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Preface

The overriding objectives of Commission research and development
remain the development of techniques in nuclear science and technology
for the benefit of the Australian community, the provision of expert
advice *.o government, and the undertaking of technical work in support
of Australia's international obligations and interests in the nuclear field.
1984-85 saw the consolidation of the Commission's re-aligned research
and development program.
International collaboration and interaction was an important focus of
Commission activities in the year under review. The Commission
continued to play the primary role in providing bilateral technical
assistance to Malaysia and entered discussions with Indonesian
authorities on the possibility of technical assistance to that country. A
high profile was maintained within the International Atomic Energy
Agency, particularly in relation to the Regional Cooperative Agreement
which seeks to emphasise the use of radioisotopes and nuclear
technology to improve the standard of living in countries of South East
Asia and the Pacific region. The Commission played a leading role in the
second phase of the Asian Regional Cooperative Project on food
irradiation which is being sponsored by the Australian Government.
SYNROC attracted increasing international interest and significant
progress was made during the year in implementing the bilateral
collaborative arrangements with both the United Kingdom and Japan for
research and development programs on this advanced waste form. At the
conclusion of the 1984-85 year, discussions were proceeding on possible
collaborative arrangements with Italy.
The 1983-34 Annual Report drew attention to operational problems, some
bearing on safety, that had not been corrected by the close of that
reporting period. Although considerable corrective action had already
been taken by the time of release of the report, this aspect of the report
received undue publicity. This highlights the difficulty of objectively
reporting such matters on a periodic basis. The correction of safety
deficiencies is always accorded the highest priority.
On behalf of Commissioners I again record sincere appreciation of the
contribution of the staff of the Commission to the achievement of the
Commission's programs.

M.H. BRENNAN
Chairman
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The Year in Review

The re-aligned research and
development program was
consolidated in five applied research
fields, one underlying research field
and one service field.
International collaboration and
interaction was an important focus of
work in nuclear technology and
training, both through the IAEA and
through bilateral agreements.
The Lucas Heights Research
Laboratories continued their record of
safe operation, verified by monitoring
by the external Safety Review
Committee and the internal health and
safety organisation.
The proper handling of nuclear
materials was verified by the
Australian Safeguards Office and IAEA
Safeguards inspectors.
A wido range of projects in
environmental science and isotope
applications in industry were
undertaken in Australia and South-east
Asia, including the use of caesium-137
in erosion and sedimentation iesearch
and other isotopes in blast furnace
operations, coastal engineering and
coal research.
The Commission supported the
Australian commitment to
international nuclear safeguards by
developing instruments to improve the
quality of safeguards assay data.
Collaboration with hospital nuclear
medicine departments on development
of new methods of diagnosis and
therapy increased. New techniques
include boron neutron capture therapy
and measurement of total body
nitrogen.
Densification of SYNROC powder by
the novel bellows hot-pressing
technique was successfully
demonstrated on a commercial scale.
Australian manufacturers are
supplying eight of the ten modules of
the non-radioactive fabrication plant.
The glove-box line for manufacture of
trace radioactive SYNROC samples
was commissioned and early leach
tests confirm that SYNROC is a
premium waste form.

• The SYNROC nuclear waste
immobilisation program was advanced
by negotiation of collaborative
agreements with the U K, Japan and
Italy.

• Income from isotope and commercial
products was $2.715m and dividends
from Mary Kathleen Uranium Ltd
totalled $3.076m.

• Uranium ore-bodies were studied to
provide insight into how nuclear waste
might behave when buried in deep
rock masses. The work was funded by
the US Nuclear Regulatory
Commission.

• A high-quality sterile technetium
generator for hospital use was
marketed.

• Radiopharmaceutical production
facilities were refurbished.

• Rigs and facilities were developed for
commercial irradiation in HIFAR of
silicon for the electronics industry.
Technical performance and potential
were established.

• Further work was done to develop the
proposal for a national medical
cyclotron facility to widen the range of
medical isotope products available in
Australia.

• Except for scheduled shutdowns the
reactor HIFAR operated throughout
the year at an average thermal power
of 10 megawatts without significant
technical or safety problems.

• Refurbishment of HIFAR to meet more
stringent safety requirements and
extend its working life was continued
within the budgeted expenditure.

• The Local Liaison Forum was
established to improve communication
between the Commission and local
community organisations.

• Access by tertiary institutions to
nuclear research facilities, especially
the reactor HIFAR as a neutron
source, was facilitated through the
Australian Institute of Nuclear Science
and Engineering.

• The Australian School of Nuclear
Technology at Lucas Heights provided
training in nuclear science and
technology for Australian and
overseas students.



Enabling Legislation and
Ministerial Arrangements
1. The Atomic Energy Act 1953
continued to be the enabling legislation
for the Commission throughout 1984-85.
New legislation, foreshadowed in the 32nd
Annual Report had not been introduced to
the Parliament by 30 June 1985 but the
Commission had the opportunity to
comment on the draft Bill. The
Government made its decisions on the
report of the Australian Science and
Technology Council Inquiry into
Australia's Role in the Nuclear Fuel Cycle,
and while supporting the continued
research program of the Commission,
especially in waste studies and
safeguards, did not accept the inquiry's
recommendations to extend Australia's
involvement in the nuclear fuel cycle.
2. The Atomic Energy Act 1953 is
administered by the Minister for
Resources and Energy. In the second
Hawke Ministry Senator the Honourable
Gareth Evans, Q.C. was appointed to the
portfolio, replacing Senator the
Honourable Peter Walsh, on 13 December
1984.

Functions and Powers of the
Commission
3. The functions and powers of the
Commission prescribed 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 radoisotopes,
training in nuclear science, and
publication of research work.

Membership of the
Commission
4. The Atomic Energy Act 1953 provides
for a Commission of up to five members
including a Chairman and a Deputy
Chairman. Mr A.J. Woods, Deputy
Chairman completed his term as a
Commissioner on 10 April 1985. The
Commission records its sincere
appreciation of the valuable personal
contribution made by Mr Woods during
his seven year term of office. Mr B.J. Hill
was appointed Deputy Chairman on 11
April 1985. The current membership of the
Commission is:

Chairman: Professor M.H. Brennan
Appointed 27 May 1983 for three years
Professor of Physics (Plasma Physics)
University of Sydney

Deputy Chairman: Mr B.J. Hill
Appointed 11 April 1985 for three years
Deputy 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

Honours and Awards
5. The Commission noted with pleasure
that in January 1985 Mr A.J. Woods, then
Deputy Chairman, was honoured with the
award of the Order of Australia (AO).

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 established a Safety Review
Committee of independent specialists to
review and assess the effectiveness of its
safety organisation, standards and
procedures. The current membership is:
D.J. Stevens, O.B.E., B.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.
W.G. Webster, B.Sc., F.R.A.C.I.
7. The Committee holds three-day
meetings at Lucas Heights about every six
months and also provides advice between
formal visits.
8. The Safety Review Committee's
assessments and advice were reported to
the Commission and constituted a very
valuable monitoring of the safety
practiceo at Lucas Heights.
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The Commission's Program
9. The Commission has two 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
10. 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.
11. The Commission's program at the
Research Establishment accords with
government priorities. 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,
and

• 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. 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.

12. The Commission's program has
three components: research and
development, commercial operations, and
service infrastructure.

Research and Development
13. 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. 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 development program is
given in Chapter 3.

Commercial Operations
14. 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 its
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 HIFAR for
the irradiation of silicon crystals for the
semiconductor industry has been
contirmed and commercial arrangements
are being pursued.

Service Infrastructure
15. 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.

11



Finance

Revenue

Expenditure

Running Expenses

Special Projects

Funding of Capital Programs

12





" " ' " '"



76. Financial statements for the year
ended 30 June 1985, comprising
Statements of Assets and Liabilities,
Cap.ca'. Accumulation, Activity, Sources
and Applications of Funds and Notes to
and Forming Part of the Financial
Statements are presented as Appendix 5.
The financial statements have been
prepared with due regard to the relevant
government guidelines and their inclusion
and format is in accordance with the
requirements of Section 31 of the Atomic
Energy Act.
77. The Report on the Financial
Statements by the Auditor General is
presented as Appendix 6.
18. The Commission is required by
government guidelines to prepare its
financial statements in accordance with
the principles of accrual accounting but is
funded substantially on an annual cash
basis by parliamentary appropriation to
meet only actual expenditure incurred in
accordance with expenditure estimates
approved by the Minister for Resources
and Energy. The application of these
policies means that non-cash charges for
asset depreciation and change in liability
for recreation leave and long service leave
included in the Statement of Activity are
not matched against income; this results
in the Unfunded Liability transferred to the
Statement of Capital Accumulation.
Conversely such charges do not provide
for the retention of funds to meet
emerging liabilities as they occur or in
particular to undertake asset replacement
programs.
79. The Commonwealth Scientific and
Industrial Research Organization (CSIRO)
is co-located with the AAEC at the Lucas
Heights Research Laboratories. 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 as a charge 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
20. The sources of the Commission's
funds are illustrated at- right. Direct
appropriation by Parliament accounted for
$41.909m (80.04%) of total income of
$52.360m. The balance comprised the
CSIRO contribution towards the cost of
shared facilities, $3.294m (6.29%), sales

Total Income

Other income 8.75%

CSIRO contribution 6.29%

Parliamentary Appropriation 80.04%

15'



$2.575m (4.92%) and other income,
including Grants in Aid of Research,
Welfare Fund income and dividend from
the Mary Kathleen Uranium Limited
investment, of $4.582m (8.75%).
21. The level of funds appropriated by
Parliament in 1984-85 at $41.909m
represented an increase of $3.108m
(8.01%) over 1983-84 and comprised
$37.527m (89.54%) for Running Expenses
and $4.382m (10.46%) for Capital Works
and Special Projects. The CSIRO
contribution towards the cost of shared
facilities, after adjusting for a partial
contribution appropriated directly to the
AAEC in 1983-84, increased by 4.7% on
the previous year reflecting the CSiRO
contribution to cost escalation for salary
and non-salary expenses. Revenue
generated by sales of radioisotopes and
other commercial activities increased by
$0.398m (18.25%) as a result of higher
demand for imported products and
increased prices.
22. Revenue from Welfare Fund
operations is generated mainly from sale
of petrol to staff and this increased by
31.46% reflecting increased selling prices
throughout the year together with
sustained demand for the supply of petrol
at competitive discount prices (see also
Note 15 accompanying the financial
statements).
23. 1984-85 income was again boosted
by two dividends totalling 10 cents per
share ($3,076,414) on the Commission's
investment in Mary Kathleen Uranium
Limited, bringing accumulated earnings
from this investment to $14,459,196. The
Commission holds the shares as agent for
the Commonwealth Government and must
immediately remit all dividends to the
Department of Resources and Energy.
24. Following a partial return of share
capital in 1983-84 the Commission's
investment now stands at $2,021,029
(30,764,142 shares at the residual 5 cents
per share face value, adjusted for the
underwriting commission and capitalised
interest incurred in financing the
acquisition). The life of this investment is
now limited. Mining operations have
ceased and all assets have been realised,
the remaining work being limited to site
rehabilitation.

Expenditure
25. The distribution of total outlays is
illustrated at right.

Distribution of Total
Outlays

Salaries 69.52%

Other Non-salary Running Expenses 21.16%

Capital Works Special Projects 9.32%

Running Expenses
26. Salaries and payments in the nature
of salary continue to dominate total
outlays, representing 69.52% (71.7% in
1983-84) of total research expenditure. By
comparison in 1964-65 (twenty years ago)
salary costs represented only 50% of total
outlays. The dominance of this item is of
concern to the Commission. A relatively
high staffing threshold is necessary for
the operation of a nuclear site and the
maintenance of a viable research program,
and several years of stringent budgetary
curtailment have seen other Commission
outlays disproportionately reduced. This
has markedly impacted on capital
programs (see paras 31—34).
27. The non-salary running expenses
comprise two main streams — reactor
supplies, stores and isotopes for resale,
which account for 9.14% (8.2% in 1983-84)
and outside services, power and water,
travel and incidentals, which account for
12.02% (12.1% in 1983-84) of total outlays.
28. Capital Works and Special Projects
account for only 9.32% (8.0% in 1983-84)
of total outlays.
29. An illustration of the application of
these funds by activity group is given
opposite.

16



Application of Funds

J 8C?

Research
(includes SYNROC) (33.9%)

Engineering services & operational
support (includes reactor HIFAR) (32.9%)

Management resources (22.68%)
Commercial activities (6.18%)

Health & Safety Division (3.10%)

Regulatory Bureau (1.21%)

Speciai Projects
30. The approved continuing projects to
refurbish the reactor HIFAR and to
construct a non-radioactive pilot plant to
demonstrate SYNROC fabrication
technology were funded progressively. A
net amount of $1.647m was appropriated
in 1984-85 for these purposes but final
expenditure was less than this amount
owing to longer than estimated lead times
in finalising specifications for major items
of equipment (in particular for HIFAR) and
the related procurement processes.

Funding of Capital Programs
31. In its 1983-84 Annual Report the
Commission highlighted its concern at the
insufficient levels of funding available to it
for capital works, plant and equipment. In
particular, it was pointed out that
identified deficiencies in site fire
protection measures and other basic site
maintenance requirements remained
uncorrected. Some sections of the media
incorrectly interpreted these comments as
referring to the operation of the
Commission's nuclear reactor, HIFAR.
32. The Commission has always given
the highest priority to ensuring the safe

operation of its nuclear plant. It is
unfortunate that comments relating to the
50 hectare Lucas Heights site are often
interpreted by the public as referring to
'the reactor' but there are some 70 other
buildings on the site, most of which
contain no hazardous materials.
33. The Government, in 1984-85 (and
before the release of the 32nd Annual
Report), provided a special budgetary
injection of $593,000 towards the
resolution of some of the problems. This
has allowed action to purchase a new fire
engine, design new fire sprinkler systems
for laboratories, upgrade site water mains
pressure, and commence a roof
replacement program. In addition, a
contribution of $275,000 was made to
NSW authorities towards the construction
of a fire station in the nearby suburb of
Menai.
34. These improvements are welcome
but the Commission remains concerned at
its inability, within present funding
constraints, to make headway in the
replacement of obsolescent laboratory
equipment or in the refurbishment of
laboratory and office buildings. The need
remains for additional funding to ensure
that the Commission's skilled workforce is
appropriately equipped and housed.

17
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35. The Commission's research and
development program has the following
general objectives:
• to pursue research objectives in areas

of national interest,
• to develop and maintain specialised

facilities and services to the
community for research, medicine and
industry,

• to contribute to the maintenance of
Australia's competence in the peaceful
applications of nuclear science and
technology,

• to promote information exchange
between organisations and countries
via collaborative research, personnel
training and publication of papers and
reports,

• to aid international efforts aimed at
development of acceptable methods for
nuclear waste disposal, environmental
protection and strengthening of
safeguards under the Nuclear Non-
proliferation Treaty,

• to provide expert technical advice to
government on key nuclear issues.

To achieve these objectives efficiently, the
R&D program is divided into seven fields,
consisting of five applied fields
—environmental science, waste
management, medical applications of
radio-isotopes and radiation, industrial
applications of radioisotopes and
radiation, and nuclear technology — and
one field each of underlying research and
scientific services.

Environmental Science
36. The aims of this field are two-fold:
• to minimise the environmental

degradation associated with uranium
mining in a cost effective manner, and

• to develop and apply isotope
techniques to hydrological studies.

These two aims are covered by two
separate but related projects. The first,
uranium environmental studies, is
concerned with uranium mining and
milling practices, leaching characteristics
of Australian ores, alternative treatment
processes, neutralisation of mill effluents,
reduction of radon release from tailings
dumps, determination of pollutant sources
from open cut mining, transport of
contaminants by ground and surface
waters, soil-solute interactions, toxicity of
heavy metals and the uptake of pollutants
by flora and fauna.

37. In the second project, the
application of environmental isotope
techniques to water resource problems
and studies of sedimentation and erosion,
the Commission aims to maintain a
balance between developing new
techniques and applying established
methods to major resources. Much of the
work in 1984-85 has been in collaboration
with other organisations in Australia and
overseas, including the International
Atomic Energy Agency (IAEA).
38. Descriptions of a number of sub-
projects in each of these two projects are
given below.

Water contamination
39. If the way in which heavy metal and
radioactive contaminants are transported
from uranium mine wastes to underground
and surface waters is fully understood,
their likely impact on the environment can
be assessed and suitable monitoring
procedures developed. In the Alligator
Rivers Uranium Province in the Northern
Territory, the Commission is investigating
areas of anomalously high, natural
radioactivity in acid swamp soils which
receive water from springs draining the Mt
Brockman Massif. The aim is to determine
the mechanism of the concentration
process. A correlation between radium
concentration and organic matter in soil
has been demonstrated. Examination of
the thorium-228:radium-226 ratio in
samples of plant material, leaf litter and
soil organic matter suggests that uptake
of radium-226 by swamp trees is a major
concentration mechanism. Soils on the
Magela Creek system, which have a much
lower radium-226 content than those near
Mt Brockman, have been examined in the
light of these findings and some
similarities found.

Geochemical transport of radionuclides
40. A collaborative project with the
OECD Nuclear Energy Agency (NEA) has
been initiated to apply the AAEC's model
for predicting solution equilibria to
groundwater systems of interest in the
NEA program on geochemical transport of
radionuclides. This work forms part of the
NEA's project on nuclear waste
management. Initially the model will be
validated against empirically determined
equilibrium constants for a range of metal
complexation reactions which are already
in the NEA thermochemical database. If
the model's predicted values agree with

21



them, it will be used to provide data on
the reactions in groundwater of such
elements as technetiurn, neptunium,
Plutonium and radium in which the
database is deficient.

The use of Caro's acid in uranium
treatment plants
41. Collaboration has continued
between the AAEC and Interox Chemicals
Ltd on the use of Caro's acid (a derivative
of hydrogen peroxide) as an oxidant in the
leaching of uranium ores. Following the
successful introduction of Caro's acid at !
the Nabarlek uranium mill in 1983,
leaching trials were undertaken on ore
from the Ranger uranium mine. These
laboratory trials showed that Caro's acid
would result in operational and
environmental advantages similar to those
obtained at Nabarlek. Subsequently, an
AAEC officer assessed the metallurgical
performance of the ore-processing circuit
and made recommendations on the
optimum conditions for using Caro's acid.
It was concluded that Caro's acid would
be a viable, non-polluting oxidant for the
Ranger mill. Technical advice was also
given to Interox Chemicals during a trial
of Caro's acid on the pilot plant at Roxby
Downs in South Australia.
42. Collaborative research was carried
out to study the rate of decomposition of
Caro's acid and hydrogen peroxide, and to
determine why Caro's acid is the more
efficient oxidant for uranium extraction.
Kinetic studies demonstrated that Caro's
acid was more stable than hydrogen
peroxide over a wide range of conditions.
In the presence of ferric ion, hydrogen
peroxide catalytically decomposed far
more than Caro's acid. The results of this
research were used to estimate the extent
of oxidant decomposition in uranium
leaching circuits. Under typical plant
conditions, more than 95% of Caro's acid
was utilised in the leaching of uranium.

Radon measurements as an aid to
interpretation of atmospheric transport of
pollutants
43. Since it is the continents which
make the major contribution of radon to
the atmosphere, the presence of radon in
an air-stream indicates that at least some
of the air has recently been over a
continent. The continents are also the
major sources of pollutants in the
atmosphere; however, the source of radon
and its loss mechanisms are generally

much less complex than for most
atmospheric pollutants. Measurement of
radon is therefore a potentially powerful
way of elucidating atmospheric pollutant
transport on a global scale. For this
reason radon levels in the atmosphere
have been monitored continuously for
several years at the Baseline Pollution
Station at Cape Grim, Tasmania, using an
AAEC-developed radon detector with a
lower limit of about 0.05 becquerel per
cubic metre. These measurements show
that the annual average level of radon
from a close continental source is
3.8 Bq nr3 compared to its level in
maritime air streams of approximately 0.5
Bq rm.Since the ocean contributes about
0.04 Bq nr3, more than 90% of the radon
in maritime air must come from a
continent. This result is supported by high
radon/particle and radon/ozone
correlations in maritime air, and suggests
that most of the particles at Cape Grim
are of continental origin. This is difficult
to reconcile with strong evidence from
Antarctic stations that observed annual
variations of particle concentrations are
due to photochemical reactions over the
ocean. Clarification of this phenomenon
will require extension of the radon
measurement program to other monitoring
stations.

Radon emanation measurements
44. Instrumentation developed recently
by the Commission for measuring radon
concentrations and emanation rates has a
rapid response time, and field
measurements by the Australian Radiation
Laboratory of radon emanation using this
instrumentation show that emanation
rates can change by as" much as a factor
of ten in 30 minutes. Laboratory studies
using the radon calibration facility have
demonstrated that radon can be retained
in a thin film of radium salt when the film
is dry, then released within seconds by
exposing the film to moist air. These two
studies show that desorption of radon
from the surfaces of particles in a porous
medium is a mechanism which can
explain the observations. It was not
possible to account for the measured
change in emanation by assuming that
the only mechanism operating was a
change of diffusion coefficient.

Meteorological data analysis
45. New methods of analysing time
series of meteorological data are under
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investigation which take account of the
correlative aspects of atmospheric
transport properties. This information is of
considerable importance when
meteorological records have to be
sampled for assessment of the
hypothetical consequences of abnormal
releases of pollutants lasting up to a day
or so. Attempts are being made to fit the
data to standard statistical distributions
which wiil enable different measures of
the persistence of the wind direction in
given sectors to be made. Similarly,
distributions which fit combinations of the
variables that significantly influence the
concentration of pollutants downwind of a
source are also being examined. These
developments are being applied to the
Lucas Heights meteorological records for
the present HIFAR safety analysis (see
para. 154).

Meteorological studies in Western
Australia
46. As part of a joint research project
with Total Mining Australia Pty Ltd,
meteorological data have been collected
for 14 months at a site some 400 km
north-east of Carnarvon. Data include
conventional climatological information,
atmospheric transport parameters at
several locations, and both smoke and
theodolite tracked balloon trajectories.
Although the topography is essentially
flat, smoke plumes have revealed the
occurrence of distinct, poorly coupled air-
streams only a few metres deep, close to
the ground. An intensive study was also
made at this site of the radon
concentrations in air, meteorological
parameters and radon emanation from the
ground. Combining the measured radon
concentrations and the radon source
strengths with the meteorological data
will enable radon dispersion and airborne
pollution in the region to be modelled.

Rehabilitation of overburden heaps at
Rum Jungle
47. Recent measurements of oxygen
penetration through the semi-impermeable
clay seal over White's dump, the largest of
the waste rock dumps at the abandoned
uranium/copper mine at Rum Jungle,
Northern Territory, show that it is less
effective in excluding oxygen from the
waste than it was in the six months after
it was put in place under the
Commonwealth-funded rehabilitation
scheme at the mine site. It is too early to

Escarpment in the Alligator
Rivers uranium province, Northern Territory

Assessing a novel way of extracting uranium
from its ore by using Caro's acid
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say that the recent increase in oxygen
penetration has increased the rate of
oxidation of the pyrites in the waste.
Although the oxidation rate and hence the
pollution generation rate may have
increased recently, other measurements
confirm that the seal is as effective in
excluding water from the waste as it was
immediately after emplacement. Hence,
the rate at which pollutants are being
transported from the waste is still
significantly lower than pre-rehabilitation
levels. However, further measurements on
another un-rehabilitated waste rock dump
at the mine site have confirmed that
oxygen supply is the dominant rate-
limiting mechanism for pollutant
generation in these dumps. This dump is
due for rehabilitation during the 1985 dry
season using application and monitoring
techniques similar to those used on
White's.
48. Pyritic oxidation is catalysed by
microorganisms that use some of the
energy thus released for their metabolic
processes. Recent additional information
on the physicochemical conditions within
pyritic waste make it clear that the range
of conditions under which these
microorganisms operate is much greater
than previously supposed. The large
amount of earth moving that is a
necessary part of the rehabilitation of this
second dump at Rum Jungle has allowed
samples to be taken from parts of the
dump not previously accessible for
microbiological sampling but where the
physicochemical conditions are well
characterised. This unique opportunity
may well significantly increase
understanding of the role played by
various microorganisms.

