4,734,289

787,742
34,265,120 36,074,813

8,173,858 2.021.029
8,173,858 2,021,029

5.492,592 6,124,381
39,564,536 34,141,057
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Statement of Capital Accumulation
as at 30 June 1984

1983 Note 1984
$ $ $ $

Capital accumulation
39,917,678 from previous years 39,564,536

Adjustment to previous
year
Canteen capital

10,225 10,225 accumulation —
39,927,903

Add
Funds transferred from
Statement of Activity for
acquisition of items of a

3,730,775* capital nature 11 3,449,491

Capital items brought on
131,750 3,862.525 charge 12 113,220 3,562,711

43,790,428 43,127,247

Less
Decrease in net cost of
Mary Kathleen Uranium

— Ltd shareholding 9 6,152,829
Unfunded Liability trans-
ferred from Statement

4.225,892* of Activity 2,833361 8,986,190

Capital accumulation
transferred to Statement

39.564,536 of Assets and Liabilities 34,141,057

*Note 1(a)(ii) refers.

The accompanying notes foim an integral part of this statement.
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Statement of Activity for Year Ended
30 June 1984

1983

33.348,000

3.029.00Q*
36,377,000

2.929.000*
39,306,000

3,730,775* 35,575,225

799,485

^99,485

20,347

2,053,153
238,497

779,138

2,291,650

4,614,621

13,571
439,082

6,191

43,719,478* Total Revenue

Note

Revenue
Parliamentary
appropriation —
Division 523-1 Running
Expenses
Division 942-2 Capital
Works and Services

Contribution from CSIRO
towards cost of site
support services 10

Less funds transferred
to Statement of Capital
Accumulation for
acquisition of items of a
capital nature 11

Grants received in aid
of research 13
Add outstanding grant
moneys owing

Less unspent grant
moneys retained

Sales
— radioisotopes
— other 14

Dividend from
investment in Mary
Kathleen Uranium Ltd 9
Proceeds from disposal
of assets 1(e)
Welfare operations 15
Bad debts recovered
Net change (increase) in
value of cobalt-60
sources in process and
work in progress at
30.6.84 16

1984

35,151,000

3,650.000
38,801,000

2,951,000
41,752,000

3,449,491 38,302,509

225,179

131,957
357,136

357,136

2,177.801
121,458 2,299,259

6,152,828

141,224
414,579

259

16,574
47,684,368

*Note 1(a)(ii) refers.
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1983 Note 1984

29.390,612
1.222,206
1,368,666

1,285,254
2,310,307

1,842,894

650,017
34,777

38,104,733

429,477

779.138

4,614,621

125,439 44,053,408

(333,930)*

Expenses
Salaries and payments
in the nature of salary
General expenses
Power and water
Reactor supplies and
special nuclear materials
Stores
Maintenance and
external contracts
AAEC grants in aid of
research
Information services

Welfare operations
Expenditure against
grants received in aid of
research
Remittance of dividend
from investment in Mary
Kathleen Uranium Ltd
Net change (decrease)
in value of cobalt-60
sources in process and
work in progress at
30.6.83'
Excess of Revenue
over Current Expenses

17

18

15

13

30,947,905
1,415.378
1,529.531

1,476,423
2,034,789

1,762,486

532,047
19,877

39,718,436

400,356

357,136

6,152,828

46,628,756

1,055,612

406,349
2,185,554

186,096
290,997

3,068,996

264,734

535,253

22,979 3,891,962

Less
Provisions and
Other Unfunded
Charges
Depreciation
— Buildings 8 424,438
— Plant and equipment 8 801,513
— Reactor HI FAR 8 222,107
— Library and films 8 304,960

1,753,018
Increase (decrease) of
Recreation leave liability 6 320,225
Long service leave
liability 7 676,184
Debts, recovery of
which is considered
doubtful 3 910

Net deficit before
adjustment for abnormal

4,225,892* item

Add abnormal item,
stores holdings at

— 1.7.83 expensed 1(a)(iii)
Unfunded Liability
transferred to
Statement of Capital

4,225,892* Accumulation
v —"" ••

*Note 1{a)(ii) refers.
The accompanying notes form an integral part of this statement.

