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PREFACE

The Nuclear Science and Technology Branch Report is an annual
technical report dealing with work done in a twelve month period ending
on September 30th of each year.

The repoTt is issued in several volumes, each recording the technical
effort within broad areas of responsibility as follows:

AAEC/PR42-P Power and Energy Program
AAEC/PR42-U Uranium Fuel Cycle Program
AAEC/PR42-N Nuclear Science and Applications Program
AAEC/PR42-D Divisional Research
AAEC/PR42-S Site Management Program

The contributions to each report are made by Research Divisions,
Research Sections, and Site Management Departments where appropriate.
Wherever possible the names of staff responsible for each project are
indicated.

K.H. TATE
Controller, Site Information Services
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This report decribes progress in independent research work carried
out on the initiative of the Division Chief or Leader of a Research
Section and which he considers to be necessary for or relevant to his
Division's responsibilities and capabilities. For this work he is
responsible directly to the Head, Nuclear Science and Technology Branch.
A nominal 10% of the Branch research effort car. be made available for
this work.

2. ENGINEERING RESEARCH (Chief of Division, G.W.K. Ford)

2.1 Solar Energy (I.F. Mayer, N. Reed, A. Ozolinr)

The use of flat plate solar energy collectors for residential water
heating has been the subject of much research and development, particu-
larly in Australia. Heating and cooling of buildings by solar energy is
now receiving extensive attention, notably in the USA where climate
extremes are somewhat more severe than in Australia. The energy re-
quirements for this purpose are more demanding but can still be met by
further evolution of the flat plate collector technology already developed
in Australia and elsewhere. For conversion of solar energy to electricity
via a thermal process, higher temperatures are required if reasonable
thermodynamic efficiencies are to be obtained, and some form of concen-
trating or focusing collector becomes necessary.

AAEC work at present is concentrated on the high temperature solar
energy collection problem. A device is being studied in which the sun's
rays are focused (by a fresnel lens in the current version) through a
window in an internally reflecting enclosure. After passing through the
window, the rays diverge onto an absorber within the enclosure which
minimises heat loss. The end result is that solar energy is collected
by an absorber of manageable size, while heat loss is from the much
smaller window area.

Progress to date has consisted of acquisition of components, including
several small fresnel lenses, assembly of the apparatus, and initial
measurements of temperatures achieved under various insolation con-
ditions, when a large fresnel lens which is on order is received,
meaningful measurements of energy collection and losses can commence.

Several overseas studies are currently examining the possibility of
central electric power stations using solar energy as 'fuel1. However,
the diffuse nature of solar energy means that for the most part, economics
of replication rather than of scale must be sought, and the central
power station concept is then less soundly based than is the case with a
concentrated fuel such as coal or uranium.

A large fraction of the electricity produced by central power
stations is consumed by domestic residences which, themselves, cons-
titute a widely dispersed load. This indicates that local conversion of
solar energy to electricity may be more appropriate for this residential
(and perhaps commercial) load.



The total energy for electrical equipment, heating, cooling, hot
water, etc. consumed by a residence in one year is typically a few
percent of the solar energy falling on its roof area in the same time.
Furthermore, of this total energy consumed, only a small fraction must
be in the form of high temperature heat (e.g. for cooking), or elec-
tricity (for motors, radio and TV), the remainder going into lower
temperature uses such as hot water and space heating. This suggests a
'total energy' approach in which solar energy is collected at temperatures
high enough to permit conversion to electricity by a thermal process
(e.g. thermodynamic or thermoelectric), the reject heat from this process
being applied to the lower temperature uses. Some investigations of
this possibility are in progress overseas, notably at the Sandia Labora-
tories in the USA.