Groundwater contamination from uranium
tailings piles
49. Collaborative research with the
Office of the Supervising Scientist and the
Australian Radiation Laboratory is in
progress to determine the long-term
release rate of heavy metals and
radionuclides from Australian uranium
tailings. Rehabilitated uranium tailings
piles are subject to leaching by infiltrating
rainwater. Seepage from the tailings
impoundment structure can be an
effective escape route to the environment
for heavy metals and radionuclides. The
risk of groundwater contamination
persists for a very long time because tlv
radionuclide content of tailings remains
essentially constant until thorium-230

decays (half-life approximately 80,000
years). To simulate the long times
involved, leaching tests were accelerated
by passing rainwater under pressure
through columns packed with tailings. The
effect of lime and limestone treatment
before impoundment was also examined.
Available results have shown that the
concentrations of components in the
seepage depend only on the ratio of
cumulative leachate volume to tailings
mass and are independent of flow rate
and tailings height.

Biological indicators of environmental
pollution
50. The suitability of tadpoles, frogs and /
crickets as biological indicators of /
pollution in uranium mining areas is under /
investigation. There is little basic data on
the sensitivity of these forms of life to
radiation so the first part of the project
consists of purely laboratory studies into
the effects of acute and chronic exposure
to X- and gamma-rays, measuring letha!
dose, skeletal defects, and chromosome
aberrations. Twenty-two stages of the life
cycle of the laboratory-reared frog,
Limnodynastes tasmaniensis were
subjected to acute irradiation from
cobalt-60 gamma-rays to determine the
lethal dose. The most sensitive stage was
the fertilised egg. Thereafter radio-
resistance increased unevenly—periods of
relatively rapid change alternating with
periods of little change. The most
resistant stages of the life cycle were
medium to large tadpoles at limb bud and
toe development stages. At
metamorphosis, resistance decreased
significantly to a level similar to that for
young adult frogs.

Radium accumulation by aquatic plants
51, Aquatic plants can act as biological
filters in freshwater wetlands (downstream
of mine sites) and thus affect the
distribution of pollutants that arise from
uranium mining. Moreover, in the Northern
Territory near the Ranger uranium mine,
aquatic plants are an important part of the
link in the traditional food-chain of
Aboriginals. Consequently, accumulation
of radium by the major aquatic plants of
the areas has been studied. The water-lily
Nymphaea rapidly takes up and
concentrates radium to a level which is
430 times higher than that in the water.
However, loss of radium is also rapid,
indicating that most of the radium is
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loosely attached to the surface, but about
20% is more strongly bound in the tissue.
Because dead water-lily tissue either has
greater bacterial activity or increased
adsorption sites, the amount of it can be
used to indicate likely uptake; these
plants do not significantly change the rate
of movement of radium from the water to
the sediment. Other experiments, on the
dominant aquatic grass Pseudoraphis
spinescens, showed that, on a fresh
weight basis, it accumulates radium to
about 800 times the concentration of
contaminated water; most of the radium is
quite firmly bound to the plant and is
slowly lost back into clean water.
52. Radium uptake into sediment and
transfer from the sediment to the plants
are much slower processes, so the
dominant role of these plants in polluted
water is uptake by the foliage from the
water. The fate of the radium accumulated
by the plants will therefore be largely
determined by the fate of their foliage.

Radium accumulated by diet turtles
53. On completion of radiological
assessment of mussels which are
probably the most important dietary item
in this type of study, attention was turned
to turtles. Several species of freshwater
turtles from the Alligator Rivers uranium
province are components of the traditional
diet of local Aboriginals. Mining may
result in exposures of these turtle
populations to raised concentrations of
radium-226 in water. An investigation
under way into pathways and rates of
uptake is aimed at development of
standards for such concentrations in mine
effluent. In this work calcium, which is a
metabolic model of radium, is labelled
with radioactivity and extracted directly
from the aquatic medium. Preliminary
work shows that it is quickly and directly
absorbed from water and stored in various
body tissues. The rate of accumulation
per gram of tissue is greater for smaller
individuals and higher for the short-necked
turtles than for the long-necked species.

The effect of uranium on amphipods
54. Marine environments may become
affected by heavy metals released as a
result of mining operations. This is
important in estuaries of Northern
Territory rivers, and experiments have
been conducted on the .effect of uranium
on the growth and reproductive biology of
the amphipod Allorchestes compressa.
Growth rates were not affected below one

Water lilies from the Northern Territory are
grown in controlled conditions at Lucas
Heights to study their radium uptake
Freshwater turtles under study for radium
uptake
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milligram of uranium per litre but multiple
generation experiments revealed, for three
generations, a significant reduction in the
male:female sex ratio at that
concentration. Such a change would be
expected to upset the reproduction of the
animal and this was demonstrated by a
reduced yield of progeny in the third
generation. It was also observed that, at a
concentration of 0.1 milligram per litre, the
respiration rate of males was reduced by
a constant amount. No change in
reproduction biology at 0.1 milligram per
litre was found. Results of experiments on
the uptake of uranium by mussels at
various water temperatures and salinities
have yet to be analysed.

Groundwater research
55. The Commission, as part of its
environmental science R&D in which
isotope techniques are being applied to
hydrolpgical studies, is using naturally
occurring isotopes to investigate
groundwater resources. In conjunction
with the Bureau of Mineral Resources,
Geology and Geophysics and the
appropriate State authorities, the
following studies are being conducted. In
the Amadeus Basin, Northern Territory,
carbon-14 dating of groundwaters in
sandstone formations adjacent to the
Mereenie aquifer has indicated ages of up
to 10,000 years. Near Curtin Springs,
tritium and carbon-14 levels in all the
groundwater samples collected from
shallow wells indicated modern water. In
an arid zone, where potential evaporation
exceeds rainfall by a factor of 10, this is
significant. Investigations in the Great
Artesian Basin in Queensland continued,
and iodine-129 data have been interpreted
in terms of the atmospheric and sub-
surface sources of the isotope. The
possibility of applying this very long-lived
isotope (half-life 16 million years) to the
dating of oil field brines is being
considered. Studies of the isotope
hydrology of the south-western area of the
NSW portion of the Murray Basin are
continuing, and show that the ages of the
water increase in a regular way from the
recharge area near the Lachlan River (near
Hillston) to the limit of carbon-14
detection (40,000 years) 160 km east of
Wentworth.

Antarctic studies
56. The Antarctic Division of the
Department of Science, and the

Commission, are using environmental
tritium techniques to investigate the
residence times of water in the
meromictic, or permanently stratified,
Antarctic lakes which will enable them to
be classified into different groups.
Samples from the Shield, Ace and Burton
Lakes have been assayed for tritium and a
very substantial level of stratification has
been observed.

Low-level counting of chlorine-36
57. Assessment of concentrations of
environmental chlorine-36 (half-life 301,000
years) in total chlorine is important for
studies of salinity. Chlorine-36 is formed
from cosmic ray interactions and nuclear
testing. Concentrations of chlorine-36 in
total chlorine range from 2 x 10'15 for
seawater, to 2000 x 10'15 for post-bomb
water in the Northern Hemisphere. World-
wide, most measurements have been
made with tandem accelerators
(particularly, the 10 million volt facility at
the University of Rochester,, New York).
The use of liquid scintillation techniques
to determine the natural levels of
chlorine-36 in the Australian environment
has been examined by the Commission in
its low background facility at Warragamba
Dam, in New South Wales, where
detection limits of 200 x 10'15 chlorine-36
have been achieved. The aim of this work
was to achieve an independent capability
for measuring chlorine-36 levels in inland
regions where the environmental levels are
highest. Recently the Australian National
University agreed to collaborate with the
Commission and the CSIRO Division of
Soils in the development of chlorine-36
measurement techniques on the ANU's
tandem accelerator.

Erosion and sedimentology
58. The national problem of the
continuing erosion of Australia's scarce
soil resources is intensifying, highlighting
the urgent need to understand the
mechanisms involved and to measure the
rate and extent of erosion. The
Commission has continued its detailed
study and interpretation of levels of
caesium-137 fallout in soils and sediments
with the specific aims of:
• identifying erosion sources,
• measuring the extent of erosion,
• obtaining data for computer-related

studies of erosion and productivity, and
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• constructing a geochronology of recent
sedimentation in reservoirs, dams and
lakes.

59. In a joint AAEC and Water
Resources Commission project, soil
samples from Burrinjuck and Wyangala
catchments, New South Wales, have been
analysed, and samples from Narrogin,
Western Australia, have been studied in a
second joint study with the Universities of
Western Australia and Newcastle. A third
study has been completed in the
Scone/Gunnedah area, New South Wales,
in collaboration with the New South
Wales Soil Conservation Service and
University of Newcastle. The results of all
three studies have been compiled. An
important outcome of the third study is
that it confirms the correlation between
measured soil and caesium-137 losses
from erosion plots. This is the first time
that real soil-loss data have been found to
be significantly correlated with real
caesium losses, and it opens the way for
direct measurement of erosion losses
time-averaged over the last 30 years (i.e.
since the caesium was first deposited in
nuclear fallout in the bomb tests of the
1950s). To further this work, the
Department of Primary Industry has
awarded a grant jointly to the
Commission, the University of Newcastle
and the Soil Conservation Service of New
South Wales. Sample collections at
Merriwa (NSW) and at Toowoomba,
Queensland, have been made using this
grant.
60. A cooperative research program has
been initiated with the Land Protection
Service (Victorian Department of
Conservation, Forests and Lands)
following the success of some screening
analyses. Further analyses will examine
the impact of various land uses on the
important Lai Lai project area, and wind
erosion effects.
67. At the invitation of the IAEA and the
Sri Lankan Government the Commission
planned and initiated a program of
erosion/deposition studies in Sri Lanka
over a four-week period commencing in
February 1985 (see para. 205).

IAEA projects

62. The assay of tritium in monthly
precipitation samples taken from the
Australian network of stations as part of a
world survey of environmental isotope
concentration in precipitation which
began in July 1981, has continued and

Core sampling at Burrinjuck Dam, NSW, to
assess the natural rate of sedimentation

Severe soil erosion
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results have been sent to the IAEA,
Vienna, for publication in the IAEA
technical report series.
63. The IAEA has entered into a one-
year agreement with the AAEC on the
research project 'Hydrological studies
using environmental chlorine-36'.

Waste Management
64. The Commission's R&D in this field
consists of three projects, whose aims
are:
• to develop the SYNROC concept for the

immobilisation of high level nuclear
waste,

• to study the migration of radioisotopes
in groundwater and so improve
understanding of the possible
behaviour of buried nuclear waste, and
to investigate methods for the safe
handling and disposal of radioactive
waste generated in Australia from the
use of radioisotopes in industry and
medicine.

Work and achievements over the period
for the first two projects are described
below.

SYNROC
65. The Commission's SYNROC project
involves R&D sub-projects which are being
conducted at the following levels:
• laboratory scale, using non-radioactive,

simulated waste,
• laboratory scale, adding 'tracer'

amounts of radioactive elements,
• laboratory scale, adding radioactive

elements at higher levels in special
facilities,

• fast neutron irradiation of laboratory
scale samples to allow the effects of
radiation damage to be studied,

• full-scale fabrication development and
demonstration, using non-radioactive,
simulated waste,

• collaboration with other countries on
specific aspects of SYNROC research.

66. Fabrication and hot-water leaching
studies on SYNROC containing simulated
waste with a chemical composition very
close to that of actual waste have
progressively improved understanding of
the effects of fabrication variables on the
quality of the SYNROC produced and have
allowed the already very high quality of
standard SYNROC to be improved to the
point where any further improvements can
be only marginal.

67. In another series of tests,
radioactive caesium and strontium were
added at similar levels and the SYNROC
was leach-tested. The results confirmed
that radioactive caesium and strontium
leach from SYNROC at the same very low
rate as already observed for non-
radioactive caesium and strontium. In the
laboratory 'glove box' line, which was
funded under the National Energy
Research, Development and
Demonstration Program (NERDDP),
SYNROC containing the actinide
elements, americium and plutonium, has
been made, and leach testing is in
progress. Preliminary results indicate the
expected very high retention of these
elements in SYNROC. A similar line has
been constructed, also under NERDDP
funding, in two of the Commission's high
activity handling cells. This line has been
commissioned with non-radioactive waste
and is now ready for the fabrication of
SYNROC containing progressively
increasing levels of radioactive waste
from the Commission's
radiopharmaceutical production program.
68. The fast neutron irradiation program
to study the effects of radiation damage
in SYNROC continued, mainly involving
commencement of up to six-month
irradiations on current grade SYNROC at
normal and high temperatures, and a
detailed analysis of leach results on
previously irradiated samples. This
analysis showed that after irradiations
equivalent to SYNROC storage for 450,000
years, the caesium leach rate had almost
tripled. Of far greater practical
importance, however, was the rapid
decrease in leach rate with time (by a
factor of 100 or more in the first 50 days)
which still occurred in irradiated samples,
irrespective of the extent of radiation
damage.
69. Tests in which radioactive isotopes
of caesium and ruthenium were added to
SYNROC at 'tracer' levels have shown that
the loss by volatilisation of these
potentially volatile elements is very low at
important stages of the SYNROC
fabrication process.
70. Demonstration of SYNROC
fabrication at full scale is the main
objective of the AAEC/ANU SYNROC
demonstration plant sub-project. A non-
radioactive fabrication plant is being
constructed at Lucas Heights and by June
1985:
• the key 'bellows hot pressing'

technology had been demonstrated on
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the hot press that will form part of the
plant,

• of the other nine major plant modules,
one had been delivered, six had been
ordered and two had been placed on
hold,

• engineering design work to integrate
the individual modules and to provide
services to the plant was proceeding.

71. As well as formal collaboration on
SYNROC with the United Kingdom Atomic
Energy Authority and the Japan Atomic
Energy Research Institute, informal
collaboration commenced with the
Battelle Pacific Northwest Laboratory
(PNL) (which is funded by the US
Department of Energy) to assess
competing high level waste immobilisation
forms. In response to a specific US
request, two 250-gram samples of the
Commission's standard SYNROC were
sent to PNL in March 1985. PNL has
confirmed willingness to examine the even
better SYNROC resulting from the
Commission's latest R&D, and samples of
this are being prepared.

Prediction of the long-term migration of
radionuclides
72. The proponents of sites for
radioactive waste repositories will need to
ensure that future generations are not
required to actively care for waste which
was used to produce a benefit in which
they did not directly share. To this end,
particular attention is being paid to the
potential effects of radionuclide migration
in both the selection of suitable sites and
the design of engineered barriers.
73. With the financial support of the US
Nuclear Regulatory Commission, the
AAEC is using an analogue approach to
study the rate of migration of
radionuclides through the geosphere over
long periods (10,000 years and upwards).
Uranium ore bodies in the Alligator Rivers
region are being evaluated as natural
analogues of waste repositories. Three
main lines of investigation are being
followed concurrently.
74. The first, to which Sydney
University's Department of Soil Science
has made a major contribution, involves
identifying phenomena which, although
possibly significant in long-term
prediction, may not occur in the
laboratory. The following effects have
been studied in detail:
• the role of colloids in thorium and

uranium transport,

• the effect of alpha-decay on observed
distribution coefficients,

• the role of various iron minerals in
radionuclide transport,

• the effect of mean residence time on
the radium and thorium distribution
coefficients.

75. The second line of investigation
involves extending the analogue to
transuranic elements, such as
plutonium-239, and fission products, such
as iodine-129 and technetium-99. Ultra-low
levels of those elements can be measured
in uranium ore bodies. This work is being
done under sub-contract by the University
of Arizona and the Los Alamos National
Laboratory.
76. The third study is aimed at
validation of the long-term predictive
capability of major geochemical transport
codes. Work has commenced with the
Sandia Waste Isolation Flow and
Transport (SWIFT) code. An attempt is
being made to see whether the levels of
uranium daughter products observed in
the vicinity of deposits are consistent with
the predictions of SWIFT.

Medical Applications of
Radioisotopes and Radiation
77. The Commission's research in this
field complements its role as a producer
of radiopharmaceuticals. It has the
following aims:
• to develop new radiopharmaceuticals

for diagnostic and therapeutic
medicine,

• to improve methods of manufacture
and quality control of
radiopharmaceuticals and to examine
the possibility of their interaction with
other Pharmaceuticals,

• to study radiation biology and radiation
dose effects,

• to collaborate with workers in hospital
nuclear medicine departments in the
development of novel methods in
diagnosis and therapy.

Work in a number of the projects with
these objectives is described below.
78. Work is in progress on several
projects aimed at improvements in the
manufacture and performance of
technetium-99m generators. A pilot plant
has been constructed to enable
investigation of the extraction of
molybdenum-99 for generator manufacture
from a solution of uranium-235 fission

29



products by precipitation with toluene-3, 4
dithiol. Laboratory experiments indicate
that this technique will reduce processing
time from 14 to 4 hours and yield
molybdenum-99 of higher radionuclidic
purity than that currently used in
generator manufacture.
79. The chemistry of the technetium-
alumina-molybdenum system is being
studied with the aim of improving
generator design and performance. It has
been found that during elution a pH
gradient is established between the eluent
above the generator column and the
column itself, and that changes in column
pH are related to fluctuations that occur
in generator elution efficiency. Twin bed'
columns in which the adsorbed
molybdenum is sandwiched between two
alumina layers are used by some overseas
generator manufacturers to overcome this
problem. AAEC-manufactured generators,
in which a twin bed is simulated by
inserting a neutral alumina column
between the saline bag and the generator,
showed some improvement in overall
elutipn performance, particularly in the
stability of both elution efficiency and the
column pH.
80. Molybdenum-99 specific activity is
important in generator manufacture since
it affects the loading and elution
efficiencies and the degree of
molybdenum 'break-through' that may
occur. The Commission's work on
molybdenum-99 specific activity has been
aimed at calculating and measuring it. A
computer program has now been written
which can calculate the specific activity
of fission-product molybdenum-99 for any
irradiation and decay conditions.
81. The Commission is engaged in
several collaborative research projects
with Australian nuclear medicine centres
and universities. These projects have
resulted in the development of radioactive
compounds for research, diagnostic and
therapeutic application.
82. High specific activity copper-64 is
used in the study of copper metabolism in
man and animals, and in soil and plant
studies. In collaboration with the
Department of Genetics, University of
Melbourne, a procedure has been
developed to produce high specific activity
copper-64 using the Szilard-Chalmers
reaction. This reaction occurs in certain
neutron-irradiated targets when, after
neutron capture, the recoil of the nucleus
breaks the chemical bonds in the target
and the radioactive atoms adopt a

chemical form which permits separation
from the target compound in a 'carrier
free' or high specific activity form. The
copper-64 produced is being used
routinely at the University of Melbourne
and is soon to be made available
commercially.
83. Chelates of samarium-153 have
been proposed as potential tumour-
specific agents. A joint project involving
the Commission, Fremantle Hospital and
Murdoch University has been initiated to
study the chemistry and tumour-labelling
behaviour of these compounds. Fremantle
Hospital has established a colony of
tumour-bearing mice to assist with these
studies, and a septic abscess model has
been developed to determine
samarium-153 uptake in non-malignant
lesions. Samarium complexes being
studied include EDTA, DTPA and the
citrate. To date, little tumour uptake has
been observed. The DTPA compound,
however, showed some uptake in the
abscess model.
84. Metal complexes containing
paramagnetic metal ions are potentially
useful as contrast-enhancing agents for
nuclear magnetic resonance imaging. If a
suitably radioactive isotope of the
paramagnetic ion is used, present nuclear
medicine techniques can be used to great
advantage for the development of these
contrast agents. The immediate goal of
this collaborative project with Royal
Adelaide Hospital is to develop
gadolinium complexes that will act as
hepatobiliary contrast agents. A series of
hexadentate phenyl-EDTA type ligands
has been prepared and their
gadolinium-153 complexes are being
screened in rats. Although the design of
these ligands was based on the well
known technetium-HIDA complex, their
increased chelating ability was found to
be necessary for stable complexes, taking
into account the greatly reduced
complexing ability of gadolinium.
85. The Commission is engaged in a
continuing collaborative project with the
Prince of Wales Hospital (Sydney) and the
MD Anderson Hospital (Houston, Texas)
into the use of whole-body irradiation as
part of the treatment of leukaemia,
lymphoma and certain tumours following
chemotherapy and bone marrow
transplantation. The Commission uses its
pathogen-free laboratory mice to assess
the effectiveness of this combination of
drug and radiation therapy. A new one
petabecquerel cobalt-60 gamma-ray
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source was acquired and installed at
Lucas Heights in a training rig owned
jointly by the Commission and the Prince
of Wales Hospital.
86. As part of a study on the feasibility
of an Australian medical cyclotron,
methods of producing radionuclides which
could be supplied from a cyclotron facility
are being studied. These include
iodine-123, gallium-67, indium-111,
fluorine-18 and thallium-201, which could
be distributed nationwide, and the short-
lived carbon-11, nitrogen-13 and oxygen-15
for use in positron emission tomography
(PET) at the cyclotron site. Various
irradiation and processing options have
been considered and possible cyclotron-
operating schedules prepared.

Radioisotopes and radiopharmaceuticals
87. The Commission is also
participating in an IAEA-coordinated
research program on the development of
new radiopharmaceuticals (see para. 199).
The IAEA has perceived a need for
continued research in the field of liver-
function testing, or hepatobiliary,
radiopharmaceuticals and has invited
experts from the USA, Japan, Greece,
India, Uruguay and Australia to work on
projects in this field. The Commission's
contribution is the development of
hepatobiliary agents labelled with
relatively long-lived radionuclides,
particularly gallium-67 and indium-111.
Animal studies on phenolic
aminocarboxylic acid chelates of these
nuclides showed that they have suitable
properties with respect to liver uptake and
subsequent excretion into the
gastrointestinal tract.

Gel generator
88. Research studies on gel chemistry
and design studies for the pilot production
plant for the Commission's gel generator
continued. The initial objective is to
optimise and demonstrate the process for
a large generator suitable for a central
pharmacy supplying ready-to-inject
technetium-99m solutions to hospitals
daily. A further objective is to develop a
smaller, portable generator to be supplied
weekly for direct use in hospitals.
89. Safety aspects of procedures to be
used for production in a remote handling
cell and modifications to the cell are
under review. In addition, a number of
items of in-cell equipment have been
designed, built and bench-tested.

90. As part of an investigation into the
feasibility of using enriched molybdenum,
various methods for the recovery of
molybdenum from previously-used
decayed gels have been tried, resulting in
the development of a single method which
provides better than 85% recovery as
molybdenum oxide.
97. A patent application has been
lodged in Australia and six other countries
for a method of treatment of technetium
solutions in which impurities are removed,
the pH is adjusted and the concentration
is increased 15-fold using ion exchange.

