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1. APPLIED MATHEMATICS AND COMPUTING DIVISION
(Chief: Dr D.J. Richardson)

1.1 Introduction

The Applied Mathematics and Computing Division provides a computing
service (Project 6.1.1) to all parts of the Commission, and to those parts of
CSIRO situated at the Lucas Heights Research Establishment. The Division also
undertakes research into aspects of computing science in areas relevant to the
Commission's interests. Research has been carried out in the following areas:

. The provision of alternative access for the AAEC computer network to
the central computer installation, via three INTEL 8086 micro-
processors linked in parallel.

. The design and development of a new local computer network, based on
fibre optics technology.

. The design and development of a new relational database system, ADD,
for information retrieval and management.

. The investigation of convergence techniques for the solution of very
large numbers of linear differential equations.

1.2 Interactive Computing
(D.J. Richardson, P.L. Sanger)

The AAEC computer network was designed and developed within the
Commission some twelve years ago. Although at the forefront of technology
when it was designed and built, and still functioning well, it has a number of
drawbacks at this present time:

. it has no inherent redundancy;

. data transfer rates, once considered relatively high, are low by
today's standards; and

. it is very susceptible to electrical interference.

The AAEC site Dataway system provides a connecting link between different
computers and, in particular, between computers and the central machine. The
present system operates well but relies on old technology hardware. In the
short-term, the access path to the central computer is being extended to
Include three INTEL 8086 microprocessors working in parallel to improve
overall throughput. In the long-term, fibre optical pathways will replace the



present cabling for extended reliability, particularly against lightning
intrusion.

Terminal access to different site computers is presently supported by
NOVA minicomputers and SMUT control boxes and cabling. Studies of alternative
systems are under way which are aimed at alleviating the growing 'traffic1

problems on the present system.

Connection to CSIRONET is being carried out. This involves development
of an AAEC link to one of the new CSIRO micronodes which is joined via a high
speed telephone line (at 9600 bits/second) to another CSIRO node at Sydney
University. The AAEC connection is being developed around a micro-Eclipse
computer, the latest in the Data General Eclipse range. The same connection
will also support the regular in-dialling facility to the AAEC network (four
telephone lines at 300 bits/second).

1.3 Information Systems
(J.P. Pollard, R.J. Cawley, J. Cergovska)

In recent years, the use of computers as management information aids has
greatly increased. Database systems, which allow data to be stored within a
computer, Indexed, and accessed as required by management, have been provided
by many computer manufacturers and software houses; for example, IBM's
Information Management System, IMS. Such database systems have traditionally
used a hierarchical structure for their operation, and hence have grown to be
quite cumbersome. A more modern approach, developed in concept by E.F. Codd
in 1970, uses a relational structure and a more natural query language.
However, until now there have been few satisfactory implementations of
relational databases. An advantage with relational databases is that they are
amenable to a strict mathematical analysis, whereas hierarchical databases
mainly operate heuristically.

In seeking a suitable tool for use by management and scientific staff,
the Division Investigated the feasibility of developing a relational database
suitable for small to medium size organisations. As a result, a relational
database called ADD (A Database Demonstration) has been developed. ADD is at
present undergoing extensive field testing by management and research staff
within the AAEC Research Establishment.



1.3.1 A Database Demonstration (ADD)

Background

From the time of Its Inception, the Research Establishment has been
accumulating information of Interest to project managers, researchers and
administrators. Whether this information was the results of on-going chemical
analysis or details of the latest available vacuum pump, it could be of
interest to someone later, and so stored away. Subsequently, more information
was added as the original data were varied and new data were acquired*. If we
think of a 'word', or mathematical construct or number, etc. as a unit of
information then, even if we exclude the contents of books, research papers
and reports, the extent of typed and handwritten information stored at Lucas
Heights could still well be of the order of one billion words.

In the same time that we have been accumulating this information and
computers have become faster and more powerful, people throughout the world
"have been developing techniques to handle vast amounts of information stored
on quick access storage devices - lately, disk drives. The early techniques
relied on sequential processing which was very slow, as the sought-after
word/s had to be located by a search that started at the beginning of the
information and continued through each intervening set of words. Later, with
the advent of random addressable storage devices, came the possibility of
quicker access procedures. In the 1970s, information accessibility bloomed
with the advent of computer techniques and programs specially designed to aid
information users who generally were not computer scientists. Databases had
arrived.

Databases

Databases are computer storage schemes for data and the relationships
between them. For example, we may have tabular data comprising the site phone
book:

Name Location Phone

e.g. Richardson D.J. Dr 51 3085,3082

Depending on the way the relationships are expressed, in practice, there are
three different models:

The possibility that information be discarded should not be ignored, but
the tendency to 'save for a rainy day' is the prerogative of the
researcher and the demand of the administrator.



. hierarchical (or tree-Uke),

. network (or spider-web-like) and

. relational (or table-like).

The first two approaches have been widely adopted and commercial database
packages supporting them have been available since the 1970s (and usually cost
of the order of $100 000). However, the relational model, which is supported
by mathematical set theory and which is more able to free the user from the
need to specify how the data are found, is being developed. A few relational
packages have appeared, but, until recently, these have been research versions
which are not widely available on 'standard* machines like the AAEC's
IBM3033S. Also, some fundamental problems associated with the relational
approach are still being solved. Nevertheless, the latest research papers
suggest that the relational model has substantially more to offer than the
others.

ADD - the relational database package

Because of the extent of Information held on site and the fact that much
of it would be used more if it were readily accessible, a project was
undertaken by three members of the Division. The aims of the project are

. to ascertain the extent of database needs on site,

. to demonstrate the possibilities of database techniques, and

. to address the likely ad hoc nature of enquiries from on-site users.

The relational database package, ADD, is a research vehicle for these
aims and, although still in early stages of development, ADD is already being
accessed by about fifty invited users. Comments from these users, whose needs
cover scientific, library and administrative applications, will be used to
develop the package further.

ADD, unlike other relational database packages, has been designed to
include the kind of extensive text information that arises in mixed
bibliographic and scientific data storage applications. The package includes
the site-developed editor, UNED, as an integral part to assist ad hoc
enquiries and to simplify data entry and updating. The relational database
language available is SEQUEL; however, most users are content to adopt the
higher level of access made possible by UNED which can generate basic SEQUEL
statements appropriate to the required applications. Present access is



restricted to either interactive (terminal) mode or batch mode. In the
future, access will be possible from such programming languages as Pascal,
FORTRAN and Assembler.

1.4 Computer Languages
(J. Cergovska)

Traditionally, the programming of system and computer communication
functions has required the use of computer languages, called Assembler
languages, which are closely related to the attributes of the particular
computers being programmed. Higher level user-oriented languages, such as
FORTRAN and COBOL, have been in use for many years for scientific and
commercial applications, but have not been suitable for systems programming.
Five years ago, Professor N. Wirth designed the first language, MODULA, for
systems programming use. This language was implemented by the Division for
use with the INTEL 8086 microprocessors, the first such implementation for
parallel processors. MODULA is now being used within the Division to develop
INTEL-based communication software.

Following the success in Australia and overseas of the Commission's
Pascal 8000 compiler, it is planned to implement a successor language, MODULA
II (a separate language from MODULA), which will be able to be used for
microprocessor software development, as well as for scientific computing on
the IBM central computer. This will involve the use of a meta-1anguage as an
intermediate stage in compilation, and meta-1anguage translators for each of
the desired target machines.

Computer languages are used to state work which will ultimately be done
by computer. In the past, work on network control could be stated only in
low-level assembler languages; now, however, several high-level languages are
available. Divisional research was originally conducted using the language
MODULA 1. Investigations are in progress for multiprocessor applications
using MODULA 2 (which is more than just an upgraded version of MODULA 1). One
application to be investigated is its use for programs for numerical solution
of linear equations to be run on several microprocessors in parallel.
Ultimately, the language will be supported on several computer types as it is
ideal for program portability.

1.5 Applied Mathematics
(J.P. Pollard, J.M. Barry)

The Division has been involved in reactor and neutron studies. These
have traditionally relied on a diffusion theory model for reasonably speedy
day-to-day calculations. A two-dimensional diffusion theory implementation,



POW, has been used since 1973 and runs as part of the AUS neutronics scheme on
the main site computer. Since 1976, POM has evolved to become the three-
dimensional version, POW3D, and includes three procedures for solution of the
vast number of linear equations (up to 100 000 unknowns) that arise from the
finite-difference discretisation of the continuous spatial and energy domains.
One of these solution procedures, the method of implicit non-stationary
iteration (MINI), developed at Lucas Heights, has been rigorously studied and
tested for a range of calculations. MINI has been found to be the most
suitable procedure for a wide class of problems. The iterative procedures may
be accelerated by variational methods, including those using finite-element-
like approximations. Fourier analysis has been used to investigate the
functioning and applicability of such secondary acceleration methods and,
hence, the part played by them in removing low frequency error components.

Sieve nests are usually the tool of a chemical engineer; however,
'multigrid* sieve nests are being used to speed convergence of solution of
linear equations arising from numerical solution of (elliptic) partial
differential equations.

1.6 Publications

1.6.1 Journal paper

Barry, J.M., *Jenkinson, J.H. and Pollard, J.P. [1983]. A discrete Fourier
analysis of coarse mesh rebalancing and some associated iterative
methods. <K Austral. Math. Soc., 825:190-216. (*AINSE Postgraduate
Student).

1.6.2 AAEC external reports

Cawley, R.J. [1983] - UNED - an interactive editor for IBM370 computers.
AAEC/E580.

Pollard, J.P., (ed.) [1982] - Mathematical modelling of a limited resource.
AAEC/S25.

Rugg, T.J. and Wong, S.C. [1983] - AAEC INIS online user manual. AAEC/M102.



2. APPLIED PHYSICS DIVISION
(Chief: Dr O.K. Parry)

2.1 Introduction
The year under review saw satisfactory progress in the established

programs of nuclear physics, neutron scattering and semiconductor physics,
with some expansion in the field of nuclear techniques of analysis. In
addition, the two newer fields of nuclear safeguards research and fusion
physics are now well established and showing every indication of developing
into productive areas of research.

The general aim of the Applied Physics Division program is to achieve a
balance between basic and applied research. As is seen in the following text,
a significant number of the nuclear applications projects are carried out on a
collaborative basis with scientists from other disciplines.

2.2 Nuclear Physics (Project 5.1.1)
(J. Boldeman, B.J. Allen, D. Lang, R. Walsh)

The primary objective of this work has been to understand those basic
processes most relevant to the more general nuclear technology interests of
the AAEC. Emphasis, therefore, has been on neutron reaction processes and
neutron data measurements. The traditional research studies in neutron
fission and neutron capture have continued, using facilities at Lucas Heights
and in overseas institutions, in collaboration with the research staff at
these institutions.

Recent work on the analysis of fission product yields from neutron
fission of 233U and 235U samples in HIFAR, in collaboration with the Western
Australian Institute of Technology, has shown some interesting-fine structure
in the symmetric mass yield region. Collaboration with the same institution,
using the Van de Graaff accelerator at Lucas Heights, has produced important
data on the value of the (̂>Lu chronometer as an indicator of the age of the
universe. The recent attachment of Dr B.J. Allen to the Central Bureau for
Nuclear Measurements (CBNM), Gee*l, Belgium, has allowed the earlier studies in
neutron capture cross sections (with Oak Ridge National Laboratory (ORNL)) to
continue. Equally, the earlier attachment of Dr J. Boldeman to the CEA's
Bruye>es-le-Chatel laboratory, continues to produce research papers devoted to
the understanding of the fission process. The major contribution that the
group made to the basic understanding of the fission process, through the
experimental verification of the triple-humped fission barrier, has been
extended by an idea from Dr D. Lang which led to a predicted laboratory mass-
asymmetry in the polarised neutron fission of 30Th. Experimental studies to
verify this prediction have so far been unsuccessful.
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Several years ago, the energy dependence of the fission neutron spectrum
for the spontaneous fission of 2 Ĉf was measured for neutron energies above 1
MeV. These measurements have been extended to below 1 MeV using an Li glass
scintillator as the neutron detector. The analysis is proceeding, with a
number of problems emerging that had not been recognised in the work of
previous experiments. Specifically, the neutron time-dependent response of
the Li glass detectors has been ignored. Work on 252Cf is particularly
relevant, as this process has been defined as the international standard.

Besides responsibility for the maintenance and development of the Yen de
Graaff accelerator, the Nuclear Physics Group has also become involved in
safeguards research and development through acceptance of a contract from the
Department of Foreign Affairs to develop a gas phase enrichment monitor. For
the next stage of the project it has been suggested to the Federal Government
that the expertise developed a number of years ago in the v* measurement
program would provide the capability to make a significant improvement in the
performance of the IAEA's high-level neutron coincidence counter. This is the
only monitor with which the IAEA can measure plutonium waste at fuel
reprocessing plants.

Future research possibilities have also been studied and, as a
consequence, the group has been assisting Nuclear Technology Pivision in the
development of the existing neutron generator and in design studies for a
machine with a significantly higher neutron output.

2.3 Ion Beam Studies (Project 5.1.2)

2.3.1 Automated ion beam analysis
(S. Craig, L.H. Russell)

Several years' development of ion beam methods of sample analysis have
resulted in the need to replace the equipment being used with an improved
system designed to overcome limitations in precision and reliability. It has
also been necessary to replace the on-line computer system used for this work
because of an increasing failure rate of units installed in 1965 and 1970.

A new computer system was delivered in 1981 and, early in 1982, the
analysis system was shut down for refurbishing. Because of staff shortages,
the work has taken longer than anticipated and it was not until the Lucas
Heights Research Laboratories Open Day (30 October) that the first
demonstration of the revamped system became possible. The crucial link to the
site computer (used for storage of bulk data) has since .̂ren completed and use

v is the average number of neutrons emitted in the Mission of a
particular nucleus.



of the analysis system has recommenced with the large backlog of user demand
being tackled.

The revised system includes improved capabilities for

. cycling up to 60 samples through an ion beam from the 3 MeV
accelerator, with positioning to within 0.1 mm;

. simultaneous detection of X-rays, gamma-rays and charged particles
produced by interaction of the ion beam with the sample;

. suppression of secondary electrons and accurate measurement of beam
current; and

. on-line processing and storage of data.

2.3.2 The particle-induced X-ray emission (PIXE) technique
(P. Duerden, D.D. Cohen*, E. Clayton)

The intense X-ray emission which accompanies the slowing down of ions in
a sample has proved to be a valuable tool for elemental analysis. Methods
have been developed at Lucas Heights for quantitative prediction of X-ray
yields from thick samples (thicker than the ion range) and absolute
determination of element concentrations in .various types of sample,
independent of reference standards.

The PIXE technique is more sensitive than commercially available X-ray
fluorescence systems (which use excitation by an X-ray or gamma-ray source) as
shown in the success of applications to minerals, archaeological artefacts and
biological samples. PIXE sensitivity varies rapidly with atomic number and is
best for elements Ti to Zn. In matrices not dominated by these elements, the
PIXE sensitivity is excellent from Si to U. However, the occurrence of
multiple X-ray peaks means that the performance of the method depends on the
combination of elements present. For example, biological samples can be
studied with high sensitivity to metals and other elements which are of
importance for occupational health in many industries.

2.3.3 Determination of trace metals in hair
(E. Clayton, K. Wooller**)

In a joint project with the NSW Department of Industrial Relations
(Division of Occupational Health), samples of hair were collected from groups
of workers in various factory environments and from control groups in the city
and country areas. Ion beam analysis of charred and pressed samples for such

* Australian School of Nuclear Science and Engineering (AINSE)

** NSW Department of Industrial Relations (Division of Occupational Health)
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elements as Ti, Mn, Fe, N1, Cn, Zn, Br, Sr, Cd and Pb clearly demonstrates
correlations with occupational exposures and other factors. Such multi-
element data obtained with 20-minute measuring times offer a versatile
approach to non-invasive monitoring of exposures. The results of this work
were reported at a conference in the USA in November 1982.

2.3.4 Archaeometry
(P. Duerden, E. Clayton, J.R. Bird, 6. Summer-Hayes*, W.R. Ambrose**,
J. Allen**, B.F. Leach*)

Ten PIXE-PIGME measurement programs on obsidian from the South West
Pacific and pottery from Papua-New Guinea, that were interrupted because of
the need to modernise the automated facility, have been restarted. The
preparation of the obsidian catalogue and provenance studies on New Zealand
and South West Pacific obsidian artefacts are continuing.

2.3.5 Depth profile measurements

Scattering chamber
(D.B. Garton, P. Duerden, D.D. Cohen'1"*')

A special chamber has been installed on the 3 MV accelerator for
measurements of ion scattering and reactions. Ultra high vacuum (UHV)
manipulators are used to control XYZ settings of a sample holder as well as
the angle of the sample relative to the incident beam direction. The
repeatability of the translational settings is 0.01 mm and the extent of
movement is 25 mm in the X and Y direction, and 150 mm in the Z direction. The
repeatability of the 360° rotational movement is 0.05°. An additional 2.5 mm
'trim1 movement in the Z direction is also provided as is a 7° tilt movement
with 0.1° repeatability.

A second rotational manipulator is mounted from the bottom of the
chamber. It carries an Si detector which can be set at different angles
relative to the beam direction or the sample plane.

Electrical feedthroughs are available and liquid nitrogen cooling of the
sample holder is being installed. The space available for samples is 150 mm
by 25 mm and this is used to permit measurements on a number of different

* Department of Anthropology, Sydney University

** Department of Prehistory, Research School of Pacific Studies, Australian
National University

+ Anthropology Department, University of Otago, Dunedin, New Zealand

** AINSE
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samples without breaking vacuum.

A dual detector system, with independent rotational movement for each
detector has been designed and is presently under construction. This will
enable simultaneous measurements to be made at two exit angles from the sample
surface.

Forward scattering hydrogen profile measurements
(P. Duerden, D.D.Cohen*, W.R. Ambrose**)

A helium ion beam strikes a sample surface at a shallow angle and
hydrogen atoms, which are knocked out at angles close to the forward
direction, can be easily distinguished from all other scattered atoms. A
single measurement of the energy spectrum from forward scatter hydrogen atoms
can give a depth profile of 0.7 fim depth with a depth resolution of 13 nm at
the surface. The method is used to study the hydration process in the natural
glass obsidian and also to measure hydrogen profiles in prepared solar
surfaces, and hydrogen concentration in hair samples.

Depth profiles and microtopology
(J.R. Bird, P Duerden, D.D. Cohen*, G.B. Smith"1", P. Hillary*)

The effect of surface roughness on the shape of measured energy spectra
from ion scattering and nuclear reactions, measured at glancing angles, is
being studied. Measurements at a number of angles provide information on the
influence of both the surface roughness and depth profile on the energy
spectrum. A series of prepared Si surfaces with etched grooves approximately
2 |im wide and spaced 2 tun apart is being studied together with samples of
etched A1 on an Si substrate.

Measurements of 2.5 MeV alpha particle scattering at glancing angles are
being compared with simulations of energy spectra from samples with periodic
structure. These are calculated using a systematic Monte Carlo approach to
the probability of interaction at points along the incident ion path that
takes into account stopping power and cross section as a function of energy
and depth. This project is being carried out jointly with the New South Wales
Institute of Technology.

AINSt

** Department of Prehistory, Research School of Pacific Studies, Australian
National University

+ New South Wales Institute of Technology, Sydney
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2.4 Moata Reactor (Project (5.1.2)
(D.J. Wilson, H.R. Llnklaker)

The Moata reactor 1s used for general purpose Irradiations for other
Divisions and outside organisations, Including contract work on the
development of neutron radiography techniques and the uranium assay service.
Developmental work 1s being carried out on the use of fission track detectors
In mlneraloglcal and biological studies, and calculation of the performance of
neutron moisture probes. The reactor operated for 500 hours with a total
energy production of 23.8 MWh. The major services provided during this
operating period were as follows:

Service MWh

Uranium assay 3.3
Radiography 0.5
Geoassay 8.9
Bloassay 3.3

2.4.1 Fission track analysis

The fission track technique Is a particularly sensitive method for the
determination of uranium down to the ng g'1 level. The Moata reactor has
advantages for such work because of the flexibility with which flux levels
(and hence exposure times), flux uniformity, and sample temperature can be
chosen to suit the requirements of each Irradiation. The Nuclear Techniques
Group has been requested to participate In two very different applications of
fission tracks and to develop the technique to overcome specific problems.