The solar energy research .project in Engineering Research Division
is based on this total energy concept for individual residences or small
communities. (In Australia there are many rural communities that rely
on oil for their electricity and other energy needs, and are therefore
particularly vulnerable to oil price or supply problems.) The essential
elements of such a system are a high temperature solar energy collection
device, high temperature heat storage for diurnal variations in both
insolation and load, a heat-to-electricity conversion device, low
temperature heat storage, and chemical fuel storage and burner to allow
for infrequent prolonged solar 'outages'. The most suitable chemical
fuel would probably be oil initially and perhaps, later, hydrogen generated
on site by electrolysis during solar activity.

2.2 Development of Transient Techniques

Several techniques of experiment and measurement are under develop-
ment as tools for investigating, primarily, power and research reactor
performance and safety problems, but also having wider applications in
some cases (e.g. noise analysis). They are expected to find application
in one or more of the Commission's program areas, but particularly to
Power and Energy and Site Management projects. Some will produce research
results in their own right as Divisional Research items.

Slowdown Experiments using Liquid Freon
(J. Marshall, V. Ilic, C. Campbell, M. Van der Valk)

A testing rig has been developed which enables liquid Freon 12 at
20°C and about 5 atmospheres pressure to be blown down from a quarter
litre glass vessel into an 80 litre vacuum tank. The fluid flow processes
in the glass vessel are photographed with a high speed cinecamera and
the resulting films analysed for flow distribution, bubble rise velocity,
etc. The (pressure) versus (time) relationships are also recorded.
Prediction of the expected behaviour using a locally developed blowdown
code (HOTPOT) agrees in general form with the observed performance, but
detailed differences have yet to be resolved.

Blow<3own Experiment using Liquid Carbon Dioxide
(G.W.K. Ford, H.N. Harvey, N. Reed, E. Clarke)

The apparatus for tests using liquid carbon dioxide is in essence a
vertically-orientated stainless steel tube (32 mm bore and variable
length) which is closed at the top end by a toughened glass disc and at
the lower end by a. steel plug which rests on a load cell. The tube is

filled with liquid CO2 at atmospheric temperature and around 7 MPa
pressure (saturation pressure, depending on temperature,1. When the
glass disc is fractured by a steel ball used as an airgun propelled
bullet the C02 is suddenly depressurised and is explosively ejected,
initially as a 2 phase mixture (later, snow forms).

Measurements will be made of (pressure) versus (time) characteristics,
transient reaction force, and voidage distribution in time and space
using X-rays. The results will be directly related to flows and reaction
forces occurring during failure of a pressurised reactor primary circuit.

Modelling Emergency Core Cooling for Pressurised Water
(G.W.K. Ford, J.R.T. Rodd, G. Lovett)

A rig has been developed and commissioned for the simulation of the
basic thermal-hydraulic aspects of Emergency Core Cooling (ECC) in
Pressurised Water Reactors (PWRs). A seven rod bundle of 10 mm diameter
stainless steel rods simulating a notional fuel element is preheated in
a furnace to representative dried-out fuel temperatures (e.g. 500 to
800°C) and lowered into one vertical limb of a glass U-tube (40 mm
bore). The ECC water (at atmospheric pressure) is admitted to the other
limb of the U, representing the annular downcomer in the reactor. The
oscillatory progression of the water and steam/water mixture up the
'core' as the steam pressure rises and falls (because, when the steam
generation rate exceeds the attainable escape rate the up-flooding water
is temporarily pushed back), is photographed ar analysed in relationship
to 'fuel rod1 surface temperatures. The obser'".J thermal hydraulic
behaviour is then compared with predictions made from existing th:. Dries
or computer codes. Qualitative agreement has been achieved.

Voidage Measurements during Blowdown usin
(R.W. Harris, W. Herfurth)

This project is related to work described above,
development work has yet commenced. No experimental

Electrical Simulation of Nuclear Excursion
(G.W.K. Ford, A. Payne)

No progress during 1974/75 due to other commitments.

Noise Analysis Facilities
(R.W. Harris, D. McColm)

We can now routinely analyse random signals using spectral and
correlation techniques, and subsequently display the results, store them
in the computer attached to the Noise Analysis Laboratory, or send the
data to the main computer via the Dataway link.