Radiation dose assessment by biological
dosimetry
92. In cases of acute homogeneous
exposure to penetrating radiation, such as
X-rays or gamma-rays, it is possible to
make a reasonable estimate of dose by
counting the chromosome aberrations in
blood cells. The technique is sensitive
enough to detect about 0.1 sievert of
sparsely ionising radiation. This
alternative and different method is useful
in verifying the accuracy of high-dose film
badge readings. It is also particularly
helpful in cases of actual or suspected
over-exposure where measurements by
physical dosimetry are uncertain or
unavailable.
93. Since 1969 the Commission has
provided a routine service for biological
dosimetry throughout Australasia.
Chromosomal analysis has been carried
out in 59 subjects in 37 investigations,
with only two individuals recording doses
significantly above maximum permissible
limits (0.10 and 0.27 sievert). Most
accidents involved industrial users of
radiation or staff employed in radiology
departments. A recent accident involved
the driver of a delivery van who was
alleged to have received a high dose of
gamma-rays while transporting an
improperly packaged industrial
radiography unit, and eleven other persons
who may also have been exposed. No
chromosome aberrations were detected in
blood samples, thus allaying any concern
that a serious over-exposure had taken
place.

Radiation dosimetry physics

94. Calculation of the damaging effects
of ionising radiation on living cells is
aided by data on the double differential
cross section for electron ejection that is
induced by proton impact with gaseous
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target atoms and molecules. A new type
of energy analyser was developed and
used to obtain such data. Where they
overlap with published data there is good
agreement in the energy dependence of
the cross sections but quite severe
disagreement in their angular dependence,
thus revealing a possible source of error
in the published data; that is, in the type
of apparatus used previously there may be
an increased likelihood that a multiple-
scattered electron will enter the detector
system and cause errors in the
measurement of the very small cross
sections which, according to data
obtained at Lucas Heights, apply at large
angles.

Neutron capture therapy
95. There is a very large probability that
boron-10 will 'capture' thermal neutrons;
the short range radiation it emits after
neutron capture can kill cancer cells.
Suitable boron compounds have been
developed in the USA and Japan which
show high tumour-specificity and low
associated toxicity. These passive
compounds are activated by a thermal
neutron beam from a reactor to enable
localised therapy, called neutron capture
therapy (NCT), of the tumour. NCT
irradiations require a flux of about 109

neutrons r-sr square centimetre per
second and a much lower associated
gamma dose. These conditions have been
achieved in an NCT facility installed in the
thermal column of the Commission's
reactor Moata.
96. Tumours known as melanomas are
characterised by their ability to synthesise
the dark pigment melanin, and certain
compounds in the body are taken up by
the tumour cells to produce melanin. In
collaborative experiments with the
Queensland Institute of Medical Research,
the uptake and incorporation of the
compounds chlorpromazine and thiouracil
have been tested on human melanoma
(HM) cell cultures. Results showed better
incorporation of thiouracil in melanomas
with high tyrosinase and melanin content.
Amelanotic and melanotic HM cell lines
supplied to the Commission are being
cultured for in vitro studies of neutron
capture using an enriched boron-10
compound obtained from Japan which
has shown enhanced incorporation for
melanotic and amelanotic melanomas.
These cultures are being implanted in
nude mice and grown as HM xenografts
for benchmark testing of thiouracil, and a

biohazard cabinet has been installed for
this purpose. A boron analogue of
thiouracil is being synthesised and its
biodistribution will be compared directly
with the benchmark; it will be an entirely
new compound.
97. In collaboration with the
Commission, the Department of
Pharmacy, University of Sydney, is joining
a decabqrane compound to a protein
intermediate which is then coupled to
monoclonal antibodies obtained from the
University of Newcastle. Boron analysis of
the products of this synthesis has been
carried out on the Commission's
inductively coupled plasma spectrometer.
Monoclonal antibodies for melanoma-
associated antigens have been obtained
from the USA for the final application.

NCT in bone marrow transplantation for
leukaemia
98. In recent years, bone marrow
transplantation has led to improved
survival rates for patients with chronic
myeloid leukaemia or acute non-
lymphoblastic and lymphoblastic
leukaemia. However, only highly matched
donors who are brother or sister to the
patient can be used and, even then,
morbidity and mortality from 'graft versus
host disease' will occur if the donor
marrow rejects the recipient. In a
collaborative project with St Vincent's and
Westmead Hospitals, NCT is being
applied to the task of eliminating donor
T-cells (which cause the graft versus host
disease) or leukaemia cells.
99. Particles of cobalt boride have been
synthesised at the Australian Radiation
Laboratory and coated with monoclonal
antibodies provided by the University of
Melbourne. Initial experiments involve non-
specific irradiation of T-cells, leukaemia
cells and bone marrow cells in the Moata
NCT facility to determine cell sensitivities
to neutron irradiation.

In vivo determination of protein in cystic
fibrosis patients
700. Cystic fibrosis (CF), the most
common of the recessive inherited
diseases, affects about one in 2500
children and leads to malnutrition which
may shorten life expectancy. A study has
commenced at The Royal Alexandra
Hospital for Children using nuclear
techniques to assess the effectiveness of
measures to correct the malnutrition. In
normal subjects, total body potassium
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and total body nitrogen correlate well, but
in a subject suffering from malnutrition, a
tissue potassium deficit can occur and
lean body mass may be underestimated
when the effectiveness of a nutritional
program is being assessed. It is therefore
important to determine both potassium
and nitrogen.
107. The Commission's total body
monitor is used to assess potassium via
the naturally radioactive potassium-40
which the body emits. To measure
nitrogen, the CF patient is passed over a
collimated beam of neutrons from a
spontaneous fission source. The neutrons
are slowed down in the patient's body and
captured by nitrogen atoms which,
because they emit high energy gamma-
rays, can be detected by large sodium
iodide crystals. Three measurements of
total body nitrogen for each CF patient
over a six to twelve month period are
planned, in collaboration with the hospital.
The neutron dose would be less than one
half of the CF patient's annual medical
X-ray dose. To establish that the neutron
doses in these procedures are acceptable,
approvals were sought and obtained from
the hospital's ethics committee, the
National Health and Medical Research
Council (NH&MRC) and the NSW
Radiological Advisory Council. This is the
first time in Australia that neutrons have
been used directly for medical purposes.

Industrial Applications of
Radioisotopes and Radiation
102. The work completed in this field
during the period has been aimed at:
• development and application of

radioisotope and radiation techniques
in industry,

• application of neutron and particle
beam techniques in geoscience,
biomedicine, archaeometry, industry
and other areas of national interest,

• the use of radiation in the sterilisation
and disinfestation of products,
particularly foodstuffs,

• acquiring expertise in solid state
nuclear radiation detectors for
scientific and industrial applications,

• maintenance of Commonwealth and
working standards of radiation
measurement, in collaboration with
CSIRO and the Australian Radiation
Laboratory.

Examples of R&D in connection with
some of these objectives are given below.

Applications in the steel industry

103. The use of modern blast furnaces
has revealed deficiencies in operating
procedures developed for the older style
furnaces. For the past 15 years, world-
wide research has been aimed at
understanding the behaviour of the blast
furnace, in particular the furnace hearth
processes, improvement of coke economy,
and analysis of hearth drainage.
104. Since 1979, the A A EC has carried
out experiments at Port Kembla for BMP
Steel International on Nos 3 and 5 blast
furnaces. The objectives are to measure
the residence times of molten iron and
molten slag in the furnace and to
investigate whether they are correlated
with furnace performance. Gold-198, silver-
110m and cobalt-60 are used to label the
molten iron, and lanthanum-140 and
scandium-46 are used to label the molten
slag.
105. Analysis of the results of the
1979—81 experiments has enabled the
AAEC to develop a means of
characterising flow behaviour by
measuring a number of flow parameters
which can be obtained in two to three
hours. Further experiments are necessary
to determine how sensitive these
parameters are to changes in the furnace
behaviour and output.
106. In early- and mid-1984, five isotopes
were used to compare the effects of using
new and standard coke in the No. 5 blast
furnace. Between November and
December 1984, a further series of
experiments was undertaken to monitor
the blast furnace behaviour. Preliminary
analysis of the data from the mid-year and
the end-of-year trials has revealed that
there was a progressive deterioration in
flow behaviour in part of the hearth over a
3—4 week period. Following these trials,
major hearth drainage problems affecting
production were encountered and
remedial action was necessary. It is
possible that the flow degradation
observed in the 1984 trials was heralding
the onset of these major problems. The
possibility that tracers can be used to give
forewarning of operational difficulties has
aroused much interest at BMP Steel
International and could lead to the routine
use of radioisotopes for diagnosis of
hearth drainage problems.

Applications in other industries

107. The high mineral content in most
Hunter and Bulli coals makes them
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unsuitable for export, but they are used
extensively for electric power generation.
These minerals accelerate wear of the
pulverisation equipment, leading to
excessive down-time and maintenance
costs. Because the minerals are variable
in chemical composition, estimates of
coal abrasiveness obtained via
conventional testing techniques are often
misleading. One of these machines, a
Hardgrove Mill, has been modified so that
a radioisotope technique can be employed
to measure wear. The grinding balls in
this machine have been made radioactive
by neutron irradiation in HIFAR, enabling
the relative wear rate of coal samples to
be assessed. The radioactive levels from
the abraded material in the samples after
grinding are very low — of the same order
as the natural radioactivity. This technique
has been used to determine wear factors
for very soft coals.
708. Coal is usually roughly crushed
and then washed prior to stockpiling. A
typical coal washing plant handling 1000
tonnes an hour has a throughput of 15,000
to 20,000 tonnes of wash water per day
which yields a 'waste' slurry containing
approximately 3% fine solids. This
becomes concentrated to about 30%
when flocculents are injected and the
resultant fluid passed through a settling
plant whence the overflow water is
recycled to the wash unit. A gold-198
tracer has been used to label the solid,
and initial experiments on a laboratory
unit at the BHP Central Research
Laboratory have been performed prior to
full scale experiments.
709. The Commission was asked by
Commonwealth Industrial Gases Pty Ltd
to examine the use of tracers to optimise
operation of an industrial air separation
plant at Port Kambla and particularly a
reboiler-condenser system, running at
-180 C to -190 C in the I9W temperature air
separation plant, that appeared to be
operating unsatisfactorily. Four preliminary
experiments were conducted, and
argon-41 was used as the tracer because
it is similar to the process stream and its
short half-life (1.8 hours) minimises
contamination of the product. Four
detectors around the condenser were used
to monitor activity at the two condenser
inlets and outlets. Interpretation of the
results is continuing and further
experiments are planned.

Radioisotope studies on termites
770. Over the past 10 years, the AAEC

has carried out research into the use of
radioisotope techniques to study two
aspects of termite behaviour — their
behaviour in a 'natural' environment, and
their behaviour in an urban environment
where they co-exist with human beings
and have to cope with efforts to disturb or
eradicate them. In one major project being
carried out in cooperation with the CSIRO
Division of Soils in Townsville,
Queensland, radioisotope tracers are
being used to study mound-building
harvester termites in a semi-arid tropical
environment. Behavioural aspects being
studied include the extent of the termites'
foraging areas, their population numbers,
and whether colonies occupy more than
one mound.
777. In field studies of five species of
termites, radioisotope tracer work has
shown that four of the species occupied
up to eight adjacent mounds. This is the
first time that co-occupancy of multiple
mounds has been observed for these
species and has important implications
for the understanding of their 'social'
behaviour. The classical interpretation of
the dispersion of some termite mound-
building species will now have to be
reconsidered in the light of this new
evidence.

Tracer studies of water and sediment
movement
772. The Commission has continued
work in collaboration with the Port of
Brisbane Authority to assess a proposed
new navigation channel for the port of
Brisbane. In 1983-84 a preliminary two-
month experiment traced the movement of
chromium-51 labelled sand injected close
to the mid-point of a proposed navigation
channel through the northern shoals of
Moreton Bay in Queensland. Movement of
sand towards the north-west along the
wave orthogonal was identified. This
movement, driven by mass transport and
wave asymmetry effects, is across both
the tidal current direction and the channel
alignment. It was calculated that the 3 km
section would intercept 2.5 x 105 tonnes of
sand annually. A follow up, long-term
tracer test was carried out using
iridium-192 labelled sediment, initially
injected as a 3 km line source to the
south-east of the proposed channel.
Results are being analysed.
773. Field-work investigation of
sediment movement pathways in Port
Hacking in New South Wales is near
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completion. This estuary is experiencing
severe siltation, resulting in costly
maintenance dredging, congested
channels and disrupted ferry routes. A
study in conjunction with the NSW Public
Works Department aims to provide a
thorough understanding of the role of
waves, tides, currents and floods in the
movement of sediment within the
waterway. When this has been obtained,
management options for local government
bodies can be devised, taking into
account community needs, environmental
aspects and cost. To date, 16 two-week
tracer experiments using gold-198 labelled
sand have been completed and are being
analysed.
114. Preliminary field investigations and
site assessment have been carried out
offshore of Adelaide in South Australia
where heavy beach erosion is occurring
because of die-back of stabilising offshore
weed beds and subsequent deepening.
Sand movement in the area in general and
specifically in sand patches between
residual beds, in beds, offshore of beds
and landward of beds is unknown. Tracer
tests are planned for mid-1985 to coincide
with winter storm activity from the Great
Australian Bight.
115. The effectiveness of sewage
treatment of wastewater ponds in
reducing disease-causing organisms to
acceptably low levels before discharge to
surface waters depends on a complex
interaction of physical, chemical and
biological processes. Hydraulic behaviour
and, in particular, hydraulic retention time,
has often been used as a parameter in the
design and theoretical modelling of pond
behaviour but it is one of the least
researched aspects. Since 1979, short
lived, gamma-ray emitters have been used
by the Commission to study in situ the
dispersion behaviour of pond influent, and
water oontaining tritium, a long lived,
beta-particle emitter, has been used to
study long-term retention time
distributions. These studies have been
continued in various locations in NSW to
determine variations due to seasonal and
short-term weather factors, to improve the
mathematical modelling of the retention
time distributions, to correlate the
observed distributions with the type of
flow behaviour observed in in situ tracing
experiments, and to study the efficacy and
mechanism of baffling as a means of
extending retention time.
116. Under the IAEA/AAEC Regional
Cooperative Agreement (RCA) program in

Radioisotope tracer study of mound-building
harvester termites
A water-proof detecfor being used to map
sand labelled with radioactivity on the
bottom of Moreton Bay, Queensland.
Radioactivity is used to study effluent flow in
a sewage treatment plant
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hydrology and sedimentology, a study was
made of seepage from the Pedu Dam in
Kedah State, Malaysia. A tracer study was
conducted using injections of tritiated
water and a fine silicate slurry labelled
with gold-198, together with direct
measurement of seepage via an AAEC-
designed seepage meter which was used
to investigate whether seepage was
occurring in the clay blanket which had
been constructed up to the dam bitumen
curtain. This extended the area of
investigation beyond that obtainable with
the limited amounts of radioisotopes
being used and the limitations on the
location of the traverse lines for tracer
injection monitoring. The two
radioisotopes were injected under water
across the face of the dam using an
injection device specially designed to
maintain the injection 5m above the
sloping base of the earthern dam wall.
Because the labelled silicate slurry takes
aboul 5 hours to descend the 5m water
column and reach the dam wall, any
seepage stream lines will attract and
concentrate it, and their positions can be
located using submersible scintillation
detectors. Since errors could arise if
problems occurred during injection of the
labelled sediment, tritiated water was also
used as a tracer to confirm the existence
of seepage points along the face of the
dam. Correlation of the tritiated water and
the labelled slurry results ensured that the
seepage was unequivocally recognised.
This is the first time this double isotope
technique has been used, and the results
were very satisfactory.

Ionising energy treatment of food
117. The Commission's batch irradiation
plant, Gamma Technology Research
Irradiator (GATRI), has been modified to
improve its efficiency and has been used
to study ionising energy treatment of fruit
as a potential disinfestation quarantine
control method. Such foods as lychees,
mangoes, kiwifruit, and avocados have
been treated in collaborative research with
the NSW Department of Agriculture, and
the Queensland Department of Primary
Industries.
118. Two transportable refrigerated
cabinets have been constructed to treat
meat, poultry and fish at low temperatures
and to avoid problems with off-flavours
which may occur if these products are
treated at normal temperatures.
119. At a two-week workshop at Lucas
Heights on the commercialisation of

ionising energy treatment of food, bulk
quantities of oranges, strawberries,
mushrooms, dried fruits, onions, fresh
chickens and prawns, frozen fish, flour,
rice and peppercorns were irradiated in
GATRI for demonstration purposes.
Participants were scientific, engineering,
and commercial representatives from food
industries and research establishments in
Australia, Bangladesh, the Republic of
Korea, Indonesia, Malaysia, New Zealand,
Pakistan, the Philippines and Thailand.
The workshop, organised by the
Commission and the Australian School of
Nuclear Technology was part of phase II
(technology transfer) of the IAEA-RCA
Asian regional project on food irradiation
(RPFI). Australia is funding phase II of
RPFI.
120. Regulations permitting the
commercial irradiation of food in Australia
are being drafted by the National Health
and Medical Research Council (NH&MRC)
and the process is expected to be
approved by the end of 1985. Commercial
facilities for treating foods will be
available in Melbourne and Sydney after
minor modifications to plants operated by
Ansell International for gamma
sterilisation of medical products.
Construction of multi-purpose irradiators
in Queensland and Western Australia is
receiving serious consideration from both
the public and private sector. When
requested, Commission officers have
provided technical advice to industry and
government departments.

Analysis of prehistoric items
121. The Commission's multielement
PIXE/PIGME (Particle Induced X-ray
Emission and Particle Induced Gamma-ray
Emission) facility is being utilised in a
number of archaeological measurement
programs aimed at studying prehistoric
pottery. A major problem occurs in pottery
analysis when the clay and filler from
which it is made are from different
deposits. This may make it difficult to
identify the original sources. Three
different collaborative programs involve
studies of pottery from Motupore Island,
Buka Island and the Admiralty Islands. In
addition, pilot studies with the Department
of Archaeology, University of Sydney, of
pottery collections from Torone (Greece)
and Jordan have commenced. The Jordan
collection was found in Pella and is being
studied to assess period differentiation for
late Bronze Age, early Iron Age, pottery.
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122. Rock engravings in Australia
appear on a wide variety of rock types. In
some arid areas, rock surfaces may
display a dark patina or 'varnish'. Recent
work in the United States has proposed a
dating scheme based on element ratios. In
a collaborative study with the Department
of Geography, University of Sydney,
selected surfaces have been analysed by
proton and helium ion beams, using both
X-ray and backscattered radiation to
examine the varnish thickness and
composition.
123. In further collaboration, a series of
PIXE/PIGME measurements have been
made on 12 artefacts from the Seelands
rock shelter (NSW) and obsidian from the
nearby Mt Warning region. The artefacts
were found to be of a quite different
composition from that of the obsidians
and are more likely to be a black chert
than obsidian.

Hair analysis
124. Particle induced X-ray emission
has been applied in a study aimed at
monitoring occupational exposure to
heavy metals via analysis of scalp hair for
trace elements. Measurements to date
have established a database from males
in country and city locations, and from
male workers occupationally exposed to a
variety of such elements as cadmium,
lead, arsenic and nickel. Detailed analysis
of a single group of workers is being
conducted over a 15-month period to
investigate the time response of hair
concentrations after varying occupational
exposure. This work is being undertaken
as part of an IAEA coordinated research
program.

Nuclear Technology
125. The aims of the Commission's
work in the field of nuclear technology are
two-fold:
• to conduct research and development

in support of the international regime
of safeguards under the Nuclear Non-
proliferation Treaty, in consultation
with Australian Government
departments, and

• to participate in research to help
assess the feasibility of using nuclear
fusion to generate electricity
economically.

Work directed at the first aim is described
below under the heading, safeguards, and

Pedu Dam, Malaysia where radioisotopes
were used to study seepage

Decorated vessel from the Hellenistic period
found at the Pella site in Jordan (Dept. of
Archaeology, University of Sydney)
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the Commission's fusion research under
the two headings — fusion physics and
fusion technology.

Safeguards
726. In support of the Australian
Government's strong commitment to
international nuclear safeguards, effort is
being concentrated on development of
instrumentation to further improve the
quality of safeguards assay data. Past
research resulted in the gas phase
enrichment monitor now accepted by the
IAEA for measurement of uranium-235
enrichment in the product from
commercial centrifuge enrichment plants.
Current research is aimed mainly at
development of a liquid scintillator
neutron coincidence counter to measure
accurately the amount of plutonium in
bulk samples weighing up to several
kilograms and for which analytical assay
methods cannot be used. An important
application would be measurement of the
plutonium content of the waste product
from reprocessing plants. A satisfactory
laboratory instrument has been
demonstrated, and future work will
concentrate on translating this into a field
instrument acceptable for IAEA use.
727. Research, to be completed early in
1986, is being undertaken in collaboration
with the Australian Safeguards Office to
design instrumentation for continuous
remote surveillance of R&D enrichment
cascades. A computer will be used to
monitor the performance and operation of
a centrifuge test bank and to transmit the
information collected to a nominated
office through normal telephone lines.
728. A small bank of centrifuge units is
being used to simulate an R&D
enrichment cascade. These units were
originally intended to provide basic design
and operating data for the demonstration
mini-cascade to be built under funds
supplied by the National Energy Research,
Development and Demonstration Council.
(This project was terminated in 1983).
Each centrifuge unit has now been
completely characterised so that
compound behaviour can be compared
with individual behaviour, and overall leak
and flow rates measured. These units are
now being assembled into the test-bank
configuration that will be used for testing
the surveillance equipment and for
comparative testing of new types of
enrichment monitors.
729. The surveillance equipment, which
includes TV cameras, quadrupole mass

spectrometer, frame store, data
transmission modems, data encryption
units and computers, has been purchased
and is being assembled and tested.
Appropriate computer software is being
developed.

Fusion physics
130. The major part of the work in
fusion physics is concerned with the
magnetic confinement problem, in
particular, the rotamak concept. The
rotamak, like the tokamak, has a toroidal
confinement geometry but without
vacuum walls or magnetic coils running
through the hole in the torus. A rotating
magnetic field maintains the toroidal
plasma current. The rotamak approach to
plasma confinement has potentially
simpler engineering, higher power
densities and more compact cores than
the more conventional confinement
schemes.
737. Following an initial series of low
power experiments, a systematic study of
the effect of increasing the input power
has been undertaken, with up to 55
kilowatts of power transferred to the
plasma. Toroidal plasma currents in
excess of 2 kiloamperes have been driven
and electron densities up to 1019 nv3 have
been achieved. Temperatures are believed
to be low, and the first estimates of the
energy confinement time are in the vicinity
of a few microseconds. In an attempt to
control the shape of the plasma and to
vary its proximity to the vessel wall, new
equilibrium magnetic field coils were
installed and the effects of varying the
coil spacing at various power levels have
recently bee.n studied. Plasma shapes,
from oblate through spherical to prolate
structures, have been obtained, and it has
been clearly demonstrated that magnetic
pressure balance maintains the plasma
clear of the vessel walls. The maximum
toroidal plasma current has been
increased to approximately 2.3 kiloa -^res
for a prolate plasma shape and an input of
about 45 kilowatts. It is now necessary to
develop modes of rotamak operation that
will succeed in raising the plasma
temperature.
732. Supporting theoretical studies on
the rotamak configuration have been
carried out. In particular, the effect of a
rotating magnetic field on the
magnetohydrodynamic equilibrium
equations has been investigated, an
axisymmetric mode of oscillation has been
identified, and a transport code has been

38



developed to study energy loss processes.
Further theoretical work has involved the
analysis of Alfven wave heating, one
possible way of heating the plasma, to
obtain the high temperatures required for
fusion. Of particular interest is the analysis
of the quasi-electrostatic waves generated
at the Alfven resonance by mode
conversion of the compressional wave,
which has shown that the heating
efficiency in small and medium sized
plasmas can be increased if natural
resonances of these waves are excited.