2,750,337

1,694,725

1,138,636

2,833,361
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Statement of Sources and Applications of
Funds for Year Ended 30 June 1984

1984

Sources of Funds
Funds Irom operations
Net deficit before adjustments for abnormal item

Add non-funded items
Provision for depreciation 1,753,018
Provision for recreation leave 320,225
Piovision for long service leave 676,184

Add Parliamentary appropriation for acquisition of
items of a capital nature

Less proceeds from sale of non-current assets

Proceeds from sale of non-current assets

Reduction in assets
Current assets
Stock in hand

Increase in liabilities
Current liabilities

(1,694,725)

2,749,427
1,054,702

3,449,491
4,504,193

141,224
4,362,969

141,224

736,025

61,908
5,302,126

Applications of Funds
Increase in assets
Current assets
Cash at bank and in hand 1,409,718
Accounts receivable 124,514
Prepayments 318,395
Interest accrued 8 1,852,635
Non-current assets
Land 315,077
Buildings 632,003
Plant and equipment 1,325,173
Reactor HIFAR 396,129
Library and films 264,356
SYNROC pilot plant 516,753

The accompanying notes form an integral part cf this statement.

Statement on Behalf of the Commission
It is our opinion that the above Statements of Assets and Liabilities, Capital Accumulation, Activity and
Sources and Applications of Funds have been properly drawn up so as to give a true and fair view of
the slate of affairs of me Australian Atomic Energy Commission as at 30 June 1984, and the results for
the year ended on that date.

3,449,491
5,302,126

M. H. BRENNAN
Chairman

W. H. RATCUFF
Secretary/Manager, Administration
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Notes to and Forming Part of the
Financial Statements

Note
Index Number
Summary of significant accounting policies 1
Moneys held in trust 2
Accounts receivable 3
Stock on hand 4
Accounts payable 5
Provision for recreation leave 6
Provision for long service leave 7
Non-current assets 8
Mary Kathleen Uranium Ltd 9
Contribution from Commonwealth Scientific and Industrial Research Organization 10
Funds transferred from Statement of Activity for acquisition of items of a capital nature 11
Capital items brought on charge 12
Grants received in aid of research 13
Sales — other 14
Welfare operations 15
Change (net increase) in value of cobalt-60 sources in process (increase) and work
in progress (decrease) at 30 June 1984 16
Maintenance and external contracts 17
AAEC grants in aid of research 18
Remuneration of Members of the Commission 19
Audit fees 20