Transient, or burst-like signals may now also be studied by using
the ADCs built into the system to determine the exact point where
analysis is to commence.

The facilities have been used to analyse the signals arising in a
wide variety of experimental studies such as vibration in the reactor
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HIFAR, ncutronics in the reactor Moata and the critical assembly, and
two phase flow and hydro-dynamic instability measurements.

/

Modelling the Effects of Seismic Forces on Reactor Structures
(R.W. Harris, K. Innes)

A start has been mad? nn developing simplified structures and force

applying devices. -

3- CHEMICAL TECHNOLOGY (Acting Chief of Division P.G. Alfredson)

3.1 Analytical Chemical Research (T.M. Florence, G.E. Batley,

P. Pakalns)

Within the central analytical chemistry service provided in Chemical
Technology Division, there is a major emphasis on the analysis of a wide
range of environmental materials, uranium ores and process solutions.
The aim of this research is to investigate new techniques which may lead
to improved methods for these analyses as well as solutions to analytical

problems.

Determination of Trace Metals in Natural
Waters by Anodic Stripping Voltammetry

(T.M. Florence, G.E. Batley)

A world-wide increase in interest occurred over the last year in
the use of anodic stripping voltammetry (ASV) for the determination of
trace heavy metals in natural waters. Alternative techniques, such as
atomic absorption spectrophotometry, have often proved unreliable and
insufficiently sensitive for the very low concentrations (rnicrograms per
litre) of many metals in waters. Most of the unreliability can be
traced to contamination during the separation and pre-concentration
steps which are necessary when using techniques less sensitive than ASV.
Research in 1975 has been concerned with extending the range of appli-
cation of ASV methods, improving the sensitivity, and perfecting methods

for the routine analysis of natural waters by ASV.

Methods were examined for determining cobalt, nickel, manganese and
arsenic at the hanging mercury drop electrode. In a pyridine electrolyte,
cobalt could be determined down to 0.5 yg 2," *, although interference was
observed from copper which produced a stripping wave at a very similar
potential. Arsenic gave a sharp wave, usable down to 0.7 pg i~ l. No
suitable electrolytes for nickel and manganese could be found.

Systems for automating ASV analysis and further improving its
sensitivity are being investigated. The ASV cell current is directly

/ proportional to the rate at which the potential scan is applied. Scan
rates as high as 1.5 V s~ * have been used at glassy carbon electrodes
without degrading the shape of the stripping peaks, and have given a
considerable increase in the sensitivity of the method. A storage
oscilloscope is being used for these studies and it is planned either to
interface the intrument to a PDP8 computer or use a microcomputer with
punch tape output to allow automatic integration of peak areas and

calculation of metal concentration.

Considerable time has been spent in optimising solur.ion conditions
for the routine determination of zinc, cadmium, lead and copper in
environmental water samples. A time consuming step in the analysis of
some samples is the destruction of dissolved organic matter. The use of
ozone, instead of nitric-perchloric acids, as oxidising agent, appears
promising.

Many Australian organisations have sought advice on the application
ol ASV to the analysis of natural waters. Consequently on 6th May 1975,
T.M. Florence and G.E. Batley conducted a one day course on Anodic
Stripping Voltammetry and Polarography at the University of New South
Wales under the auspices of the Analytical Chemistry Group of the Royal
Australian Chemical Institute (NSVJ Branch) . The course was attended by
58 analytical chemists from all parts of Australia.

The Effect of Surfactants on the Analysis
of Heavy Metals and Phosphate iii Waters

(P. Pakalns)

Surfactants are present in many natural and waste waters, and
little is known about their effect on standard methods of analysis for
trace metals. A study was made of the effect of cationic, anionic and
nonionic detergents, a soap, and sodium polyphosphate on the
extraction - atomic absorption determination of cadmium, cobalt, copper,
iron, lead, manganese, nickel and zinc. Many detergents formed emulsions
at high concentrations, and therefore the maximum concentration for
linear alkylate sulphonate (LAS) was 1
nonionic detergents was 5 mg £~ *.

mg H~ l and for formulated and

The effects of surfactants on phosphate analysis by direct methods
were found to be large for cationic detergents but negligible for the
biodegradable anionic (LAS type) detergents. The simple and elegant
ascorbic acid method is recommended for phosphate determination in
waters containing not more than 2 and 10 mg SL~ : of cationic and nonionic
detergents, respectively, but LAS type detergents may be present at up
to 1000 mg SL~ 1 without adverse effects.