Bloassay
(D.J. Wilson)

As part of Its contract with the Office of the Supervising Scientist, the
Commonwealth Institute of Medicine, through Dr K Bentley, has requested
collaboration to ensure optimum usage of Moata for fission track measurement
in a study of uranium body burden.

Initial work has shown that the determination of U in hair and blood
gives consistent results, provided that the hairs used have a constant
diameter. Current investigations are concerned with the dependence of track
formation on hair diameter, and the relation between measured U content of
hair and the total body burden.
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The uranium burden of Individual organs from mice Injected with uranyl
nitrate solution (enriched uranium) was assayed In the delayed neutron rig on
Moata to determine the distribution throughout the body, Including that In the
fine structure in the tubules of the kidneys or the growing region of bone.
These were determined by sectioning and making fission track pictures of the
sections. The fraction of uranium retained by the whole body and which
resides in the hair was seen to be constant and not affected by the age or sex
of the mouse.

To extend these measurements to humans, the relationship between the hair
uranium content and the body burden of humans has to be ascertained. It is
assumed that the weight of blood is a fixed fraction of body weight. The
fission track technique, which is at least 10 times more sensitive than
delayed neutron analysis for uranium analysis, is being used for measurements
of both blood and hair. Because the range of fission fragments in tissue
coincides roughly with the diameter of a hair, track measurements are
sensitive to the hair diameter. A computer program to solve this problem is
being tested and its results will be compared with measurements on a large
number of hairs of various diameters before the relationship with blood
uranium burden can be determined.

Fission track dating
(T. Wall)

Fission track analysis has been studied for several years as a method of
measuring very low neutron fluxes and as an aid in the detection of
particulate actinide contamination. Recently, attention has been given to the
geological dating of rocks and minerals using the fission track method. A
polished surface is etched to reveal tracks formed by the spontaneous fission
of "°U. The uranium concentration within the specimen and the age over which
tracks have accumulated determine the track density level. The uranium
concentration is measured by an irradiation in a neutron flux, with the rock
contacting a track detector. Precise neutron dosimetry 1s thus required if an
accurate age evaluation is to be made.

This technique has been used on some obsidian samples supplied originally
as part of the collaborative work with the Department of Prehistory at the
Australian National University (ANU). Recent discussions with
geochronologists at Melbourne University's Geology Department, and with the
CSIRO's Chemical Physics Division at Clayton, Victoria, have revealed the need
for reappraisal of the use of standard uranium-doped glass dosimeters in the
neutron irradiation of a fission track dating specimen. Thin uranium sources
have been investigated as suitable alternatives and are shown to be highly
reliable. Techniques using activation detectors for accurate neutron
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dosimetry are also well tested In Applied Physics Division and will be studied
for use as alternative dosimeters.

2.5 Fusion Physics (Project 1.2.1)
(G. Hogg, I. Donnelly, J. Tendys, G. Durance)

Most of our progress In this field continues to be associated with Commission
staff seconded to Flinders University and ANU. Nevertheless, It Is pleasing
to report that that part of the Research Establishment program Involving
collaboration with the University of Sydney Is now under way, progress has
been made In theoretical studies at Lucas Heights, and the construction of a
rotamak device at Lucas Heights has commenced.

At Flinders University, AAEC staff have played a major role In rotamak
equilibria studies In both high power, short duration experiments and
complementary low power, long duration experiments. Results of these studies
have been presented at an IAEA-sponsored conference In Baltimore and an
American Physical Society conference at New Orleans.

The experimental work at ANU on the LT-4 tokamak concentrated on the
development of X-ray diagnostic techniques.

In the case of the University of Sydney/AAEC program on the Alfven wave
heating of plasmas, the major AAEC contribution has been theoretical analysis
and modification of the high power, pulsed RF (radiofrequency) oscillator for
the power source. The theoretical work has been concentrated on which MHD
(magneto-hydrodynamic) surface waves propagate on the plasma-vacuum boundary
in a tokamak, and the computer-modelling of the wave fields excited in a
toroidal plasma by oscillating antenna currents with frequencies around the
ion-cyclotron frequency. This latter topic is directly relevant to the
problem of efficiently Introducing the RF energy into the plasma of the
University of Sydney tokamak, TORTUS.

Other theoretical studies at Lucas Heights have concentrated on atomic
and molecular data, in particular, the generation of a data library of
charge-exchange and sputtering-rate coefficients for use in plasma transport
codes. In addition, soma work on anomalous heat transport and the
implementation of the HERMES transport code on the site IBM3030 computer has
been carried out.

At Lucas Heights, the laboratory facilities for an extension of the
rotamak studies are approaching completion and apparatus for the experimental
program is being assembled.
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In January, Dr J. Tendys (previously attached to Flinders University) and
Dr G. Hogg (previously, AND) returned to Lucas Heights, and the rotamak
program accelerated accordingly. Laboratory fittings were finalised, the
various equipment components completed and tested, and the rotamak device was
assembled during February and March. Mr G. Durance returned to the Division
from Flinders University in April.

Preliminary experiments at low RF input power (% 6 kW) have demonstrated
correct rotamak operation and plasma currents of % 500 A in argon and •>. 250 A
in hydrogen have been obtained. Modifications and improvements to the RF
drive and preionisation circuitry have been made and measurements so far have
been confined to determination of the magnetic field distributions in the
plasma during the discharge.

The joint program with the University of Sydney on the RF heating of
plasmas 1s progressing steadily. Our main contribution continues to be theory
support. The modified power oscillator appears to be functioning
satisfactorily although it is evident that more accurate measurement of the RF
conditions and the antenna is required to optimise the coupling efficiency.

2.6 Neutron Scattering (Project 5.1.2)
(C.J. Howard)

Neutron scattering, making use of beams of thermal neutrons from the
reactor HIFAR, continued to find widespread application. Applied Physics
Division staff again contributed to the development of techniques and
facilities for neutron scattering and engaged in selected applications.

The high-resolution neutron powder diffractometer performed well, and was
in constant use until February. Of particular interest to the Division was an
exploratory experiment to evaluate the potential application of neutron
diffraction to the study of residual stress in metals. The experiment
consisted of measuring a diffraction peak from a mild steel sample clamped in
a simple tension rig, with which tensions of up to 100 mPa were applied to the
sample. The detection of the resulting lattice strain was well within the
precision of the Instrument, indicating that residual stresses should readily
be detected.

In February, the existing neutron detector was replaced by an array of
eight detectors, to provide an eightfold Improvement in the data acquisition
rate. Staff from the AINSE Neutron Diffraction Group carried out this
modification. Commissioning of the new detector array has commenced, and
preparations were made for a Powder Diffraction Workshop to be held in July.
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A scientist from the Division spend '-n months on attachment to the
Biology Department of the Brookhaven National Laboratory, New York, and has
now returned to Australia. It is envisaged that there will be some increase
in the application of neutron scattering to biological systems. In addition,
facilities on the HIFAR reactor for neutron studies of biological systems are
being improved by AJNSE with assistance from Commission staff.

A new technique investigated during the year was the critical reflection
of neutrons. Neutrons incident upon a surface at very small angles, up to a
certain critical angle, are totally 'mirror1 reflected. It was recognised
recently that variation in reflectivity near the critical angle may be quite
sensitive to surface details; the critical reflection technique therefore
might be used in investigating a range of topics of Interest to surface
physicists and chemists, e.g. adsorbed layers, evaporation on sputtered
layers, black films, fatty acid multilayers, and density gradients at the
liquid-vapour interface. As a test of its feasibility for such studies, the
reflectivity of a layer of copper on glass was measured. The result compares
favourably with that obtained overseas.

2.7 Semiconductor and Radiation Physics (Project 4.2.2)

2.7.1 Nuclear radiation detectors

Silicon X-ray fluorescence detectors for mineral analysis
(A. Williams, A.J. Tavendale)

The Semiconductor Radiation Detector Group has completed the development
work on a Peltier-cooled, silicon X-ray fluorescence detector for use in a
bench-top model analyser, and the unit has been handed to the CSIRO Division
of Mineral Physics for trials. Work continued on the construction of
detectors, selection of very low noise field effect transistors and design of
low mass detector holders for an in-slurry mineral probe analyser. This is in
support of a project on radioisotope X-ray fluorescence techniques of analysis
in the mineral industry which is being funded primarily by AMIRA. Work on
detectors was reported at a joint AMIRA-CSIRO-AAEC meeting in late October.
Note, however, that following transfer of staff from the Group, the AAEC
contribution to this high potential project has slowed considerably to the
point where it is no longer realistic to hope to maintain projected schedules.

Construction and maintenance of semiconductor detectors
(P. Lee, A. Williams)

During the period, repairs were made to eight Ge(Li) gamma-ray detectors
and two Si X-ray detectors. Old style cryostats were replaced, where
appropriate, with our advanced Mark V version which incorporates ceramic
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electrical feedthrough seals. In addition, the preamplifier was hermetically
sealed to combat the problem of moisture tracking over the high-voltage
feedthroughs. This has been a persistent problem in the operation of
semiconductor detectors in humid environments and moisture condensation caused
when filling the Dewars with liquid nitrogen. Two new Ge(Li) detectors and a
Ge(HP) gamma-ray detector were constructed and supplied to on-site users.

2.7.2 Deep level transient spectroscbpy of semiconductors for radiation
detectors
(A.J. Tavendale, D. Alexiev)

A considerable effort was given to processing reports and papers on deep
leve.1 transient spectroscopy (DLTS) submitted for publication during the
previous period (see Section 2.9)

A new sample cryostat was constructed and attached to a commercial
closed-cycle cooler (CTI-Cyrogenics, model SCW) capable of cooling to 12 K.
Once commissioned, this apparatus enabled the acquisition of much data
previously available only with the use of liquid helium.

A DLTS investigation into the properties of defects associated with % 1
MeV He, C, N and 0 implanted Si and Ge was initiated, mainly with a view to
examining their field-drift properties in reverse biased diodes.

2.7.3 Contact studies
(E.M. Lawson)

Arsenic and antimony implanted silicon were annealed using a vitreous
carbon strip heater. Rutherford backscattering (RBS) and electrical
measurements were made to characterise the contacts. Evidence for
supersaturation of Sb was found from the RBS analysis. However, the
electrical measurements suggest that not all substitutional (apparently) Sb
atoms are electrically active.

The vitreous carbon strip heater was also used for GaAs dissociation
studies. During the capless annealing of ion implanted GaAs, dissociation may
occur with loss of the constituent components, especially As. Dissociated As
and Ga were condensed on a quartz slide and the amounts of each determined by
neutron activation analysis.

Evidence was sought for the As doping of thin surface layers by
electromlgration during cathodlc electroplating of Si. Analysis by RBS failed
to detect any As — an upper limit of 3.4 x 10 3 As cm"2 was defined by the
background. However, As was present in the surface oxide layer. This work
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was undertaken to resolve a controversy in the literature.

Studies of the surface and near-surface regions of heavily implanted Ge
were continued. High dose implantations were performed with a very light ion,
namely He - 1.3 x 1017 cm"2 at 2000 keV and 1 x 1017 cm"2 at 50 keV. However,
no evidence was found for an anomalous backscattering yield deficit, in
contrast to the situation found following implantation with high mass species.
Electron microscope examinations showed no change in the surface topography.
Silicon samples, heavily implanted at various elevated temperatures with As or
Sb, were examined for an anomalous deficit. Preliminary evidence is that an
anomalous deficit does exist in Si but that the effect is not as pronounced as
in Ge. Detailed calculations were necessary, and were made, before this
conclusion was reached.

2.7.4 Radiation standards
(D.F. Urquhart, H.A. Wyllie, E.P. Johnson)

Dosimetry

The output of the 60Co irradiation facility was increased by a factor of
five with the installation of a new 200 TBq source. The ratio of outputs of
the new and old sources was determined by an extensive series of two-month
dose measurements before and after the changeover. After the changeover, the
water-absorbed dose working standard was compared with the standards in a
number of overseas laboratories by means of an IAEA/WHO thermoluminescent
dosimetry (TLD) postal dose comparison. Results have not yet been received.

After a delay, caused by problems with the calorimeter vacuum system and
an intermittent electrical interference, recalibration of the working standard
has continued. Of the 50 calorimeter measurements to be done, about two
thirds have been completed. A new TLD reader is being installed to expand our
dosimetry capability Also a new cavity chamber from the Australian Radiation
Laboratory (ARL) was calibrated against our working standards in terms of
absorbed dose to carbon and water.

A short progress report on our radiation standards work was submitted, in
May 1983, to the Section I meeting of the Comite' Consultatif pour les Etalons
de Mesure des Rayonnements lonisants (CCEMRI) at Paris.

Radioactivity

The AAEC participated in a major international comparison of Cs using
Cs as an efficiency tracer. The results of the comparison have been



19

published by A. Rytz'-1-'. In the results of the 18 participants there was a
spread of ± 2.5 per cent, but in the results of eight major laboratories the
spread was only ± 0.4 per cent. The AAEC result differed from the weighted
mean of these eight laboratories by + 0.3 per cent; this was well within the
uncertainty (± 0.42 per cent) in our measurement.

The standard ion chamber currents for two 'new' radium reference sources
were measured with high precision and the currents for three 'old' reference
sources re-measured. These new current values enabled ion chamber calibration
factors for ̂ Co, ̂ 'Cs and *̂ *Cs to be re-measured (ampoules and vials).

Improvements have been made to the instrumentation and measuring
techniques for ion chamber measurements; this has reduced the time required
for a high precision measurement from about four hours to about half an hour.

The mechanical micro-balance has been replaced by an electro-balance with
the facility for printing out weights; this change has produced a tenfold
Improvement in weighing accuracy. Counting equipment used by the Group is
being interfaced with a small computer for on-line data collection and
processing.

Service requests for specialised sources and calibrations have continued
at about the same level as in previous years. Good progress has been made
with a technique for preparing thin, large area, uniform a and 0 sources.

Overseas visit

In 1983, as Australian representative on the CCEMRI, D. Urquhart
participated in the Section II meeting on radionuclide metrology in Paris.
Visits were also made to radioactivity standards laboratories at the Bureau
International de Folds et Mesures (BIPM) and the Laboratoire de Metrologie de
Rayonnements lonisants (LMRI) in France; the National Physical Laboratory
(NPL) in Britain; and the National Bureau of Standards (NBS) in the United
States.

Staff

Progress in radiation standards work has been significantly retarded by
staff retirements. The group has o"»ly two professional officers and one
part-time technical officer, compared with four professional officers and two
technical officers, three years ago.

[1J Rytz, A. [1983] - Draft report CCEMRI II/83-1; also to be published as a
BIPM report.
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2.8 Instrumentation Services (Project 6,1.2)

This project provides a broad range of specialised instrumentation to
research and operational activities at Lucas Heights. Effort allocated to the
project is 26 man-years/year. The groups providing instrumentation services
report below on their work during the past few months.

2.8.1 Systems analysis

Techniques have been established for the simulation of cascades of
centrifuges using the hybrid computer. At present, flow and concentration
transients are being examined for the first of the small cascades forming part
of the test program.

The dynamic equations used for the simulation have been simplified, and a
digital program (CASCADES) has been written to represent steady-state
conditions. This allows a wide range of cascade operating conditions to be
examined, as well as providing a check on the simulator.

2.8.2 Project instrumentation

The HIFAR emergency core cooling system (ECCS) has been installed, and
extensive testing during commissioning brought to light only a few very minor
faults in the overall system. During the six months that the ECCS has been
fully operational, one instrument was shown to be faulty (and has been
replaced), but all routine checks have been correct and there have been no
spurious trips. A detailed technical description of the system has been
compiled, and this includes a complete set of maintenance instructions'-!-".

2.8.3 Instrument maintenance

In addition to its normal maintenance operations, this • group has
undertaken an extensive program to refurbish the specialised power supplies
used by Centrifuge Enrichment Project Division. Relocation and modification
of the site emergency public address system is in progress.

2.8.4 Instrument design

The instruments under development or completed this year include: the
type 643 hand-held radiation monitor; a low-noise optoelectronic preamplifier
type 654; a microprocessor-controlled staircase-voltage stripping voltameter
type 610; and a type 641 low-noise preamplifier.

UJ Edwards, J., Rice, D. and Sanders, R. [1983]. HIFAR emergency core cooling
system plant manual. AAEC Internal Report. RD/TN46.



The adaptation of a 9 MHz 50 kW oscillator for use as a supplementary
heating source for the Sydney University tokamak, TORTUS, was successfully
completed. Also, a programmable-waveform high-current source for the vertical
field coils of the Flinders University/AAEC rotamak has been designed, and,
together with a low current (100 A) prototype, has been successfully
commissioned.

The prototype of a 16-channel analogue data transmission system using
fibre-optic cable reticulation was completed and delivered to Environmental
Science Division for assessment and testing.

2.8.5 Digital systems

The main development areas involve computer Dataway extensions and the
control of experiments using small computers. In the former area, a new
serial multi user terminal (SMUT) controller has been designed using a
microprocessor. This was simpler to build and is far more flexible in use
than the original version. The automated soil column rig for experimental
control, in Environmental Science Division, is almost complete; in this» a
microprocessor drives two stepping motors and collects data.

Further extensions to the Dataway system include the development of a new
pathway using three INTEL 8086 microprocessors, which is now used as an
alternative to the obsolete PDP9L computer. This will improve the reliability
of the Dataway. Also, a new interface has being installed to link the Dataway
to a PDP11/23 computer. The latter is used to collect and reduce data from
the electron accelerator.

2.9 Publications and Conferences

2.9.1 Journal papers

Appleton*, B.R., Holland*, O.W., Narayan, J., Schow*, III, O.E., Williams**,
J.S., Short**, K.J. and Lawson, E.M. [1982]] - Characterization of
damage in ion-implanted germanium. Appl. Phys. Lett., 41(8)711-712.
(*0ak Ridge National Laboratory; **Royal Melbourne Institute of
Technology).

Lawson, E.M., Kenny*, M.J., Scott*, M.D. [1983] - Rutherford backscattering
and channelling. At. Energy Aust., 26(1/2)7-13. (*Now CSIRO Div.
Mineral Phys.).

Lawson, E.M., Scott*, M.D., Rose*, A. [1983] - Annealing of argon sputter-
etch-damaged silicon by a Q-switched ruby laser. J. Vac, Sci.
Techno!., 81(1)35-36. (*CSIRO Div. Mineral Phys.).
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Lowenthal, 6.C., Vlyllie, H.A. and Page, V. [1982] - A method for measuring the
activity of iron-55 using a 4ir proportional counter. Int. J_. Appl.
Radiat. Isot., 33:755.
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54(2)1154-1155.

Pearton, S.J., Tavendale, A.J. [1983] - The electrical properties of deep
copper- and nickel-related centres in silicon. J_. Appl. Phys.,
54(3)1375-1379.

Pearton, S.J. and Tavendale, A.J. [1983] - The mobility of a nickel-related
centre in reverse biased n+-p diodes. Solid State Electron.,
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level defects associated with 1 MeV ion-implanted oxygen in
germanium diodes. J_. Appl. Phys., 54(6)3213-3215.

Tavendale, A.J., Pearton*, S.J. [1933] - Deep defect states in quenched, X-
irradiated germanium. Radiat. Eff., 69:39-46.

+ Now at Lawrence Berkeley Laboratory, University of California
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2.9.2 Conference papers

Lawson, E.M., Short*, K.T., Williams*, J.S., Appleton**, B.R., Holland**,
O.W., Schow** III, O.E. [1982] - Anomalous near-surface effects in
room-temperature implanted germanium. Proc. Conf. Ion Beam
Modification of materials, Grenoble, France, September. Mud.
Instrum. Methods, 209/210:303-307. (*Royal Melbourne Institute of
Technology; **0ak Ridge National Laboratory).