Fusion technology
733. As part of the investigation into the
feasibility of a rotamak type of fusion
power reactor, an engineering design
study was required to clarify whether the
concept is possible within the limits
imposed by normal or advanced materials
and engineering technology, and if so:
• to investigate whether the concept is

likely to have advantages over other
projected concepts,

• to delineate the more important
support research topics, including the
ancillaries involved in producing the
plasma itself, and

• to evaluate costs and determine how
they might be optimised and thus
indicate the best direction for the
fusion research to proceed.

Preliminary work is proceeding in which
the sensitivity of the plasma to the basic
physics assumptions has been assessed,
the mechanics of some primitive fusion
reactor 'blanket' designs compared, and a
few of the more obvious heat transfer and
thermal stress problems investigated. It is
likely that, in a compact fusion reactor,
much of the rotating field coil and first
wall will have to be designed on a 'throw-
away' principle. The rotamak configuration
may lend itself readily to this idea. The
final economics will almost certainly be
dictated by the ability of the first wall to
resist radiation damage.
734. Since all the tritium breeding and
most of the heat extraction occurs in the
blanket it is virtually the main focus of the
engineering design study and accurate
data may be needed to refine costs. The
aim of some of the work is to develop a
more efficient and versatile instrument for
measuring tritium production rates in
fusion reactor blanket assemblies
containing lithium-based materials. The
method now under investigation measures
the production of tritium within the

blanket, using lithium glass detectors
placed at various locations within the
blanket volume and then performing a
volume integration of the data, allowing
for the relative lithium concentration in
the detectors and blanket material, and
for perturbations due to the presence of
the detectors.
735. It is recognised that materials may
limit successful development of fusion
reactors and that the resistance to
radiation damage, erosion, creep, fatigue,
etc. are important factors that will
determine the service life of the first wall
and other reactor components and, hence,
the economic viability of a reactor. The
Commission is maintaining an awareness
of developments in fusion materials and
undertaking a small and highly selective
research program on the creep and
fatigue properties of several of the leading
candidate materials for fusion reactors.
An investigation is being conducted of the
effects of temperature, strain rate and
prior fatigue on th.= deformation processes
in type 430 ferritic stainless steel. This
material is a likely and attractive
alternative to type 316 austenitic stainless
steel as a candidate material for fusion
reactors because of its lower cost, higher
resistance to radiation growth and general
good strength and corrosion properties.
The results of measurements of the
tensile properties and yielding behaviour
are being analysed in terms of current
theories of strain ageing, and examined
for consistency with the observed
dislocation arrangements.

Underlying Research
736. The Commission's underlying
research aims:
• to conduct the research necessary to

provide scientific bases for the more
applied projects,

• to maintain expertise in materials
science, nuclear physics and neutronics,
and

• to develop and encourage scientific
applications of neutrons and particle
beams and to ensure the availability of
facilities necessary for such work to the
scientific community through the
Australian Institute of Nuclear Science
and Engineering.

Illustrative examples of some of this work
are provided below.

Nuclear science
737. Neutron scattering — that is,
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making use of beams of thermal neutrons
from HIFAR — continred to have
widespread application. Commission staff
again contributed to the development of
techniques and facilities for neutron
scattering, and engaged in selected
applications.
138. The Commission's high-resolution
neutron powder diffractometer was heavily
used, and continued to perform well.
Excellent diffraction patterns were recorded
from many materials, including a series of
caesium-substituted hollandites
(components of SYNROC) a number of
battery-related lead oxides, the thulium-
iron-boron ferrimagnet (Tm12Fei<B) at
several different temperatures, sodium
deuteroxide and gamma-brass. The
resolution of this diffractometer is at
present, by a small but definite margin, the
best available from any reactor-based
powder diffraction facility. This has been
an important factor in its successful
application and has also led to a deeper
understanding of the factors affecting the
widths and shapes of diffraction peaks.
739. The first stage of development of a
diffractometer for investigating problems in
molecular biology is now complete. This
diffractometer employs the first of a new
generation of position-sensitive neutron
detectors which dramatically improve the
quantity and quality of neutron scattering
data. The instrument is being used to
investigate t jvo important problems:
« The mechanism of interaction of

anaesthetic molecules with the nervous
system is not known despite the
widespread use of both local and
general anaesthetics. Neutron
diffraction is supplying valuable
information in this respect, and the
improved understanding thus obtained
of the molecular interactions that cause
anaesthesia may eventually lead to
improved anaesthetics.

• The new immuno-suppressant drug,
cyclosporin-A, presently undergoing
extended clinical trials, has achieved
outstanding success, particularly in
kidney transplantation. One of the
intriguing questions about this drug, on
which the Commission's work in
neutron diffraction is supplying unique
information, is the mechanism of its
action at a molecular level.

Engineering science
140. The Commission has always set
high priority on the safety and reliability of

its plant and operations. To this end, it
has developed a high level of expertise in
probabilistic techniques of hazard
evaluation. Although developed primarily
for assessment of the Commission's
nuclear plant and activities, this expertise
is very interesting and important to other
industries, and to governmental and other
bodies with responsibilities for public
safety and environmental issues in a
variety of undertakings. The Commission
is involved in significant projects to
promote the practical application of
reliability and probabilistic risk
assessment techniques in areas of
economic and safety concern. These
include participation in a project of the
Warren Centre for Advanced Engineering
(University of Sydney) on assessment and
control of industrial hazards. This aims to
reach a consensus of expert opinion from
Australian industry, government and
universities on appropriate methods of
assessment and regulatory legislation.
147. HIFAR studies have included
examination of the thermal response of an
irradiated fuel element following loss of
flow in the forced convective cooling
system. Such situations could occur in the
reactor, the transit flask, or the storage
facility, causing unusual heat transfer
conditions which make analysis difficult.
At the request of the Commission's
Regulatory Bureau, theoretical models are
being developed to enable prediction of
fuel-element transient temperatures in
such situations. These models will be
tested against available experimental data
on the transient temperatures of dry fuel
elements without forced flow.
742. Fundamental understanding of the
heat transfer processes that occur during
a loss-of-coolant accident in a water
cooled nuclear reactor such as HIFAR has
been obtained from a program of basic
experimental research in which
pressurised Freon-12 in heated round
tubes was used. This research, which was
specifically a study of dryout, post-dryout
and rewetting phenomena at low flow
conditions, is nearly finished, needing only
some confirmatory runs on the rewetting
experiments.

Materials science
743. The use of lasers for the remote
non-destructive testing of materials for
defects is being assessed. Instead of
exciting or detecting an acoustic signal in
the material by the normal attached,
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piezo-electrical ultrasonic device, lasers
will be used both to excite the acoustic
probe and to detect its echo. Seeking to
improve the normal piezo-electric
ultrasonic technique, the Commission has
developed a system called CALPROBE
which provides quantitative defect sizing
at a fraction of the cost of existing
methods in the form of a precise,
calibrated display of the frequency
spectrum of the test material at the time
of test so that exact calculations of defect
size can be mads. This electronic
'fingerprint' of the material can also be
stored for archival purposes. In an
extension of this work, photographic
techniques are being used to broaden the
basis of application to in-the-field testing.
Interested organisations include the
Government Aircraft Factory,
Commonwealth Aircraft Corporation,
Hawker de Havilland and the Directorate
of Quality Assurance.
144. As a development of work initially
carried out for the Materials Research
Laboratoiy and the Department of
Defence the ultrasonic method is also
being used to analyse the ultrasonic
frequency spectrum of a material and rate
the quality of the sample from 1 to 100, a
more useful concept than the customary
'acceptable/non-acceptable' rating.
745. Radiographic applications include
the use of soft X-rays:
• to demonstrate the existence of growth

rings in coral, thereby providing a
technique for dating and the
measurement of growth rates,

• to assist the Museum of Applied Arts
and Sciences evaluate a Han Dynasty
vase, and

• to assist Kirby Engineering set up
facilities for the testing of components
of the McDonnell Douglas Phalanx
missile.

Also, gamma radiography has been used
to evaluate 10 cm thick SYNROC ceramic
blocks, using a bare cobalt-60 source in a
hot cell. This technique could be useful to
industry in similar situations where the
cost of a standard 25 curie source proves
to be excessive.

Nuclear physics
146. A small program of pure research
in low energy nuclear physics is aimed at
providing an underlying scientific base for
the applied nuclear R&D programs, and
also at identifying new problems or
research opportunities. In the last year,

The CALPROBE system for exact calculation
of size of defects in materials

Han Dynasty vase
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this work has concentrated on the fission
process itself, particularly that for neutron
fission of the lighter actinides, with the
main aim of determining the shape of the
fissioning nucleus as it distorts to
eventual scission. In concert with several
laboratories overseas, the Commission's
work has established that nuclei such as
thorium preferentially assume an
asymmetric deformed shape, leading to
the well known asymmetric mass
distribution.

Scientific Services
147. The objects of the Commission's
scientific services field are:
• to provide scientific services as

required for the other six fields and for
the Lucas Heights Research
Laboratories as a whole, and

• to conduct the research necessary to
ensure that, the techniques and
expertise available are adequate to
supply these services.

Examples of some of the work carried out
in this field are given below.

Computer studies and mathematics

748. Because the LHRL computer
network serves a multitude of users, it
must be reliable. Recently completed
research that has helped to increase this
reliability includes the concept of a
dynamic control unit to replace the
existing fixed address (destination)
recognition and pathways using Intel 8086
microprocessors. This unit allows much
greater flexibility in automatically re-
routing communications when non-
transient errors cause a communication
break.
149. One of the challenges facing those
responsible for computer networks of
interconnected multiprocessing computers
is to find the best way for individual units
to communicate with each other. A
solution to this problem has been
attempted through software extensions to
the Modula 1 and 2 compilers. The use of
this software to generate messages that
pass between the processors,
synchronising them and transmitting
information, such as program start and
end, has demonstrated the capability of
interconnected computers for a variety of
applications, including numerical solution
of partial differential equations.
750. ADD, the AAEC's database system,
currently supports over 100 registered

users. Some use ADD as a convenient
way of storing and retrieving results of
experiments, while others use it for
bibliographic references. The main
reasons for its wide use are the relational
model and SQL language used by ADD,
which makes possible a wide range of
data schemes, and the versatility of its
monitor and editor.
757. When 3-dimensional partial
differential equations, which arise in many
engineering research applications, are
solved numerically on a computer, large
sets of linear equations are generated
whose solution consumes large amounts
of computer time if, indeed, they can be
solved. The AAEC-developed method of
implicit non-stationary iteration (MINI)
accelerates computer solution of these
equations which it does both directly and
indirectly through its ability to solve
associated multigrid variational equations.
This work is of particular interest to
overseas reactor establishments who
frequently require detailed reactor studies.
MINI has been incorporated in the AAEC
program POW3D (which runs as part of
the Commission-developed ADS
neutronics scheme) making it an even
more effective method for 3-dimensional
modelling of neutron diffusion.

Isotope 'rocket-can' heat transfer
752. Investigations have been made into
heat generation in the 'rocket cans' used
for production of radioisotopes in HI FAR
to determine whether the present limits on
the number and contents of the cans in a
fuel element thimble can be relaxed.
Although theoretical analysis of the safe
maximum rate of heat generation
indicated that the limits could be eased,
the shape of the flow channels past the
cans is very complex, causing uncertainty
in the analysis. A free-standing rig was
constructed, similar in form to the reactor
rig but using electrical heating to simulate
nuclear heating. Tests showed that the
analysis was somewhat conservative and
that the safe maximum heat-generation
rate could be further increased. Flow
visualisation methods are being used to
explore the effect of changing the design
of the cans and flow channels. Suitable
limits and improvements to the system
will be recommended.

Silicon doping
753. To achieve the uniformity of
phosphorus concentration required for the
commercial service of silicon doping (see
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para. 177), the variation of neutron flux
within a silicon billet must be kept to a
very low level. Neutron transport theory
calculations were used to enable a
suitable, cheap, flux-flattening container
to be designed. Experimental tests have
verified that the flux variation can be held
within ± 5% by this container, with a
satisfactorily small increase in the overall
irradiation time required.

HIFAR safety analysis
154. A working party has substantially
completed a probabilistic risk analysis of
HIFAR. The purpose of this analysis is to
quantify the likelihood and degree of any
significant public radiation exposure that
might arise from reactor plant failures or
operational errors accompanied by
combinations of failures of the several
protective devices. Conservative data and
assumptions were used in this analysis to
show that only melting of irradiated fuel,
either in the reactor core or in handling
and transfer operations after its removal,
has any potential for public hazard, and
that the public risk from HIFAR operation
is extremely small — much lower than
that normally accepted for any industrial
activity.
Pipe bend studies
755. The computer program BENDPAC,
developed for analysis of stress in the
pipes of the HIFAR primary cooling
circuit, provides the first closed form
solutions of the equations of thin-shell
theory for flange-ended pipe bends under
any loading. BENDPAC is now used by
several overseas organisations, and has
been extended to analyse pipe bends
contiguous with unequal length tangent
pipes which are terminated by flanges and
subjected to in-plane or out-of-plane
bending moments. Such solutions provide
bench marks for the assessment of
approximate methods of pipe bend
analysis, as well as design and
assessment of pipe systems.

Reactor containment studies
156. An experiment simulating
conditions in a water-cooled nuclear
reactor containment following a loss-of-
coolant accident (LOCA) has been
conducted on the decommissioned Heisse
DampfReaktor in Germany and specified
by the OECD Nuclear Energy Agency as
an international standard problem, ISP 16.
This is a complicated containment with

over 60 separate compartments. It has
been analysed by the Commission using a
modified version of the containment
response code ZOCO V. The analysis has
given reasonable comparison with the
experimental results, after some
adjustments to take account of both the
internal geometry in the LOCA
compartment and natural convection
circulation between compartments. The
work is to be included in the OECD report
on the problem.
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157. The Commission, through its
Commercial Products Unit, provides
Australian and overseas customers with a
comprehensive range of high quality
radioactive products and commercial
services which reduces Australia's
dependence on importation and creates
the opportunity for increased export
earnings.
158. This year has been marked by
considerable progress, the outstanding
achievement being the marketing of a
high quality sterile technetium-99m
generator. The generator has been well
received by nuclear medicine practitioners
and demand is growing steadily.
159. Total revenue for the year was
approximately $2.526 million which
reflects a small increase in the total
demand for the Commission's products.
Export sales declined owing to an
extended period in which no sales were
made to the Philippines because of
balance of payments difficulties in that
country. However, the year ended on a
high note with both domestic and export
sales increasing. Distribution of products
by value and by shipments are shown in
the table and diagram below.

Radiochemicals and
Radiopharmaceuticals
160. Routine production of the sterile
technetium-99m generator commenced in
March following general marketing
approval granted by the Commonwealth
Department of Health for generators with
a radioactive content of up to 150
gigabecquerels. Production was steadily
increased as nuclear medicine centres
changed to the Australian generators in
preference to imported products.
161. In the manufacture of technetium-
99m generators, molybdenum-99 is
extracted from fission products of
irradiated uranium dioxide. An additional
purification stage was introduced and the
molybdenum-99 is now extremely pure.
However losses during purification have
reduced process efficiency and improved
methods are being sought.
162. Demand for ready-tp-inject
*ochnetium-99m products increased but
demand for non-medical radiochemical
products, both from tertiary institutions
and from private industry, declined.

Quality Control
163. A quality control program ensures
that all pharmaceutical products
manufactured by the Commission meet

specified standards of chemical,
radiochemical and raciionuclidic purity; are
sterile and pyrogen free; and are of proven
efficacy.
164. A major quality-control effort was
directed to achieving acceptance for
marketing of the sterile technetium-99m
generator. Commission microbiologists
demonstrated to the Department of Health
that operators could reliably produce
sterile technetium-99m generators from
the Lucas Heights facility.
165. A team of radiochemists monitored
the quality of starting materials and the
eluted technetium-99m, and in doing so
developed methods for the ultra-violet-
absorption assay of nitrate ions in doped
saline bags, ion-exchange assay of nitrate
in sodium nitrate, and assay of trace
levels of barium-140 in fission-produced
molybdenum-99.
166. They also developed computer-
based assaying to estimate the specific
activity of molybdenum-99 using data
obtained from the manufacturing history
of each batch and determined a series of
specific activities for imported and AAEC
molybdenum-99 using an electrochemical
method (polarography).
167. Commission biologists examined
technetium-generator eluates combined
with a series of radiopharmaceutical
reagent kits, and confirmed excellent
performance in animal studies.
168. Following difficulties in
maintaining the quality of the
radiopharmaceutical macro-aggregated
ferrous hydroxide (technetium-99m), this
product was reformulated with less
human serum albumin. The quality-control
and biology groups monitored the
development of the new formulation and
confirmed its satisfactory performance.
169. A rapid semi-quantitative tin assay
for use with radiopharmaceutical reagent
kits was developed by adapting a
commercially available tin-testing kit to
estimate amounts of stannpus tin as well
as total tin; a rapid pass/fail method for
testing reagent kits was devised which is
useful in both the manufacturing
laboratory and the hospital
radiopharmacy.
170. Quality-control studies continued
on the development of a methylene-
disphosphpnate bone scanning agent.
Determination of moisture in reagent kits
was altered to use a Karl-Fischer reagent,
which is free of pyridine, a chemical that
has an unpleasant odour, is toxic, and is a
suspected carcinogen.
171. The fundamental chemistry of
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alumina-surface sorption of mplybdenum-
V species from aqueous solution is under
study.

Improvements in Manufacture
772. The design and mechanics of
manufacture of sterile technetium-99m
generators were improved and reliability
increased. Also, means of increasing the
purity of molybdenum-99 (used in the
manufacture of the generators) were used
in routine production with excellent
results.
773. During a shutdown of HI FAR, many
of the facilities used for
radiopharmaceutical production were
refurbished. Rebuilding of the radioactive
liquid processing plant that supplies a
large part of the technetium-99m used for
a range of ready-to-inject
radiopharmaceuticals was well advanced.
This plant had run continually for more
than eight years to produce the basic
ingredient in most radiopharmaceuticals.
The rebuilt plant will give improved
performance, with greater reliability and
simplicity of operation.
774. A microcomputer controlled
gamma-spectrum analyser capable of
detecting a comprehensive range of
impurities was developed which can
replace the current analyser based on a
mini-computer.
775. In a project to make iodine-131
based radiopharmaceuticals in capsule
form, engineers developed a unique and
successful method of handling the
capsules remotely.

Neutron-Transmutation Doping
of Silicon
776. Silicon is used for the manufacture
of large rectifiers for electrical power
supplies and small ones for electronic
applications such as motor speed control
and signal amplification. It can be made
in a purer form than any other element,
with Q9.99999% pure crystals being
produced routinely for the electronics
industry.
777. To function as required in
electronic applications, very pure silicon
must be 'doped' with a minute quantity of
another element. The atoms of this
element must be uniformly distributed
through the silicon crystal and for some
purposes uniformity is critical. A common
dopant is the element phosphorus, and
the best way to achieve uniform
phosphorus doping is to irradiate the

silicon crystal with neutrons, transmuting
or changing about one in every million
silicon atoms to phosphorus.
Doped silicon production
778. In the past two years, a research
and development program has proved that
the Australian reactor HIFAR can be used
to produce phosphorus-doped silicon
crystals to the highest degree of
uniformity, well within the limits specified
by electronics manufacturers (see para.153).
779. Commercial arrangements with
overseas companies are being negotiated,
and it is now certain that neutron
transmutation doping can form a
significant part of the Commission's
commercial activities.

Technical Services
780. Technical services provided by the
Commission included sale of computer
software, the INIS bibliographic database,
printing services, dosimetry calibration,
materials examination and irradiation
services. Revenue received from gamma
irradiations increased to approximately
double that of the previous year, reflecting
a growing community awareness and
acceptance of the advantages of
sterilisation of various products by
gamma irradiation.
787. The Commission published
'Handbook of Units and Quantities' by
F.A. Rocke, a former employee. It is a
complete guide to the metric system and
was favourably reviewed by the technical
press. The first printing was sold within
four months.

Distribution of Products
and Services
(Period 1.7.84 — 30.6.85)
Within Australia Value $A

Public hospitals 1,683,196
Private clinics or pathologists 259,014
Trade and industrial use 219,465
Government and industrial

research 306,404
Export

Public hospitals 6,429
Trade and industrial use 47,132
Government and industrial

research 4,735

2,526,375
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Radioisotope Distribution
— Australia and New
Zealand

Destination Shipments*

t New South Wales
Victoria
Queensland
South Australia
Western Australia

i Tasmania
New Zealand
Other

Total

10,459
6,536

516
579

2,026

430

176
268

20,9901

I" Shipments for this year include multiple packages
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782. Within the Commission, and
responsible directly to the Chairman, is a
small number of scientists and engineers
constituting the Regulatory Bureau whose
primary responsibilities are to monitor the
safety of the Commission's reactor
operations and to give technical advice in
this regard. The Bureau also supplies
relevant information to the Commission
for advice to government and in
connection with international nuclear
regulatory organisations, as described
elsewhere in this report.

Regulation of Commission
Reactor Operations
783. Responsibility for the continued
safe operation of its reactors is delegated
by the Commission to the Director of the
Research Establishment. Safe operation is
defined under the technical, operational
and managerial conditions set down in
documents called authorisations. The
Bureau monitors compliance with these
conditions and reports its findings to the
Commission. This monitoring includes
review of:
• the safety of the reactors and of

proposed modifications to them,
• the adequacy of the operating, training

and maintenance procedures, and
• contingency planning.
784. The Authorisation — HIFAR
Operation, which has been in effect since
June 1983, contains formal statements of
arrangements, or conditions, that assure
the continued safe operation of HIFAR,
developed over 24 years of previous safe
operation. Issue of a formal Authorisation
— Moata Operation, on the continued
safe operation of the Commission's low
power research reactor Moata awaits
completion of a full review of the
effectiveness of the Authorisation —
HIFAR Operation. In 1984-85, the following
matters of note arose in connection with
the regulatory procedures under the
HIFAR authorisation document.
Review of Safety Arrangements
785. In recognition of the need for
review, some of the arrangements in the
HIFAR authorisation had been given
interim approval by the Commission.
Substantial progress was made by the
Research Establishment on the review of
operating procedures, limits and
conditions, and on improvements to the
training infrastructure and provision for re-
training; a guide to staff selection and

training principles was issued by the
Regulatory Bureau.
786. The results of studies of security
matters were provided to the Bureau to
assist with a review of any potential
interactions between security and safety
requirements.
787. The existing case for the safety of
the reactor is based mainly on
deterministic criteria. A major re-analysis
of the safety of HIFAR (see para. 154) that
takes account of probabilistic safety
arguments and risk limits is nearing
completion and will be presented to the
Bureau for review.
788. A number of amendments to the
Authorisation — HIFAR Operation were
made on the authority of the Director,
Research Establishment, and notified to
the Bureau. All were acceptable on safety
grounds. Extensive amendments to the
approved arrangements for review,
evaluation and notification of abnormal
occurrences and accident conditions were
reviewed by the Bureau and agreed by the
Commission through the issue of a
revised approval.
Regulatory oversight of operations
789. Unusual events that occur in
HIFAR operations which had or could
have had safety implications are
categorised in the HIFAR authorisation
according to their severity or potential
severity. Of the nine events reported to the
Bureau, none placed the plant in a
dangerous state. Special reports were
presented to the Bureau on five events
and, in several cases, its approval for
prompt remedial action was obtained at
the time of the event. All events and
consequent actions were reviewed by the
Bureau and, as an outcome, a survey was
made of trends in equipment failure and
operating errors for the period 1974 to
1984. There were no significant changes in
overall rates of equipment failure, but
there did appear to be an increase in
incidents attributable to operator error,
although this finding was not based on a
rigorous statistical analysis.
Improvements in training procedures
mentioned earlier are expected to help
improve the situation.
Modifications to the reactor plant
790. Modifications to the reactor plant
judged by the Director, Research
Establishment to be significantly safety-
related must be submitted for review by
the Bureau and endorsed by the
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Commission, while other modifications
are notified to the Bureau each quarter.
Modifications currently subject to review
by the Bureau are those in the HIFAR
refurbishing and safety upgrading program
(see Chapter 7). A number of safety issues
were identified in the Bureau's review of
the proposals for the new electrical power
supply system. These were resolved with
the Research Establishment before the
Commission endorsed the design safety
submission. The detailed design and
safety implications of the leak-tight
structures that convey the power supply
system cables through the reactor
containment building wall were reviewed
by the Bureau and endorsed by the
Commission. The structures were
manufactured for installation in the 1985
major shutdown.
197. Review and verification showed
that all safety requirements for the new
fuel storage tank had been met
sufficiently for it to be used during the
major reactor shutdown. However, final
endorsement of this equipment depends
on satisfactory resolution of a number of
the Bureau's qualifications.
792. Upgrading and refurbishing of the
emergency core cooling system, the
reactor building space-conditioning
system and the emergency control room
had been completed in previous years and
operation endorsed, subject to fulfilling
some requirements set by the Bureau.
Progress has been made on some of
these issues, and others depend on work
and tests scheduled for completion during
the major reactor shutdown. The Bureau
also satisfied itself that modifications to
HIFAR, which were reported to it but
which did not require prior safety review,
involved, in fact, no significant safety
issues.