The Effect of Anions in the Fluorimetric Determination of Uranium
after Extraction from Acid Deficient Aluminium Nitrate Solution

(P. Pakalnr.)

The effects of perchlorate, chloride, sulphate, phosphate and
fluoride on the fluorimetric determination of uranium after the extrac-
tion of uranium into methyl isobutyl ketcne from acid deficient aluminium
nitrate solution have been established. Excellent recoveries of uranium
from perchlorate and sulphate media were obtained but chloride inter-
fered and a correction must be made to compensate for its effect.
Phosphate and fluoride also gave good recoveries and their effect may be
minimised by increasing the volume of the organic phase.

Research Contract - Determination of Trace
Metals by Gas Chromatography

The aim of a research contract with the Department of Analytical
Chemistry, University of New South Wales (S. Dilli with AAEC Liaison



Officer T.M. Florence) is to investigate the volatility of a wide range
of organo-metallic complexes and to apply these compounds to the separation
and determination of metals by gas chromatography. This may lead to
analytical methods which are more sensitive than those presently available

for some metals.

problems associated with the continuous operation of the thermal
analyser have been resolved and the instrument is working routinely,
providing simultaneous thermogravimetric and differential thermoanalytical
data using dynamic, controlled atmospheres. The thermal studies have
also been extended following the development of a successful cup sealing
procedure which is especially useful when working with volatile compounds
such as chelates. From the additional information gained, it is possible
to distinguish clearly between volatile stable chelates and those which,
though volatile, undergo simultaneous decomposition at elevated tempera-

tures.

The first segment of this study is about to be completed. Thermal
properties of a total of 111 chelates of nickel, zinc, copper, chromium,
aluminium and Cobalt(III) were synthesised, purified and characterised.
Twenty five fcs-aiketones representing several substitution patterns,
including linear, branched and fluorinated types, were used. Some clear
trends leading to che desired properties necessary for gas chromato-
graphic studies have emerged. Not the least of these are the importance
of incorporating fluorine in the ligand, the extent of fluorination, and
the distribution of fluorine in the ligand.

Examination of aspects of gas chromatography using vanadium chelates
as the model compounds has recently commenced.

3.2 Kinetics of Redox Reactions in Actinide Chemistry
(A. Ekstrom, A.B. McLaren)

A study of the kinetics and mechanisms of the oxidation-reduction
reactions of the actinide ions, particularly uranium ions, has the
obje-.ctive of extending knowledge of the electron transfer reactions to
the heavy elements and contributing to the understanding of the chemistry
of uranium. Sophisticated stopped flow -apparatus is used with a com-
puterised data acquisition system developed by the Commission. Because
of the rapidity with which data can be collected and analysed with this
system (the only one of its kind in Australia), it is possible to study
these reactions in much more detail than with more conventional equipment.

Experimental work has continued to be concerned with the reactions
of U(III) ions with Cr(III), Eu(III) and Tl(III). An interesting corre-
lation has been obtained between the 3.AG0 value of the reaction and the
experimentally determined value of AG , the free energy of activation.
While the currently accepted (Marcus) theory predicts that the value of
AG should decrease linearly with increasing values of -AG°, our results
show that AG reaches a limiting value of 42 kJ mol"* as -AG° becomes
very large. It is postulated that this limiting value of AG^ is a
reflection of the energy required to reorganise the water molecules in
the inner and outer coordination spheres of the reacting metal ions.