Rose*, A., Pollock*, J.T.A., Scott*, M.D., Adams**, P.M., Williams**, J.S.,
Lawson, E.M. [1982] - Neutron activation measurements of gallium and
arsenic loss during transient annealing of gallium arsenide. Proc.
1982 Meeting of the Materials Research Society, Boston, November.
(*CSIRO Div. Mineral Phys.; **Royal Melbourne Institute of
Technology).

Urquhart, D.F. [1983] - Standards of measurement of radioactivity at the AAEC,
1981-1983. CCEMRI Meeting, Paris, May. To be published in Proc.
BIPM Conf.
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Lawson, E.M. [1983] - A method for annealing ion-implanted silicon on a
vitreous carbon strip heater. AAEC/E570.

Lawson, E.M., Williams*, J.S., Chivers**, D.J., Short*, K.T. and Appleton*,
B.R. [1983] - Search for an anomalous near-surface yield deficit in
Rutherford backscattering spectra from implanted germanium and
silicon. AAEC/E573.
(*Royal Melbourne Institute of Technology; **AERE Harwell; +0ak
Ridge National Laboratory).

Rose*, A. and Lawson, E.M. [1982] - A Q-switched ruby laser for producing
laser-doped contacts to semiconductors. AAEC/E546. (*CSIRO Div.
Mineral Phys.).

Tavendale, A.J. and Lawson, E.M. [1983] - Attempt to detect electrochemical
doping of silicon with arsenic by Rutherford backscattering
analysis. AAEC/E561.

Tavendale, A.J. and Pearton, S.J. [1983] - Hydrogenation of deep-level, hole
trapping centres associated with grain boundaries in germanium.
AAEC/E564.
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2.9.4 AAEC internal reports

Lawson, E.M. [1982] - The cupric-ion technique for polishing silicon.
AP/TN167.

Lee, P.O. [1983] - 'Sample and hold1 circuit for pulse height measurements.
AP/TN176.
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3. ENVIRONMENTAL SCIENCE DIVISION
(Chief: Mr D.R. Davy)

3.1 Introduction

During the period under review there was no change In divisional staffing
and no substantial change to the research program.

The Increase In collaborative research programs with mining companies or
their consultants, at the expense of contract agreements, continued during the
year. However, new agreements were entered Into with Mlnatome Australia Pty
Ltd and Australian Groundwater Consultants, and collaborative programs with
Queensland Mines Ltd and Interox Chemicals Pty Ltd were renewed. The
preference for collaborative research programs stems from their broader
scientific objectives, the greater flexibility they offer 1n equipment
procurement, and the higher probability that the results will be publlshable.

This report deals briefly with the rationale and scope of projects
undertaken during the year 1982-83. A more detailed technical report for this
period has been produced by the Division (AAEC/ES-PR 1983) and is available on
request.

In a break with the convention established last year, the report includes
work where divisional officers are responsible for facets of a project but-
where the responsibility for the project as a whole rests elsewhere.

3.2 Chemical Engineering

3.2.1 Uranium mining and milling (Project 2.2.2)

Research into the processing of uranium ores and associated waste
treatment began in the Chemical Engineering Section of the former Chemical
Technology Division in the mid-1970s with the aim of Investigating new methods
to reduce costs, increase uranium recovery and minimise the impact on the
environment. The rationale for this work was to obtain maximum national
benefit from the recently discovered uranium deposits.

Since 1979, the AAEC's expertise in uranium milling and waste treatment
has led to a number of collaborative research projects with industry. The
present program is an approximately equal blend of applied research initiated
at the AAEC and sponsored collaborative research with industry and the Office
of the Supervising Scientist (OSS) on topics of mutual interest.
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Acid leaching studies
(R.J. Ring)

In collaboration with Interox Chemicals Pty Ltd, laboratory tests were
undertaken at the AAEC on a new oxidant - Caro's acid - which is an
alternative to pyrolusite (manganese dioxide) for acid leaching. The tests
demonstrated 15-20 per cent savings in sulphuric acid requirements when Caro's
acid was used, with similar savings in lime for neutralisation. After these
encouraging results, a number of plant trials were carried out at Queensland
Mines Ltd's Nabarlek mill. Caro's acid was made at the mill site by reaction
of hydrogen peroxide with sulphuric acid. The plant trials confirmed
laboratory results and showed that, from an operational viewpoint, Caro's acid
was easier to handle and led to better process control. On environmental
grounds, Caro's acid has the advantage of almost eliminating the heavy metal
manganese from waste effluents.

Dem*son Mines Ltd recently decided to use Caro's acid in the Koongarra
mill which is now at the final design stage. Queensland Mines Ltd is also
considering changing to Caro's acid at Nabarlek. Collaboration with Interox
Chemicals is continuing on methods of introducing Caro's acid into the
leaching circuit to maximise mixing efficiency.

Mary Kathleen Uranium Ltd (MKU) sponsored research to determine the
reasons for excessive acid consumption in the MKU mill. The acid requirements
in the leaching circuit exceeded the production capacity of the sulphuric acid
plant. Laboratory tests were undertaken to maximise uranium extraction while
maintaining acid consumption at the target figure of 65 kg t~* ore. A number
of recommendations were made which were verified under plant conditions.
Subsequently, the leaching circuit operating procedures were modified,
resulting in improvements in uranium extraction. This work has been
completed, and closure of the mill is imminent.

Long-term radionuclide behaviour in tailings
(R.J. Ring, D.M. Levins, K.P Strong)

An assessment of the long-term behaviour of radionuclides in the
rehabilitated Mary Kathleen tailings dam was completed for Australian
Groundwater Consultants (AGC). The project had three specific goals:

to measure the variation in present radionuclide levels with depth
in the tailings area;
to study radium mineralisation in the tailings as a means of
understanding the long-term behaviour of radium; and
to conduct accelerated leaching tests simulating the rate of release
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of radium from the rehabilitated tailings area over a period of one
thousand years.

Because of the sharp increase in pH in the first four metres below the
O OQ 01Q

surface, the dissolved concentrations of Th and Pb in the tailings dam
are highest at the surface and decrease markedly with depth. The increase in
pH is attributable to the gangue minerals in the tailings which have a high
capacity to neutralise excess acidity. Dissolved radium concentrations in the
tailings are very low - from 8 Bq L at the surface, to 0.2 Bq L at a depth
of four metres.

Radium is heavily concentrated in the smallest particles in the tailings.
It is tentatively concluded that the radium is present as the sulphate in
association with barium, and is adsorbed on high surface area clays and ge'ls.
Accelerated leaching tests showed that the radium concentration in seepage
from the tailings dam is likely to remain low (0.1 to 0.8 Bq L"1) and fairly
constant for many years after rehabilitation. In one thousand years, it is
estimated that only 0.13 per cent of the radium will have been leached.

Removal of radium-226 by barium chloride treatment
(R.J. Ring, D.M. Levins, K.P. Strong, R. Secomb)

A survey of radionuclides in process and waste streams at the Nabarlek
mill was undertaken for Queensland Mines Ltd. This led to further work to
optimise the performance of the barium chloride treatment circuit to remove
radium from tailings decant water. The treatment circuit consists of a mixing
tank where barium chloride is added and a clarifier where ferric chloride and
flocculant carry down the fine barium-radium sulphate precipitate. Two plant
trials were carried out at Nabarlek and, under optimum operating conditions,
over 98 per cent of the total radium (dissolved and suspended) was removed.

Radon emanation studies
(K.P. Strong, D.M* Levins, S. Whittlestone)

The AAEC has a number of ongoing research programs on radon. Theoretical
equations have been derived to describe steady and unsteady state diffusion of
radon through tailings and earth cover and these have been confirmed by
experimental measurements in columns. This information can be used to predict
radon release from bare and rehabilitated tailings piles. Laboratory studies
have been augmented by field measurements of flux on test pads on the Mary
Kathleen tailings dam.

Collaborative research is in progress with Minatome Australia Pty Ltd on
radon emanation from tailings at Ben Lomond. This work entails measurement of
the radon emanation coefficient for both sand and slime tailings fractions as



a function of moisture content. The radon flux from bare and covered tailings
is also being measured. The results will be used in preparing the final
environmental impact statement for the Ben Lomond project.

A radon calibration facility is being constructed in which it will be
possible to create atmospheres of known radon and radon daughter activity with
controlled temperature, humidity and condensation nucleus concentration. This
will make it possible to calibrate radon measurement equipment and also to
conduct research into detection of the proportion of radon daughters which are
not attached to condensation nuclei. This proportion strongly affects the
hazard of inhaling radon daughters. An 8 m chamber to contain the atmosphere
was constructed and preliminary trials of the facility made towards the end of
1982.

In collaboration with CSIRO, radon is being used as a tracer to detect
the presence of air from mainland Australia in air sampled at the Baseline Air
Pollution Monitoring Station, Cape Grim, Tasmania. Almost two years of
particle counts and radon level measurements have demonstrated that radon is a
sensitive indicator of the presence of continental air. It is now possible to
use the radon levels to interpret annual changes in pollution levels measured
under 'baseline' conditions.

These radon measurements are also being used in their own right to
determine the global mixing and transport parameters needed for calculating
the collective dose arising from uranium mining in Australia. Collective dose
assessments form part of the OECD's Nuclear Energy Agency study into the
long-term management of uranium mill tailings.

3.2.2 Waste treatment and disposal (Project 2.2.2)

Removal and conditioning of highly radioactive
liquid wastes from 99Mo manufacture

(J.M. Costello, E.J. Lee)

Highly radioactive liquid wastes have been produced at the Lucas Heights
Research Laboratories since 1967 from the production of "MO through
processing of irradiated uranium dioxide of up to 1.8 wt % 235u enrichment.
Molybdenum-99 is the source of Tc for the radiopharmaceutical program.

Approximately 2 m3 of liquid waste containing 16 TBq (430 Ci) of fission
products has been accumulated in two tanks at Lucas Heights. In-house
reservations have been expressed on the long-term integrity and seismic
stability of these storage tanks and their shielded cells.
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The aim of this research project is primarily to remove the waste from
the existing storage facilities for volume reduction, waste solidification and
alternative storage. A secondary purpose of the project is to provide a
fission product concentrate for the manufacture of radioactive SYNROC
specimens. The project is part of a wider study on consolidation of stored
radioactive wastes, other than spent HIFAR fuel elements, to facilitate their
ultimate removal and disposal.

The SYNROC application requires removal of dissolved uranium from the
liquid wastes. Counter-current solvent extraction in mixer-settlers has been
selected for this purpose and a prototype extraction unit has been fabricated
and is currently undergoing hydraulic tests. Evaporation equipment has been
designed and is awaiting fabrication. Following inactive proving trials,
equipment will be installed in Building 41 No 4 hot cell. Processing of
radioactive liquor is planned to commence in 1983, subject to availability of
operational and engineering support staff.

3.3 Physics of the Environment

3.3.1 Uranium environmental studies (Project 3.1.1)

Twenty-seven officers are engaged in this project - seventeen
professional and ten technical; this includes two professional and three
technical officers recently transferred from the former assessment units. In
addition, there are three attached staff — two AINSE post-graduate fellows
and a post-graduate student from the University of New England (UNE),
Armidale, funded by the Office of the Supervising Scientist (OSS).

The division of research effort in this project can be considered half-
strategic half-tactical; however, selection of sub-projects is based on those
questions which are generic to the uranium extractive industry and, at the
same time, provide a basis for predictively modelling the disposal of low
level radioactive and toxic wastes.

The sub-projects that have short-term site-specific objectives with
respect to uranium mining in the Northern Territory are concerned mainly with
the situation after abandonment of the mine site. The default environmental
condition on Ranger Uranium Mines (RUM) for final disposal of tailings
materials is for it to be returned to the worked-out mine. The default
condition on RUM takes effect on 9 January, 1989. Estimates of the extra
costs involved vary but will amount to hundreds of millions of dollars.



30

Leaching of contaminants from waste rock dumps
(A.I.M. Ritchie, J.R. Harries, J.A. Daniels)

A problem common to many abandoned uranium, base-metal and coal mines is
the leaching of contaminants from waste rock. The problem is compounded and
accelerated by bacterial oxidation if pyrite is present. Even in the absence
of pyrite, contaminants in waste rock can be released in more significant
quantities than those contained in the tailings. For example, an assessment
of an abandoned Ranger type operation (but with the tailings remaining above
ground) that was carried out for an NEA study into the long-term management of
uranium mill tailings, concluded, in part, that burial of waste rock is the
first possible cost-effective option. Rum Jungle is being used as a field
laboratory to study relationships between the hydrological, geochemical,
physico-chemical and bacteriological aspects of pyritic waste rock heaps.
This work has yielded several important results:

. It is possible to quantify pyritic oxidation occurring within a waste
rock heap by temperature measurements at approximately 7 m depth. This
opens up the possibilities of an 'advance warning system1 for the onset
of pyritic oxidation, and of obtaining a method of assessing the level of
success of rehabilitation programs.

. There is no significant seasonality in the rate of oxidation.

. Bacterially-induced leaching can occur under anaerobic conditions; this
brings into question the conventional 'wisdom' of preventing oxidation by
rehabilitation measures aimed at reducing the ingress of water and air to
the heap.

. The rate-limiting factor at Rum Jungle appears to be the availability of
oxygen.

The geochemical constraints on the long-term management of pyritic
(Jabiluka) and non-pyritic (Ranger) uranium mill tailings are poorly
researched. One professional re-deployed from an assessment unit is being
directed to this work. A key issue is to determine the rate-limiting aspect
of an assumed, efficient mechanism which can substantially leach radium from
tailings material over a period of a few hundred years:

mill circuit tailings neutralisation pyritic oxidation
pH < 2 pH » approx. 7 pH = approx. 2
jarosite (Ra) geothite (Ra) Fe3+ + Ra2+
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As part of the research into leaching processes, fully instrumented 0.3 m
diameter, 2.8 m high, 300 kg columns of waste rock have been set up. Data
collection/processing is under microcomputer control. Operation of an
automatic 50-column rig to study factors controlling the migration of
radionuclides through soils has been suspended until laboratory space becomes
available.

Metal-ion hydrolysis
(R.N. Sylva, B.L. Brown*)

Work is continuing on metal-ion hydrolysis which is an important
phenomenon governing transport; it provides the thermodynamic data necessary
for the chemical subroutines in the ORNL transport code that is being
implemented at Lucas Heights. Speciation of the Th(IV) system has recently
been determined. Th(IV) hydrolyses very readily in aqueous solutions to form
polymeric species; the constants determined were commensurate with the easy
fixation and low transport rate of Th(IV) in the environment. Thorium (IV) is
a highly complex system and the success of the potantiemetrie approach is
something of a landmark in solution chemistry. Attention is now switching to
neptunium. All recent overseas results on transfer factors (soil * pi ants •>
herbivores •» carnivores) for Np are higher than earlier results for other
actinldes and preliminary ('pot') laboratory studies. These data, if applied
to existing overseas assessments of the doses expected from high-level waste
repositories, would make ^37^ clearly the most important contributor -
perhaps by several orders of magnitude. This must be a consequence of the
chemical speciation for Np under the macro-chemical environment.
Unfortunately, this work must be done in the 'Pu-Suite' of Building 2 - a
facility scheduled for dismantling by CSIRO - and it may not be possible to
finish it in time.

Heavy : atal uptake by aquatic biota
(M. Ahsanullah, A.R. Uill.ams, J.R. Twining, R.A. Jeffree, N.J. Williams)

Depending on the fishing yield assumed for near-shore northern Australian
waters, 75-96 per cent of the collective dose arising from the Alligator
Rivers 'model site' results from Po and Pb growing in from discharged

Ra if the Magela floodplalns are not an effective sink for the discharged
radium. Field data suggest that aquatic vegetation, through foliar
absorption, is an Important first stage of geochemical cycling on the
floodplain. Laboratory studies aimed at better quantification of this and the
subsequent plant* soil and plant* detritus stages are under way. The effect
of the macro-chemical environment expected during operations and after
abandonment is also under study.

*University of Wollongong
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Aboriginal dietary foods - freshwater mussels, turtle and fish - are
accumulators of radium, with concentration decreasing in the order listed. In
contrast to marine systems, the kinetics for concentration mechanisms in
freshwater systems depend on the extent to which other macro-contaminants are
present. Laboratory work on the effect of Ca and Mg on Ra uptake by mussels,
and on the metabolic fate of the Ra, is well advanced. The range of
concentrations used for the three contaminants covers the values expected in
Gulungul and Magela Creeks during the Ranger operation and well into the
future after abandonment. During operations, Ca levels are expected to
suppress Ra uptake by mussels. Magnesium has no such effect until it reaches
its highest predicted concentration when Ra uptake is inhibited apparently by
disruption to the normal physiology of the mussel.

The limitations on the quantities and concentrations for heavy metals
discharged from the NT operations arise through their effects on the aquatic
biota. Again, the dose-response relationship is determined by the chemical
speciation of the contaminant which is controlled by the macro-chemical
environment. Current work, which is staffed partly through funds from the
OSS, is concentrated on Cu and the influence of predicted seepage from the
tailings dam on water quality.

Any uranium upgrading plant in Australia will most likely be sited on an
estuary or similarly enclosed near-shore waters. The effect of heavy metals
and other contaminants on marine organisms will be influenced by salinity and
temperature changes that will occur in the effluent plume. The current study
is looking at these variables in combination with U, As, Cr and Se as
contaminants and is staffed partly under an AMSTAC* grant. In contrast to
fresh water systems, the limitation on discharges of uranium is likely to be
based on the organism as a food source for man rather than on the effect on
the organism itself. To this end, the kinetics for uranium . uptake by
shellfish is being investigated. Estuarine muds can be an effective sink for
many heavy metal contaminants, with re-cycling to the water column being
determined by oxygen generated through the photosynthetic activity of micro-
algae which live on the surface. This process is being investigated in the
East Alligator estuary (for which funding support was available) but it
applies more to upgrading plant than to mining/milling plant. The role of
micro-algae in sediment adsorption/desorption processes may also be important
in the radiometric swamp a.iomalies that occur naturally in the Alligator
Rivers region. These too are under study but progress is slow because much of
the AAEC's radiochemical expertise was transferred to the CSIRO.

* Australian Marine Science and Technology Advisory Council.
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Atmospheric transport
(M.C.E. Petersen, G.H. Clark)

Recent meteorological work has concentrated on improvements to the puff
atmospheric transport computer code to include the effects of the finite size
of pollutant plumes near their source and the effects of gamma-ray transport
on dose estimates. A report is under way on the application of this code to
the release, in 1979, of rare gas fission products resulting from isotope
production.

The puff atmospheric transport code is more realistic than conventional
steady-state plume dispersion codes and more efficient than Monte Carlo type
codes, like the Livermore 'particle-in-cell1 code. Results obtained with the
puff code and the two alternative types of code are now being compared using
data from the Three Mile Island rare gas purges. Realistic
transport/dosimetry codes are needed for meaningful comparisons of the
containment options available under the refurbishing program for HIFAR.

3.4 Radiation Biology

3.4.1 Radiation biology and biophysics (Project 3.1.3)

Eight officers (five professional and three technical), including an
AINSE post-doctoral fellow, are working on radiation biology and biophysics.
This effort is spread across two sections within the Division and has a 15 per
cent service component. Two types of service are provided:

(i) Histological preparations, predominantly for the AAEC - Prince of
Wales Hospital collaborative program (administered by Isotope
Division) on the cause of death in bone marrow-rescued, super-
lethally irradiated mice;

(ii) The provision, at the national level, of a biological dosimetry
system for persons believed to be occupationally over-exposed, the
dose estimates being made in the occurrence of chromosomal
aberrations in circulating lymphocytes from the subject.