Non-AAEC Regulatory
Activities
Management of radioactive waste
793. The Commission gave technical
support to a Commonwealth/State
committee reviewing national
arrangements for dealing with waste
arising from medical, industrial, and
research uses of radioactive substances.
A computer code (Konbred) developed by
the United States Geological Survey was
adapted by the Bureau to simulate
groundwater flow and solute transport.
The code was also modified to allow for

radioactive decay and sorption and can be
used to analyse shallow ground waste
repository sites and aid in site selection.
794. Technical advice from the
Commission was taken into account by
the Radiation Health Committee of the
National Health and Medical Research
Council in finalising a Code of Practice for
the Disposal of Radioactive Wastes by the
User. Assistance was given to
departments and instrumentalities
concerned with radiation safety aspects of
the regulation of the mining and milling of
radioactive ores. Commission staff were
involved with working groups of the
Commonwealth/State Consultative
Committee on Nuclear Codes, drafting
guidelines on the decommissioning and
rehabilitation of mill tailings retention
systems and on methods for determining
safe discharge and release limits, and
also provided comments on guidelines on
the management o'f radioactive wastes
arising in the mineral sands industry.
Safety aspects of visits by nuclear-
powered warships
795. The Commission monitored the
environmental radiation levels in the
vicinity of all nuclear-powered warships
visiting Australian ports in 1984-85, acted
as a technical adviser on their entry to
Australian ports, and evaluated additional
anchorages. The Commission cooperated
with Queensland and Northern Territory
government officials in revising safety
plans for Brisbane and Darwin in the light
of the Model Port Safety Scheme finalised
in 1983-84. Technical support was
provided to the Department of Defence
during a series of visits by the Australian
Ionising Radiation Advisory Council to
review port safety arrangements in Hobart,
Brisbane and Darwin.
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International Organisations
796. The Commission maintained
bilateral and multilateral agreements with
several organisations in other countries
and participated actively in the work of
the International Atomic Energy Agency
(IAEA) and the OECD Nuclear Energy
Agency (NEA). The Commission interacts
with these agencies both as a research
and development organisation and as an
operator of research reactors and
associated plant.
797. Collaboration with international
organisations gives access to scientific
work by other countries and permits
collaboration in investigations which
reinforce Commission programs and
enhance the international reputation of its
scientists. To assist in attaining the
Government's international objectives the
Commission contributes substantially to
discussions on the development of
international standards for the peaceful
uses of nuclear energy. Counsellors
(Atomic Energy) are located in Australian
Missions in London and Vienna.

International Atomic Energy
Agency
798. The IAEA is concerned with the
development of the peaceful uses of
atomic energy throughout the world. The
Commission has been actively involved in
the Agency's priority areas of non-
proliferation, radioactive waste
management, nuclear applications,
nuclear safety and radiation protection,
nuclear safeguards and the provision of
technical aid to developing countries.
Commission officers served a? Australian
representatives on the Agency's two
governing bodies, the General Conference
and the Board of Governors. A number of
Commission staff were released for
attachments of several years with the
IAEA Secretariat in its safeguards and
information sections.
799. Commission experts were involved
in IAEA coordinated research programs on
radiological health and safety,
radiopharmaceuticals, radiation protection
and radioactive waste management. The
Commission participated actively at
specialist meetings and courses covering
a wide range of topics such as radioactive
waste management, radiopharmaceuticals
and labelled compounds, plasma physics,
the use of low enriched uranium in
research reactors, nuclear safeguards,
food irradiation techniques and neutron

standards reference data.
200. Assistance was given in the
compilation of regulatory codes and other
guidelines for work associated with some
of these activities. Close interest was also
maintained in programs concerned with
nuclear reactor safety standards, the
development of criteria for controlling
radiation doses in emergencies, and the
radiological impact of ocean dumping of
wastes.
207. As a member of the Agency's
network of secondary standard dosimetry
laboratories, the Commission took part in
a number of successful laboratory
intercomparisons.
202. The Commission continued as the
Australian member of the International
Nuclear Information System (INIS) ancl
was represented at the INIS annual
meeting in May 1985.
203. In collaboration with the
Department of Foreign Affairs and the
Australian Development Assistance
Bureau (ADAB), the Commission
continued its involvement in the Agency's
nuclear technical assistance programs.
This was achieved principally through the
Regional Cooperative Agreement for
Research, Development & Training Related
to Nuclear Science and Technology for
South Asia, South-East Asia and the
Pacific or Far East.
IAEA Regional Cooperative Agreement
204. In 1972, recognising that within the
nuclear research programs of member
States there are projects of common
interest, the Agency established a
Regional Cooperative Agreement (RCA).
Projects initiated under the agreement
emphasise the use of radioisotopes and
nuclear technology to improve the
standard of living in the countries of
South-East Asia and the Pacific region. In
March 1985, a senior Commission officer
attended the 7th RCA Working Group
Meeting in Lahore, Pakistan, as a member
of the Australian delegation.
205. Commission expertise was used
effectively in Malaysia, Sri Lanka and
Thailand. Isotope techniques were used to
assess such problems as land erosion,
siltatipn and sedimentation, and a
coordinated research program on
radiopharmaceuticals was initiated.
206. At the University of Colombo, Sri
Lanka, the Commission established a
tritium laboratory, and also assisted the
Thai Office of Atomic Energy for Peace to
install an environmental isotope laboratory
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in Bangkok. A technical mission was sent
to Sri Lanka to assess the potential use of
a research reactor.
207. The Commission is playing a
leading role in the second phase of the
Asian Regional Cooperative Project on
Food Irradiation, an RCA program
organised jointly by the IAEA and the
United Nations Food and Agriculture
Organisation. This phase, sponsored by
the Australian Government, is concerned
with the transfer of food irradiation
technology to industries in the South-East
Asian and Pacific regions. Potential
benefits from this technology include the
reduction of post-harvest losses,
improvement of public health and
enhanced economies through expanded
trade. The Commission hosted a training
workshop on the commercialisation of the
ionising energy treatment (irradiation) of
food at Lucas Heights in April-May 1985,
in conjunction with the inaugural meeting
of the Phase II Project Committee.
Transport of radioactive materials
208. A major revision of the IAEA's
Regulations for the Safe Transport of
Radioactive Materials, for which the
Commission was the Australian
coordinator, was completed and published
in late 1984. The regulations provide the
basis for the Commonwealth's Code of
Practice for the Safe Transport of
Radioactive Substances.
Mining and milling of radioactive ores
209. An IAEA advisory group continued
its review of the IAEA's Code of Practice
on the Management of Wastes from the
Mining and Milling of Uranium and
Thorium Ores. A Commission officer acted
as consultant and coordinator for the
Australian input to this review. The Code
is a source document for relevant codes
and regulations in Australia.
Nuclear safeguards inspections
210. IAEA safeguards inspectors visited
Lucas Heights on four occasions to verify
that Australia meets its international
obligations under the Treaty on the Non-
proliferation of Nuclear Weapons (NPT)
and a safeguards agreement between
Australia and the IAEA. One inspection
was unannounced, the first of its kind in
Australia. The IAEA reported to the
Australian Safeguards Office (ASO) that
all inspections were satisfactory. Officers
of ASO visit Lucas Heights each month to
check on the accounting for and control

of nuclear materials held by the
Commission. A fully computerised system
of nuclear materials audit has been
introduced to replace the manual
accounting system.

Nuclear safeguards research and
development
27'.". With financial support from the
Department of Foreign Affairs, the
Commission continued to provide
research and development support for the
IAEA's nuclear safeguards program (see
para. 126).

OECD Nuclear Energy Agency
272. The OECD's Nuclear Energy
Agency (NEA) gives priority to programs
on radiological protection, radioactive
waste management, nuclear safety and
the nucFear fuel cycle. The Commission
arranged for Australian representation at
NEA meetings.
Radiological protection, waste
management and nuclear safety
273. The NEA has several major
standing committees on radiation
protection and public health, radioactive
waste management and the safety of
nuclear installations. Commission
representatives served on these
committees and participated in specialist
meetings. In early 1985, a Commission
officer attended a seminar on interface
questions in nuclear health and safety.
The meeting aimed to improve
understanding by safety managers and
regulators of differences in approach in
the fields of radiation protection, nuclear
plant safety and radioactive waste
management, and to determine strategies
for their resolution.
Radiation protection and public health
274. The NEA Committee on Radiation
Protection and Public Health provides a
general policy on regulatory guidelines for
the interpretation of recommendations of
the International Commission on
Radiological Protection (ICRP) and their
application to the protection of workers
and the public. A Commission officer -.-;as
nominated as the Australian delegate to
this committee. Priority topics include the
interpretation and review of new ICRP
concepts, the preparation of publications
on radiation and public health, and the 'de
minimus' disposal of solid radioactive
wastes, i.e. those wastes regarded as
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radiologically acceptable for unregulated
disposal.
Radioactive waste management
215. In 1985, the NBA Radioactive
Waste Management Committee published
the document Technical Appraisal of the
Current Situation in the Field of
Radioactive Waste Management, which
essentially completes a program
formulated in 1981. The two main priority
areas over the next two years are waste
management policies and strategies from
an integrated and global perspective, and
the assessment of long-term safety of
radioactive waste management options.
Nuclear fuel cycle
276. The NEA Nuclear Fuel Cycle
Committee (FCC) identifies issues relating
to nuclear power development and
analyses those of international interest. A
report on the economics of the nuclear
fuel cycle was published in mid-1985, and
a study on spent fuel management is in
press.
277. Uranium resources work has been
reorganised to streamline the group
structure of the FCC and to allow the
IAEA to withdraw from an NEA/IAEA
Agreement. The NEA concentrates mainly
on the evaluation of uranium resources
and production, and on amending and
publishing the 'Red Book' (Uranium
Resources, Production and Demand). The
FCC also publishes the 'Yellow Book'
(Nuclear Energy and its Fuel Cycle).
Expanded work program
278. The Commission has offered six
man-months of effort to the NEA in 1986
for a program on radioactive speciation in
groundwater. This work is based on a
Commission model which predicts the
way in which metal ions behave in
groundwater systems. The model will be
used to compensate for deficiencies in
the NEA thermochemical data base.

Bilateral Collaboration on
SYNROC
219. Further to a Memorandum of
Understanding signed by the Australian
Department of Resources and Energy and
the United Kingdom Department of the
Environment, contracts were drawn up for
collaborative research on SYNROC to be
carried out by the UK Atomic Energy
Authority laboratories at Harwell. Work
under the contract commenced at Harwell

in October 1984 with joint funding by the
UK Department of the Environment and
the Australian Department of Resources
and Energy under a National Energy
Research, Development and
Demonstration Program Grant.
220. Following the exchange of Notes
Verbales between the Japanese and
Australian Governments in May 1984,
negotiations on the Implementing
Arrangement between the Japanese
Atomic Energy Research Institute (JAERI)
and the AAEC were almost complete at
the end of the review period. Under the
Implementing Arrangement the two
organisations will cooperate on a program
of research and development on high level
radioactive waste, with initial emphasis on
SYNROC.
227. Negotiations were also under way
for a Memorandum of Understanding
between the AAEC and the Italian Ente
Nazionale Energie Alternative (ENEA) to
implement a cooperative research and
development program into the technology
for the management and disposal of high
level radioactive waste using SYNROC.
This Memorandum cf Understanding will
come under a proposed broader umbrella
agreement between the governments of
Australia and Italy.

Overseas Visits
222. Some of the Commission's
technical specialists attended major
conferences and visited international
nuclear institutions to exchange
information with their peers. A number of
other visits were funded by government
departments and other sponsors.

Attachments
223. Dr D.R.H. Seattle was granted a
Research Award for Foreign Specialists by
the Japan Science and Technology
Agency for a six-month attachment to the
Power Reactor and Nuclear Fuel
Development Corporation in Japan. In
collaboration with Japanese scientists, Dr
Beattie compared industrial-scale
experimental data from Japanese
laboratories with two-phase flow theories
developed at Lucas Heights.

Nuclear Technical Assistance
224. The Australian Government has
agreed to assist the Nuclear Energy Unit
of the Prime Minister's Department in
Malaysia (UTN) with a further three-year
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program of technical assistance and
collaborative projects in the development
of radiopharmaceutical services and
technology, management of low level
radioactive waste materials, radioisotope
dating techniques, and industrial
applications of radioisotopes and
radiation. The program which commenced
on 1 June 1985, will be carried out by the
AAEC and will provide expert advice in
Malaysia and training for UTN staff at the
AAEC and other organisations in
Australia.
225. The Commission provided training
at Lucas Heights for 20 scientists and
technicians on attachment from
Bangladesh, Malaysia, the Philippines, Sri
Lanka and Thailand, for periods of up to
six months. Some of this training was
provided through the Australian School of
Nuclear Technology (see paras 334 and
335).
226. A four-man technical mission to
Indonesia provided a consultancy report to
the Australian Development Assistance
Bureau on the need for a nuclear
technical assistance program in health
and safety, radioactive waste
management and nuclear medicine. The
report made recommendations on short-
term training of Indonesian scientists in
health and safety and in nuclear medicine.
Short observation tours by senior
Indonesian scientists were also
recommended to assist Indonesia in
assessing the potential Australian
contribution to their nuclear program.
227. Nuclear facilities under
development in Indonesia are on a much
larger scale than current Australian
facilities but Australian technical
assistance in nuclear science and
technology is considered to be of
particular importance because of the
scientific depth of Australian research
programs.
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228. The Commission's program is
dependent on effective operation of
facilities which include nuclear research
reactors, special laboratories, workshops
and waste treatment systems. There is
also a range of essential services, some
being supplied by research divisions (e.g.
computing, physics).
229. The presence of ionising radiation
associated with some of the
Commission's operations has led to a
heavy emphasis on the safety aspects of
Lucas Heights operations.

Health and Safety
230. Comprehensive occupational
health services were provided by sta'-f with
a wide range of scientific skills. Unions
and staff associations contributed to
improved health and safety, mainly
through the Joint Advisory Committee on
Safety and Health Policy and the Joint
Advisory Committee on Safety and Health
Operations.
237. In addition to the Safety Review
Committee (see para. 6) there are three
other bodies directly concerned with
health and safety at Lucas Heights:
• the Safety Assessment Committee,
• the Compensation Claims Consultative

Panel, and
• the Employee Health Review and

Research Committee.
Occupational health and hygiene
232. The Commission provided pre-
employment and periodic medical
examination of its employees including
physical examination, radiography,
biochemical and haematological
pathology tests. Comprehensive
occupational hygiene services included
environmental monitoring of the work-
place, assessment of toxic chemicals,
ergonomics, noise measurement and
hearing tests.
233. A series of three tests of an
aluminised bushfire shelter were
conducted for the Loftus Bushfire Brigade.
In each test the shelters were exposed to
simulated bushfire conditions of high heat
intensity, and the air quality, temperature,
himidity and combustion products in the
shelter were continuously monitored. The
results were widely distributed.
Employee health review
234. The Empioyee Health Review and
Research Committee, under the
chairmanship of Dr T. Dwyer, a specialist

in community medicine, has a
responsibility for reviewing any cases of
unusual diseases amongst staff and,
where appropriate, investigating the
causes.
Safety assessment and investigation of
incidents
235. Safety assessment of new and
significantly different projects, safety
surveillance and monitoring during
operational phases, and strict incident
reporting and investigation resulted in the
Commission maintaining its excellent
safety record.
236. In a minor release of uranium
hexafluoride in a research laboratory in
July 1984 four employees were exposed to
the chemical. No health or environmental
effects to staff or the general public
resulted from the release. Exposure to the
general public was for all practical
purposes zero. Because of the unusual
nature of the incident a committee of
inquiry was appointed which established
the cause of the release and made a
comprehensive report with
recommendations to limit the possibility
of a similar occurrence. The Commission
implemented the recommendations and
gave the report wide distribution.
237. There were no serious work-related
injuries during the year. Some incidents
involved toxic chemicals or radioactive
materials, but none were capable of
producing long-term effects. The
Commission continued to encourage staff
to report incidents that did not involve
injury but had the potential to cause
injury; 7% of the reports were in this
category.
Health and safety services
238. Advice and services were provided
to staff at the Lucas Heights Research
Laboratories in all aspects of health and
safety. Health physics services including
radiation monitoring were provided on a
24-hour, seyen-day-week basis. Industrial
safety services included routine
inspections of workplaces, laboratories,
lifting devices such as cranes and hoists,
pressure vessels, gas installations, and
machines.
239. Commission staff monitored
radioactive airborne effluent discharges to
ensure compliance with discharge limits
approved by the NSW Government and,
other than the minor release of uranium
hexafluoride (para. 236), all discharges of
airborne effluent from the site met the
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requirements of NSW Government
authorisations. Staff also monitored safety
aspects of ventilation systems, including
filters.
240. Staff whose work involves possible
exposure to ionising radiation are
individually monitored, and detailed dose
histories are maintained. The highest
individual whole-body (penetrating) dose
recorded for the calendar year 1984 was
16 millisieverts (mSv), one third of the 50
mSv annual whole-body occupational-
exposure limit recommended by the
National Health and Medical Research
Council and the International Commission
on Radiological Protection (ICRP). Three-
tenths of this annual limit (or 15 mSv) is
the level of dose below which, in ICRP
recommendations, individual monitoring of
doses is unnecessary. In the calendar year
1984, only one person received a dose
above this three-tenths lavel.
247. The highest individual tissue (skin)
dose recorded for the calendar year 1984
was 178 mSv. This represents 36% of the
ICRP annual tissue dose limit of 500 mSv
for occupational exposure.
242. HI FAR reactor staff were
monitored by urine analysis to assess
exposure to the hydrogen isotope tritium.
The highest individual whole-body dose
from tritium in any one exposure was 0.6
mSv. The individual whole-body dose from
tritium is added as an increment to the
employee's record of annual whole-body
dose.
243. Safety training in a variety of
subjects was provided to 473 staff. This
was in addition to safety induction
courses for all new employees of the
AAEC and the CSIRO at Lucas Heights.
An additional 178 staff received basic fire-
fighting training provided by the NSW Fire
Brigade.
Emergency planning
244. The Local Liaison Working Party
comprising officers of the AAEC, the NSW
Health Department, the NSW Department
of Environment and Planning, the NSW
Police Department, the NSW State
Emergency Services, the NSW Board of
Fire Commissioners and the Sutherland
Shire Council met to review plans for
dealing with emergencies at the LHRL
that could potentially affect the public.
The Working Party revised an existing
plan called APTCARE (A Plan To Cope
with Accidents at the Research
Establishment). A number of small
emergency exercises were conducted at

LHRL to familiarise staff with their roles
in dealing with a hypothetical accident.
245. A safety coordinator is on call to
deal with any safety-related incidents at
any time, including any external calls for
assistance in dealmg with damaged
packages of radioactive materials.

HIFAR Operations
246. A summary of the operating
statistics of the reactor HIFAR during
1984 and, for comparison, the previous
year is given in the table. Figures are for a
13 program year of 8880 hours for 1983,
and 8736 hours for 1984 (the year ending 7
January 1985).

HIFAR Operating Statistics

Reactor Operation 1984 1983
Duration, in hours, of 1236 1279
shutdown for refuelling,
maintenance, and
servicing rigs
Duration of operation, 7215 7521
hours

Outage, hours 285 80
Full power availability, 82 84
per cent

Average efficiency 96 98
factor, per cent

Average thermal power, 10.0 10.0
megawatts
Integrated power, 3000 3290.7
megawatt-days

Fuo! Elements
Number of new fuel 52 51
elements loaded into
HIFAR
Number of irradiated 62 48
fuel elements in short-
term storage outside
HIFAR
Number of irradiated 66 44
fuel elements
transferred to long-term
storage
Average thermal flux in 1.024 1.092
centre fuel element, in
units of 1014 neutrons
per square centimetre
per second
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Maintenance
247. Apart from routine maintenance of
the reactor itself, maintenance was
carried out on the reactor containment
building, standby diesel-electric generator
sets, and the reactor crane. A recent
survey of the containment building
revealed some minor corrosion of steel
plates. Plans were made to repair the
affected areas during the next major
shutdown according to a procedure
agreed with the Regulatory Bureau.
248. The overhead service crane in the
reactor containment building was
completely overhauled and minor defects
corrected. Replacement gears are being
manufactured in the United Kingdom.
249. Major shutdowns are undertaken
every fourth or fifth year for six weeks'
comprehensive overhaul. A major
shutdown commenced in June 1985 for
work involving seventy activities in a
program involving computer project
control. Unloading of the fuel and the
heavy water coolant allows surveys of
components that cannot normally be
inspected visually. The program includes a
survey of safety related electrical and
electronic equipment.
Support services
250. A senior training position, to which
a professional engineer training officer
was appointed, was created to upgrade
the HIFAR training program. A US-made
video training package was obtained to
provide a basis for both training and
retraining of operating, maintenance and
support staff to maintain a high level of
competence.
257. The reactor chemical control
laboratory was provided with new
equipment that, with greater accuracy
than before, determines the isotopic purity
of the reactor's heavy water and fresh
(imported) heavy water and monitors ultra-
pure waters used in the reactor circuits.
External review of HIFAR operations
252. The Commission engaged a
management consultant to:
• review the adequacy and application of

the staff resources currently applied to
operation of the reactor HIFAR, and

• propose a range of options relating to
the extent and organisation of such
staff resources for more efficient
operation of the reactor.

The consultant's report was issued
during April 1985 to management, staff
unions and associations, and the
Regulatory Bureau for comment. There

will be full consultation between staff
unions and associations, and
management before any decisions are
taken.
Regulation of HIFAR safety
253. The safety of HIFAR operations
and the approval of safety related plant
modifications are subject to control by the
Commission through a document
'Authorisation — HIFAR Operation' issued
to the Director of the Research
Establishment in 1983. The Regulatory
Bureau monitors compliance with the
conditions of the Authorisation on behalf
of the Commission, as detailed in Chapter
5. In this context the Research
Establishment is progressively revising
and updating the HIFAR Manual.