The reaction of vanadium(V) with uranium(IV) was found to be quite
unusual in that a very substantial difference was observed in both the
rate constant and the reaction mechanism when lithium perchlorate was
replaced by sodium perchlorate as the inert electrolyte. The results
were finally interpreted in terms of V(V) complexes with the proton,
lithium and sodium ions and a mechanism involving the transfer of the
V(V) oxygen atom to the uranium ion.

The facilities of the laboratory were made available to
A. Sargeson (ANU) and J. Sullivan (Argonne National Laboratory, USA) who
examined the kinetics of the reaction of neptunium(VII) ions with a
series of cobalt complexes. Their visit was supported by the Australian
Institute of Nuclear Science and Engineering and the project was success-
fully completed in February 1975.

3.3 Coordination and Separation Chemistry of the Actinides
(J.J. Fardy)

Complex Formation

Studies to resolve the confusion over the stability of plutonium in
sulphate media were continued. The likelihood of the formation of
hydrogen sulphate complexes in Pu(III) solutions was studied by measuring
the stability constants as a function of acidity, while stabilising the
plutonium in the trivalent state with hydroquinone, and blanketing with
nitrogen. The consistency of the measurements indicated the absence of
these species. Similar measurements were made in the Pu(VI)/sulphate
system and no hydrogen sulphate complexes were formed.

Liquid Scintillation Counting

In the assay of actinides by liquid scintillation counting, we
investigated a variety of scintillator solutions, both commercial and
laboratory prepared mixtures, as well as extractive scintillators, to
determine the actinides 233U, 239Pu, 2klAm, 2i<4Cm and 2"*9Bk; the equip-
ment consisted of two commercial liquid spectrometers, Ansitron and
Packard Tri-Carb Model 3330, and a simple, single phototube detector.
Assays were performed on high acid media containing perchloric acid and
mixtures of perchloric/sulphuric, perchloric/ hydrochloric and perchloric/
nitric acid, as well as aqueous solutions containing salts of these
acids. We investigated the incorporation of the aqueous phase into the
scintillator as a homogeneous phase and as a suspension. Liquid scin-
tillation fieetra were continuously recorded over a 24 hour period,
counting efficiencies were calculated and the extent of actinide adsorption
on the counting vials was determined under a variety of conditions.
These results were compared with those obtained for extraction scin-
tillators and suitable counting media were selected.

Separation Processes

The computer program COMICS, which calculates the equilibrium
concentration of species in solutions containing up to 10 metal ions, 10
ligands and 200 complexes, was corrected, modified and improved by R.N.
Sylva. This program was subsequently improved further and its use



reported at the Third Australian Symposium on Analytical Chemistry and
requests were received from various universities and institutes in
Australia for copies of this program.

It has been applied to the actinido/lanthanide solvent extraction
process involving selective extraction of the lanthanides by the solvent
mixture, tri-n-octylphosphine oxide (TOPO) and the thenoyltrifluoro-
acecone (HTTA), from an aqueous mixture of lactic acid and diethylene-
triamminepentaacetic acid (DTPA) at pH 2.5 to 3.5, but published data
were lacking for the stability constants of Pu (III)/lactate, Pu(IV)/
lactate and Pu(VD/DTPA. Present laboratory studies involve ion exchange

measurements of these constants.

Several solvent extraction and ion exchange processes for actinide/
lanthanide separation are being studied. Only trace amounts of americium,
contained in 0.05 M nitric acid and heat pretreated with 0.05 M potassium
persulphate, remain in the Aqueous phase when contacted with the solvent
mixture HTTA/TOPO in cyclohexane while the trivalent actinide and
lanthanide are readily extracted. The successful separation of actinide
and lanthanide elements by the selective extraction of the lanthanum
from a mixture of carboxylic and aminocarboxylic acid by the solvent
mixture HTTA/TOPO in cyclohexane has previously been reported but the
behaviour of plutonium in this solvent extraction system has shown a
surprising difference in the degree of extraction of Pu(III) and Am(III).
Trivalent americium can readily be extracted from Pu(III), so this
system is useful for some intragroup separations of the actinides.