Biological dosimetry
(J.K. Brown, M.H. Mountford)

Part of the research effort is directed to improving the accuracy of
biological dosimetry by determining dose response curves for non-homogeneous,
partial body irradiations - the usual situation in accidental exposures. This
work, in collaboration with the Prince of Wales Hospital, has as subjects,
people undergoing radiotherapy treatment of the breast, pelvis, sacro-iliac



and head-neck regions. The aberrations detected are very dependent on the
amount of lymphoid tissue irradiated. Thus, unless the geometry of the
accidental exposure can be accurately reconstructed, biological dosimetry
results will still have to be expressed in terms of equivalent whole-body
exposure.

Radiation effects on amphibia
(H.C. Ranter, J. Chapman)

Workers from the Zoology Department, University of South Australia, under
contract to the OSS, found high (> 30 per cent) levels of morphological
defects in frogs raised from tadpoles caught near the Ranger ore bodies,
whereas the occurrence in colonies from control areas (e.g. borrow pits) was
6-10 per cent; these values are consistent with natural incident rates deduced
from museum collections. They attributed the difference to dissolved radon.
Attempts by the OSS to measure dissolved radon at the collection sites were
unsuccessful. However, earlier unrelated work by the AAEC had found
concentrations of radon in spring and ground waters of up to 15 kBq dnf3i in spi

L"1) -(approximately 0.4 nCi L"1) - levels at which some detectable effect on the
biota could be expected.

The field data for frogs could be complicated by factors other than
radiation, e.g. herbicides, pesticides, high concentrations of heavy metals,
high water temperatures. To resolve these questions, the dose response for
the life cycle is being determined at Lucas Heights in collaboration with the
OSS. To date, only acute alpha and gamma irradiations have been used. The
most sensitive four-cell stage (approximately 3 h post-spawn collection) has
an LD5Q/3o of < 0.5 Gy (50 rad) but digit deformities (the most common
abnormality in field collections) occur 50 per cent of the time after doses of
only 10 Gy (1000 rad) delivered during the stage of gill circulation.
Conclusions reached from acute gamma irradiations will be confirmed with
chronic gamma irradiations before undertaking the rado.. exposures.

Radi onucli de transport
(D.R. Davy, B.E. Izard)

Generic modelling of geologic, high-level waste repositories serves two
purposes. First, the predicted radiological doses resulting from ingress of
water to the burial site provide an indication of the safety associated with
this disposal option, and second, the related sensitivity analysis assists in
setting priorities for experimental programs aimed at improving the input
data.



On the basis of the most recent ICRP recommendations, all overseas
generic modelling shows 23'7Np as the most important (by about a factor of 10)
of the expected contaminants. This result stems from the metabolic factors

9"V7for "'Np used by ICRP which are based on some fairly preliminary work at
Battelle North West Laboratories (BNWL). The BNWL workers found approximately
1 per cent gastrointestinal absorption of Np in adult rats, in marked contrast
to other actinide studies elsewhere which fell in the range 0.005 - 0.05 per
cent. We are investigating Np transfer coefficients using the high quality
rats, bred at Lucas Heights, that initially have a standard gut microflora.

Stopping power studies
(O.K. Gibson, *M. Hyde)

Radiation dosimetry is based on the premise that absorbed energy is the
primary factor and that radiation quality ('the quality factor' - QF) with
respect to biological damage, is determined by the rate of energy loss (i.e.
linear energy transfer (LET) or stopping power dE/dXw). In practice, for a
range of end points, the relative biological effectiveness (RBE) of neutrons
within the energy range 50-500 keV is greater, by up to a factor of 10, than
calculated quality factors. For neutrons over a wide energy range,
experimental values of RBE cannot be synthesised from experimental cross
section data and the assumed QF-LET relationship. This problem could be
caused partly by a dearth of both experimental data and a unifying theory, on
energy losses from low energy, low z recoils and the angular distribution of
the secondaries produced. The stopping power studies being undertaken are
intended to fill some of these gaps. The equipment design is optimised for
measurement of angular distributions near 0° where it is generally believed
that charge exchange into the continuum produces a concentrated beam of
electrons with the same velocity as the initiating particle (proton) and
thereby accounts for about 30 per cent of the total ionisation cross section.
However, our measurements show that in the proton-helium collision, for
example, this process accounts for only a few per cent of the total.
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* AINSE Fellow
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4. ISOTOPE DIVISION
(Chief: Or C.J. Hardy)

4.1 Introduction
The research effort of the Division has again been directed towards

extending the range of applications of radioisotope and radiation techniques;
the fields of primary interest are medicine, commercial radiation processing
particularly of foodstuffs, hydrology, sedimentology and industry-related
problems such as those associated with waste water.

In the medical application of radioisotopes and radiation, the broad
objectives are the exploitation of Australian activation facilities to meet
the perceived national demands for radioisotopes and to make this country more
self-sufficient. Because of the importance of technetium-99m in nuclear
medicine, considerable effort has been devoted to improved and more economic
methods of producing this radioisotope. In addition, effort is directed
towards developing novel radiopharmaceutical forms of technetium-99m which
will widen its involvement in clinical practice.

In the field of irradiation research, investigations are continuing on
new applications for gamma radiation and high energy electrons. Assuming
prime importance in the international sphere is the application of radiation
to food preservation; the work of the Division is stimulating much interest
in Australia.

Nuclear geohydrology studies, in which isotope techniques are employed to
determine the dynamics of groundwater, solute and sediment transport are an
important feature of the Division's research program which contributes
significantly to the understanding of environmental problems.

Finally, staff of the Isotope Division have continued to exercise expert
roles in the utilisation of radioisotopes to solve industry-related problems.

4.2 Radioactive Products Research (Project 4.1.1)

4.2.1 Generator systems

Specific activity of "Mo
(R. Barnes, E. Hetherington, M. Ohkubo*)

A rapid analytical technique using differential pulse polarography was
developed to measure molybdenum concentrations, and hence Mo specific
activity, in material used for generator production. Although 99Mo is often
regarded as carrier free, several stable isotopes of molybdenum (95, 97, 98,

On attachment from Japan Atomic Energy Research Institute
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100) are formed in uranium fission, and their presence can affect generator
loading and elution performance. Good agreement has been found between
measured and theoretical molybdenum concentrations, and 99Mo specific activity
can be optimised, to a certain extent, by appropriate selection of irradiation
and processing schedules.

Dithiol extraction of fission product 99Mo
(N. Blagojevic)

A new method for separating 99Mo from fission products is being studied.
The addition of dithiol reagent to the fission product/uranyl nitrate solution
prepared from the irradiated U02 targets produces a molybdenum-dithiol complex
which can be removed from the solution by simple filtration. The "MO can
then be recovered from the filter by elution with an organic solvent such as
butanol, and extracted with an efficiency of about 90 per cent. However, the
radionuclidic purity does not yet meet radiopharmaceutical standards. Work in
progress is aimed at eliminating the principal contaminants, 127Sb and 132Te,
which are co-extracted with Mo. Use of this process, when fully developed,

99,Mo processing.will lead to a significant saving in the time required for
The process will now be investigated on a pilot plant scale.

Osmi uro-191-Iri di uro-191ro generator
(E. Hetherington, P. Sorby)

Iridium-191m (tj= 4.9 s) is a radioisotope which has been recommended for
use in paediatric nuclear medicine. It is formed from the decay of its parent
radioisotope osmium-191 which is produced by the neutron activation of
osmium-190:

1900s(n,y)1910s^191mlr

The feasibility of using natural osmium in place of the currently unobtainable
enriched osmium-190 as a target material suitable for this application has
been investigated.

Experimental generators have been prepared to determine elution
efficiency, breakthrough of osmium nuclides and radionuclidic purity. The
breakthrough of osmium was very high, owing to the nature of the target, and
improved separation methods are being investigated.

Traces of iridium 192, a long-lived (tj= 74 d) nuclide, have also been
detected in the eluates. This is formed by the reaction
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1900s 1910s 191mIr

191Ir 192Ir

and the problem is increased by the long irradiations required with a natural
osmium target. An extensive washing cycle before use of the generator would
be necessary to eliminate Ir and so provide a medically acceptable product.

1QO

If the problems of high osmium breakthrough andQ1 Ir contamination
cannot be overcome, the successful production of a *0s- 91mlr generator
using natural osmium is unlikely.

Technetium-99 in generator eluates
(E. Hetherington)

e labelling efficiency of 99mTc radiopharmaceuticals is affected by the
of the """Tc (e.g. chromatography generated MEK extraction from

The
source of the ̂ Tc (e.g. chromatography generated
irradiated 99Mo). The difference in behaviour is in part due to the different
levels cf long-lived 99Tc (t = 2.14 x 105 y) in the product resulting from the
different 'histories' of the technetium before use.

For any 99Mo-99mTc system, the ratio of 99Tc to 99mTc is influenced by
the growth time, post elution decay and elution efficiency. It is possible in
a centralised radiopharmacy for the 99Tc/99mTc ratio to exceed 100:1. For a
hospital-based generator, where labelling takes place immediately after
elution, the ratio is of the order of 3:1. Computer programs have been
written to calculate these ratios for any elution-usage sequence of any
generator system so that the precise relationship between labelling efficiency
and 99Tc/99mTc ratios can be determined.

The development of an improved 99mTc generator
(R. Boyd, N. Wood, P. Sorby, P. Anderson, H. Brian)

Two versions of an improved generator have been exhaustively tested and
data have been submitted to the Australian Department of Health for approval
for use.

One version, employing hitherto novel technology, has exhibited some
recent performance failures requiring further research; the other version,
based on well-established techniques, has proved to be very successful, even
at very high activities. The disadvantage of the latter version is that it is
subject to an Amersham patent and hence its marketing by the AAEC would incur
royalty payments.
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Quality control
(K. Farn'ngton, R. Barnes, N. Blagojevic)

New or revised analytical procedures have been developed to ensure that
products and raw materials meet the standards set by the British Pharmacopoeia
and the National Biological Standards Laboratory. Quality control research,
particularly the development of biological quality control procedures, has
been an important aspect of the Mark III 99mTc generator development project.
A PDP11/23 computer is now used with a gamma spectrometer to determine
radionuclidic purity. New software and methods of analysis have been
developed.

4.2.2 Synthesis and screening of new radiopharmaceuticals

A new method has been devised for scintigraphic detection of deep-seated
blood clots. This method exploits the ability of benzamidine-ester compounds
to render exogenous plasmin unreactive to the body's immune system without
affecting its capability of binding with blood clots.

A variety of benzamidine-ester-plasmin combinations has been tested and
shown to concentrate in blood clots induced in experimental animals. This
work is being performed in collaboration with the Royal Adelaide Hospital.

A phytate-tin preparation, developed in freeze-dried form to replace the
liver-spleen scanning agent, technetium sulphide colloid (TC9M3), proved to be
unsuccessful in clinical trials because of poor splenic uptake and a reduction
in the patient's serum calcium. However, a formulation change proposed by the
Institute of Medical and Veterinary Science, Adelaide, has been shown to
overcome these earlier problems.

A study aimed at improving the ratio of target to non-target tissue of
the. tumour/inflammation imaging radioisotope gallium-67 has shown that
administration of a sequestering agent, 24 hours after the radioisotope,
rapidly clears activity from the healthy tissues. A tenfold improvement in
the ratio of tumour to blood background has been achieved in mice; an
additional benefit of this treatment is seen in a reduction in whole-body
radiation exposure.

Synthesis of several purine iminodiacetic acids has been continued and
their structures have been rigorously established by nuclear magnetic
resonance spectroscopy. These compounds will be screened in animals as
potential ligands for 99mTc.
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4.2.3 Nuclear medicine

Effects of total body Irradiation
(J. McNeil1)

The first stage of a study into the effects of total body irradiation has
been completed. Histopathology confirms clinical findings that the lung is
the next most sensitive major organ after the bone marrow. This work is being
extended into the effects following irradiation of the spinal cord, in
collaboration with the M.D. Anderson Hospital, Houston, Texas,, and the Prince
of Wales Hospital, Sydney.

4.3 Radiopharmaceutical Research (Project 4.1.1)

4.3.1 Gel generator
(P.M. Moore, J.M. Sodeau)

Using techniques and equipment very similar to those used in the
laboratory, 150 g (% 1800 GBq) batches of gel were routinely prepared in the
hot cell. Saline elution of these large generators consistently gave very
satisfactory oerformance in terms of efficiency and elution profile.
Efficiency of ̂ 9mTc elution was usually in the range 85-95 per cent with 75-85
per cent being eluted in the first 100 mL. However, allowance for a 24 hour
delay between the time of elution and the time of use makes it impossible for
a simple saline elution to meet the required activity concentration of 2 GBq
99mTc/mL at the time of use.

Increasing the specific activity of the 99mTc eluate was thus seen as an
urgent requirement in the development of large gel generators. The approach
taken was to develop a simple concentrating technique using ion-exchange
processing of the eluate. Ion-exchange treatment necessitated the use of
water as eluant which, compared to saline, was very much more sensitive to
process variables and liable to poor elution performance. Factors affecting
water elution were investigated in laboratory experiments.

The process evaluated for concentrating the 99mTc containing eluate was
based on (i) elution of the jumbo column with water, (ii) removal of 99mTc
rom the water eluate by a small ion exchange bed, and (ill) recovery of the
9mTc from the bed by elution with a small volume of saline. Using this
technique, the ' c concentrations were increased 10 to 20 times. In
addition, using % f-ad to remove the pertechnetate ion (99mTcOJ) at each
cycle meant that it was possible to elute the large Jumbo columns by recycling
the eluate, e.g. recycling 50 mL four times in place of 200 ml, with a
considerable reduction in liquid waste. Use of the concentrating bed provides
a very flexible production process, which is well suited to automation.
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Patent protection Is being obtained for the concentration process.

Changes in formulation and manufacture of the gel resulted in a
considerable improvement in the water elution performance at the tracer level.
At the high activity level, however, the modifications were not effective, and
low efficiencies were obtained. The evidence was compatible with radiation-
reduction of Tc(VII) (not previously apparent with saline elution), with the
lower valency products being more strongly held in the gel. Replacement of 10
per cent of the zirconium with an equivalent amount of cerium (Ce(IV)) gave
gels which eluted in high yield.

During the year, TcO^ from jumbo generators was tested for imaging
performance in animals, using a selection of six radiopharmaceutical kits.
The performance was similar to that obtained from commercial fission product
go
Mo chromatographic generators.

4.3.2 Drug interaction studies
(D. Maddalena, K. Farrington, M. Druce, G. Snowdon)

Effect of Tc carrier on radiopharmaceuticals

Studies on bulk pertechnetate from methyl ethylketone extraction (MEK) and
very large chromatography generators have shown that there can be sufficient
T̂c carrier in those pertechnetates at the time of use to have a deleterious

effect on red blood cell (RBC) labelling kits. No evidence could be found to
suggest that the small traces of organics found in the solvent extracted
pertechnetate caused any problems with RBC labelling kits. The effects of
T̂c carrier on other radiopharmaceutical kits are being investigated.

Effect of iron dextran on skeletal imaging agents

Studies to date have shown that iron dextran, a drug used to supplement
iron reserves in anaemic patients, can cause severe deterioration in bone scan
quality when patients treated with the drug are imaged with 99mTc
pyrophosphate or 9 Tc methylene diphosphate skeletal imaging
radiopharmaceuticals. The poor scan quality is due to the jin_ vivo formation
of stable complexes between the iron dextran and skeletal agents which have
been isolated and are currently under examination.

Modification of gallium-67 biodistribution
(F.C. Hunt, D.J. Maddalena)

The limitations of Ga tumour and abcess imaging due to high uptake by
blood and normal tissue have led to a variety of strategies to remove



background activity, thereby enhancing lesion to normal tissue ratios.

The chelating agents, ethyl ene di(o-hydroxyphenyl acetic acid) (EDDHA) and
N,N'-bis(2-hydroxybenzyl) ethyl enedi ami ne N,N' di acetic acid (HBED) with
carboxy and sul phony 1 groups in the phenolic ring were synthesised and
examined for their ability to chelate Ga in vivo in rats and mice bearing
transplanted tumours. All compounds were found to chelate °'Ga in vivo,
promoting its excretion via the urinary and gastrointestinal routes. The
carboxy EDDHA was found to enhance the tumour imaging ability of
time intervals post injection.

4.3.3 Synthesis of ligands for 99mTc radiopharmaceuticals
(J.G. Wilson, F.C. Hunt, D.L.J. Maddalena)

Ga at short

Recent work has been devoted to the synthesis of ligands for technetium
99m as part of a search for tumour localising radiopharmaceuticals. Although
there has been little success in developing such agents, some interesting
results have been obtained.

A series of benzimidazole bearing the imi nodi acetic acid function was
synthesised:

CH2N

CH2C02H

These compounds have the structure I with various substituents in the
positions R.

When labelled with 9mTc and injected into rats, these compounds
localised preferentially in the gall bladder and gut. It was realised that
they were a series of ligands of considerable potential as technetium
hepatobiliary radiopharmaceuticals. Those benzimidazoles bearing halogen
substituents, in particular KR1 = Ce; R2 = R3 = H), and KR1 = Br; R2 = R* =
H), were associated with highest biliary and lowest urinary output.

Scintigraphic studies of the 99mTc complexes of these two compounds in
rabbits showed that the gall bladder was clearly and intensely visualised
after 60 minutes.



The benzimidazole series, at least in experimental animals (rats),
compares very favourably with HIDA, the current ligand of choice for Tc-
hepatobiliary scintigraphy. Several groups of workers have extended the HIDA
range of compounds in an effort to obtain greater refinement of structure-
distribution relationships. The only other series of hepatobiliary ligands to
have been studied is the benzimidazole series, and although it comprises fewer
individual compounds, a sufficient number have been synthesised to indicate
the nature and position of the substituents which provide the near-optimal
compound.

4.3.4 Blood clot labelling
(A. McLaren)

A method for the scintigraphic detection of deep vein thrombosis is being
investigated. The scanning agent is modified plasmin labelled with
technetium-99m. This approach uses a recent discovery that plasmin, when
chemically modified at a specific site, becomes inactive towards inhibited
proteins. These normally keep plasmin at low levels while retaining its
clot-binding ability. Chemical modifiers nave been synthesised and labelled
plasmin is being evaluated in rabbits bearing induced blood clots.

4.4 Laboratory Animal Resources (Project 6.1.5)
(J. McNeil 1)

The Laboratory Animal Resources Group is responsible for the supply of
selected, in-bred laboratory rodents. These are bred under barrier-controlled
conditions in the protected environment production facility and according to
national and international recommendations and standards of the NHMRC/CSIRO
and Medical Research Council respectively.

Additional special strains required for continuing radiopharmaceutical
research and development and on-site radiation medical studies are being
introduced.

Microbial characteristics of existing in-use lines are consistent with
total body irradiation toxicity studies which require specific exclusions of
such bacteria as Pseudomonas sp. and Proteus sp. Foundation stock animals
should also be free from endo- and ectoparasites, certain viruses, pathogenic
fungi and various other pathogenic bacteria, including Salmonella
corynebacter, Citrobacter and Yersinia spp.

Since there is no Australian source of the require animal strains at
these standards of microflora association, introduction of these new strains
necessitates specific bacteriological decontamination and proving programs



under isolator system conditions.

Animals are being supplied for several projects on and off site into such
areas as cancer research, radiation and nuclear medicine, endocrinology and
environmental studies.

Personnel are attached from external research groups which include the
Ludwig Institute for Cancer Research, the Royal Prince Alfred Hospital, and
the University of New South Wales. In addition, collaborative work is being
undertaken with the Prince of Wales Hospital, Sydney, and Australia's largest
bone marrow transplantation group at St. Vincent's Hospital Sydney.

Systems development and feasibility work is a continuing process, and
many major biomedical research institutes have requested assistance or
consultation. This has included an IAEA sponsored mission to the PUSPATI
Nuclear Research Project in Malaysia.

Macquarie University was supplied on request with a stock of disease free
rodents from the AAEC to "re-found" a clean colony in their animal facility.
Assistance has been given to the Ludwig Institute for Cancer Research and to
the Universities of Sydney and NSW.