1. Summary of significant accounting policies
(a) The accounts are prepared in accordance with the historical cost convention. The accounting
policies adopted are consistent with those of the previous year except that:
(i) due regard has been given to the Guidelines for the Form and Standard of Financial Statements of
Commonwealth Undertakings issued by the Department of Finance in May 1983 and which became
operative for accounting periods ending after 1 July 1983. This is the cause of the change in title and
to certain words in the text of the Statement of Activity previously reported as a Statement of Income
and Expenditure. In addition a Statement of Sources and Applications of Funds is provided for the first
time; and
(ii) funds provided in previous years by Parliamentary appropriation for expenditure on capital
acquisitions, and including contributions from CSIRO for this purpose, have been disclosed in the
Statement of Capital Accumulation. This practice was varied in 1983-84. Revenue from all sources is
now disclosed in the Statement of Activity. Funds utilised to meet actual expenditure on capital
acquisitions are identified and transferred from the Statement of Activity to the Statement of Capital
Accumulation (Note 11 refers). The purpose of this change in accounting policy which is the cause of a
chancio in several previous year figures is to obtain a true disclosure of the excess of revenue over
current expenses in the Statement of Activity.
(iii) The accounting treatment for stores stock on hand at the end of the year has been varied.
Previously stores stock on hand was valued and included in the Statement of Assets and Liabilities as
a current asset. This policy has been reviewed and varied against the background that the AAEC
stores stock is relatively small in value and relates largely to revenue which has already been brought
to account (by way of Parliamentary appropriation) and in the main contributes to the research activity
of the AAEC rather than future revenue earning capability. Total expenditure on stores purchases is
disclosed as an expense in the Statement of Activity; the previously disclosed stores stock on hand at
30 June 1983 has also been expensed as an abnormal item in the Statement of Activity under the
heading Provisions and Other Unfunded Charges.
(b) The AAEC is funded predominantly by Parliamentary appropriation to meet proposed expenditure
in the current financial year. The residual unfunded liability in the Statement of Activity is due to the
inclusion in the expenditure for the year of
(i) stores stock on hand at 1 July 1983, expensed as an abnormal item, and
(ii) other non-cash items, depreciation and change in liability for recreation leave and long service
leave.
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(c) The AAEC contributes to the Commonwealth Employee Superannuation Scheme in accordance
with Section 159 of the Superannuation Act 1976 and meets its liability as costs accrue, on the basis
of contribution rates set by the Australian Government Actuary. An amount of $4,081,860 was
contributed during 1983-84 ($3,751,754, 1982-83) and is included as expenditure in the Statement of
Activity under the heading Salaries and payments in the nature of salary.
(d) Certain uranium and commercial products stock is valued at the lower of cost and net realisable
value; however, inventories of enriched, natural and depleted uranium, which were in existence when
the AAEC commenced accrual accounting (1979), are disclosed respectively at the lowest market
value since that date with purchases since disclosed at cost. Until 1980 these inventories were
maintained by physical inventory only and acquisition costs are not available. The lowest market
valuation basis was selected after considering the requirements of Australian Accounting Standard 2.
(e) Assets disposed of or transferred out are fully depreciated in the year of disposal or transfer.
Proceeds received on disposal are brought to account in the Statement of Activity.
This accounting treatment has been applied continuously since the introduction of accrual accounting
by the AAEC. It is noted, however, that this policy does not meet the requirements of Australian
Accounting Standard 4 (AAS4) to which the AAEC is subject under the new Guidelines.
(f) The policy of non-capitalisation of expenditure relative to the development and registration of
patents has continued during 1983-84. At 30 June 1984, a total of 77 patents were registered to the
AAEC. Owing to the current rate of technological change their commercial value 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 aim of the School is to promote, within the policies and budget
approved by the AAEC and the University of New South Wales, the formal training of personnel in the
field of nuclear technology. Both parties provide assistance to the School at no charge and on this
basis the AAEC makes available executive personnel for the administration of the school.
(h) With the exception of the liability for yet to accrue long service leave entitlements, reference to
which is included in Note 7, the AAEC has no contingent liabilities.

2. Moneys held in trust
The major component of this item is security deposits from contractors pending satisfactory
performance of a contractual liability.

3. Accounts receivable
Details of accounts receivable at 30 June 1984:

$
Sundry debtors 630,744
Less provision for doubtful debts 9,919

620,825
Grants in aid of research 131,957

752,782

The major component within the item sundry debtors relates to the sale of radiopharmaceuticals.

During 1983-84 one doubtful debt for the amount of $23,255 was declared irrecoverable and written
off.

4. Stock on hand
The valuation policy adopted in respect of the following components of this item is set out in Note 1(d):

$ $
Nuclear Materials

HIFAR fuel elements, heavy water and other 1,855,647
Enriched, natural, depleted and other uranium 1,533,825 3,389,472

Commercial products stock
— includes cobalt-60 sources in process

(at market value) which is substantially below production cost (see
Note16(a)) 649,561

Pitchblende ore exhibit 9,637
Work in progress 3^400
Welfare trading stock (see Note 15) 19J597

4,071,667
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5. Accounts payable
This item relates entirely to MEG trade creditors.

6. Provision for recreation leave
The provision for recreation leave at 30 June 1984 reflects the liability for recreation leave (52,441,734)
and leave loading ($224.517) entitlement at 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 Statement of Activity. The difference
between the calculated liability at 30 June 1983 and 30 June 1984 is brought to account as an
unfunded provision in the Statement of Activity.

7. Provision for long service leave
The provision for long service leave has been determined on the basis of entitlements arising from the
application of the provision of the Long Service Leave (Commonwealth Employees) Act 1976 and the
appropriate salary rate as at 30 June 1984.
The 30 June 1984 current liability component was calculated on the basis of the average demand
pattern over the past four years.
The contingent or yet to accrue liability for long service leave has been calculated at $575,191 on the
basis of:
(i) the pro-rata yet to accrue entitlement of all staf f with less than 10 years recognised service; and
(ii) probability factors provided by the Office of the Australian Government Actuary.
As with 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 Activity. The difference between the calculated liability at 30 June
1983 and 30 June 1984 is brought to account as an unfunded provision in the Statement of Activity.