HIFAR refurbishing

254. The aims and expected cost of the
program to refurbish the nuclear reactor
HIFAR have been reviewed and some of
the details modified as a result of
investigation and project re-definition. The
cost allowing for inflation is within the
original budget.
255. A new electrical power-supply
system for HIFAR has been designed
which consists of two similar,
independent, redundant systems, each
with its own standby diesel-electric
generator, so that failure of electricity
supply from the Sydney County Council
would not affect the operation of HIFAR.
Tenders were called for procurement,
installation, and commissioning of the
power supply; particular attention is to be
paid to the 'fitness for purpose' of the
equipment offered to ensure performance
and reliability.
256. A new double-walled, aluminium,
fuel-element storage tank made to high
quality assurance requirements by a
Sydney firm was put into service.
Monitoring of the space between the walls
ensures early, positive detection of any
leaks, giving confidence in the safe short-
term storage of used fuel elements within
the reactor building.
257. To meet operational and research
needs, a new data-acquisition system was
specified to replace obsolete equipment.
Instead of being based on one large
central computer it will use a number of
smaller linked computers to give greater
flexibility.
258. Siemens, the principal consultant
for the refurbishing of HIFAR, has
reported on the expected effect of seismic
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events on the sealed building containing
the reactor, on the reactor structure, and
on major systems. Several recommenda-
tions were made by Siemens to improve
the seismic integrity of the reactor if a
major earthquake were to be centred near
Lucas Heights. Implementation of the
recommendations is under examination.

Waste Management
Operations
259. All waste management systems
and services operated satisfactorily.
Effluent of low radioactivity was treated to
comply with the discharge limits set in the
NSW Radioactive Substances Regulations
before being released by pipeline to the
Metropolitan Water Sewerage and
Drainage Board's sewer. The discharges
also complied with the Board's limits for
other pollutants.
260. Small volumes of liquid waste of
medium to high radioactivity arising from
production of medical radioisotopes were
transferred to shielded storage tanks at
Lucas Heights. Solid waste of low and
medium radioactivity was compacted into
200-litre mild steel drums and stored
under weatherproof conditions. Solid
waste of higher radioactivity was stored in
dry, concrete pits.
261. Spent HIFAR fuel elements were
stored under water to allow rapidly
decaying radioisotopes to reach low levels
of radioactivity, and later transported to a
shielded facility for storage in a dry, inert
atmosphere. This operation was inspected
by the International Atomic Energy
Agency under safeguards arrangements
(see para. 210).
262. Hazardous non-radioactive solid
waste and unwanted toxic chemicals were
disposed of under NSW Government
authorisations.

National Waste Management
263. The Commission gave technical
support in national waste management
matters as detailed in paras 193 and 194.

Visits by Nuclear Powered
Warships
264. Health and safety staff provided
radiation safety surveillance service during
the entry of nuclear powered warships to
Australian ports (see para. 195).

Engineering Projects
265. Project engineering support was
given to AAEC and CSIRO operations.
Following a comparative cost study it was
decided to modify an existing manually
controlled press used for SYNROC
experimental work and redesign it as an
automated hot press for SYNROC
production.
266. A hot-cell facility to process highly
radioactive liquid waste from production
of molybdenum-99 is nearing completion.
It includes a computerised control and
monitoring system.
267. New packages for transporting
radioactive materials, were designed and
existing packages were upgraded to
comply with the Australian Code of
Practice for the Safe Transport of
Radioactive Substances 1982 issued under
the Environmental Protection (Nuclear
Codes) Act 1978.
268. Hardware is being manufactured
for neutron irradiation of silicon in HIFAR
(see para. 178). Preparation for commercial
production involves the design and
manufacture of silicon-irradiation rigs, a
handling flask, a storage facility and other
specialised equipment.
269. A computer-aided drafting system
was introduced as part of a program to
upgrade drafting office facilities.

Production, Works and
Maintenance
Production
270. Productivity has increased
significantly in the engineering workshop
since computer-numerically-controlled
machining was introduced. Apprentices
were trained in the use of the equipment.
271. Major projects, supported by the
workshop's manufacturing, fabrication
and installation services, involved storage
of high level liquid waste, irradiation of
silicon, and SYNROC.

Apprentices

272. Following the government
requirement since February 1983 that all
apprentices be retained as tradesmen, the
Commission was not able to accept new
apprentices in 1985. The number in
training dropped from 40 to 31 and is
expected to drop further by the end of
1986.
Works
273. Civil construction, building
services, and building maintenance ($3m
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in contracts) included a program to
upgrade and modify buildings and
services allocated to CSIRO. A roof-
replacement and fire-protection design
and construction program is nearly
complete.
274. Other works included specification
for replacement of the cooling towers for
HIFAR, completion of civil construction
work for extension to the concrete pits to
store highly radioactive solid waste,
contracting for extension of the
Environmental Science Building, design of
a process room and structures for
irradiation of silicon crystals in HIFAR,
upgrading of ventilation for a nuclear
materials fabrication laboratory, and
extension of a cell for remote handling of
radioactive material. Ventilation in ail
laboratories and fume cupboards at Lucas
Heights was reviewed.
Land management
275. The Sutherland Shire Council
approved a development application by
the New South Wales Government's
Metropolitan Waste Disposal Authority
(MWDA) to use part of the AAEC buffer
zone in the Mill Creek valley as a regional
landfill depot. The MWDA will
progressively restore the area, much of
which was badly degraded by mining
before the Commission was established.
The site includes New South Wales Crown
land (62 hectares) and Commonwealth
land (114.88 hectares). The Commonwealth
Department of Arts, Heritage and
Environment, having considered
environmental aspects of the MWDA site,
advised that an Environmental Impact
Statement is not required to achieve the
objectives of the Environmental Protection
(Impact of Proposals) Act 1974. The
development plans now comply with all
State and Commonwealth statutory
requirements.
276. The Australian National Parks and
Wildlife Service is preparing, at no cost to
the Commission, a management plan for
the buffer zone.
277. The Commission is grateful for
assistance in management of the buffer
zone from the Australian National Parks
and Wildlife Service, the Department of
Employment and Industrial Relations, and
the Department of Local Government and
Administrative Services.
Community Employment Program
278. The program for the rehabilitation
of bushland in the AAEC buffer zone was

completed on 21 December 1984. During
the 49-week program 48 people gained
work experience. The AAEC provided
amenities, clerical services, and work
supervision free of charge.
279. The project aims were substantially
achieved with repair of environmental
damage, construction of barriers to cross-
country vehicles, rehabilitation of land,
encouragement of community awareness
in land management, and provision of
training for workers from the Community
Employment Program. The program was
facilitated by the assistance of the
Sutherland Shire Council, the NSW
Department of Main Roads, the
Commonwealth Employment Service,
Simsmetal Ltd, and the Toyota Land-
Cruiser Club.
Site plant and maintenance
280. Electrical load increased owing to
retirement of oil-fired boilers (which will be
removed eventually) and substitution with
electrical heating. Load also increased
with installation of major projects and
necessary air-conditioning plant. Number
1 Electricity Substation was significantly
modified to provide power supplies
exclusively for HIFAR. Other modifications
in progress included the addition of a new
500 kVA transformer and extensions to
switchgear.

Physics Services
Neutron-transmutation doping of silicon
287. In the proving trials for commercial
production of neutron-transmutation
doped (NTD) silicon (see para. 178) strict
target doping tolerances imposed by the
electronics industry require close
calibration of neutron intensity and final
electrical properties of the silicon. Highly
accurate resistivity measurements were
made of NTD silicon irradiated in HIFAR.
This involved annealing or heating the
silicon to high temperatures to remove
defects caused by the neutron irradiation.
A glass coating was used to inhibit
diffusion of impurities into the material.
Special techniques and close control of
temperature and humidity enabled
determination of resistivity below 120
ohm-centimetres with an accuracy of
better than 0.3%. A laboratory
intercomparison with resistivity standards
supplied by an overseas silicon producing
company yielded close agreement with
AAEC results.
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Low power reactor

282. The Commission's low-power
nuclear reactor Moata was shut down for
two months for modifications to the
thermal column, enabling work to
commence on a neutron-capture therapy
research program (see para. 95). Moata
operated for 61 days in support of
research and service projects that
included fission-track analysis of
geological and biological materials,
neutron-activation analysis of rocks,
neutron radiography, neutron-capture
therapy, and production of gold
radioisotopes for medical use.
Particle accelerator
283. The Van de Graaff, three million
electron volt, panicle accelerator operated
for over 4000 hours bringing its total
operation time to more than 78,800 hours
since commissioning in 1964. It was used
for research into the fission process and
in the application of nuclear techniques.
Users included the Commission, the
CSIRO, the Royal Melbourne Institute of
Technology, and the Australian Institute of
Nuclear Science and Engineering.
Considerable downtime occurred when,
first, the alternator bearings seized
resulting in damage to both the
alternating and drive motor and, second,
the accelerator tube had to be replaced
after 13,800 hours.

Computing Services
284. 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.
285. The central computing facilities
were based on an eight-megabyte
mainframe computer (IBM-3033S) running
a multiple-virtual-systems (MVS/SP1.3)
operating system, and disk storage with a
total capacity of 10 gigabytes.
Interconnection to smaller computers
formed a local area network supporting 80
terminals and a number of minicomputers.
They were used mainly to gain access to
the central computer, but they could also
access other network resources, including
the Pyramid-based Unix operating system.
The system provided for remote telephonic
terminal access to the LHRL and access
by the LHRL to remote networks.
286. Approvals were obtained to
upgrade the central computing facilities

with a system based on the IBM-4381
model-3 computer for delivery in July 1985.
This major upgrading achieves doubling of
the throughput of the existing computer,
and costs the same as retaining the
existing one.

Information Services
287. Community concern about the
functions and operations of the
Commission is expressed at the local
level in objections to the presence of a
nuclear research facility in a suburban
environment. At the national level the
community is concerned about Australian
participation in aspects of the nuclear fuel
cycle from the mining of uranium to the
eventual disposal of nuclear waste.
Information transfer is a vital component
of public relations policy to promote a
better understanding of the national
importance of the Commission's program.
288. The Commission established the
Local Liaison Forum in February to
improve exchange of information between
the Commission and the local community,
particularly in regard to Commission
programs and the effects of Commission
activities on the surrounding environment.
The membership comprised twenty local
residents representing the Sutherland
Shire Council and ten community groups,
and also some Commission staff. Three
meetings were held in the first half of
1985.
285- Positive steps were taken to
improve media understanding of Lucas
Heights operations and to respond quickly
to media interest in any operations that
could give rise to community concern.
290. The Commission's magazine
Atomic Energy in Australia was replaced
by Nuclear Spectrum, a publication
devoted to improving understanding of
nuclear science and technology and
providing a forum for informed discussion
of nuclear issues. A news sheet, AAEC
Nuclear News, concentrated on explaining
specific technical projects to the public.
291. Details of AAEC research
publications are given in Appendix 2.
Publication in international scientific
journals is a high priority research goal
and this is assisted by an editorial and
publication service. Research work not
amenable to publication in journals or
conference proceedings was published in
AAEC report series.
292. Visitors to the Research
Establishment totalled 15,000 including
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special groups who attended lectures and
displays of Commission work. A limited
effort was devoted to off-site exhibits,
confined mainly to the Sydney
metropolitan area.
293. A special library service is provided
for AAEC and CSIRO staff at the Lucas
Heights Research Laboratories, and for
staff of the Regulatory Bureau and a unit
of the Bureau of Mineral Resources,
Geology and Geophysics at the
Commission's Mascot office. Extensive
use is made of local and international
databases.
294. The LHRL Library, as the
Australian national centre for the
International Nuclear Information System
(INIS), (see para. 202), maintained
Australian-INIS, a bibliographic database
available commercially to Australian
users.
295. Library management and
operations were increasingly
computerised, the features of the system
being data entry from intelligent terminals,
the use of relational databases and
management reporting. Increasing use
was made of electronic mail for inter-
library loan purposes.

Supply of Laboratory Animals
296. The Lucas Heights animal
laboratory is the only Australian source cf
laboratory rats free from the species:
Proteus, Pasteurella and Mycoplasma,
and all usual viral anti-body litres.
297. The Commission supplied
research-grade inbred rodents to the
biomedical scientific community. The
Commission also supplied them as
foundation stock, or as a foster nucleus
for re-derivation of colonies, to the
University of Newcastle, the South
Australian Institute of Medical and
Veterinary Science, the University of New
South Wales, Macquarie University, the
Queensland Institute for Medical
Research, the Royal North Shore Hospital,
Prince of Wales Children's Hospital, the
University of Sydney, the Royal Prince
Alfred Hospital, and Westmead Hospital.
Consultation was provided to some of
these institutes. Commission staff also
helped set up germ-free isolator systems
at a laboratory at the University of
Newcastle.

Environmental Monitoring
298. Sampies of estuary water, creek
water, stormwater, soil, and vegetation

were collected on a regular basis from the
environment around the LHRL, '<r,cluding
the closed Little Forest radioactive waste
burial ground, and analysed for
extraneous radioactivity. In consultation
with the NSW State Pollution Control
Commission, three separate sampling
sites were established on all natural
watercourses draining the LHRL. Samples
are tested in compliance with the NSW
Clean Waters Act.
299. Levels of iodine-131 were tested
continuously at three air-sampling points
on the LHRL perimeter and samples of
milk from a nearby supplier were also
tested. No health risks to the staff or to
the general public were detected. The
above monitoring results confirm the
established good housekeeping practices
in the handling and treatment of
radioactive waste and effluent at Lucas
Heights.
Meteorological records
300. To provide models of the
distribution of airborne pollutants released
to the atmosphere, Commission staff
continuously and accurately monitored
meteorological conditions at Lucas
Heights. The models served different
needs: first, retrospective models where
the type of pollutant and duration of its
release were known, and second,
prospective models of the likely
concentrations of pollutants following
either a normal or abnormal release.
Retrospective models were based on the
meteorological records. Prospective
models needed estimates of piobabilities
of occurrences of particular
meteorological conditions and were used,
for example, in estimating potential
radiological consequences of hypothetical
accidents to the reactor HIFAR.
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Staff of the Commission
301. The staff budget allocated by the
Department of Finance was 1088 staff
years. This covered full-time and part-time
operative, and temporary staffing. Actual
utilisation was 1084 staff years. The
budget covers the effort required for the
research program, site operations and
administrative support, as well as support
services for CSIRO staff at Lucas Heights.
302. Deployment of full-time operative
staff at 30 June 1985, by category, is
shown in the Table. The senior staff of the
Commission are listed in Appendix 1.

Staff Development
303. Increased effort was devoted to
training in 1984-85 and a strong
commitment was made to programs in
personnel development, on-the-job
training, and training in health and safety.
A training coordinator is being recruited to
oversee and integrate training programs.
Some staff were assisted in undertaking
part-time studies at universities and
technical colleges and some were granted
scholarships to complete undergraduate
degrees full-time.
Organisation Review
304. As reported in para. 252, a
management consultant reviewed the staff
resources applied to operation of the
reactor HIFAR. The unions and
associations with members working in the
HIFAR Operations Section were invited to
provide submissions to the review.
Industrial Relations
305. Claims from a number of unions
and associations for increased rates of
pay were discussed with the management
and, in some instances, before the
Conciliation and Arbitration Commission.
Several matters remained unresolved at 30
June 1985. At the time of the major
maintenance shutdown of the HIFAR
reactor in June 1985 some unions and
associations imposed selective bans in
support of pay claims.
Consultative Committee
306. The Consultative Committee
comprising representatives elected by
various groups of staff members and
representatives appointed by the
Commission met five times. The
Committee is becoming a useful forum for
the exchange of ideas and information
between management and staff.
Administrative Data Processing
307. Development of the IBM S38

computer system continued in accordance
with a strategic plan. An advanced on-line
general accounting package has been
installed and in-house development of a
purchasing system is proceeding. Both
systems will be integrated with the stores
vocabulary system.
Community Employment
Program
308. The Commonwealth Community
Employment Program project for the
rehabilitation of bushland in the buffer
zone surrounding Lucas Heights was
completed in December 1984. Over the
eleven months' duration of the project, 48
persons were employed for varying
periods. The achievements of the project
attracted favourable comment from the
local community.
Security
309. On 9 July 1984 a threat was made
to fly an aircraft packed with explosives
into the reactor HIFAR at 3.00 p.m. on 17
July 1984. The threat received
considerable media attention and caused
concern in the local community. A wide
range of protective and investigative
measures were instituted and a person
was charged and found guilty on two
counts of causing public mischief.
Internal Audit
370. Systems-based auditing continues
to contribute to the improvement of the
Commission's management control
systems.
Freedom of Information
311. Eleven requests were received
during 1984-85 under the Freedom of
Information Act 1982 and nine had been
resolved by 30 June 1985. One request
was refused, to protect private sector
commercial confidentiality. Five requests
were fully met and three were met in part.
The processing of requests exceeded the
time limit in four instances.
312. Freedom of information reading
facilities are provided in the Reception
and Information Centre at the Lucas
Heights Research Laboratories. 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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Institutional
Research and
Training

Australian Institute of Nuclear
Science and Engineering
(AINSE)
Australian School of Nuclear
Technology (ASNT)
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373. The Australian Institute of Nuclear
Science and Engineering and the
Australian School of Nuclear Technology
located at Lucas Heights have had a
significant impact on Australian and
international research and training.

Australian Institute of Nuclear
Science and Engineering
374. Now in its 26th year, the Australian
Institute of Nuclear Science and
Engineering (AINSE) is an association of
twenty organisations; the AAEC, CSIRO
and eighteen universities. Each
organisation is represented on the
governing body, the AINSE Council, and
pays an annual subscription.
375. The Institute arranged access by
staff and students of Australian
universities and institutes of technology to
the major facilities at Lucas Heights and
supported research and training in both
nuclear science and engineering, and
other areas employing nuclear Technology.
Support was given to research and
training in plasma physics, nuclear
physics, nuclear engineering, nuclear plant
safety, radiation chemistry, radiation
biology, radiation medicine, radiation
dosimetry, neutron diffraction, the
structure of SYNROC components, and
the application of nuclear techniques in
archaeometry, mineralogy, geology,
molecular crystallography, and coal
research.
376. Fellowships, studentships and
grants were provided, conferences were
arranged and AINSE staff assisted visiting
research workers. Additional research
equipment was installed at Lucas Heights.
The AINSE Council supported public
lectures on uranium isotope enrichment,
by A.C. Allerman, University of New South
Wales, and the past, present and future
role of the AAEC, by Professor M.H.
Brennan, Chairman, AAEC.
377. Although the demand for AINSE
services was high, access to facilities at
Lucas Heights was restricted by
budgetary constraints. Academic
researchers spent more than 2000 staff-
days at Lucas Heights under AINSE
auspices in the calendar year 1984, a drop
of about 38% over 1983.

Management and staff
378. Professor I.J. Polmear (Monash
University) was succeeded as President of
AINSE by Professor K.N.R. Taylor
(University of New South Wales). The Vice

Presidents are Professor P. Mason
(Macquarie University) and Professor B.M.
Spicer (University of Melbourne). Other
members of the Executive Committee
were 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 (Executive Officer, AINSE).

Finance
379. Total expenditure for the calendar
year 1984 was $680,504 and total income
$789,206 ($423,150 as membership
subscriptions, $300,000 from the
Commission as a contribution to research
and training, and $66,056 from other
sources). In January 1985, the
Commission's annual contribution was
restored to $400,000 but this did not
permit AINSE to optimise its activities
fully to the end of the financial year. The
major outlay of $518,697 for research and
training constituted 76% of total
expenditure. Fixed assets (mainly research
equipment) are valued at about $1.1
million. Such equipment meets the diverse
needs of the research community and
provides facilities not otherwise available
at Lucas Heights.

Conferences
320. Total expenditure on AINSE
conferences during the calendar year 1984
was $20,150. High priority is given to such
conferences which involved as many as
120 scientists and engineers from
government laboratories, academic
institutions and industry in reporting on
research in progress rather than
completed projects. Those held at Lucas
Heights in 1984-85 were as foliows.

The 12th AINSE Radiation Chemistry
Conference, 7—9 November 1984

327. At this conference, held in
association with the Polymer Division of
the Royal Australian Chemical Institute,
fifty papers were presented. Topics
included microwave radiation, radiqlysis,
gamma irradiation, nuclear magnetic
resonance, electrochemistry,
thermoluminescence, polymerisation and
reaction kinetics.

The 15th AINSE Plasma Physics
Conference, 4—6 February 1985
322. Seventy-three papers were
presented on magnetic confinement,
magnetic fields, mathematical models,
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tokamak devices, laser radiation, particle
acceleration, nuclear physics and wave
propagation theory.
The 4th AINSE Engineering Conference,
16-17 May 1985
323. Twenty-three papers were
presented on uranium resources
development, energy technology, systems
modelling, ion implantation, fusion
studies, storage and disposal gf
radioactive wastes, heat transfer, and
nuclear pov.er systems.
Post-graduate Research Studentships
324. Three new research studentships
were awarded in calendar year 1984
against severe competition. Eight other
students continued Ph.D. studies. These
AINSE awards were held at Australian
universities, with students performing
25% of their research at Lucas Heights.
Research fellowships
325. AINSE research fellowships are
two-year scholarships awarded to
promising young scientists and engineers
who have recently completed Ph.D.
studies to do research that could involve
the use of Lucas Heights facilities. Four
fellowships current in 1984-85 involved
research in radiation chemistry,
crystallography, plasma physics and
radionuclide chemistry. Use is being made
of HIFAR neutron beams and the three
million volt Van de Graaff particle
accelerator.
Grants
326. Ninety-five projects were supported
by research and training grants during
1984 and included engineering, nuclear
physics, radiation chemistry, radiation
biology, radiation medicine, plasma
physics, nuclear techniques of analysis
and neutron diffraction. Much of this work
required access to Lucas Heights
facilities and involved collaboration with
Commission research workers. AINSE
Grants for 1984 are listed in Appendix 4.
Accelerators
327. AINSE provides professional and
technical support to visiting scientists for
projects on any of the three particle
accelerators at Lucas Heights. A major
development was the installation of a
target chamber equipped with macro-
manipulator facilities on the three million
volt Van de Graaff particle accelerator.
Proton induced X-ray emission (PIXE)

analyses with this accelerator are used for
many studies requiring the determination
of very low concentrations of trace
elements. The accelerator was also used
by AINSE visitors for work in radiation
biology, coal research, diffusion studies,
archaeometry and other topics.
328. AINSE was also involved in the
operation, maintenance and development
of the CSIRO's 1.3 million volt electron
accelerator at Lucas Heights and the
AINSE 600,000 volt pulsed electron
accelerator (Febetron 706). Operating
conditions on all accelerators have
improved significantly and the machines
are in constant use. AINSE investment in
these machines is now more than
$450,000.
Neutron diffraction
329. AINSE and other research workers,
used neutron beams from HIFAR for
studies in electrical energy storage,
molecular structures, magnetic structures,
SYNROC research and the structure of
biological materials.
330. Demand for time on the neutron
diffractometers was high and planning
was complicated by delays in the
scheduled long shutdown of the reactor.
Further work was done on the four-year
plan to bring the neutron diffraction
facilities in HIFAR to the best level
possible without the use of a 'cold
source'. A linear counting system was
installed on the low angle neutron
diffractometer and the detector and
control systems for the high resolution
neutron diffractometer were further
developed. Total investment in this
equipment by AINSE is now more than
$570,000.