As far as it is possible to determine them the microbiological standards
of the laboratory are consistent with those of categories 3, 4 or 5, of the
Medical Research Council (MRC) of the United Kingdom, depending on the housing
source within the facility on site. There are no Australian standards for
this type of facility.

4.5 Irradiation Research and Technology (Project 4.1.2)
(P.A. Wills, M.E. Izard, W. Moyle, V. McCormfck)

4.5.1 Commercial radiation processing

Commercial radiation processing in Australia currently involves the use
of either two 60Co irradiators to sterilise materials, or two electron beam
machines to produce shrinkable film and polyethylene foam. As three of the
facilities are 'in-house', only one plant (60Co) is available for use on a
contract basis by other companies. This plant would require extensive
modifications to convert it to a multi-purpose irradiator capable of
delivering the wide range of doses needed for a variety of applications, in
addition to sterilisation. As irradiation of food is now being seriously
considered as a viable processing technique, commercial concerns are showing a
good deal of interest in the economic feasibility of constructing and
operating additional service-radiation plants in Australia. The Irradiation
Research and Technology Group currently provides dosimetry calibration

63
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services for three 60Co irradiators (two in Australia, one in Malaysia)
through AAEC/industry contracts.

One objective of the Commission research project on radiation technology
is to prorrote and encourage the commercial application of large radiation
sources and high energy ionising radiation. The project involves the use of
resources not available elsewhere in Australia, such as the gamma storage pond
at Lucas Heights. Five Co cylindrical rigs, with variable dose rates, are
available for trial irradiations of the material under test. Most trials
result from enquiries from outside organisations; the Group advises on
feasibility, radiation parameters, experimental design and methodology, and
carries out dosimetry, if necessary. Final testing of products is generally
done by the organisation itself. An example of a successful trial which
resulted in commercialisation is the radiation sterilisation of a veterinary
antihelminthic solution manufactured by an Australian subsidiary of a US
company. All the company's subsidiaries in other countries now use radiation
to sterilise this product.

4.5.2 Upgrading of GATRI

The physical dimensions of the cylindrical containers (228 cm x 24 cm
dia.) used to irradiate material in the gamma storage pond have limited the
quantity and type of product which can be tested, as only two cylinders can be
irradiated simultaneously. These limitations will continue until the
modifications to the gamma advanced technology research irradiator (GATRI),
which were begun in early 1981, are complete. The new plaque rack and
associated source holders were delivered during August 1982. Transfer of
cobalt to the GATRI shield tank was due to begin in October but a number of
major engineering design faults had to be overcome before transfer finally
commenced in June 1983. If there are no further delays, the upgraded facility
should be operational by the end of 1983. The facility will be first used to
irradiate tonne quantities of fruit and vegetables required for market trials,
in a collaborative project with the NSW Department of Agriculture on the use
of radiation as a disinfestation treatment against Queensland fruit fly.

4.5.3 Use of gamma-radiation to disinfect bee hives

In another collaborative project with the NSW Department of Agriculture,
the use of gamma-radiation to decontaminate bee hives infected with
Streptococcus pluton and Bacillus 1arvae, the bacterial species responsible
for the diseases European and American foul brood, is being investigated.
Control methods new being used are costly, as all equipment must be destroyed
by incineration and the owners financially compensated. Irradiation of pure
cultures of B_. 1 arvae suggested that American foul brood control could be
achieved with a radiation dose of 10 kGy and field trials using Infected hives
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confirmed this dose.

The technical and economic feasibility of using radiation to control the
spread of American foul brood has now been demonstrated commercially. In
January 1983 1400 hives infected with £. 1arvae spores were transported from
Queensland to Ansel! International's irradiator at Dandenong, Victoria, for
treatment at 10 kGy. The hives were returned to Queensland and bee colonies
free of infection were re-established. The commercial apiarist involved
reported substantial financial savings. Research to establish the dose needed
to control the spread of European foul brood is in progress. .

4.5.4 Food irradiation

In 1982, FAO/IAEA/WHO circularised member States seeking their reaction
to a proposal for international cooperation in food irradiation through a
'Consultative Board'. This was to be similar in function, but with different
objectives, to the International Food Irradiation Project (IFIP) which was
terminated in 1981. As 54 countries, including Australia, indicated interest
in this proposal, the IAEA convened a meeting in Vienna on 24 February 1983 to
discuss the nature, scope, framework and financing of continuing international
cooperation in food irradiation. This meeting was attended by the
Commission's Counsellor (Atomic Energy) in Vienna, as Australia's nominated
representative, Dr G de Cean, Director, Food Standards Bureau, Commonwealth
Department of Health, was unable to be present.*

Because most delegates at the meeting were unable to commit their
governments to the exact terms of reference or method of financing the
proposed new cooperative body, the chief outcome was the drafting of a
'declaration' to establish for five years an international consultative group
on food irradiation. This declaration will be circulated to member States and
the consultative group will become operational when 15 countries indicate
acceptance of its terms. These terms include financing by contributions in
cash (probably at least US$10 000) or kind.

If formed, the group will consider undertaking activities in process
safety assurance, legislation, public information, technoeconomic feasibility
studies, training, assistance with inter-country transportation trials and
market testing of irradiated foods, and promoting international trade. With
the possible exception of training, all these topics have direct relevance for
the two main food irradiation research projects being investigated at Lucas
Heights and collaborating institutions, the disinfestation of fruit and
vegetables and the extension of shelf life of chilled meat, both radiation

The Department of Health initiated and financed ($6000) Australia's
joining of IFIP in 1980.
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processing applications with export potential. The topics also have relevance
for Australian regulatory authorities who are currently under pressure to
accept imports of food, particularly seafood, irradiated in other countries.
It would, therefore, be in Australia's best interests to join the proposed
international consultative group on food irradiation. Commission staff will
continue to monitor progress with appropriate departments in Canberra and
provide technical support for Australia's active participation in the proposed
consultative group.

Interest in food irradiation is expected to be stimulated in Australia
through a National Symposium on Ionising Energy Treatments of Food to be held
in October 1983. Speakers include international experts from The Netherlands,
USA, Canada, South Africa, and the Federal Republic of Germany. Several
meetings of the Committee organising the Symposium have been attended.

4.5.5 Radiation sterilisation of Pharmaceuticals and related products

Regulatory authorities in Australia and elsewhere are increasingly aware
of the necessity to justify the choice of dose used to sterilise medical and
other goods. Conventional techniques to validate the use of 25 kGy, or some
other sterilising dose, are laborious exercises beyond the resources of most
companies. Alternative strategies, including the US-devised AAMI method
(based on sterility testing of products irradiated at different doses) are
being investigated.

Because of the very large volume of medical products gamma-sterilised at
comparatively low doses in the USA, much of which is currently being re-
sterilised by importing countries, independent evaluation of the AAMI
technique for setting sterilisation doses is essential. Our research on
validating sterilising doses provided significant contributions to two
international meetings on this topic held in November 1982. Recent results
indicate that sterilising doses estimated by the AAMI method can be
underestimated unless post-irradiation conditions are adequate to support the
recovery of sub-lethally injured organisms.

4.5.6 Potential horticultural application

A collaborative project with Sydney University Department of Agronomy and
Horticultural Science has been started with the aim of producing desirable
mutants by Irradiation of commercially important plants at very low dose
rates. Micro-propagation techniques are being developed to purify chimeras
and separate solid mutants within six months rather than the three to five
years required for nursery growing conditions. This work has been extended to
investigate production of mutants in ornamental and Australian native plants.
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4.6 Nuclear Geohydrology (Project 3.1.2)

The main objective of the project is the application of environmental
isotope techniques to studies of both the dynamics of groundwater and sediment
transport and the translocation of solutes and adsorbates. An understanding
of the cumulative effect of transport over geological time provides a basis
for a long-terra prediction. Current activities are focused on the following
areas:

. regional groundwater studies,

. contaminant hydrology (radionuclide migration),

. sedimentation and erosion, and

. the IAEA Regional Cooperative Agreement program.

A grant has been sought from the recently formed National Water Research
Council to evaluate the applicability of environmental chlorine-36 to the
study of salinity variation in groundwater.

4.6.1 Regional groundwater studies
(P.L. Airey, G.E. Calf, L. Smith)

In the coming decades, increasing use will undoubtedly be made of the
mathematical model as a tool for the management of regional groundwater
basins. Isotope techniques can contribute to the development of a model by
providing

. direct information on the principal features of sub-surface flow, and

. an independent time-frame for model calibration.

Great Australian (Artesian) Basin

A major study of the application of novel isotope techniques to the Great
Australian (Artesian) Basin is continuing. The program has been included
within the framework of the Australia/US Scientific Exchange Agreement and
involves scientists from the University of Arizona, the US Geological Survey,
the Bureau of Mineral Resources, the Australian National University and
Macquarie University. This collaboration will give access to US accelerators
for chlorine and iodine isotope measurements. Initially, the aim of this work
was to assess the validity of chlorine-36 (1̂  308 000 years) as a means of
dating old groundwater. However, the program has been extended to include
studies of iodine-129, helium build-up, and the isotopic composition of
hydrocarbons, sulphate and dissolved uranium.
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Murray Basin

The AAEC is participating in an integrated assessment of the geology,
mineral resources and water resources of the Murray Basin. The study is being
coordinated by the Bureau of Mineral Resources and Geophysics (BMR) and
involves the New South Wales and Victorian water authorities and geological
surveys. In Victoria, a major study of the isotope hydrology of the Loddon
and Goulburn Valleys is approaching completion.

Environmental chlorine studies

Independently, the Hydrology Group has been developing counting
techniques for assaying environmental levels of the chlorine isotope.
Substantial reductions in background have been achieved by siting equipment
deep in the wall of the Warragamba Dam. The value of this work has t.een
recognised by the IAEA with an invitation to join a coordinated research
program on the dating of very old groundwater.

4.6.2 Sub-surface migration of uranium series nuclides
(D. Roman, C. Golian, T. Nightingale, S. Short)

A major study is under way of the transport of uranium series nuclides in
the vicinity of deposits in the Alligator Rivers uranium province of .the
Northern Territory. The work is being sponsored by the US Nuclear Regulatory
Commission. Work has been extended to include the Ranger No.l and Jabiluka
No.l orebodies as well as Nabarlek and Koongarra deposits. Particular
emphasis is being placed on correlating laboratory adsorption studies with the
geochemical data.

4.6.3 Sedimentology and erosion studies
(B. Campbell)

Sediment redistribution studies

Environmental caesium-137 has been extensively used to study

. the rate of accumulation of sediments in lakes and reservoirs, and

. the cumulative effect of the redistribution of sediments in
catchments in post-nuclear times (i.e. since, say, 1955).

In a joint project with the Water Resources Commission of NSW, the
caesium-137 concentration profiles were measured in sediments at Burrinjuck
and Wyangala storage reservoirs. Modern sedimentation rates have been derived
from the geochronology of the sediments. This work is being extended to a
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survey of sedimentation in other significant reservoirs.

Following his attendance in December at the IAEA consultants' group
meeting on 'Radioisotopes in Sediment Studies', Mr B Campbell was asked to
prepare a submission on caesium-137 applications to erosion to the Australian
committee of the UNESCO International Hydrological Program.

4.6.4 The IAEA Regional Cooperative Agreement

The Australian contribution to the IAEA Regional Cooperative Agreement
(RCA) has been used principally to support the introduction of isotope
hydrology facilities to eight member states within the south-east and east
Asian regions. The program is being financed by the Australian Development
Assistance Bureau (ADAB) and jointly managed by the IAEA and the AAEC, under
the RCA.

Hydrological investigations have been undertaken in the Han River Valley
(Korea), the Lower Kelantan Basin (Malaysia), the Bangkok Basin (Thailand) and
the Jakarta Basin (Indonesia). Problems of sediment erosion and
redistribution have been studied in the Song Khla Lagoon (Thailand) and the Sg
Lui catchment near Kuala Lumpur (Malaysia) using caesium-137 techniques.

Tritium enrichment facilities have been installed in the Republic of
Korea and Indonesia and are committed for Malaysia. A carbon-14 line has been
established in Indonesia. ^

4.7 Isotope Applications Research (Project 4.2.1)
(J.F. Easey, A. Davison, K. Harder, G.F. Spelman)

4.7.1 Coastal studies of sediment transport
(A. Davison, K. Harder)

The Division has carried out a number of studies over recent years into
the problem of sediments ?'n rivers, estuaries and the ocean. Some studies
have been made of the movement of natural sediments, e.g.

. sediment movement in the Barron River, Queensland,

. the movement of offshore sand shoals, Cairns, Queensland,

. the long-shore movement of beach sand, Cairns, Queensland, and

. the near-shore movement of sand, Noosa, Queensland.

Other studies have looked at the dumping of sediment-type materials in an
ocean environment, e.g.

. the movement of dredged spoil in Moreton Bay, and
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. the movement of ferric hydroxide floe in Bass Strait.

In these studies, the relationship between the type and rate of movement of
the sediment and the nature of the ocean conditions (wave height, period,
depth of water, etc.) was fundamental to the understanding of the problem and
the interpretation and extrapolation of experimental results.

Analysts of sediment movement requires measurement of the suspended
sediment concentration. Geologists, geographers and sedimentologists have
used radioisotope tracers and sedimenc concentration gauges, based on gamma
attenuation, to carry out these measurements. The gamma attenuation technique
can be used to measure suspended sediment concentrations under conditions
which are difficult for other types of instrumentation, particularly where
instantaneous concentrations are required. The Isotope Applications Group
(IAG) has designed and built such a gauge and developed it for use in either
estuaries or surf zones where many AAEC investigations are required. Most
alternative instruments use optical techniques which, however, suffer from
interference from non-settling fines and non-mineral organic materials, and
tend to cut out completely at high sediment loadings. Because the gamma
attenuation gauge measures the bulk density of the material only in the beam
path of the instrument, it does not have these limitations. The IAG
instrument, which has a beam path length of 20 cm, can be adjusted to measure
suspended matter concentrations at fixed positions, from bed level to 50 cm
above.

Field trials of this instrument were conducted with the gauge at a beach
north of Hawks Nest, NSW, where erosion during the previous week had left a
0.6 m cut on the high water mark in some sections. The sea-bed in the area
was characterised by irregular ripples of coarse sand of height % 0.1 m and
length 1 to 2 m. The IAG gauge was used to measure the suspended sediment,
and other instruments to measure onshore/offshore current and wave height. At
low water, the instruments were deployed in the surf zone in about 1 m water,
and were recovered near high water when the water depth had risen to t 2 m.
The output from all instruments was recorded on a single chart.

The recorded results have been digitised and stored on tape and are now
being analysed. Preliminary results have shown that

. pulses of sediment in suspension can be measured,

. peaks in sediment concentration of up to •». 3.0 vol.% occurred,

. over the majority of the record K 6 h) peaks in the sediment
concentration occurred in phase with peaks in the onshore current,
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(note that the beach was In an accretionary phase),

. not all onshore currents of a given velocity produced measurable pulses
of suspended sediment, and

. there were long periods when waters were relatively free of sediment.

The data contrast with those obtained in wave tanks by other researchers
who used very short period waves. Under their laboratory conditions, two to
four fluctuations in concentration per wave period were superimposed on a
steady concentration, whereas under our field conditions, a single pulse in
concentration returned to zero in approximately 0.5 to 1.0 wave periods.

The IAG gauge shows promise in that useful data have been obtained in the
field. This helps to determine patterns of onshore/offshore sand movement,
suspended sediment concentration due to wave/current interactions in
estuaries, transport differentials on cusped shore-lines and sediment
concentration in pulsing rips.

4.7.2 Waste water studies
(G.L. Hanna, G.F. Spelman, J.F. Ec.sey)

Shallow ponds, generally two or three in series, are widely used for the
final stage of treating wastewaters before discharge into surface water
systems or irrigation systems. Despite today's high land costs, such ponds
are favoured because they require little cost and control to operate. Their
effectiveness in reducing pathogens to acceptably low levels depends on a
complex interaction of physical, chemical and biological processes. On the
physical side, workers in the field have cited hydraulic behaviour, in
particular, hydraulic retention time, as one of the most used parameters in
the design and theoretical modelling of pond behaviour; it is, however, one
of the least researched.

Work done by the Division under consultancy contracts for the Department
of Housing and Construction (DHC) between 1979 and 1981 demonstrated that
radioisotope tracers could be extremely useful in studying pond hydrodynamics.
The work showed that phenomena which would not occur without deliberate
introduction iji laboratory models were likely to occur naturally in real
ponds, and highlighted the need for studies on real systems.

Early in 1982, the Isotope Division's involvement in these studies
graduated from consultancy projects to an approved research project, and the
Metropolitan Water Sewerage and Drainage Board (MWS&DB) granted access to its
plants at Camden and West Camden, and the Hawkesbury Shire Council to its



58

plant at Windsor. Tests at these sites are being done in consultation with
the State Pollution Control Commission which is also using the sites for
studies on the correlation of bacteria die-off and retention time.

The methodology of the Division's project is to use

. short-lived gamma-ray emitters for an in-situ study of the
dispersion of pond influent, and

. tritiated water (a long-lived beta-particle emitter) to study long-
term retention time distributions (RTDs).

Several experiments of both types were done at the MWS&DB p.ants in 1982,
and an RTD study was begun at Windsor in March 1983.

As reported previously, the in situ tracing has given evidence of some
interesting flow and mixing phenomena; for example

( i ) thermal stratification on sunny days, with a short circuiting flow
path associated with the thermocline;

(i i) wind generated sub-surface counter-currents along the thermocline;
and

(iii) tracer movement in a direction opposite to the general flow
direction.

This work is continuing and will be extended to include correlation of such
water-quality parameters as dissolved oxygen, pH and conductivity with depth
and tracer stratification.

Applications have been lodged with the Water Research Foundation of
Australia and the National Water Research Council for grants to purchase
equipment for monitoring the frequency and duration of thermal stratification
in one or more of the pond systems under study.

The RTDs have now been determined for pond systems at Camden, West
Camden, and Forest Hill (the latter under a consultancy project for DHC). In
all cases, the RTDs have departed markedly from the ideal distribution which
is given by a plug flow regime, i.e. all influent is retained for a period of
time equal to the quotient of pond volume and flow rate. This is usually
assumed by operators to be the prevailing regime. At Forest Hill the mean
retention times were comparable to the 'theoretical1 (plug flow) retention
times, but at Camden and West Camden the mean retention times were from 30 to
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The RTDs at West Camden and Forest Hill are closely approximated by
mathematical expressions derived assuming a completely mixed flow regime, i.e.
instantaneous mixing of an influent aliquot throughout the full volume of a
pond, followed by its release at a rate which decreases exponentially with
time. The ponds at Camden, however, have an RTD which resembles that of an
extended plug flow, and tracer concentrations in the early part of the
experiment well above those predicted by completely mixed flow and, in the
later part, well below. These studies will continue in order

. to determine variations due to seasonal and short-term weather
factors,

. to improve the mathematical modelling of the RTDs,

. to correlate observed RTOs 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.

4.8 Publications and Conferences

4.8.1 Journal papers

Barnes, R.K., Hetherington, E.L.R., *0hkubo, M. [1983] - Determination of the
specific activity of fission-based 99Mo using differential pulse
polarography. Int. «K Appl. Radiat. Isot., 34(3):603-606. (*Japan
Atomic Energy Research Institute).

Boyd, R.E., [1982] - Pharmaceutical research at the AAEC. Part II: generator
systems. Aust. IN.iZ. Soc. Mud. Med. Newsletter, 13(3): 17-19,

Evans, J.V., Moore, P.M., *Shying, M.E., Sodeau, J.M. [1982] - The gel
generator - a new concept in 99mTc production. Aust. N̂ . J. Med.,
12(6):672. (*Now CSIRO Div. Energy Chem.).

Fawdry, R.M., Hunt, F.C. [1982] - Rabbit liver kinetics of IDA hepatobiliary
agents. Aust. N̂ . J_. Med., 12(6):674. (*Dept. Nucl. Med. and
Ultrasound, Westmead Centre, NSW).