8. Non-current assets
The following table sets out variations in non-current assets for 1983-84:

Asset

Land
Add
Additions

Cost
30.6.83

$
5,468,212

315,077

Buildings
Add
Additions

21,436,239

632.003

Cost
30.6.84

5,783,289

22,068,242

Depreciation
Provision
30.6.84

$

Net
Value

30.6.84

5,783,289

7,624,985 14,443,257

Plant and equipment
Add
Additions

Less
Disposals

16,516,161

1,417,961
17,934,122

602,366

Reactor HIFAR
Add
Additions

5,163,235

396,129

Library and films
Add
Additions

5,847,796

284,788

SYNROC pilot plant
Add
Additions

270,989

516,753

17,331,756

5,559,364

6,132,584

787,742

9,226,594

3,338,290

1,398,295

8,105,162

2,221,074

4,734,289

787,742

Land: Land is disclosed at cost. The expenditure on site services for 1983-84 was $315,077 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.
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Plant and equipment: Plant and equipment is disclosed at cost and has been depreciated on the
basis of the estimated useful life of individual plant items. Assets disposed of or transferred out are
fully depreciated in the year of disposal or transfer. The value of plant and equipment items disposed
of or transferred out during the year was $602,366.
Reactor HIFAR: The reactor HIFAR is disclosed at cost and is depreciated on the basis of assumed
life to 1994. This assessed useful life may be extended at any time.
Library and films: When accrual accounting was commenced in 1978-79, library stocks 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 1983-84 have been brought to account at replacement cost
values at 30 June 1979. •

SYNROC pilot plant: In 1982-83 the AAEC commenced construction of a non-radioactive pilot plant
to demonstrate the fabrication process for SYNROC as a medium for the immobilisation and disposal
of high level waste. The project was progressed in 1983-84 involving expenditure of $516,753 bringing
total expenditure at 30 June 1984 to $787,742 against total estimated cost of $2.754 million.
Commissioning of the pilot plant is scheduled for 1985 at which time a decision on estimated useful life
for depreciation purposes will be taken.

9. Mary Kathleen Uranium Ltd
During 1983-84 the value of the AAEC's holding of 30,764,142 Mary Kathleen Uranium Ltd shares fully
paid to 25 cents was varied by a partial (20 cents per share) return of share capital. The investment is
now disclosed at the residual net cost to the AAEC.
Dividends of 7 cents per share and 13 cents per share making a total dividend of 20 cents per share
were paid to shareholders during the year. The total dividend of $6,152,828 paid to the AAEC together
with the $6,152,828 return of share capital were immediately onforwarded to the Department of
Resources and Energy as the AAEC holds this investment only as agent for the Commonwealth.
The life of this investment is now limited as the project has entered an asset realisation phase. Subject
to the completion of area rehabilitation programs the company is to be wound up. Further payments to
shareholders in the form of dividends and return of share capital are expected.
The Guidelines for the Form and Standard of Financial Statements of Commonwealth Undertakings
requires the valuation of shares on the basis of "the officially quoted market buyer price net of the
prevailing transfer costs or commissions as at the end of the financial year". This requirement has not
been observed because the size of the respective holdings of Conzinc Riotinto of Australia Limited and
the AAEC tend to make the market value uncertain.
The last sale price quoted on the Melbourne Stock Exchange at 30 June 1984 was 21 cents.

10. Contribution from Commonwealth Scientific and Industrial Research
Organization
In accordance with arrangements determined for CSIRO co-location at the Lucas Heights Research
Laboratories, the AAifC received from CSIRO in 1983-84 an amount of $2,951,000 as contribution to
common site services ($2,891,000) and plant and equipment acquisitions ($60,000).

11. Funds transferred from Statement of Activity for acquisition of items
of a capital nature
Expenditure on capital acquisitions during 1983-84 is detailed hereunder:

$
Land 315,077
Buildings 632,003
Plant and equipment 1,325,172
Reactor HIFAR 396,129
Library and films 264,356
SYNROC pilot plant 516,754

3,449,491

This expenditure has been transferred to the Statement of Assets and Liabilities through the Statement
of Capital Accumulation.