The Australian School of
Nuclear Technology
331 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; Professor E.O. Hall, Department of
Metallurgy, University of Newcastle
(representing AINSE); and Mr B. Toner, the
Principal of ASNT.
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Training courses
332. Since its inception in 1964, the
School has provided a wide variety of
courses to support the peaceful
application of nuclear science and
technology within Australia and for a
number of other countries. Major
emphasis has been given to the
application of radioisotopes in agriculture,
medical and biological applications,
industrial applications and radiation
protection. A special feature of the
School's contribution in 1985 was its role
as coordinator of a workshop on the
commercialisation of ionising energy
treatment of food, hosted by the AAEC
and co-sponsored by the International
Atomic Energy Agency.

333. In 1984-85 the courses attracted
104 participants, see table below. Thirty-
eight students came from Bangladesh,
Hong Kong, Indonesia, the Republic of
Korea, Malaysia, Papua New Guinea, New
Zealand, Nigeria, Pakistan, the Philippines,
Singapore, Sri Lanka, Tanzania, Thailand
and Zimbabwe. The remainder were from
the AAEC and other Australian
organisations. The courses dealt with
three broad areas of training in nuclear
technology: an introduction to the basic
science; application of radioisotopes to
industry, medicine and the environment;
and aspects of radiation health and
safety.

ASNT COURSES 1984-85

Introductory Atomic Energy No. 4
2July-13 July, 1984

Radioisotope Course for Graduates
No. 30
16 July-10 August, 1984

Radionuclides in Medicine No. 12
17 SeptembeM2 October, 1984
Nuclear Techniques in Industry and
Mineral Processing No. 1
12 November-? December, 1984
Nuclear Safeguards Course No. 3
11 February-15 February, 1985
Radiation Protection Course No. 8
4 March-29 March, 1985
Workshop On Commercialisation of
Ionising Energy Treatment
29 Aprll-10 May, 1985
Use of Tritium in Oil Exploration No. 1
13,14 May, 1985

Radioisotope Course For Non^
Graduates No. 34
27 May-21 June, 1985
Senior Reactor Operator Training
Course
12 June-2 July, 1985

AAEC

Elsewhere in
Australia

Overseas

'////////////////////////////A

8 10 12
students

14 18 20 22
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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. I.M.M.

Deputy Director: R. Smith, B.Met.E.(Hons.),
M. Eng.Sc., Ph.D.

Deputy 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.

Head, Plant Safety Section: R.W.S.
Carlson, B.E.(Hons.), A.S.T.C., C.Eng.,
M.I.Mech.E., M.I.E.Aust.

Head, Safety Principles and Radiological
Section: J.E. Cook, B.Sc.(Hons.)

Assistant to the Director, Special Projects
and Management Support Unit: N.R.
McDonald, B.Sc.(Hons.), Ph.D., C.Eng.,
M.I.M., A.M. Aus. I.M.M.

Secretariat and Administration
Secretary/Manager, Administration:
W.H. Ratcliff, B.Ec.

Executive Officer (Secretariat): E.M. Small,
B.A.

Controller, Manpower: N. Carnegie

Controller, Finance and Supply:
R.J. Baker, A.A.S.A.

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: Vacant

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.

Head, Nuclear Science Section:
J.R. Bird, M.Sc., Ph.D., F.AJ.P.

Head, Safeguards and Nuclear Physics
Section: J.W. Boldeman, D.Sc., Ph.D.

Head, Semiconductor and Radiation
Physics Section: A.J. Tavendale, M.Sc.,
Ph.D.

A/Head, Fusion Physics Section:
J.K. Parry, M.Sc., Ph.D.

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.
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Leader, Occupational Hygiene Section:
J.A. Grey, M.B.E., B.A., M.Sc.

Site Medical Officer: Vacant

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).

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, C.Eng., M.I.M.

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

Nuclear Technology Division
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, Isotope Separation 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:
D.J. Mercer, B.E.Mech.(Hons.),
M.Eng.Sci.(Nuc.), M.I.E.Aust.

Engineering Services and Operations
Division
Manager, Engineering Services and
Operations: A.C. Higgins, C.Eng.,
F.I.Mech.E.

Controller, Reactors Department:
A.C. Wood, B.Sc., F.I.E.Aust.

Leader, Production, Works and
Maintenance Section: R.S. McAneny.
C.Eng., Grad.Dip. B.A., M.I.Mech.E.

_Leader, Engineering Projects Section:
R.M. Uebel, B.Mech.E.(Hons.),
A.S.T.C.(Elect.), F.I.E.Aust.

Leader, Testing and Inspection Section:
A. Walker, B.E., Grad.Dip., A.S.T.C.

Leader, Waste Management Section:
A.T. Duff, B.Sc.fHons.). A.R.A.C.I.

Commercial Products Unit
Controller. K.W. Horlock, M.I.Mech.E.,
A.M.I.E.E., A.M.B.I.M.

Deputy Controller, Commercial Products
Unit: J.Robson, M.Sc., A.R.A.C.I.

Head, Medical Products Section:
H.H. Brian, M.Sc., A.R.A.C.I.

Head, Marketing Section: G.E. Logan.
B.Sc., F.A.C.B.S., A.A.I.M.

Head, Quality Control Section:
K.J. Farrington, M.Sc., A.R.A.C.I.

Information Services Department
Controller, Information Sei vices:
K.H. Tate, B.Sc., M.Aus.l.M.M.

Acting Head Librarian: Y.M. Long, B.A.,
A.L.A.A,

Head, Editorial and Publications Section:
M.E. Foster, B.A.(Hons.), Dip.Ed.

Head, Information Office: D. Coleby, B.Sc.

Head, Media Relations Office: J.R. Walker

Technical Secretariat
Acting Head: J.M. Silver, M.Sc., A.M.T.C.,
M.Aus.l.M.M.

Australian School of Nuclear
Technology
Principal: B Toner, B.E.
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Appendix 2

Technical Papers and
Patents

The research work of the Commission is
reported in scientific papers published
in Australian and international journals,
books and monographs, the proceedings
of scientific and technical conferences,
and several official report series
distributed throughout the world. Some
work is patentable. This appendix lists
staff publications and patents, including
a number of papers on collaborative
work, and publications by non-AAEC
authors who have used Commission
research facilities.

Monographs
ALLEN, B.J., *BERGQVIST, J., **CHRIEN,
R.E., tGARDNER, D., ttPOENITZ, W.P. [1984]
• Neutron Radioactive Capture. Vol. 3, OECD-
NEA series on Neutron Physics and Nuclear
Data in Science and Technology, Psrgamon,
Oxford. (*Lund. Inst. Tech., Sweden;
**Brookhaven Nat. Lab., USA; fLawrence
Livermore Lab., USA; ttArgonne Nat. Lab.,
USA)
ROCKE, F.A. [1984] - Handbook of Units and
Quantities, AAEC, Lucas Heights, 270 pages.

AAEC/E Series Reports
ALEXIEV, D.M.JAVENDALE, A.J. [1984] - A
deep level transient conductance
spectrometer for high resistivity
semiconductors using a marginal oscillator
detector. AAEC/E598.

CALF, G.E., STOKES, R.C. [1985] - Tritium list
No.6, 1983-1984. AAEC/E610.

CLARK, G.H. [1985] - Some atmospheric
dispersion, wind and temperature statistics
from Jervis Bay, Australian Capital Territory:
1972 to 1974. AAEC/E606.

CLARK, G.H. [1985] - Some meteorological
parameters for atmospheric dispersion
modelling at Lucas Heights, NSW, Australia:
1975 to 1983. AAEC/E613.
DURANCE, G., HOGG, G.R., TENDYS, J.
[1984] - The AAEC rotamak experiment:
Description and preliminary results at low
input power. AAEC/E602.

DURANCE, G., HOGG, G.R., TENDYS, J.
[1984] - The effects of rotating field frequency
on the rotamak configuration. AAEC/E603.

EVANS, J.V., SHYING, M.E. [1985] - Zirconium
molybdate gel as a generator for technetium-
99m. AAEC/E599.

GIBSON, O.K., *REID, I.F. [1985] - Double
differential cross sections for electron
ejection from helium by fast protons.
AAEC/E608. (In press). (*AINSE)
HARRINGTON, B.V., ROBINSON, G.S. [1985]-
A neutronics study of reduced enrichment
fuel for the HIFAR research reactor.
AAEC/E604.
LEE, E.J., SORBY, P.J., BARNES, R.K., BQYD,
R.E. [1985] - Development of a pilot plant for
the removal of rhenium from molybderv.'jm
trioxide. AAEC/E615. (In press).
LOWSON, R.T., SARBUTT, J.V. [1985] - An
instrumented leach column for the study of
sulphide oxidation in waste heaps.
AAEC/E590.
PEADY, G.W. [1985] - A Unix/lDRIS Dataway
interface. AAEC/E601.
ROBINSON, G.S. [1985] - A comparison of
neutron resonance absorption in thermal
reactor lattices in She AUS neutronics code
system with Monte Carlo calculations.
AAEC/E614.
SANGER, P.L. [1985] - Computer network
access to the PYRAMID 90X computer at
Lucas Heights. AAEC/E607.

*TROWSE, J., DURANCE, G., HOGG, G.R.,
'JONES, I.R.. TENDYS, J. [1984] - The effect
of an applied toroidal magnetic field on
rotamak discharges. AAEC/E617. ('Flinders
Univ. of South Australia)

WHATHAM, J.F. [1985] - Results of pipe bend
analysis. Part XII: stresses in elbows with
long tangents under out-of-plane bending.
AAEC/E605.
WILSON, J.G., BOYD, R.E. [1985] - Recent
radiopharmaceutical research at the AAEC
Research Establishment. AAEC/E616. (In
press).

AAEC/M Series Reports
IZARD, M.E. [1985] - Description of and
operating instructions for the Lucas Heights
gamma technology research irradiator
(GATRI). AAEC/M108. (In press).

SAUNDERS, M. [1985] - Information manual
on the microbiological aspects of good
manufacturing practices for
radiopharmaceutical preparations.
AAEC/M 106.

WHATHAM, J.F. [1985] - User's manual for
the compute; code BENDPAC. AAEC/M107.
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Non-AAEC Series Reports
AIREY, P.L, ROMAN, D., GOLIAN, C., SHORT,
S., NIGHTINGALE, T., LOWSON, R.T., CALF,
G.E., *DAVEY, E.G., *GRAY, D. [1984]-
Radionuclide migration around uranium ore
bodies - Analogue of radioactive waste
repositories. Annual Report 1982-83
NUREG/CR-3941. (*Univ. of Sydney)

AIREY, P.L, ROMAN, D., GOLIAN, C., SHORT,
S., NIGHTINGALE, T., LOWSON, R.T.,
'DAVEY, B.C., *GRAY, D. [1984]-
Radionuclide migration around uranium ore
bodies in the Alligator Rivers region of the
Northern Territory, Australia - Analogue of
radioactive waste repositories. In NRC
Nuclear Waste Geochemistry '83, D.H.
Alexander and G.F. Birchard (eds).
NUREG/CP-0052. (*Univ. of Sydney)

BEATTIE, D.R.H., 'SUGAWARA, S. [1985]-
Steam-water void fraction for vertical
upflow in a 73.9 mm pipe. PNC SN941 85-03.
(*0-arai Engineering Center, PNC, Japan)

BEATTIE, D.R.H., 'SUGAWARA, S. [1985] - An
application of mixing length theory to two-
phase flow thermohydraulics in ATR. PNC
N941 85-10. (*0-arai Engineering Center, PNC,
Japan)
BOLDEMAN, J.W. [1984] - Review of v for
252Cf. INDC/P84-38.

BOLDEMAN, J.W. (ed.) [1984] - Progress
report on nuclear data activities in Australia
for 1983-1984. INDC/P84-14.
BRENNAN, M.H., 'CROSS, R.C., *JESSUP,
B.L, 'LEHANE, J.A., *MURPHY, A.B. [1985]-
Antenna loading studies for Alfven wave
heating on TORTUS. Univ. of Sydney, School
of Physics Report SUPP-29 (*Univ. of Sydney)

McCULLOCH, D.B. (ed.) [1984] - Reactor
physics activities in Australia (October 1983-
September 1984). OECD/NEA NEACRP/L273.
McCULLOCH, D.B. [1985] - Enrichment
reduction calculations for the HIFAR reactor.
In Research Reactor Core Conversion from
the Use of Highly Enriched Uranium to the
Use of Low Enriched Uranium Fuels.
Guidebook Addendum: Heavy Water
Moderated Reactors. IAEA, Vienna, IAEA-
TECDOC-324, Appendix C, Introd.

ROBINSON, G.S. [1985] - Australian
benchmark calculations, ibid., Appendix F,
Paper F3.

ROBINSON, G.S., HARRINGTON, B.V. [1985]-
Neutronics calculations for reduced
enrichment fuel in HIFAR. ibid., Appendix C,
Paper C1.

*ROMBERG, T.M. [1985] - An analysis of
coolant flow stability in DIDO type reactors.
ibid., Appendix C, Paper C2. (*Now at CSIRO
Div. Mineral Physics)

Papers in Journals
AHSANULLAH, M., 'FLORENCE, T.M. [1984]-
Toxicity of copper to the marine amphipod
Allorchestes compressa in the presence of
water- and lipid-soluble ligands. Mar. Biol.,
84:41-45. (*CSIRO Div. Energy Chemistry)

AHSANULLAH, M., 'BRAND, G.W. [1985]-
The effect of selenite and seleniferous fly
ash leachate on growth and viability of the
marine amphipod Allorchestes compressa.
Aust. J. Mar. Freshwater Res., (In press).
('Marine Science Labs. Vic.)
BALL, C.J. [1984] - X-ray powder diffraction
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Patents
The Commission has 39 inventions which are
the subject of applications for patents or for
which patents have been granted. These
inventions are associated with the
application of science and technology; eight
of them are concerned with fuel cycle
processes. Thirteen 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 1984-85 is
as follows:

Patent Applications
J.V. EVANS, P.W. MOORE, M.E. SHYING, J.M.
SODEAU
Treatment of technetium-containing
solutions. USA 6-701-373; Federal Republic of
Germany P3503760.1; France 85.02581; Japan
28152/85; United Kingdom 8501265.

Patent Applications Allowed to
Lapse
R.E. BOYD, R.W. MATTHEWS
Improvements in performance of technetium
generators. Federal Republic of Germany
P2845613.5.
K.G.McLAREN
Improvements in and relating to the
treatment of wool textiles. Japan 11387/78.
E.J. RAMM, A.E. RINGWOOD
Arrangements for containing waste material.
USA 282327 (continued in part as USA
524841).

Letters Patent Granted
J.S. WATT, V.L GRAVITIS
Analysis of coal.
United Kingdom 2073884; Japan 1222013.

Patents Abandoned
R.E. BOYD, R.W. MATTHEWS
Improvements in performance of technetium
generators. The Netherlands 7812465.
K. FREIBERG
Butterfly valve. Australia 526135.
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Appendix 3 Appendix 4

AAEC Research
Contracts

AINSE Grants for
Research and Training
1985

In 1984-85, no new research contracts
were awarded by the Commission but the
following projects were extended:

Extended Contracts

Australian National University,
Research School of Earth Sciences

The immobilisation of high level nuclear
reactor wastes in crystalline mineral
phases ($1,424).

Griffith University,
School of Sciences
Surface and bulk modification of nuclear
waste solids under hydrothermal leaching
conditions ($4,000)

New South Wales Institute of
Technology School of Physics —
Materials
X-ray and neutron diffraction studies of
SYNROC mineral phases ($5,600).

Ninety-five projects received AINSE
grants totalling more than $243,000.
This appendix also lists support for
four AINSE fellowships and eleven
AINSE studentships. The importance
to Australian research of access to
Commission facilities through AINSE
is illustrated by the wide range of
topics.

AINSE 1985 Grants
James Cook University of North
Queensland
Relationship between microstructure and
strength properties of mechanically
alloyed copper-TiOj alloys (Dr N. Kothari,
$1,700).
Studies of technetium metal complexes
(Dr L.F. Lindoy, $1,900). Point-defect
dislocation interaction in ionic crystals (Dr
G.A. Bielig, $1,600).
Fission track studies in north-eastern
Australia (Associate Professor P.J.
Stephenson, $1,000).

University of Queensland
Comparison of neutron and gamma-
radiation damage in DNA and cloning of
genes for radio-resistance (Dr M.F. Lavin,
$3,700).
Radiation effects in models for
polypeptides (Dr D.J.T. Hill, $1,500).
Radiation effects on polymers and
copolymers (Dr J.H. O'Donnell, $2,000).
Tumour imaging with novel platinum-
technetium radiopharmaceuticals (Drs
D.W.A. Bourne, J. Jacobs, $5,000).
Structure analysis using neutron
diffraction (Dr C.H.L. Kennard, $1,600).
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,
$4,100).
Mode of transport and deposition of gold
and some platinum group elements in soil
profiles and in hydrothermally altered
rocks (Professor A.F. Wilson, $1,000).
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Nuclear techniques of analysis (Dr C.H.L
Kennard, $1,000).
Non-ideal aspects of the hydrogen
absorption-desorption plateau in some
metal hydrides (Dr E.M. Gray, $1,800).

Griffith University, Queensland
Factors affecting the long-term leaching
of SYNROC in groundwater and repository
conditions (Professor R.L Segall, Drs S.
Myhra, R.St.C. Smart, P.S. Turner, $2,800).
Irradiation effects on the structure of
polypropylene (Dr W.K. Busfield, $1,550).

Darling Downs Institute of
Advanced Education, Queensland
Signal processing techniques for sodium"
boiling noise (DrT.J. Ledwidge, $2,400).
Fluorine and other trace elements in
Australian coals (Mr E. Tiller, $1,400).

University of New England, New
South Wales
Multiphoton and high pressure plasma
techniques for the tunable generation of
laser radiation (Professor S.C. Haydon,
Associate Professor G.A. Woolsey, $5,660).
Spatial and time-resolved studies of the
development of radiofrequency plasmas
(Professor S.C. Haydon, $6,000).

University of Newcastle, New
South Wales
Redox properties of rhenium and
manganese complexes (Dr G.A. Lawrance,
$800).
Hydrogen scattering from metal surfaces
(Professor R.J. MacDonald, $1,470).
Structure of metallic hydrides (Dr J.D.
Browne, Associate Professor W.A. Gates,
$1,800).
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, $1,300).
Magmatic affinity of altered volcanic
rocks at Glenrock Station, NSW, using
rare earth elements (Dr R. Ofler, $800).

University of Sydney, New South
Wales
Buffer gas plasma centrifuge (Dr S.W.
Simpson, $7,856).
Emulsion polymerisation kinetics
(Associate Professor D.H. Napper, Dr R.G.
Gilbert, $500).

Development of boron derivatives for
neutron capture therapy (Dr D.E. Moore,
$2,100).
Radiofrequency heating of plasmas
(Professor M.H. Brennan, Dr R.C. Cross,
Associate Professor J.A. Lehane, $10,318).
Laser induced fluorescence studies of the
TORTUS edge plasma (Dr I.S. Falconer,
$9,300).
Proton initiated X-ray emission/neutron
activation analysis of ceramics from Pella
in Jordan: University of Sydney
excavations (Dr A.B. Knapp, $800).
Chemical composition of rock (desert)
varnished (Dr D. Dragovich, $400).
Elemental analysis of prehistoric ceramics
from Buka Island, Papua New Guinea (Dr
J.P. White, $500).

University of New South Wales
Nuclear power plant safety and control
investigations on the HIFAR reactor (Mr
L.G. Kemeny, $2,394).
Socio-economic cost of nuclear power
(Associate Professor Z.J. Holy, Dr G.C.
Lowenthal, $1,300).
Mechanical and acoustical properties of
deformed and irradiated solids (Dr J.I.
Dunlop, $500).
High dose ion implantation (Associate
Professor J.C. Kelly, $400).
Radiation catalysis and studies in mass
spectrometry related to radiation
chemistry (Associate Professor J.L
Garnett, $1,900).
Tritium-NMR (nuclear magnetic resonance)
studies of new tritium labelling techniques
(Associate Professor M. Long, $1,000).

Macquarie University, New South
Wales
Heat diffusion in ceramics and ceramic
composites (Dr J. Unsworth, $4,390).
Reactions of free radicals with
metalloproteins (Associate Professor J.M.
Gebicki, $600).
Hot atom reactions in molecules exposed
to fast and thermal neutrons and gamma
rays (Associate Professor J.G. Hawke,
$1,100).

University of Wollongong, New
South Wales
An investigation of nutritional status and
water balance in Petaurus australis in the
field and in captivity (Dr H.J. Spencer,
$400).
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Australian National University,
A.C.T.
The Lapita homeland project: obsidian
and pottery trade in the Bismarck
Archipelago analysed by proton induced
X-ray and proton induced gamma
emission techniques (Mr W.R. Ambrose,
$800).
Oxidation reduction reactions of
coordinated ligands (Professor A.M.
Sargeson, Dr G.A. Lawrance (University of
Newcastle, NSW) $1,100).
LT-4 runaway electron energy distribution
(Dr A.M. Morton, $9,618).
Fast monitoring of transient signals from
LT-4 plasmas (Dr LE. Sharp, $10,669).
Diagnostics of the rotamak (Dr R.W.
Boswell, $3,000).
Digitisation system for analysis of data
from laser-produced plasmas (Dr K.A.
Nugent, B. Luther-Davies, $3,650).
Molecular structure of hydrido-transition
metal complexes by neutron diffraction
(Dr G.B. Robertson, $2,400).
Trace element studies of igneous and
metamorphic rocks (Dr B.W. Chappell,
$3,000).
Argon-40/argon-39 age determination of
rocks (Dr I. McDougall, $3,000).
Laser spectroscopy of colour centres in
oxides (Drs N.B. Manson, Z. Hasan,
$1,000).
Caesium-137 as an indicator of recent
colluvial and alluvial accumulation in
Bircham's Creek, north-east Canberra (Dr
D.G. Day, $1,000).

University of Melbourne, Victoria
Pulse radiolysis studies of gaseous free
radicals (Dr R. Cooper, $4,000).
Luminescence from electron irradiated
solid oxides (Dr R. Cooper, $2,100).
Radiation induced dissolution of colloidal
oxides (Drs R. Cooper, F. Grieser, $1,900).
DNA repair in Pseudomonas aeruginosa
and its modification by R piasmid (Dr
B.T.O. Lee, $2,000).
Critical reflection of neutrons (Drs A.G.
Klein, G.I. Opat, $3,600).
Lattice dynamics and superlattice
formation in rutile (TiO2) (Drs L.A. Bursill,
G. Moss, Professor T.M. Sabine (NSW
Institute of Technology), $2,300).
Application of activation analysis to the
problems of ore genesis and evolution of
the crust (Dr R.R. Keays, $3,000).
The application of activation and particle
track analysis and radiochemical tracer
techniques to fundamental problems in
geochemistry and cosmochemistry
(Professor J.F. Levering, $3,500).