*Hornitzky, M.A.Z. and Wills, P.A. [1983] - Gamma radiation inactivation of
Bacillus larvae to control American foul brood. J. Apicultural Res.



bU

(in press). (*NSW Dept. of Agriculture).

Hunt, F.C., Maddalena, D.J. [1982] - Phenolic aminocarboxylic acids - new
chelating agents for modifying gallium-67 biodistribution. J_.
Labelled Compd. Radiopharm., 19(11,12)-.1408-1409.

Hunt, F.C., McLaren, A.B., Maddalena, D.J. [1982] - The synthesis and
evaluation of acridinyl iminodi acetic acids as tumor localising
technetium-99m radiopharmaceutirals. Aust. N^.Z^. J_. Med., 12(6)673.

Sorby, P.J., Lee, E.J., Barnes, R.K., Boyd, R.E. [1983] - A simple method for
purifying molybdenum trioxide prior to neutron activation. Int. J_.
Appl. Radiat. Isot., 34(10):1486-1487.

Wilson, J.6. [1982] - Pharmaceutical research at the AAEC. Part I: ligand
synthesis and biological studies. Aust. N^Z. Soc. Mud. Med.
Newsletter, 13(3):13-17.

4.8.2 Conference papers

Campbell, B.L. [1982] - Applications of environmental caesium-137 for the
determination of sedimentation rates in reservoirs and lakes and
related catchment studies in developing countries. Proc. IAEA
Consultants' Meeting on Radioisotopes in Sediment Studies, Vienna,
Austria, 13-17 December.

Davison, A. [1983] - A radioisotope study of the dispersion of ferric hydoxide
floe in Bass Strait. Proc. Aust. Water and Wastewater Assoc., 10th
Federal Convention, Sydney, 11-15 April, pp. 51-1 to 51-11.

Evans, J.V., Moore, P.W., Shying, M.E., Sodeau, J.M. [1982] - A new generator
for technetium-99m. Proc. 3rd World Congress on Nuclear Medicine,
Paris, France, 29 August-2 September, Vol.2, p.1592.

Hanna, G.L. [1983] - Flow path and residence time In wastewater treatment
lagoons using radioactive tracers. Proc. Aust. Water and Wastewater
Assoc., 10th Federal Convention, Sydney, 11-15 April, pp.53-1 to
53-13.

Hunt, F.C., McLaren, A.B., Maddalena, D.J. [1982] - Synthesis and
biodistribution of technetium-99m chelates or acridinyl
imi nodi acetic adds. Proc. 3rd World Congress of Nuclear Medicine,
Paris, France, 29 August-2 September, pp.1616-1619.



*Loughran, R.J., Campbell, B.L., **Elliott, 6.L. [1982] - The identification
and quantification of sediment sources using 13?Cs. In Recent
Developments iji the Explanation and Prediction of Erosion and
Sediment Yield. Proc. Symp. Exeter, UK, 19-30 July. IAHS Publ.
No.137, pp.361-369. (*Univ. of Newcastle, NSW; **Soil Conservation
Service of NSW, Scone)

*Loughran, R.J., Campbell, B.L., **Elliott, G.L. [1982] - Dating the movement
of soils by caesium-137. Proc. Welsh Soils Discussion Group,
Aberystwyth, Wales, 20 October. (*Univ. of Newcastle, NSW; **Soil
Conservation Service of NSW, Scone)

Wills, P.A. [1982] - Gamma sterilisation - process development and validation.
Int. Symp. on Advances in Sterilisation of Medical Products, Sydney,
4-5 November.

Wills, P.A. [1982] - Radiation sterilisation of medical products in Australia
and SE Asia. IAEA Advisory Group Meeting on Review of IAEA
Recommendations for Radiation Sterilisation of Medical Products,
Wrexham, UK, 22-26 November.

4.8.3 Poster papers

Izard, M.E. and Glover, R.E. [1982] - Gamma sterilisation at the Australian
Atomic Energy Commission. Int. Symp. on Advances in Sterilisation
of Medical Products, Sydney, 4-5 November.

Saunders, M.R. [1983] - Validation of the sterile manufacture of the AAEC Mark
III Molybdenum-99 Technetiurn-99m generator. Int. Symp. on Advances
in Sterilisation of Medical Products, Sydney, 4-5 November.

4.8.4 External reports

Calf, G.E., Stokes, R.C. [1983] - AAEC tritium list No.5, 1981-1982.
AAEC/E569.

Farrington, K.J. [1983] - The quality control of technetium-99m
radiopharmaceuticals produced at the AAEC Research Establishment.
AAEC/M103.

Maddalena, D.J. [1983] - TISCON - A basic computer program for the calculation
of the biodistribution of radionuclide-labelled drugs in rats and
mice. AAEC/E572.



Moore, P.M. [1983] - Technetium-99m levels in pertechnetate solutions from
(n,/) and (n,f) molybdenum-99 generators. AAEC/E565.

4.8.5 AAEC consultancy reports

Airey, P.L. et al. [1982] - Radionuclide migration around ore bodies -
analogue of radioactive waste repositories. Quarterly report No.5
to USNRC. AAEC/C34.

Airey, P.L. et al. [1982] - Radionuclide migration around ore bodies -
analogue of radioactive waste repoMtories. Quarterly report Mo.6
to USNRC. AAEC/C37.

Airey, P.L., et al. [1982] - Radionuclide migration around ore bodies -
analogue of radioactive waste repositories. Quarterly report No.7
to USNRC. AAEC/C38.

4.8.6 AAEC study notes

Airey, P.L. [1982] - Nuclear hydrology and sedimentology. In IAEA Regional
Training Course: Use of Nuclear Techniques in the Minerals Industry
(eds. J.S. Watt, B.D. Sowerby). AAEC/S24, pp.403-415.

Easey, J.F. [1982] - Mineral processing. In IAEA Regional Training Course:
Use of Nuclear Techniques in the Minerals Industry (eds. J.S. Watt,
B.D. Sowerby). AAEC/S24, pp. 417-430.

Easey, J.F. [1982] - Effluent management. In IAEA Regional Training Course:
Use of Nuclear Techniques in the Minerals Industry (eds. J.S. Watt,
B.D. Sowerby). AAEC/S24, pp. 431-439.

Harries, J.R. [1982] - Basic nuclear physics. In IAEA Regional Training
Course: Use of Nuclear Techniques in the Minerals Industry (eds.
J.S. Watt, B.D. Sowerby). AAEC/S24, pp. 1-49.



5. MATERIALS DIVISION
(Acting Chief: Or K.U. Snowden)

5.1 Introduction

The SYNROC research program continues to be the Division's largest
project involving staff not only from Materials Division but also from
Environmental Science, Nuclear Technology and Isotope Divisions. Other
projects are research on fusion materials, fracture mechanics, ultrasonics,
image analysis and radiation damage. Materials service projects also play an
important role in the Division's activities.

5.2 Fusion Materials (Project 1.2.3)
(K.U. Snowden, P.A. Stathers, D.S. Hughes, R.G. Blake)

A research program is under way into the behaviour and performance of
candidate first-wall and other structural materials for fusion reactors. The
requirements for these materials are a high resistance to creep, fatigue,
neutron swelling, corrosion (by the breeding material) and such surface
erosion phenomena as blistering, sputtering and gas desorption. The initial
phase of the work involves an investigation of the effects of creep and
fatigue stressing on two austenitic stainless steels, a ferritic stainless
steel and a number of refractory metals, and the effects of radiation damage
on a two-phase Ti- 6%A1- 4%V alloy.

The fatigue and creep strengths and radiation damage behaviour are
important for materials in the reactor environment because of the pulsed
operation of the reactor, the high temperatures produced, enhanced diffusion
effects and the production of He under irradiation.

The initial results of sequential fatigue-creep tests on the stainless
steels have shown that elevated-temperature fatigue and hold times (up to 1000
hours) significantly reduce the creep strength of the steels. Part of this
weakening is caused by carbide precipitation which may, nevertheless, not be
wholly detrimental as the precipitates trap and immobilise He atoms produced
under irradiation within the matrix. This reduces the formation of bubbles at
grain boundaries where they can cause severe embrittlement. Similar fatigue
and creep studies are in progress on refractory metals (tantalum, niobium and
molybdenum), and a ferritic stainless steel.

Fatigue tests on the Mo-Zr-Ti alloy have shown that it has significantly
better fatigue resistance than the pure metal at high temperatures (up to
750°C). Creep tests on cold-rolled Ta metal in vacuum, at stresses between
150 and 165 MPa and temperatures up to 850°C, have shown no effect of grain
orientation on creep rate.
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The initial work on radiation damage effects has centred on a two-phase
Ti-Al-V alloy. This alloy is of interest because hexagonal metals, such as T,'
and Zr, exhibit a high resistance to radiation-induced growth. Suitable heat
treatment conditions have been established and methods for specimen production
for electron microscopy are being investigated, but the results to date are
not very satisfactory owing to the complexity of the alloy.

Specimens of stainless steel have been pre-vatigued and creep tested to
fill gaps in earlier data. Published work on fatigue/creep of type 321
stainless steel has been included in a work entitled Key Engineering
Materials, published by Transtec Publications, 1982. A small furnace for use
with the push-pull fatigue machine has been used successfully up to 400°C to
study crack growth in stainless steels.

A high temperature, high vacuum creep machine has been commissioned and
has operated satisfactorily up to 1130°C.

5.3 Enrichment Science (Project 2.1.2)

This project covers the underlying research on materials for centrifuge
components as well as laser enrichment studies.

5.3.1 Maraging steels
(C.J. Ball, R.G. Blake, R.B. Warren)

Work has concentrated in three main areas. The first is the mechanism of
formation of lath martensite which provides the initial structure of these
ultra-high strength steels. Incomplete transformation to martensite after
solution treatment can result in decreased strength or lower toughness. Hence
it is important to understand the mechanism of martensite formation.
Collaboration with Professor 6. Thomas, University of California-(Berkeley),
who supplied some unique specimens, has been particularly fruitful and a joint
publication of results is in preparation.

One parameter that must be predicted by a theory of martensite formation
is the habit plane. We are attempting to determine the habit plane of laths
formed in an Fe-Ni-Mn alloy, by two-surface analysis, and have prepared what
appears to be a suitable specimen.

The second area being investigated is the embrittlement produced by short
solution treatment. This can have a disastrous effect on the fracture
toughness of the final, aged material. Results to date indicate that the
embrittlement is caused by the precipitation of titanium carbide at grain
boundaries. Comparison of two maraging steels from different overseas sources
shows that the cleaner steel is, as expected, less susceptible to this high
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temperature embrittlement.

Studies of thermal embrittlement of maraging steels are continuing. We
are Investigating the kinetics of dissolution of TiC precipitates, which may
affect the toughness of welds.

beenThe third area of work is identification of precipitates. It has
found that, in steels containing more sulphur than is required to form Ti^CpSg
with all the carbon present, the excess sulphur precipitates as TiS and not as
Ti*2S. This calls into question whether Ti'2S even exists, since its X-ray
powder diffraction pattern is reported to be Indistinguishable from that of
Ti^CnSp and, on the only occasions when its presence has been reported, it
could nave been Ti^CgSg or TiS that was present. This finding is significant,
since some workers have claimed that X-ray diffraction cannot be used to
establish the presence of Ti'4C2S2, owing to confusion with Ti'2S, and instead
have advocated use of a much more complicated technique involving differential
thermal analysis and evolved gas analysis.

5.3.2 Mechanical behaviour of composite materials
(G.T. Stevens)

This is mainly concerned with the influence of resin properties on the
production and performance of carbon fibre centrifuge rotors. An assessment
has been made of information obtained on an overseas visit to determine the
state of the art of resin systems suitable for high volume production of
carbon fibre composite rotors. Several attractive systems have been
identified for evaluation of mechanical properties, but on account of changed
priorities no further work will be done on this project.

5.3.3 Pultrusion
(E.J. Ramm, P.M. Preston)

A pultruder for fabrication of carbon fibre/epoxy resin centrifuge tubes
has been completed. A test run showed that the performance would be improved
with a few modifications to the design. These modifications, affecting the
speed of pultrusion and the temperature of the resin, have also been completed
and the equipment is ready for a further trial, but no further work with this
equipment is planned.

5.3.4 Laser photophysics
(J.W. Kelly, H. Struve, N. Hamilton)

The laser laboratory has been re-established in Building 3. The CM CO
laser has been commissioned and tuned to optimise its performance. Some o
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its components were redesigned with the aim of increasing its output above the
33 W previously attained, but the redesigned machine was disappointing because
power output was increased only marginally.

A small, simple molecular beam unit has been built for use with the C02
laser; it consists of an effusion source, a single aperture and an in^ situ
cryopump. This equipment was used to obtain a selection factor 0 = 4.3 for
the isotopic decomposition of U02.(HFA)2.TMP.

Some effort has been devoted to interfacing the equipment to an Apple
computer. The digital techniques to be used when this interfacing is
complete, e.g. Fourier domain filtering, convolution and deconvolution, and
extension to 1024 data points, are also under development.

Work has started on rebuilding our resources in the visible laser regime.
The equipment being renovated consists of an argon ion pump laser and a closed
circuit dye laser, both of which are very old. Efforts to make it operational
have been plagued by a continuing series of mechanical, electrical, hydraulic
and other failures. Because of the importance of this spectral region,
efforts are continuing, but a fresh start with modern equipment would be more
efficient.

Although laser experimental work was suspended, the opportunity was taken
to study techniques of signal recovery in the very high noise-to-signal ratio
regime common in laser research. Interactive computer programs are being
developed, using cross-correlation deconvolution and inverse digital filtering
techniques, to improve signal recovery under such conditions. Tests on sample
input data indicate some success in extracting otherwise undetectable
information from interfering noise and distortion.

5.4 SYNROC (Project 2.2.1)

The AAEC's SYNROC project consists of six main strands and currently
involves 23 officers from Materials, Environmental Science, Nuclear Technology
and Isotope Divisions.

5.4.1 AAEC/ANU SYNROC demonstration plant project
(K.D. Reeve, E.J. Ramm, P.M. Preston, J. Padgett, V.W. Cornford,
J.F. Kennerly)

This sub-project is directed by the AAEC/ANU SYNROC Demonstration Project
Management Committee (SDPMC) The plant will be built in a 24 m long section of
the Nuclear Technology Division's open bay in Building 3. Davy McKee Pacific
Pty Ltd (DMP) was selected as engineering consultant for stage 1 of the
project, which required the company to produce by 30 April 1983
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an overall plant design,
a cost estimate for the complete project, and
specifications for major equipment for tendering action by the AAEC.

The SDPMC also recommended that for one week during stage 1, an expert on
nuclear waste disposal be appointed as an independent consultant on nuclear
process design aspects of the plant. This appointment was accepted by
Professor Alfred Schneider, Professor of Nuclear Engineering at Georgia
Institute of Technology, who arrived at Lucas Heights on 21 February.

The AAEC and DMP project teams met at Lucas Heights on 4-7 January for
initial technical discussions and, since then, staff of DMP have worked mainly
at their Sydney office. The design is proceeding to the agreed schedule; DMP
has produced a process flowsheet and schematic plant layout drawings, and is
making technical enquiries from possible suppliers of major equipment.
Concurrently, the AAEC team at Lucas Heights is carrying out developmental
work on intermediate-scale equipment on those unit operations and process
stages on which the consultant requires technical advice and/or decisions from
the AAEC. The major decision, i.e. between the 'free-standing bellows' or
'in-can bellows' methods of hot pressing SYNROC, was scheduled to be made no
later than 30 June. Free-standing bellows hot pressing development is
proceeding to schedule, and the imminent availability of a 350 tonne in-can
bellows press should allow this alternative to be adequately tested by the
decision date.

5.4.2 Fabrication studies
(J.L. Woolfrey, A. Chetcuti, O.K. Shirlaw, J. Ferenlzy, J. Croucher)

This sub-project consists of back-up scientific studies to define
fabrication process variables, improve confidence in SYNROC reproducibility
and measure SYNROC properties. Results from laboratory studies of the 'metal
alkoxide route' for making SYNROC powder (favoured because it produces a very
reactive powder which can be hot-pressed at a temperature up to 150°C, i.e.
cooler than 'oxide-route' SYNROC) are being passed directly to DMP for use in
the demonstration plant design. Results and expertise gained from
measurements of the thermal diffusivity and conductivity of SYNROC and Its
constituent mineral phases have been used to calculate heat transfer rates in
the demonstration plant and to suggest some possibly advantageous changes in
the plant design. SYNROC is being fabricated repetitively to test
reproducibility of its properties, and experiments involving the addition of a
much broader simulated radioactive waste than previously used are planned.
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5.4.3 Leach testing of SYNROC
(J.L. Woolfrey; D.M. Levins, R.K. Ryan, Environmental Science Division)

The resistance of SYNROC to leaching by groundwater is one of its most
important advantages over glass. Leach tests carried out by the AAEC are of
two broad types:

Short-term leach tests on developmental SYNROC pressings via both oxide
and alkoxide routes. These tests measure quality control or the extent
to which fabrication conditions can be relaxed (e.g. by lowering
calcination temperature or hot-pressing times) without seriously
affecting SYNROC's Teachability.

Longer-term, systematic leach tests on well-formed SYNROC to determine
the effects of variables (e.g. temperature, time, pH, rate of leachant
replacement) on SYNROC's Teachability. Parallel tests are carried out
on waste glasses using internationally accepted standard tests. The
ultimate goal of this work is to determine the mechanism of .attack on
SYNROC and to estimate leach rates over a geological timescale. Leach
tests are augmented by surface and depth profile studies on leached
specimens in collaboration with Griffith University.

There have been no major improvements in SYNROC Teachability over the
last six months. (This could be because the intrinsic Teachability of SYNROC
is being approached.) The major advance has been to demonstrate that good
quality SYNROC can be fabricated on a larger scale under relatively mild
processing conditions.

The leach rates of SYNROC produced via the oxide and alkoxide ('Sandia')
routes are comparable. Oxide route SYNROC generally has the lower overall and
barium leach rates, whereas the Sandia route has a two to threefold advantage
in caesium leach rate. Some variability in leach rate which occurs from batch
to batch is made more apparent by mild processing conditions. A major effort
is under way to identify the cause of this variability and to correct it.

5.4.4 Radiation damage in SYNROC testing
(J.L. Woolfrey, D.J. Cassidy; D.M.

Division)
Levins, Environmental Science

The basic program has been completed, with only some expansion and
metallographic results for the 6-month specimens outstanding. All materials
have increased in volume and, correspondingly, decreased in density with
longer fast neutron exposure and simulated SYNROC age. A tendency to
saturation is evident at the longest irradiations. All SYNROC specimens have



remained intact after irradiation and show no sign of physical deterioration,
but some micro-cracking between individual phases in the SYNROC occurs for
volume expansions greater than 4 per cent, corresponding to a SYNROC age of 2
x 10 years. Micro-cracking is accompanied by only a small increase in open
porosity, typically about 0.3 per cent of specimen volume.

Aspects of this program to be studied during 1983 are the nature and
annealing behaviour of the lattice damage in each SYNROC phase and the effect
of irradiation on subsequent aqueous leach behaviour. The first
irradiation/leach test specimens of SYNROC have been irradiated and are now
ready for leach testing. Fast neutron irradiation in HIFAR is being used to
produce accelerated radiation damage in SYNROC and its constituent mineral
phases to simulate the actinide decay damage which will accumulate during
long-term disposal of SYNROC containing radioactive waste. Macroscopic,
microscopic and crystal structure effects are being measured for 'SYNROC ages'
up to aipprox. 106 years, obtained by irradiating to a fast neutron fluence of
4 x 10 n cm"2 (> 1 MeV) in six reactor periods.