The affinity of trivalent actinide - lanthanide elements for a
variety of ion exchange resins from carboxylic-aminopolyacetic acid
media are in the same order as the lanthanide/actinide separation factors,
with diallyl phosphate > Eio Rex 63 > Bio Rad ZP1 > AG-50W X8 = Chelex
100 > AG 1-X8. Initial adaptation from batch to column studies with
diallyl phosphate resin at room temperature was unsuccessful, but sub-
sequent studies with Bio Rex 63 (100-200 mesh) at 60°C showed that the
lanthanides are readily absorbed while the actinides remain in a solution
of 1 M lactic acid, 0.05 M DTPA at a pH of 3.0.

Pressurised ion exchange (PIX) techniques have been used in a study
of the more difficult intra-group separation of the trivalent actinides
by chromatographic separation on the commercial cation exchange resin,
Aminex MS-Fraction B (25-30 pm) using a-hydroxyisobutyric acid as the
eluting agent. The separation of americium and curium was studied over
the pressure range 0.87 - 13.8 MPa (300-2000 psig). Separations at high
pressures were marred by physical breakdown of the resin, but excellent
separations were observed at lower pressures.

3.4 Preparative and Reactivity Studies of Uranium Halides and

Related Compounds

A study is being made of the preparation and reactions of uranium
halides and oxyhalides and related compounds of interest in uranium
processing and conversion technology.

Preparative Studies
(B. Waugh)

The published methods for preparation of uranium halides are oftP.n
far from simple, the products are frequently non-reproducible because of
variations in the reactivity of starting materials and lack of control
of the reaction conditions, and the higher halides in particular are
often thermally and hydrolytically unstable which makes the preparation
of pure compounds very difficult. Mew procedures have been found for
the preparation of several uranium halides by the reaction of boron
trihalides and uranium oxides at room temperature. High yield and high
purity UCli,, UCle and UBrs products have been obtained so far. These
reactions are also novel in that complete halogen exchange with UO2, 003
and UaOe is generally extremely difficult to achieve. They should find
widespread acceptance in research laboratories as standard preparative
procedures.

Studies on the formation of new oxyfluoride complexes of uranium by
reactions between UOFi, and alkaline metal fluorides have recently
commenced. A new complex, CsUOFs, has been prepared which appears to
have reasonable solubility in hydrogen fluoride. This will enable
further reactions to be studied in solution.

Kinetic studies of the formation and dissociation of hydrogen
fluoride (HF) adducts of alkali metal fluorides by measuring the vapour
pressure of HF above the solid in the temperature range 25 to 300°C are
.in progress. This work will also be extended to include the uranium
hexafluoride adducts of the alkali metal fluorides and similar com-
pounds.

Very little has been published on the reactions of uranium hexa-
fluoride and hydrogen fluoride with organic materials and, since this
area is of significant practical importance, a systematic reactivity
study of UFe and HF with organic functional groups has been started.
The identification of the products of these reactions relies heavily on
infrared spectroscopic and mass spectrometric techniques.

Significant effort has also be directed to the preparation of
compounds for studies of structural chemistry (Section 3.5).

Research Contract - Nonagueous Reactions of
Heavy Metal Fluorides

The work on a contract with the Department of Inorganic Chemistry,
University of Melbourne (T.A. o'Donnell and AAEC Liaison Officer T.M.
Florence) has been extended from an initial comprehensive study of the
reactions and properties of metal fluoride compounds, particularly those
of the heavy metals and the actinides. Approaches based on voltammetry,
visible and Raman spectroscopy, and lowering of vapour pressure are
being used to study redox relationships and the nature of species and
reactions in anhydrous hydrogen fluoride.