12. Capital items brought on charge
This item comprises:

$
Library reports acquired at no charge and AAEC reports produced 20,432
Plant items acquired through collaborative agreements 37,587
Reinstated and research manufactured items brought on charge 55.201

113,220
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13. Grants received in aid of research
During 1983-84 the AAEC expended a total of $357,136 against projects funded by grants in aid of
research. An amount of $225,179 was received from grant organisations during the year. The balance
of moneys owing ($131,957) is included as a sundry debtor (Note 3 refers).

14. Sales — other
Sales included under this heading comprise:

$
AAEC technical service 26,501
Environmental surveys 14,190
Miscellaneous services 80.767

121,458

15. Welfare operations
The AAEC maintains a Welfare Fund to provide staff amenities at the Research Establishment, Lucas
Heights. The main income generating activity of the Welfare Fund is the sale of petrol to staff at a
discount on normal retail prices. Welfare Fund operations during 1983-84 resulted in a surplus of
$14,223, of which $6,119 related to interest received on invested funds, bringing accumulated funds to
a total of $62,674. Welfare funds not immediately required to meet expenditure are invested in
Australian Savings Bonds to provide a short term investment.

16. Change (net increase) in value of cobalt-60 sources in process
(increase) and work in progress (decrease) at 30 June 1984
(a) Cobalt-60
Cobalt-60 sources in process and cobait-60 teletherapy sources in process are manufactured in the
reactor HIFAR by irradiation over an extended period. During 1983-84 the market value of these
sources increased by $24,574.
(b) Work in progress
Work in progress is valued on the basis of recoverable labour rates. The reduction in value of work in
progress on hand at the conclusion of the year was $8,000.

17. Maintenance and external contracts
This item includes:

$
Maintenance of grounds and buildings 318,334
Computer hire 890,663
Service agreements, period contracts, design and development contracts
and HIFAR upgrading 553,489

1,762,486

18. AAEC grants in aid of research
During 1983-84 research grants were made to:

Australian Institute of Nuclear Science and
Engineering — membership subscription 198,000

— contribution to research and training 300,000 498,000
Australian universities 34,047

532,047

19. Remuneration of Members of the Commission
Members' remuneration is determined by the Remuneration Tribunal and payment is made in
accordance with section 11A of the Atomic Energy Act 1953. Remuneration paid to two Members
during 1983-84 was $24,538. The other two Members are in full-time Commonwealth employment, and
are precluded from receiving remuneration as Members of the Commission.

20. Audit fees
Fees paid to the Australian Audit Office for audit services amounted to $54,500.
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Appendix 6

Auditor-General's Report,
Commonwealth of Australia

Australian Audit Office
cnr. Moore and Rudd Streets,
Canberra City, A.C.T. 2601
7 January 1985

The Honourable the Minister
for Resources and Energy
Parliament House
CANBERRA, A.C.T. 2600

Dear Minister

Australian Atomic Energy Commission — Report on Financial Statements

Pursuant to sub-section 31(2) of the Atomic Energy Act 1953, the Australian Atomic
Energy Commission has submitted for audit report its financial statements for the year
ended 30 June 1984. These comprise a Statement of Activity, Statement of Capital
Accumulation, Statement of Assets and Liabilities, Statement of Sources and Applications
of Funds, and accompanying 'Notes to and forming part of the Financial Statements'.

The statements, which have been prepared on an historical cost basis and in
accordance with the policies outlined in Note 1 to the Accounts, are in the form approved
by the Minister for Finance pursuant to sub-section 31(1) of the Act. The statements,
except as disclosed in Note 1(e), have also been prepared in accordance with the
Guidelines for the Form and Standard of Financial Statements of Commonwealth
Undertakings approved by the Minister for Finance. A copy of the financial statements and
accompanying notes is enclosed for your information.

During the period 1 July 1983 to 29 August 1983 the Commission expended Welfare
Fund moneys and grants received in aid of research without the prior approval of the
Minister to the estimates of expenditure as required by sub-section 30A(2) of the Act. In
addition, contrary to the provisions of that sub-section, during the year the Commission
expended moneys on operating expenditure in excess of the current estimates approved
by the Minister.