5.4.5 Fabrication and testing of radioactive SYNROC
(K.D. Reeve, B.W. Seatonberry, K.F. Western, C.J. Stone; D.M. Levins,

Environmental Science Division)

A glove-box fabrication line and a very similar hot cell line are being
assembled (using funds from a NERODC grant of $230 000) to allow the
fabrication and testing of SYNROC which contains either radioactive actinides
or fission product elements. The latter are being extracted from an existing
AAEC waste solution arising from 99Mo manufacture. All equipment for the two
lines has been ordered or delivered, assembly is proceeding, and commissioning
was planned for May-June. Radiochemical procedures are being developed to
detect specific radionuclides once specimens are available for leach testing.

5.4.6 Supporting research
(W.J. Buykx)

Measurements were made of the thermal diffusivity, specific heat and
thermal conductivity of SYNROC and all its constituent mineral phases versus
temperature up to 700°C. The results have been published in the Journal of
Nuclear Materials. The most significant findings were as follows:

. The thermal conductivity of SYNROC is about twice as high as that of a
typical borosilicate waste glass.

. The thermal conductivity and diffusivity of hot-pressed SYNROC is about
25 per cent higher in the radial than in the axial direction.
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Both effects favour the radial dissipation of heat from the likely shape of
the SYNROC disposal canister, i.e. a long cylinder within which the SYNROC has
been dansified by hot pressing in the axial direction.

5.5 Materials Science (Project 5.1.3)

This project consists of four independent sub-projects in the fields of
fracture mechanics, ultrasonic non-destructive testing, image analysis and
radiation damage.

5.5.1 Development of yielding fracture mechanics
(M.I. Ripley, B. Zybenko)

Linear elastic fracture mechanics (LEFM) is a now well established
technique for quantitatively assessing the sensitivity of structures made from
relatively brittle materials, e.g. high strength and maraging steels,
ceramics, etc. to defects and cracks. Yielding fracture mechanics aims to
extend the predictive uses of LEFM to structures made of relatively ductile
(more realistic) materials such as common structural and stainless steels. In
such materials, fast crack growth and fracture occur after widespread yielding
and some ductile crack growth, e.g. most pipeline and pressure vessel failures
occur in this way. In the plastic regime, the mathematical simplicity of the
elastic strain field is lost and current models use non-linear elasticity (the
J integral) to make quantitative estimates of criteria for such crack growth.

The main aim of the present program is to make experimental measurements
of the value of J for different materials and to assess its worth as a
characterising parameter. An ASTM standard (E813-82) has been published but
this requires a large number of specimens for accurate results. We have been
developing equipment to make single specimen J determinations using the
partial unloading compliance technique. This has required data -acquisition
and control of the testing machine to be computerised; programs have been
written but not yet fully tested. Suitable clip gauges have also been
developed and tested.

An important part of the project is to provide advice and service in the
fracture mechanics area. We are currently preparing and testing specimens of
a new geometry as part of a worldwide ASTM 'round robin* evaluation. The
results will be used to assess the suitability of the geometry as a new
fracture mechanics standard test.

Other service work has included an evaluation of the fracture toughness
of steel from the failed Moomba/Sydney gas pipeline. The data were used to
estimate the critical flaw size for failure of the pipe for a range of gas
pressures. The upper limit on the size of flaws present from stress corrosion
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cracking was known from the crack that Initiated the failure, hence the
effects of reducing line pressure were estimated. This gave some confidence
that the pipeline could be safely operated while a new bypass section was
being built.

We have also assisted AAEC engineers with the design of a small pressure
vessel for which a comparatively brittle material (copper-beryllium) was
required. This Involved advice and testing to measure the fracture toughness
of the proposed material to ensure that It would meet the relevant design
standards.

5.5.2 Ultrasonic testing
(E. Mehrtens, D. Bloser)

The work of the ultrasonic testing group can be divided Into two
categories: development of techniques; and service work. The laboratory
equipment used for testing small to medium size components consists of an
ultrasonic source and detector mounted on a carriage and Immersed In water In
a tank of approximately 2 m x l . 5 m x l m . The carriage can be traversed In
two dimensions over the Immersed test piece. Echoes from the specimen are
analysed by computer and correlated with the position of the source to build
up an Image of the test piece. There will, of course, be echoes from the top
and bottom surfaces as well as from the Inhomogeneltles In the specimen which
are the features of Interest. Not all Inhomogeneltles are harmful, and recent
work has developed a method of distinguishing voids and Inclusions from grain
boundaries, which also give rise to echoes In coarse-grained specimens.

Many specimens cannot be brought Into the laboratory for examination. In
the field It Is usual to use a hand-held probe and watch echoes on the screen
of a cathode ray oscilloscope while searching for defects. This technique is
less sensitive and does not give as clear a picture of the state of a sample
as a computer-processed image. Ue are developing a method that will enable
computer-processed images to be obtained in the field. In essence, although
the probe is moved by hand, its position is fed to a computer through sensors
which detect movement in an X-Y plane; the signal from the ultrasonic detector
is then recorded for subsequent correlation with the source position, and
computer processing of the data.

Much of the time is given to service work, as exemplified by the
following projects:

(a) Examination of a section of the Moomba gas pipeline.



(b) Investigation of centrifuge casings, for Centrifuge Enrichment
Project Division.

(c) Examination of a jet engine turbine seal ring, for Qantas.

(d) Characterisation of flaws in 1000 tungsten rods, for the Department
of Defence Materials Research Laboratories.

(e) Determination of frequency characteristics of 100 ultrasonic
transducers, for Sydney Technical College.

5.5.3 Development of an image analyser
(J.G. Napier)

The Division is developing an image analyser which consists of a
television camera to acquire the image, a CCS S-100 computer, some additional
memory boards and a second screen. To obtain rapid processing, it is
necessary to program the computer in Assembler language. The program has been
developed in functional blocks, corresponding to major operations. Owing to
the limited memory available for program storage, it has not been possible to
assemble the complete program in one operating module since, at this stage of
development, a large block of memory must also be allocated to a monitor
program required to test and debug the main program.

The image is dissected by the television camera and presented as an
analogue signal to an analogue-to-digital computer which produces 256 pixels
(picture elements) per line for 256 scanned lines. The pixel is digitised to
represent one of 16 grey levels and stored directly in the computer memory.
Selection of the feature to be measured is carried out by inputting the grey
levels that the feature has within the image. To determine these levels it is
possible to produce either a linear or a logarithmic histogram of the grey
levels on the terminal screen. Once the levels have been set it is possible
to produce a packed binary image.

Having obtained a packed binary image, it is possible to determine the
number of particles of the phase occurring within the field, the proportion of
the phase within the field and the number of intercepts of the scanning lines
with phase particles. It is also possible to display the binary image on a
second video screen. Incorrect particle counts can be produced if the coarse
grey-scale digitisation has caused two particles to coalesce, or internal
porosity may be induced by too narrow a choice of grey-scale limits. To
correct for these errors, a method of image editing using the terminal
keyboard has been developed, but it is slow and tedious. It is intended to
incorporate a light pen system to allow this process to be enhanced.
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Provision has been made to store an acquired image on a disk system, and
both full grey scale and binary images can be produced on the printer.

A large block of code is awaiting testing. When incorporated into the
main program, it will allow individual particles to be separated from the
initial field for separate measurement. It will then be possible to
determine, for each particle, the size (for particle size distributions), the
perimeter (shape factor) and the projected lengths on the X and Y axes
(preferred orientation).

5.5.4 Radiation damage in titanium alloys
(R.G. Blake)

At present, various types of steel are favoured as candidates for the
fusion reactor first wall material. Nevertheless, steels suffer from a number
of disadvantages so it is useful to investigate other classes of material.
One of the main disadvantages of steels is that they are subject to swelling
due to the formation of voids. From work done at Lucas Heights it is known
that titanium is resistant to void formation, so an investigation was
commenced on the irradiation behaviour of titanium alloys. Titanium alloys
have been studied extensively in connection with aerospace applications, but
little is known about their response to neutron irradiation.

The selected alloy is the commercially available T1-6A1-4V. This alloy
can be heat-treated to give a two-phase structure of alpha (hep) grains in a
matrix of beta (bcc) phase, both being relatively free of dislocations and
precipitates. In this condition it will be possible to analyse the defects
produced by irradiation in two different crystal structures of what is
essentially the same material.

This microstructure is different from those developed for aerospace
applications, which were intended to give high strength with ease of
fabrication. However, results obtained with the non-typical microstructure
are relevant since the same phases are involved; it is anticipated that
formation of dislocation loops and, perhaps, radiation induced transformations
will cause the microstructure to resemble more closely a typical worked
condition.

The heat treatment developed to produce the required microstructure
consists of an anneal at 1030°C for 20 hours followed by a slow cool to room
temperature at 20°C per hour, an anneal at 800°C for 2 hours and an oil
quench. This gives a microstructure with approximately 70 per cent of alpha
grains of size 10-20 pro in a matrix of beta grains. The alpha grains have in
general two orientations normal to the foil surface — near to [1123] or to



L1010J. These orientations, which are no doubt related to the texture of the
original rolled strip, are suitable for loop analysis. Beta grains generally
have an orientation near to [135], which again is suitable for loop analysis.
Electron diffraction patterns from the beta grains show diffuse streaking
which may indicate precipitation of another phase. However, the scale is too
fine to be imaged in either bright or dark field. Improvements to the
electro-polishing technique may allow these precipitates to be resolved.
Diffraction patterns from alpha grains show sharp Kikuchi lines, indicating an
undeformed structure free of precipitates. The next stage of this work will
be to irradiate some foils in HIFAR and characterise the damage structures.

5.6 Materials Services (Project 6.1.4)
(Leader: A. Ridal)

Assistance is given to AAEC Divisions and Sections (and to outside users
where appropriate) on various aspects of materials fabrication and testing,
non-destructive testing (NOT), high activity handling and metallography.
Services include the following:

. Operation of two hot-cell facilities, post-irradiation handling and
examination, rig unloading and maintenance of HIFAR coarse control
arms.

. Melting, casting and fabrication of a variety of materials including
ceramics.

. Specialised welding and brazing.

. Non-destructive testing.

. Optical and electron metallography, X-ray diffraction and probe
analysis.

. Advice on the use, performance and failure of components.

5.6.1 Operation of hot-cell facilities

During the period both facilities have been fully utilised to provide
the following services to Divisions:

(a) Hot Cell Block No.j, (Building 41J

maintenance of six HIFAR coarse control arms;
examination of three Moata fuel elements;
replacement of thermocouples on rig 183/11;



repair or TWO neutron source carriers tor
fourteen iridium unloads for Isotope Division, and
continued post-irradiation examination of SYNROC material;
measurement of creep rig X-182;
packaging Cr-labelled sand for Isotope Division; and
sealing Zn into glass ampoules for Isotope Division.

Hot Cell No.3 is being completely refurbished to accommodate a project
for the reduction of highly radioactive liquid waste. This has necessitated
replacing the water in tank windows by denser zinc bromide to provide extra
shielding for the operators.

During the refurbishing, the front steel plate, under the viewing window
was removed, revealing two large defects in the cell shielding. The defects
penetrated two thirds of the concrete thickness. The shape of the defects
indicated that they had occurred during the concrete pour. A shielding survey
conducted by Health and Safety Division led to the following recommendations:

(i) Cell No.l is well within its 100 000 MeV Ci design rating.

(ii) Cell No.2 is well below its design rating of 10 000 MeV Ci; however,
the water in the tank window has been replaced by the denser optical
grade zinc bromide which has upgraded the shielding to close to the
design rating.

(iii) As was expected, Cell No.3 has a shield weakness on the lower front
wall. This cell will not be used until the shielding is upgraded.

(iv) Cell No.4, is well below the design rating of 10 000 MeV Ci and its
present rating is estimated at 80 MeV Ci.

(b) Hot Cell Block No.2 (Building 54)

General assistance and service has been given to Isotope Division in the
following operations:

. Cell No.l - 99Mo production,
Cell No.2 - the noble gas trap, and
Cell No.4 - the Mark III gel generator.

Cell No.3 and eventually Cell No.4 will be used to hot press doped
SYNROC. Design and modification of equipment for in-cell use is in progress
for this project. The lead glass window in Cell No.3 was renewed in readiness
for the SYNROC project.



5.6.2 Non-destructive testing
In August, the biennial assessment by the National Association of

Testing Authorities (NATA) took place and the range of approved test
categories was confirmed. Enquiries are being made about a special category
of NATA approval to cover experimental ultrasonic testing.

(a) Radiography

Preliminary work on the neutron radiography contract with the
Aeronautical Research Laboratories (ARL) has been completed. A draft report
was submitted to ARL on the results to date and negotiations are in progress
for continuation of the contract.

(b) Ultrasonic testing

The principal activities are described below:

Micro-computer programs have been developed for presentation of
ultrasonic data in graphical form.

Ultrasonic spectroscopy has been used to determine acceptability levels
of oxide and sulphide inclusions in rail steels (for BHP). Ultrasonic
frequency analysis enables frequency spectra and other indications to
be correlated with the presence of sulphide and oxide inclusions. It
also allows determination of the approximate level of inclusions, and
differentiation between oxides and sulphides.

Refurbished turbine seal rings in Pratt and Whitney jet engines have
been examined for Qantas. Turbine seal rings become worn in service
and a refurbishing procedure involves brazing inserts before machining.
A reliable non-destructive testing procedure is required to ensure
structural Integrity. An ultrasonic immersion test procedure has been
developed to detect minor flaws. This technique has been supplemented
by neutron radiography.

Correlation techniques are being developed to eliminate noise and
enhance the signal.

Testing ultrasonic probes for Sydney Technical College and providing an
ultrasound spectrum.

Testing tungsten alloy cylinders for Materials Research Laboratories
for manufacturing defects.



5.6.3 Metals fabrication

(a) Melting and casting

Eight castings of depleted uranium totalling 1440 kg were made during
this period to provide material for four type A radioactive material transport
containers. Four of the castings have been machined and await fabrication of
the stainless steel outside containers before being assembled.

(b) Aluminium meltdown experiment

Molten aluminium was dropped onto a curved aluminium surface simulating
the throat of the fuel element nozzle in HIFAR. Observations of the shape of
aluminium droplets and whether there was any adhesion of molten aluminium to
the curved surface were noted. This was part of a loss-of-coolant-accident
study requested by Nuclear Technology Division.
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6. NUCLEAR TECHNOLOGY DIVISION
(Chief: G.W.K. Ford)

6.1 Introduction

The main effort in Nuclear Technology Division during this period has
been on the following projects:

(a) A modified safety analysis for the reactor HIFAR.

(b) Support for HIFAR operations, which has included

(i) development of a new computer code for fuel burn-up
calculations, and

(ii) heat transfer experiments in relation to operating limits
for irradiation rigs used in hollow fuel elements for
radioisotope production.

(c) A study of reduced enrollment fuel for research reactors.

(d) The final comparison report on the AAEC containment experiment for
the OECD/NEA Committee on the Safety of Nuclear Installations.

(e) An investigation into two-phase annular flow, which is part of an
underlying research program in the Division on aspects of
thermodynamics relevant to the nuclear field.

(f) The fusion technology program, in which the main aim is to measure
breeding performance in an assembly representative of conceptual
fusion reactor blankets.

6.2 Fission Technology

6.2.1 Fission reactors (Project 1.1.1)

HIFAR safety analysis
(D.B. McCulloch, E.R. Corran)

At the Director's instigation, the HIFAR Safety Analysis Working Party
(HSAWP) was established to identify the requirements for an updated safety
analysis for HIFAR, consonant with modern practices, and to estimate the
necessary effort and prepare detailed schedules for the task.
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Even with the 1972 HIFAR Safety Document (HSD) as a working basis, a
comprehensive safety analysis of the type envisaged would require a
substantial investment of effort over an extended period and, in recognition
of shorter-term needs, HSAWP proposed a three-stage breakdown of the
objective:

Task (A): To extend the deterministic (maximu&'fre'cftble accident
(MCA)) approach of the HSD such that the substantial subsequent
engineering improvement to the plant and numerous improved analyses of a
variety of safety-related issues are included. This task, which was
closely related to Authorisation requirements of the Regulatory Bureau
(RB) was assigned to Reactors Department and completed in January 1983
with the issue of the '1982 Supplement to the HSD'.

Task (B): To make available as soon as possible a probabilistic
treatment of the key issues in accord with the RB's latest safety
assessment principles, as given in REGBUR MEMO 1/82. This was considered
important in the safety analysis of HIFAR. The minimum task was
identified as evaluation of only major accident sequences initiated by
plant failures. In this context, 'nuclear accident sequences' are
defined as those whose consequences might exceed National Health and
Medical Research Council (NHMRC) emergency reference levels for
consideration of local evacuation. The HSAWP was reconstituted as an
executive group to carry out task (B), which is now well advanced.

Task (C): To carry out a comprehensive evaluation of risks
associated with operation of HIFAR in accord with REGBUR MEMO 1/82
requirements. Detailed consideration of content and schedules for this
task has been .ostponed until task (B) is complete.

Task (B) involves determination of the frequency of basic plant failures,
the probability of failure of the various effective barriers limiting the
consequences of the basic failures, and the mechanisms of transport of fission
products from fuel to and then within the environment. The approach adopted
relies throughout on conservative but realistic modelling. Plant-initiated
accident sequences were well covered in qualitative terms by the HSD, and so
far the present study has identified no new incidents that are likely to
result in greater public hazard than the HSD MCA scenario, i.e. a loss-of-
coolant accident (LOCA) resulting in full core fuel meltdown.

HIFAR fuel burn-up calculations
(G.S. Robinson)

Fuel burn-up and reactivity for routine HIFAR operation have, in
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practice, been predicted via a simple computer program HIBURN developed at
Lucas Heights in 1969, together with hand calculations. These methods use
empirical data bases - measured fluxes and reactivity coefficients. Any
requirements for neutronics calculations not related to routine operation have
been satisfied by using the AAEC modular code scheme, AUS. In recent years,
an increased demand for non-routine calculations, particularly for studies of
reduced enrichment fuel , has led to the development of quite detailed AUS
calculational models of the HIFAR core and reflector.

If these models were to be applied to routine operations, a number of
advantages would result. For example, they would provide

a self-consistent set of data (the experimentally based data, which
. come from a variety of sources, are often difficult to reconcile with

confidence),

a means for regular comparisons of calculations with routine
measurements, thus increasing confidence in the models for non-routine
applications, and

increased confidence that major changes to the reactor core or
reflector, such as the use of low-enrichment fuel, could be made
without the need for extensive experiments to provide operational data.

The general purpose reactor physics modules incorporated in the AUS
scheme are, however, not entirely suitable for routine burn-up calculations on
HIFAR. Nor does the accuracy required justify a complex model, with detailed
representation of control arms and other components in a special purpose
program. Therefore, a computer code HIFUEL was written which followed the
general approach used in HIBURN, but was based on coefficients derived from
the AUS calculations. Comparisons with operating experience have shown that
the HIFUEL method is satisfactory for reactivity and burn-up predictions, but
there are still some outstanding problems related to the calibration of the
coarse control arms, and to overall power normalisation, on which work is
continuing. A paper on the HIFUEL work was presented by G.S. Robinson to the
recent DIDO operators' conference.

Maximum permissible heat flux in HIFAR hollow fuel
element irradiation rigs

(W.J. Green, A.G. Chapman, N.D. Hargreaves)

4'
The maximum permissible heat generation rate in HIFAR hollow fuel element

HFE) irradiation rigs sets a limit to the attainable rate of production of
9Mo in HIFAR. The Division has been investigating this limitation.



Two separate aspects of the problem are under Investigation:

(a) the effect of the heat generated in irradiation cans in an HFE on
coolant flow stability and burnout in the HFE (effects external to
the irradiation rig), and

(b) the possibility that burnout will occur at the surface of an
irradiation can, due either to excessive heat flux or to flow
instability in the HFE liner (effects internal to the rig).

(a) External effects

It has been shown that heat generation rates up to five times the
proposed maximum in an HFE irradiation rig would have no effect upon the
existing safety margins for burnout and flow stability in the fuel element.