Monash University, Victoria
Heterogeneous polymerisation kinetics of
acrylonitrile with gamma-ray initiation (Dr
I.R.Wilson, $1,500).
Distribution of magnetic moment in alloys
with magnetic long range order (Dr T.J.
Hicks, $12,000).
Distribution of magnetic moment in
superparamagnets, spin glasses and
Kondo systems (DrT.J. Hicks, $11,000).
Distribution and dynamics of moments in
magnetic alloys (Dr T.J. Hicks, $3,500).
The lattice dynamics of superconducting
palladium telluride and its isomorphs (Dr
T.R. Finlayson, $3,000).
The influence of residual stresses on the
physical and mechanical properties of
alloys (Drs T.R. Finlayson, J.R. Griffiths,
$3,200).
The neutron Kossel and Kikuchi effects
(Professor T.F. Smith, Associate,
Professor J.D. Cashion, $3,000).
Lattice dynamics of the alkali
thiocyanates (Professor T.F. Smith,
$4,100).
Electronic and nuclear interactions in rare
earth and transition metal compounds
(Dr J.D. Cashion, $1,000).
Investigation of devitrification in fluoride
glasses by neutron diffraction (Dr D.R.
MacFarlane, $2,000).

La Trobe University, Victoria
Effect of repair inhibitors on spontaneous
and radiation induced mutation yields in
bacteria (Dr D.G. MacPhee, $1,800).
Investigations of a cytoplasm-mediated
pathway for radiation damage to
chromosomes (Dr J.A. Marshall Graves,
$1,300).
Extreme stresses, genetic architectures
and protein variation in Drosophila
(Professor P.A. Parsons, $2,000).
Radio-sensitivity of natural killer cells
(Dr G.R. Flannery, $2,400).
A study of N—H—Cl hydrogen bonding
using pyridinium salts (Dr B.D. James,
$2,200).

University of Tasmania
Effects of radiomimetic substances and
chemical protection from X-irradiation
damage on animal cells in vitro
(DrY.A.E. Bick, $1,500).
Trace element abundances in mafic and
ultramafic rocks, with special emphasis
on samples from Antarctica and Southern
Australia (Dr A.J. Crawford, Professor D.H.
Green, $1,500).
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New South Wales Institute of
Technology
Structural studies of catalytically
important molecular sieves (Dr J. Parise,
$1,000).
Elimination of preferred orientation in
powder patterns (Professor T.M. Sabine,
$900).
Microtopology and depth profiles
(Dr G.B. Smith, $500).

Capricornia Institute of Advanced
Education, Queensland
Neutron diffraction study of lithium 0.5
sodium 0.5 cobalt oxide (Dr R.J. Balsys,
$600).

Royal Melbourne Institute of
Technology, Victoria
Materials analysis by high resolution
Rutherford backscattering and channelling
(Dr J.S. Williams, $2,400).

University of Adelaide, South
Australia
Pulse radiolysis of metal complexes in '
non-aqueous solvents (Dr G.S. Laurence,
Mr D.F. Sangster (CSIRO), $3,400)).
Radioactive disequilibrium in low-level
uranium and thorium determinations
(Professor J.R. Prescott, $2,100).

Flinders University of South
Australia
Rotamak studies (Professor I.R. Jones,
$9,702).
Uranium distribution studies in follis
^ones and speleothems (Dr H.H. Veeh,
$500).

University of Western Australia
Determination of oxygen-18 by activation
in a particle accelerator (Professor S.D.
Bradshaw, $2,400).
Absolute measurement of neutron
production (Associate Professor H.H.
Thies, $1,000).
Processing and analysis of gallium
arsenic 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, $6,000).
Accurate crystal structure analysis by
neutron diffraction (Dr E.N. Maslen,
$2,700).
Structures of transition metal complexes
at low temperatures (Professor B.N.
Figgis, $3,000).

Murdoch University, Western
Australia
Structural studies of biominerals (Dr J.
Webb, $2,000).

AINSE Post-graduate
Research Studentships
The hydrolysis of indium (III)
(Mr P.L. Brown, University of Wollongong).
Lattice dynamics of the alkali-metal
thiocyanates (Mr D.J. Cookson, Monash
University).
Radionuclides: their application in
sediment chronology and interaction with
food chains through benthic organisms
(Mr T.R. Hamilton, University of
Melbourne).
Mineralogical controls on thorium mobility
in uranium mining and milling tailings (Ms
R.M. Johnston, University of New
England).
Mechanistic studies of ZSM-5 type
zeolites (Mr E.M. Kennedy, University of
New South Wales).
The ternary gamma brasses (Mr E.H. Kisi,
University of Newcastle, New South
Wales).
The radiolytic excitation of aqueous
systems (Mr R.A. Litjens, University of
Western Australia).
Uranium and thorium coordination and
organpmetallic compounds (Mr P.I.
MacKinnon, Monash University).
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, Flinders
University of South Australia).

AINSE Research
Fellowships
Role of iron oxides in the retention of
heavy metals and radionuclides (Dr J.
Gerth, University of Sydney).
Lattice dynamics and superlattice
formation in rutile (TiO2) and related
crystals (Dr G.R. Moss, University of
Melbourne).
Penumbral imaging of laser-produced
plasmas (Dr K.A. Nugent, Australian
National University).
Homogeneous radiation polymerisation
studies (Dr G. Robinson, University of New
South Wales).
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Financial Statements

Statement of Assets
and Liabilities as at
30 June 1985

Note 1985 1984
$ $

Capital Accumulation
Balance transferred from Statement
of Capital Accumulation 36,363,170 34,141,057

Represented by
Current Assets
Cash at bank and in hand 1,219,381 1,618,164
Cash at bank, trust moneys 2 1,684 2,130
Accounts receivable 3 1,028,039 752,782
Welfare fund investments 15 40,000 10,000
Stock on hand 1(d)&4 3,310,823 4,071,667
Prepayments 895,769 449,183
Interest accrued 57,172 170

6,532,868 6.904,096

Less Current Liabilities
Accounts payable 5 1,282,132 995,151
Moneys held in trust 2 1,684 2,130
Accrued charges 413,291 375,326
Provision for recreation leave 6 2,949,420 2,666,251
Provision for long service leave 7 700,900 695,642

5,347,427 4,734,500

Net Current Assets 1,135,441 2,169,596
Non-Current Assets 8
Land 5,940,522 5,783,289
Buildings 14,823,611 14,443,257
Plant and equipment 8,567,571 8,105,162
Reactor HI FAR 2,491,914 2,221,074
Library and films 4,725,897 4,734,289
SYNROC pilot plant 2,065,519 787,742
Stock on hand 1(d)&4 814,896 =

39,429,930 36,074,813

Investments
Mary Kathleen Uranium Ltd 9 2,021,029 2,021,029

2,021,029 2,021,029

Less Non-Current Liabilities
Provision for long service leave 7 6,273,230 6,124,381

Excess of Assets over Liabilities 36,363,170 34,141,057
Contingent Liabilities i(h)&7
Capital Expenditure Commitments 21
Lease Commitments 22
The accompanying notes form an integral part of this statement.
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Statement of Capital
Accumulation
as at 30 June 1985

Note 1985 1984
Ij) Jp \p %p

Capital accumulation from
previous years 34,141,057 39,564,536

Add
Funds transferred from

Statement of Activity for
acquisition of items of a
capital nature 11 4,428,710 3,449,491

Capital items brought on
charge 12 83,139 4,511,849 113,220 3,562,711

38,652,906 43,127,247

Less
Decrease in net cost of Mary

Kathleen Uranium Ltd
shareholding 9 — 6,152,829

Transfer of funds provided
for Menai fire station 23 275,000 —

Unfunded liability transferred
from Statement of Activity 2,014,736 2,289,736 2,833,361 8,986,190

Capital accumulation
transferred to Statement of
Assets and Liabilities 36,363,170

The accompanying notes form an integral part of this statement.
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Statement of Activity
for Year Ended 30 June 1985

Note 1985 1984

Revenue
Parliamentary appropriation -

Division 523-1 Running
Expenses
Division 942-2 Capital
Works & Services

Contribution from CSIRO
towards cost of site
support services

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

Grants received in aid of
research

Add outstanding grant
moneys owing

Sales - radioisotopes and
commercial activities

Miscellaneous income

Dividend from investment in
Mary Kathleen Uranium Ltd

Proceeds from disposal of
assets

Profit on sale of assets

Welfare operations
Bad debts recovered
Net change (increase) in

value of cobalt-60 sources
in process and work in
progress at 30.6.85

Total Operating
Revenue

37,527,000 35,151,000

10

4,382,000
41,909,000

3,293,800
45,202,800

3,650,000
38,801,000

2,951,000
41,752,000

11 4,428,710 40,774,090 3,449,491

13 569,484 225,179

179,536 749,020 131,957

2,575,350 2,177,801

14 139,973 2,715,323 121,458

9

1(3)

15

16

3,076,414

40,744
545,004

30,844

47,931,439

38,302,509

357,136

2,299,259

6,152,828

141,224

414,579

259

16,574

47,684,368
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Note 1985 1984

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

Total Operating
Expenses

Excess of Revenue over
Current Expenses

Less
Provisions and other

unfunded charges
Depreciation

- Buildings
- Plant & equipment
- Reactor HIFAR
- Library & films

Increase (decrease) of
Recreation leave
liability
Long service leave
liabil

Debts, recovery of which is
considered doubtful

Net deficit before adjustment
for abnormal item

Add abnormal item, stores
holdings at 1.7.83 expensed

Unfunded Liability
transferred
to Statement of
Capital
Accumulation

The accompanying notes form an integral part of this statement.

17

18

15

13

9

6

7

33,050,816

1,467,899

1,449,261

1,921,742

2,425,659

2,121,793

628,876

48,121

521,151

749,020

3,076,414

448,603
998,397
276,218
320,603

2,043,821

283,169

154,107

4,326

2,014,736

30,947,905

1,415,378

1,529,531

1,476,423

2,034,789

1,762,486

532,047

43,114,167 19,877

400,356

357,136

4,346,585 6,152,828
47,460,752

470,687

424,438
801,513
222,107
304,960

1,753,018

320,225

676,184

2,485,423 910

1,694,725

—

2,014,736

39,718,436

6,910,320
46,628,756

1,055,612

2,750,337

1,138,636

2,833,361
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Statement of Sources
and Applications of Funds
for Year Ended 30 June 1985

1935

Sources of Funds
Funds from operations

Unfunded liability transferred
from Statement of Activity

Add non-funded items
Provision for depreciation
Provision for recreation leave
Provision for long service leave
Profit on sale of non-current
assets

Add Parliamentary
appropriation for acquisition
of items of a capital nature

Reduction in assets
Current assets

Stock on hand
Cash at bank and in hand

Non-current assets
Proceeds from the sale of
non-current assets

Increase in liabilities
Current liabilities

Accounts payable
Accrued charges

1984
$ $

2,043,821
283,169
154,107

(40,744)

(2,014,736)

2,440,353
425,617

4,428,710
4,854,327

398,783

136,723

286,981
37,965

5,714,779

1,753,018
320,225
676,184

(1,835,949)*

jr 2,749,427
913,478

3.449,491
4,362,969

736,025

141,224*

32,022
29,886

5,302,126

Application of Funds
Increase in assets

Current assets
Cash at bank and in hand
Accounts receivable
Prepayments.
Interest accrued
Welfare fund investments
Stock on hand

Non-current assets
Land
Buildings
Plant and equipment
Reactor HIFAR
Library and films
SYNROC pilot plant

Transfer of funds provided for
Menai Fire Station

275,257
446,586
37,002
30,000
54,052

157,233
828,957

1,502,357
547,058
283,500

1,277,777

842,897

4,596,882

275.000
5,714,779

* Note 1(a)(i) refers.

The accompanying notes form an integral part of this statement.

1,409,718
124,514
318,395

8

315,077
632,003

1,325,173
396,129
264,356
516,753

— 1,852,635

3,449,491

5,302,126
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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 state of affairs of the Australian Atomic Energy Commission as at 30 June
1985, and the results for the year ended on that date.

M.H. BRENNAN D.G. WALKER
Chairman Member

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
Miscellaneous income 14
Welfare operations 15
Change (net increase) in value of cobalt-60 sources in process (increase) and work
in progress (increase) at 30 June 1985 16
Maintenance and external contracts 17
AAEC grants in aid of research 18
Remuneration of Members of the Commission 19
Audit fees 20
Capital expenditure commitments 21
Non-capitalised finance leases 22
Menai Fire Station contribution 23
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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 the requirements of:
(i) Australian Accounting Standard 4 (AAS4) with which the AAEC did not fully comply in 1984, are
now met; hence the item profit on sale of assets is disclosed in the Statement of Activity for the
first time. This is the cause of varied presentation of previous years' figures in the Statement of
Sources and Applications of Funds, and
(ii) Revised Guidelines for the Form and Standard of Financial Statements of Commonwealth
Undertakings issued by the Department of Finance in February 1985 and which became operative for
accounting periods ending after 31 December 1984 have been observed as applicable except for
Australian Accounting Standard 16 (AAS16). This matter will be considered by the AAEC in
consultation with officers from the Department of Finance at an appropriate time.
(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 other non-cash items, depreciation and
change in liability for recreation leave and long service leave.
(c) Ths AAEC contributes to the Commonwealth Employees Superannuation Scheme in
accordance with Section 159 of the Superannuation Act 1976 and meets its liability as costc. accrue,
on the basis of contribution rates set by the Australian Government Actuary and advised in his
report for the period ended 30 June 1983. An amount of $4,577,591 was contributed during 1984-85
(1983-84 — $4,081,860} and is included as expenditure in the Statement of Activity under the heading
Salaries and payments in the nature of salary. This represents an on-going contribution rate of
20.7% of superannuable salaries.
(d) Inventories of enriched, natural and depleted uranium which were in existence when the AAEC
commenced accrual accounting (1979) are disclosed 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. Certain
commercial products stock is also disclosed at market value which is below cost. Note 16 refers.
Certain stock of enriched and natural uranium ore concentrate has had nil usage in recent years.
The AAEC has no immediate use for this material, hence its disclosure in the Statement of Assets
and Liabilities as a non-current asset.
(e) During 1984-85 the AAEC incurred certain operating and Welfare Fund expenditure in excess of
the level of expenditure estimates approved by the Minister in accordance with Section 30(A)(2) of
the Atomic Energy Act.
During the period 28 September to 1 October 1984 the AAEC's bank account went into overdraft
without the approval of the Treasurer as required under Section 30(1) of the Atomic Energy Act.
These incidents are inconsistent with normal policy and constitute technical breaches of the Atomic
Energy Act.
(f) The policy of non-capitalisation of expenditure relative to the development ancJ registration of
patents has continued during 1984-85. At 30 June 1985, a total of 82 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 AAEC 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.
Both parties provide assistance to the School at no charge.
(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 contractual liabilities.

3. Accounts receivable
Details of accounts receivable at 30 June 1985 are:

Trade debtors
Less provision for doubtful debts

Grants in aid of research
Other debtors

1985
$

602,909
5,165

597,744
179,536
250,759

1,028,039

1984
$

495,354
9,919

485,435
131,957
135,390
752,782
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The major component within the item trade debtors relates to the sale of radiopharmaceuticals.
During 1984-85 doubtful debts in an amount of $9,010 (1984 — $23,255) were declared irrecoverable
and written off.

4. Stock on hand
The valuation policy of stock on hand is set out in Note 1(d):
(a) Current assets 1985 1984

S <c
Nuclear materials 2,647,321 3,399,10
Commercial products stock

- Includes cobalt-60 sources in
process (at market value) which
is below production cost
(see Note 16(a)) 625,451 649,561

Work in progress 3,850 3,400
Welfare trading stock (see Note 15) 34,201 19,597

3,310,823 4.071,667

(b) Non-current assets (see also Note 1(d)) 1985 1984
$ $

Nuclear materials 814,896 —

5. Accounts payable
This item relates to AAEC trade creditors $1,137,898 (1984 — $914,539) and sundry creditors $144,234
(1984 — $80,612).

6. Provision for recreation leave
The provision for recreation leave at 30 June 1985 reflects the liability for recreation leave $2,701,058
(1984 — $2,441,734) and leave loading $248,362 (1984 — $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 1984 and 30
June 1985 is brought to account as an unfunded provisions 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 provisions of the Long Service Leave (Commonwealth Employees) Act 1976 and
the appropriate Salary rate as at 30 June 1985.
The 30 June 1985 current liability component was calculated on the basis of the average demand
pattern over the past five years.
The contingent or yet to accrue liability for long service leave has been calculated at $580,844 (1984
— $575,191) on the basis of:
(i) the pro-rata yet to accrue entitlement of all staff with less than 10 years recognised service; and
(ii) probability factors 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 1984 and 30 June 1985 is brought to account as an unfunded provision in the Statement of
Activity.
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8. Non-current assets
Non-current assets included in the accounts are as follows: (see also Note 4(b))

1985 1984
S $

Land 5,940,521 5,783,289
Buildings 22,897,199 22,068,242
Less accumulated depreciation 8,073,588 7,624,985

14,823,611 14,443,257

Plant and equipment 18,626,662 17,331,756
Less accumulated depreciation 10,059,091 9,226,594

8,567,571 8,105,162^
Reactor HI FAR 6,106,422 5,559,364
Less accumulated depreciation 3,614,508 3,338,290^

2,491,914 2,221,074

Library and films 6,444,795 6,132,584
Less accumulated depreciation 1,718,898 1,398,295

4,725,897 4,734,289

SYNROC pilot plant 2,065,519 787,742

Land: Expenditure disclosed against this item includes the cost of site services capitalised as
improvements to land. Expenditure on site services for 1984-85 was $157,232 (1984 — $315,077).

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

Plant and equipment: Plant and equipment is disclosed at cost and has been depreciated on the
basis of the estimated useful life of individual plant items. The value of plant and equipment items
disposed of or transferred out during the year was $261,880 (1984 — $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 1984-85 have been brought to account at replacement cost
values at 30 June 1985.

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 1984-85 involving expenditure of
$1,277,777 (1984 — $516,753) bringing total expenditure at 30 June 1985 to $2,065,519 (1984 —
$787,742) against total estimated cost of $2,754,000. A decision on estimated useful life for
depreciation purposes will be taken following the commissioning of this plant.

9. Mary Kathleen Uranium Ltd
In 1983-84 the value of the AAEC's holdings of 30,764,142 Mary Kathleen Uranium Ltd shares was
varied to 5 cents per share by a partial return of share capital. The investment is disclosed at a
residual net cost to the AAEC.
Dividends of 10 cents per share were paid to shareholders during the year. Two dividends totalling
$3,076,414 (1984 — $6,152,828) received by the AAEC 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. Subject to the satisfactory 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 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 1985 was 11 cents (1984 -
21 cents).
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10. Contribution from Commonwealth Scientific and Industrial Research
Organization
In accordance with arrangements agreed for CSIRO co-location at the Lucas Heights Research
Laboratories the AAEC received from oe*>RO in 1984-85 an amount of $3,293,800 (1984 — $2,951,000)
as contribution to common site services 4>3,233,800 (1984 — $2,891,000) and plant and equipment
acquisitions $60,000 (1984 — $60,000).

11. Funds transferred from Statement of Activity for acquisition of items of a
capital nature
Expenditure on capital acquisitions during 1984-85 is detailed hereunder:

1985 1984
$ $

Site services 157,233 315,077
Buildings 826,259 632,003
Plant and equipment 1,502,358 1,325,172
Reactor HIFAR 541,104 396,129
Library and films 283,500 264,356
SYNROC pilot plant 1,118,256 516,754

4,428,710 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:

1985 1984
$ $

Library reports acquired at no charge
and AAEC reports produced 28,711 20,432

Plant items acquired through collaborative
agreements 14,428 37,587

Reinstated and manufactured items
brought on charge 40,000 55,201

83,139 113.220

13. Grants received in aid of research
During 1984-85 the AAEC expended a total of $749,020 (1984 — $357,136) against projects funded by
grants in aid of research. An amount of $569,484 (1984 — $225,179) was received from grant
organisations during the year. The balance of moneys owing $179,536 (1984 — $131,957) is included
as a sundry debtor (Note 3 refers).

14. Miscellaneous Income
1985 1984

$ $

Income under this heading includes:
Hire of services 19,774 40,691
Disposal of stores 19,175 —
Interest received 36,654 —
Recovery of expenditure 35,424 —
Other income 28,946 80,767

15. Welfare operations
The AAEC operates 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 1984-85 resulted in a surplus of
$23,853 (1984 — $14,223), of which $9,317 (1984 — $6,119) related to interest received on invested
funds, bringing accumulated funds to a total of $86,527 (1984 — $62,674). Welfare Funds not
immediately required to meet expenditure are invested in Australian Savings Bonds to provide a
short term investment.
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16. Change (net increase) in value of cobalt-60 sources in process (increase)
and work in progress (increase) at 30 June 1985
(a) Cobalt
Cobalt-60 sources in process and cobalt-60 teletherapy sources in process are manufactured in the
reactor HIFAR by irradiation over an extended period. During 1984-85 the market value of these
sources increased by $30,394 (1984 — $24,574).
(b) Work in Progress
Work in progress is valued on the basis of recoverable labour rates. The increase in value of work in
progress on hand at the conclusion of the year was $450 (1984 — $8,000).

17. Maintenance and external contracts
1985 1984

This item includes: $ $
Maintenance of grounds and buildings 399,277 318,334
Computer hire 963,171 890,663
Service agreements, period contracts,

design and development contracts
and analytical services 759,345 553,489

2,121,793 1,762,486

18. AAEC grants in aid of research
1985 1984

$ $
During 1984-85 research grants were made to:
Australian Institute of Nuclear Science and

Engineering - membership subscription 218,000 198.000
Engineering - contribution to research

and training 400,000 300,000
618,000 498,000

Australian universities 10,876 34,047
626,876 532,047

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 1984-85 was $28,743 (1984 — $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 $68,100 (1984 — $54,500).

21. Capital expenditure commitments
The AAEC has an outstanding expenditure commitment on capital works and services at 30 June
1985 of $2,318,997 (1984 — $1,119,491).

22. Non-capitalised finance leases
1985 1984
$ $

(a) Rentals charged to Statement of Activity 474,461 414,148

(b) Lease commitments
- not later than one year 480,653 417,034
- later than one year and not later than two years 265,890 415,302
- later than two years and not later than five years 112,875 200,538

Minimum lease payments 859,418 1,032,874
Deduct future finance charges 164,490 258,862

(c) Present value of minimum lease
payments - plant and equipment 694,928 774,012

23. Menai Fire Station contribution
In 1981 the then Government approved expenditure through the AAEC for a Commonwealth
contribution towards the cost of construction of a fire station near the Lucas Heights Research
Laboratories. Following negotiation with relevant NSW State Government authorities and an
acceptance by the NSW Board of Fire Commissioners an appropriate site was secured and work
commenced in 1984-85. In terms of an agreement with the NSW Board of Fire Commissioners the
AAEC effected a contribution on behalf of the Commonwealth in an amount of $275,000.
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Appendix 6

Auditor-General's Report
Commonwealth of Australia

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

Australian Audit Office
Cnr. Moore and Rudd Streets,
Canberra City, A.C.T. 2601
22 November, 1985

Dear Minister

Australian Atomic Energy Commission
Audit Report on Financial Statements

Pursuant to sub-section 31(2) of the Atomic Energy Act 1953, the Australian Atomic
Energy Commission has submitted for my report its financial statements for the year
ended 30 June 1985. 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 have been prepared in accordance with the policies outlined in Note 1
to the Accounts and except as disclosed in Note 1(a)(ii) in accordance with the
Guidelines for the Form and Standard of Financial Statements of Commonwealth
Undertakings approved by the Minister for Finance. The Statements are in the form
approved by the Minister for Finance pursuant to sub-section 31(1) of the Act. A copy
of the financial statements is enclosed for your information.

During the year the Commission, contrary to the provisions of sub-section 30A(2) of the
Act, expended moneys on running expenses and Welfare Fund moneys in excess of
the current estimates approved by the Minister.

During the year the Commission's bank account went into overdraft for a short period
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 sincerely

G.M. Williams
Acting Senior Assistant Auditor-General
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