During the year the Commission's bank accounts went into overdraft for short
periods without the approval of the Treasurer as required under sub-section 30(1) of the
Act.

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) except as referred to above, 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.

Yours faithfully

P. L. LIDBETTER
Acting Deputy Auditor-General
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Index
(Note: Subjects indexed by paragraph,
except certain pages and appendices.)

Para.
AAEC Nuclear News 186
Abrasion studies
— coal in pulverisers 71
Accelerator, 3 MeV 168
— AINSE group 245-246
Accounts App. 5
Actinides 53,55
AINSE 231-248
— accelerator 245-246
— access to AAEC facilities 233
— conferences 240
— fellowships etc. 234,241-244
— funding 236,238
— neutron diffraction 247-248
— services 232-236
— staff 237
ANU — Joint SYNROC project 50,56,150,151
Apprentices 208
ASNT
— organisation 249
— training 250-254
Atomic Energy Act 2,3,5,6,19
Audit, internal 227
Auditor-General's certificate App. 6

Beehive sterilisation 73
Buffer zone 214-217

Caesium-137 in sedimentology 49
Capital works 30-33,209
Caro's acid in ore treatment 43
Centrifuge plants
— safeguards 75-76
Chlorine-36 levels in artesian

basins 47
Chromosome studies 64
Cobalt-60 sources 108
Commercial operations 17,89
Commission
— functions and powers 3
— membership 5
— program 11-15
Computer studies 80-82
— ADD data base 81
— MINI algorithm 82
Computing services 184-185
— in administration 226
CSIRO
— co-location 21
— financial contribution 22
— safety review 8
Cyclotron proposal 17
Cystic fibrosis study 65

Discharges
— airborne 173
— low-level liquid 193

Emergency core cooling system 16
Engineering services
— production etc. 207-211
— projects 199-204
Enrichment monitor 75
Environmental science 16,34-49
— meteorology 198
— monitoring 195-197
Expenditure 26-33,App.
— non-salary 28
— salaries 27

Financial statements 19,20,App. 5
— Parliamentary appropriation 20,22
Flow boiling studies 86
Food preservation 72
Freedom of Information Act

requests 229-230
Fusion physics 77
— reactor blankets, neutronics 78,79

Gamma sterilisation of beehives 73
Groundwater
— age 46-47
— pollution 37
— radiocarbon study 48

Health and safety
— emergency planning
— employee review
— health physics
— incident reporting
— measurement of dose
— occupational health
— safety assessment
— safety committees
— training
HI FAR
— Authorization
— fission research
— fuel storage
— irradiation of SYNROC
— neutron beams
— neutronic studies
— operations
— pipe bend studies
— power supply system
— protection system
— reduced enrichment
— refurbishing work
— refurbishment funding
— safety analysis

— seismic analysis
— silicon irradiation
Hydrology studies

169-183
177-179
172
173
181
174-175
170-171
181-182
6,183
176

113-114
80.84
118,121.165,191
55
204
84
158-159
87
118,119,120,163
164
84
162-166
29
84,85,88,
117,163
166
160-161
46-48

IAEA 16,129,130-144
— environmental tritium survey 141
— membership of INIS 134
— Regional Cooperative

Agreement 133,136-140
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IAEA continued
— safeguards inspections 142
— safeguards project 75,143-144
— transport regulations 101
Industrial radiography sources 108
Industrial relations 222
— Consultative Committee 223
Information Officers Page 2
Information services 186-189
— AAEC Nuclear News 186
— Australian INIS 188
— LHRL Library 187
— media relations 186
— publications 189,App. 2
Ionising energy
— processing of food 72
— treating beehives 73

Laboratory animals, supply 212-213
Land use restrictions 116
Land management
— buffer zone 214-217
— Community Employment

Program 216,221
— Mill Creek development 215
Legislation, enabling 1
— review 4
Little Forest burial ground 196

Malaysia, technical assistance 138,154-156
Mary Kathleen, leaching tests 44
Mary Kathleen Uranium Ltd 24-25
Meteorological records 198
Mining and milling
— environmental impact 36
— silicon X-ray probe 83
— technical advice on radiation

safety 125-126
Ministerial arrangements 1,2
Moata, Authorization 167
— operation 167
Molybdenum gel generator 61
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Safety — see Health and Safety
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