(b) Internal effects

This aspect of the problem requires investigation of burnout in a complex
flow channel and involves experimental work to substantiate preliminary
deductions made from theoretical analysis. Theoretical estimates of the
coolant flow rate in the liner, the flow distribution around a can, and the
burnout heat flux enabled provisional recommendations to be made to HIFAR
Operations Section regarding the maximum permissible power generation levels
for HFE irradiation rigs with one to five cans loaded.

The experimental work was divided into three stages:

Stage 1 measurement of flow rate and pressure drop in a dummy fuel element
irradiation rig to enable derivation of the coolant flow rate in a
real irradiation rig;

Stage 2 measurement of the burnout power of an electrically-heated dummy can
in a single-channel flow rig to determine the burnout heat flux and
its relation to coolant flow rate and temperature; and

Stage 3 measurement of the burnout power in a bypass flow rig to establish
whether flow instability is the factor limiting the heat generation
rate.

Stage 1 has been completed. Stage 2 is in progress but the burnout
conditions being investigated are unusual, requiring development of a suitable
heater and burnout detection system. Heater failures, mainly due to failures
of the detection system, were frequent and have led to a succession of design
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changes.

6.2.2 Reduced fuel enrichment for research reactors
(D.B. McCulloch)

Some 150 research reactors (Including HIFAR), In more than^30 countries
throughout the world, use high enrichment (> approx. 75% 235U) uranium-
aluminium fuel elements. Their annual requirement for replacement fuel totals
some 1.25 tonnes of highly enriched uranium (HEU).

The International Nuclear Fuel Cycle Evaluation (INFCE) studies in 1978-
1980 recognised the risk of nuclear proliferation as a result of this amount
of potentially weapons-usable material. INFCE concluded that the risk might
be substantially reduced if, where feasible, research reactors were to be

O^C
converted to use reduced enrichment fuel, preferably of < 20$ U (low-
enrichment uranium, LEU), which is generally recognised as the isotopic limit
for weapons usability.

Increased uranium density in the fuel material is the key principle of
reactor enrichment reduction. Successful conversion to LEU operation for a
substantial number of existing research reactors (mainly higher power, highly
rated) would depend on the outcome of long-term development and testing
programs for advanced, new, very high uranium density fuel materials. As an
interim measure, however, conversion of such reactors to medium-enrichment
fuel (MEU, nominally 45% 235U) might significantly reduce proliferation
potential.

Reduced enrichment research and test reactor (RERTR) programs have been
established in a number of countries; most of these programs are being
coordinated by the IAEA. Their general goal is to develop the technical means
- for example, improved fuel materials - by which as many research reactors as
possible can, in due course, be converted to use LEU fuels with minimum
penalties in performance and costs.

As well as carrying out its own program to examine a range of options for
the eventual conversion of HIFAR, the AAEC has participated very actively in
the IAEA's program. This includes the preparation of comprehensive guidebooks
to most of the important aspects of core conversion, and conducting advisory
missions to developing countries whose reactors are presently operating with
HEU fuel.

The IAEA's guidebook on conversion of D20 moderated reactors has, of
course, been of major interest to the AAEC. Largely as a consequence of our
Initial input, the methods of analysis used by several other participating



countries have been modified, and there is now good general agreement on the
changes which will occur in most of the important physics parameters when fuel
enrichment is reduced.

As a result of applying these methods to HIFAR and taking account of fuel
development programs well under way in the USA, UK, the Federal Republic of
Germany (FRG) and France, it appears at present that HIFAR could in principle
be converted to the use of MEU or LEU fuel with little effect on present fuel
cycle or safety parameters. There would be only minor penalties in neutron
fluxes, with the single but important exception that, for conversion to LEU,
the in-core thermal neutron flux would be quite significantly reduced (by
approx. 15%). This aspect is of serious concern to all users of DIDO class
reactors, and received considerable attention at the DIDO Users' Conference
held at Lucas Heights in October.

For conversion of DIDO class reactors to either MEU or LEU, fuel
fabricability has been demonstrated on a laboratory scale, but the incremental
costs for commercial production over those for the present HEU fuel cannot yet
be sensibly quantified. For MEU at least, the cost increases appear likely to
be reasonable (perhaps 10-20%).

For reactors of high thermal rating, changes in fuel element geometry to
accommodate fuel enrichment reduction are generally not possible, or must be
accompanied by significant and expensive modifications to the cooling
circuits. Although limited scope exists in HIFAR for geometry change (thicker
fuel plates and narrower coolant annuli) without reducing thermohydraulic
safety margins by a necessarily unacceptable amount, this does not
significantly change the conclusions to follow, which strictly assume that the
present fuel geometry is retained unchanged.

For conversion of HIFAR to MEU, the uranium density required is within
the range already in well-established use in some very advanced research
reactors, and requires only adequate irradiation testing and demonstration in
the required geometry. Appropriate test programs are well advanced in several
countries.

For conversion to LEU, much higher uranium densities in the fuel material
are necessary, and these are well beyond the limit of established technology.
Laboratory scale fabrication techniques have been satisfactorily developed to
and beyond the densities required for HIFAR. Major irradiation testing
programs are under way on fuel elements ranging from small, flat platelets to
full size elements in several geometries. Interim results are encouraging,
but fully definitive results on irradiation performance are at least a year
away. Convincing demonstration that suitable commercial production of such



elements at acceptable cost is possible must also be an essential precursor to
an LEU conversion commitment.

6.2.3 OECD-NEA/CSNI containment safety studies
(J. Marshall, W. Woodman)

As previously reported, the Division's blowdown/containment rig has been
used for an experiment in the OECD/NEA Committee on the Safety of Nuclear
Installations (CSNI) series of containment problems as Containment Analysis
Standard Problem (CASP) No.3.

The experiment entailed use of an existing containment vessel divided
into two compartments with an interconnecting flow channel. The main
variables measured, as a function of time, were pressures, temperatures, heat
transfer coefficient, intercompartment flow and pressure vessel outflow. Using
the experimental data and their own calculation method, each of the
participants calculated transients for selected parameters and sent the
results on punched cards or magnetic tape to the AAEC where they were used to
plot the transients in order to compare each participant's results with the
experimental results and with the calculations from the other participants. A
draft comparison report was prepared, distributed, and then presented by Mr
Marshall at a workshop of the CSNI Working Group on Water Reactor Containment
Safety in Paris in October 1982. The report was accepted with minor
amendments, amongst which were the realisation by two participants that there
were errors in their data and one request for late participation. All the
revised and new data were received by the end January 1983 and the final
comparison report has been prepared and issued as an official publication of
the OECD-NEA/CSNI [Marshall and Woodman 1983].

Eight countries participated in the analysis of CASP3: Australia, France,
Italy, Japan, The Netherlands, Spain, USA and UK. The main findings were that
although the codes could generally deal with the pressures, temperatures and
intercompartment flow, they could not calculate the heat transfer coefficient
adequately in the particular conditions of small volumes and steel walls.
This parameter is much more important in CASP3 than in previous CASPs, or in
reactors, and only two or three participants made reasonably satisfactory
derivations. The remainder preferred to use values derived directly from the
measured heat transfer coefficient transients. The workshop concluded that
the exercise had been very useful in bringing these problems to its attention
and in stimulating new thought on them.



6.2.4 Reactor thermohydraulics
(D.R.H. Seattle, W.J. Green, K.R. Lawther)

Annular two-phase flow concepts

(a) Background

In a boiling or any gas-liquid flow, several flow regimes may occur.
Annular flow, usually the most important of these regimes, arises when there
is a continuous liquid film on the duct wall while the gas flows in a central
'core'. This regime is important since it occurs for a wide range of pressure
and flow conditions, and is the predominant flow regime in boiling water and
pressurised water reactors under LOCA conditions. It occurs also in many
evaporators, natural gas pipelines, etc.

Conventional models of high vapour content annular flow consider the
liquid film on the duct wall to be devoid of bubbles and that parameters of
interest (e.g. pressure drop, heat transfer) are determined primarily by the
thickness of the liquid film. Research has thus concentrated on methods to
determine film thickness and relationships between the film thicknes: and the
parameters of interest.

The limited agreement between theory and experiment, together with the
need for a number of arbitrary coefficients, suggested that basic concepts
behind the currently accepted theory should be reconsidered.

(b) Program of work being performed at LHRL

AAEC research into this problem has followed two distinct paths: one is
the extension of single phase concepts to annular flow; the other is a
detailed and extensive examination of critical heat flux data. Each approach
has indicated that bubble nucleation is very often present in the liquid film
region of heated annular flow, even for relatively high vapour contents, and
that its presence, in the form of extremely small bubbles which are not
visually evident, can be likened to surface roughness. It has also been found
that flow parameters are essentially independent of film thickness. Although
much remains to be done, success has already been achieved in the development
of methods for predicting pressure drop, slip between the phases, heat
transfer, and in the interpretation of critical heat flux characteristics
based on this new concept.

Encouragement has also been gained from the fact that eminent overseas
researchers have stated in correspondence that they consider the AAEC work to
be "an excellent contribution to the international scientific community" and
that it "has focussed on very important features of the complex phenomenon."



The AAEC concept is supported by one prominent research group in the USA
which has reached similar conclusions from an entirely different basis.
However, this concept is still regarded as controversial and is far from being
universally accepted in the two-phase heat transfer field.

6.3 Fusion Technology (Project 1.2.2)
(6.W.K. Ford)

The main aim of the fusion technology program is to measure the breeding
performance of nuclear materials assemblages representative of conceptual
fusion reactor blankets. Initial investigations will relate to tritium
breeding from lithium; later experiments are expected to include the
additional breeding of fissile from fertile materials. In addition to this
particular research speciality, a broad overview of fusion technology is being
acquired which may lead to proposals to extend the program into other
specialities similarly appropriate to the Commission's resources and
interests.

6.3.1 Experimental studies
(A.M. Dal ton, H.J. Woodley, W.J. Crawford, R.J. Blevins, C. Evans)

In the experimental area, present work is aimed at

(i) obtaining a sufficient yield of neutrons from the 14 MeV accelerator
neutron source, and

(ii) developing techniques to measure neutron output from the source, and
for neutron flux inside nuclear materials assemblages, and to
estimate tritium production by chemical separation fr.om sampling
capsules and beta-counting (in collaboration with Isotope .Division).

Currently, an extended period is being sn«nt developing techniques and
calibrating instruments. During this periou, methods will be tested in the
existing cubic-,aetre stack of lithium carbonate, which is the simplest and
cheapest integral assembly that can serve as a starting point and development
device for the quantitative work on notional blanket assemblies yet to be
planned in detail.

First, the numerous minor but vital modifications and improvements listed
below have been made to the Activitron deuterium-tritium reaction accelerator,
neutron generator to achieve neutron output adequate for the prospective
measurements program:



py carerui ly cleaning ana ponsning tne ion source ana accelerator
chain components.

. A method has been devised to help centre the deuteron beam. This
method is based on measuring, at points around the circumference of the
'drift tube' (i.e. free-flight extension of the accelerator), the local
temperature rise due to interaction of the off-centre deuteron beam
with the drift-tube wall.

. Beam focusing adjustment has been greatly assisted by the design and
installation of an insulated water-cooled beam-defining aperture ring,
so that beam spread, as measured by current flow to this ring, may be
minimised and current to the target maximised.

. A greatly improved method has been developed for directly water-cooling
the rear side of the copper target disc, which carries the tritiated-
titanium coating on its front or vacuum side.

Second, measurements of neutron output at low currents (0.01 to 0.3 mA),
corresponding to neutron outputs of 10' to loP neutrons s , indicate that the
nominal operating condition of 200 kV, 2 mA (total current - deuterons +
molecular ions) and a fresh target should enable an output of a few 1010

neutrons s'1 to be attained.* This output should just allow tritium breeding
measurements, although long irradiation times are required which use lithium
carbonate detector-capsules and a new British technique developed at
Birmingham University. Also required is the method of chemical extraction and
liquid scintillation counting, which was developed at ISPRA, Italy, and used
at Julich FRG, to measure beta-emission from tritium, and which has already
been partly investigated by Isotope Division. However, actual measurements
with the high accuracy essential for the estimation of blanket performance
will eventually call for a more intense neutron source and a more sensitive
method of measuring tritium production. In detail:

. Preliminary consideration is being given to the feasibility of
developing an improved accelerator/fast-neutron source in collaboration
with Applied Physics Division, and inquiries are being made in respect
of a proprietary ion (deuteron) source of around 10 mA total current
capability (6 mA of deuterons) and a locally-built Cockcroft-Walton 200
kV high tension supply. Remaining components, except possibly the

* Note that EG and G, Idaho, have used an identical machine to achieve a
neutron output 'at the upper end' of IQlO neutrons s-1 for similar
operating conditions: also KFA Julich work on tritium breeding was
performed at a nominal IQll neutrons s-1.
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important matter of the thermohydraulics of the target to ensure that
the tritiated titanium is kept as cool as possible, to minimise loss of
tritium, notwithstanding the large input heat flux. This is several
hundred W cm~2 in the existing machine, and well over a thousand W cm~2

in the prospective design.

. An electronic on-line method of measuring tritium production is being
investigated. Two possibilities are being considered: a lithium-loaded
glass disc scintillator, and a film of LiF evaporated onto a solid-
state charged-particle detector. These sensors detect both the alpha
particle (He ion) and the triton (T ion) produced in the neutron-
lithium reaction. The electronic counting and analysis of the output
signals use well established methods. Glass disc scintillators with
varied characteristics are being investigated. In respect of the
solid-state detector alternative, it is expected that the Applied
Physics Division could evaporate appropriate lithium compounds onto
commercial solid-state charged-particle detectors if complete units of
commercial manufacture cannot be found. This method would indicate
directly the instantaneous rate of tritium production and complement
the lithium carbonate capsule method, which integrates the tritium
production over a period of irradiation. This method could turn out to
be the more sensitive technique.

Third, the output of 14 MeV neutrons from the accelerator target
(corresponding to the neutron input from the fusion plasma) is being measured
on the Applied Physics Division's organic crystal scintillator, NE102, in the
form of a 5 cm right circular cylinder, with equal length and diameter. This
had been calibrated by APD staff at the ANU, who used an associated-particle
technique. Complementary methods of measuring source output, including
activation of such threshold detector materials as copper or fluorine, may
also need to be developed to ensure the reliability of this vital measurement.

Fourth, methods for estimating the local neutron flux and energy spectrum
at selected positions within the blanket assemblies are also being developed.
These spectral data will assist in verifying the detailed processes employed
in neutronics analysis methods, which lead to the ultimate result of tritium
(and fissile material) breeding performance. There is already available a
small neutron detector assembly, consisting of a 1.5 cm dia. organic liquid
scintillator, a 2 cm dia. x 50 cm long light-guide, and a 5 cm dia.
photomultiplier, which is used with a Canberra series 40 multi-channel
analyser. This combination will present the energy spectrum of the recoil-
protons generated from collisions with hydrogen nuclei within the
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sdntillator, which enables the incident neutron spectrum (between x 0.5 and
x 14 MeV) to be derived by a complex analysis known as 'unfolding1. A
microcomputer is being obtained to store and process these and other data.
The spectrum information can be extended to lower energies by means of
existing BF3,

 3He and fission counters.

Stable and generally reliable operating conditions have been achieved
with the Activitron accelerator neutron generator at an output of xlO9

neutrons s at i!50 keV. Higher outputs are no doubt attainable but involve
higher operating voltages and increased risk of insulation breakdown. In the
meantime, the 10 neutron s level of output will be used to develop the
lithium glass scintillator tritium-breeding measurement technique. The
scintillator and photomultiplier equipment needed for this purpose is still
being procured. Meanwhile, measurements are being made of the distributions
in azimuth and altitude of the 14 MeV neutrons emitted by the accelerator
target, and the newly-acquired nuclear-measurement data-acquisition and
processing system is being commissioned.

Re-analysis of some Japanese measurements of tritium breeding in natural
lithium metal has enabled a good understanding of the Japan Atomic Energy
Research Institute (JAERI) analytical methods and has revealed potential
sources of error in the assumptions made regarding choice of neutron group
structure. However, a satisfactory explanation has not yet been found for the
reported values of calculated/experimental breeding ratios of 1.5 to 1.8:1.

6.3.2 Analytical studies
(B.J. McGregor, G.S. Robinson, B.V. Harrington)

The computer library of cross-section data normally used for neutronics
analyses of fission reactors has been extended to provide greater detail at
the higher energies appropriate to fusion reactor blanket analyses K 14 MeV
neutrons from fusion instead of % 1 MeV from fission) for such elements as Li,
Pb, Be, etc. which are relevant to prospective blanket analysis programs.
Data on production and interaction of gamma rays, and energy deposition for
neutrons and gamma rays, have also been added to the library to enable
analysis of blanket heating and shielding. Overseas analyses of blanket
experiments, especially those at Julich, of the general type contemplated for
the Division's program have been reviewed and, in the case of the Julich
tests, re-analysed to assist the planning of Divisional experiments and
further development of analytical methods. Discussions at a symposium on
fusion technology at Aachen, Belgium, indicated good possibilities for

. collaborative work on this type of analysis, in particular the
Harwell-sponsored blanket experiments at Birmingham University,* and

* An initial approach has already been made by the AAEC to the University
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. the independent re-analysis of planned uranium- and thorium-containing
blanket tests to be performed at the Ecole Polytechnique Federale de
Lausanne.

6.3.3 Fusion physics (Project 1.2.1)
(B.E. Clancy)

The fission reactor-related data library has been extended to include the
higher energy neutrons present in fusion systems, and overseas analyses have
been re-examined in order to develop methods suitable for the prospective
Divisional program. The extension involved the generation of a new cross-
section library with more detail at high neutron energies, the inclusion of
data for kerma (energy yield) factors, and treatment of gamma-ray production
and interaction.

Data were generated for 200 neutron groups and 37 gamma-ray groups, and
formed into a group cross-section library, suitable for most types of
neutronics calculations. The neutron group structure is as follows:

Energy

15.5
12.8
140.0
1200.0 -
3.0
0.0125 -

Range

12.8 MeV
0.14 MeV
1.2 keV
3.0 eV
0.0125 eV
(0.001) eV

Lethargy
Width

0.03125
0.0625
0.125
0.25
0.1
0.5

The gamma-ray groups are the same as those in the well known VITAMIN-E code
developed at Oak Ridge National Laboratory. Modifications to the AUS module
MIRANDA and an additional AUS edit module were required to treat the coupled
neutron-gamma-ray data. A program of comparisons with published one-
dimensional calculations of fusion reactor blanket concepts is in hand to
check the validity of the tritium breeding and energy deposition calculations
performed with the scheme. Note that the augmented AUS scheme is also well
suited to calculations for reactor shielding.

The theoretical work has been concentrated on which magneto-hydro dynamic
(MHD) surface waves propagate on the plasma-vacuum boundary in a Tokamak, and
the computer modelling of the wave fields excited in a toroidal plasma by
oscillating antenna currents with frequencies around the ion-cyclotron
frequency. This latter topic is directly relevant to the problem of
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efficiently introducing the radiofrequency energy into the TORTUS plasma.

6.4 SYNROC Studies (Project 2.2.1)

6.4.1 Heat transfer aspects
(J.F. Whatham)

A literature survey on high-level waste disposal
respositories is continuing.

in underground

Available heat transfer codes applicable to the calculation of space- and
time-dependent temperatures for SYNROC disposal have been surveyed, and the
versatile code HEATING 5 has been received from the Argonne Code Center.
Documentation of this code package is less than ideal, and some difficulties
are to be anticipated in commissioning and using this code on the LHRL main
computer.

A parametric survey was conducted using the computer program CRANK, which
was written to calculate the temperatures generated by a below-ground decaying
heat source representing a radwaste repository; the following parameters can
be varied:

. ground thermal conductivity, density and specific heat,

. depth of repository, and

. radwaste heat output and half-life.

Output is either numerical or as graphs of temperature versus depth at various
times after radwaste disposal.

The capabilities and data preparation for the UKAEA code VIASTOR
(temperature distribution in an underground repository) were discussed at
Risley during a private visit by Dr J.F. Whatham. An offer was made to run a
few cases free of charge at Risley to compare results with those from CRANK.
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