A study of the relative reactivities of the hexafluorides of rhenium,
osmium, iridium, ruthenium and plutonium has been completed. The ruthenium
hexafluoride study was used as a model system to allow a safe and reliable
approach to work at Lucas Heights on plutonium hexafluoride.
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Investigations have been completed on the voltammetric behaviour,
at mercury, platinum and glassy carbon electrodes of molybdenum and
tungsten hexafluorides and of the related oxide fluorides in basic and
neutral hydrogen fluoride. The deliberate addition of water to the
systems has been studied since water is a common contaminant. Initial
studies of uranium hexafluoride under similar conditions have also been
made. Voltammetric investigation of lanthanides in hydrogen fluoride
has been initiated as a precursor to similar work with heavy actinid.es.

Electronic spectra of metals such as nickel, copper, cobalt and

manganese have been recorded.

Lowering of vapour pressure of hydrogen fluoride solutions has been
used to establish the nature of solutes in hydrogen fluoride, frequently
used as supporting electrolytes in the electrochemistry program.

3 • ̂  Structural Chemistry of Fluorides and Related Compounds

(J.C. Taylor, A.B. Waugh)

Over the past year, this project has been concerned with the eluci-
dation of the systematics of bonding in the series of uranium halides,
oxyhalides and isostructural series of transition metal and lanthanide
halides and oxy'nalides. In these studies, neutron diffraction was
indispensable for the determination of the light atom positions in the
presence of heavy uranium atoms, and the technique of profile analysis
of neutron powder patterns has been further developed and utilised as
the most convenient and powerful tool for analysing the results.

Detailed Structural Studies

The structures of UCls, UBrs and UI 3 , for which the precise halogen
positions were unknown, were determined with the aid of neutron profile
analysis. UCls is an important structure typ& and the results com-
plement the single crystal X-ray studies of Burny -and co-workers at Oak
Ridge on the isostructural Puds, AmCl 3 , CmCls and Cf Cl 3 compounds.
Another basic structure type is UI 3 and this study again complements the
single crystal studies of the Ula-types CmBrj and CfCJ.3 at Oak Ridge.

The atomic positions in crystalline 3-WCle , UCle, MoFe and
were determined for the first time by profile analysis. The cx-MoF6 and
ct-WFe (low temperature forms) structures were shown to be strictly iso-
structural with UFg. The structures of the high temperature forms 3-MoF5
and 3-WFg, which are plastic crystals, were elucidated by profile
analysis combined with Kubic Harmonic functions. In the cubic plastic
phases, the octahedra were shown to exist in a high degree of thermal
disorder, the fluorine distribution being seen as curved by the neutron
beam, owing to the rigid body relations of the MoF6 and WF& octahedra.
The cubic plastic phase B-SFs has been shown by the same techniques to
be isostructural with B-MoFe and 3-WFs / with a similar type of thermal

disorder.

An interest in uranium oxides continues and a neutron profile study
has found an unusual bonding pattern in 7-^03, the most stable of the
U03 polymorphs. One type of uranium atom, U(2) , in yUOs is octahedral,

but the other type of uranium has an unusual coordination polyhedron -
a dodecahedron with two oxygen atoms partially withdrawn.

Work is commencing on uranium organometallic compounds.

Overall Systematics

There is a strong correlation between crystal structure of uranium
halides and their volatility and chemical reactivity. For example, in
the uranium fluorides, there is less bridging of fluorine atoms between
uranium atoms and a tendency towards discrete molecular units -on going
from UF3 through UF.,, UnF17, U2F9, a-UF5 , 3-UF5 to UF6; studies in
depth of the neutron diffraction of UF6 have determined the precise
details of the atomic vibrations in the UFs crystal and shown that it is
best described as an assembly of UFe molecules rather than an ionic
lattice. There is no fluorine bridging whatsoever in solid

A review of the systematics in the structural series of the uranium
halides, oxyhalides and related lanthanide and transition metal series,
is being written to revise past reviews which only cover the literature
up to about 1972 and to incorporate the new data generated in this
program over the past two years. A review of profile analysis is being
written with Dr Cheetham of Oxford University, and the title and scope
have been tentatively accepted by the Journal of Solid State chemistry.

3.6 Catalysis of Gas-Solid Reactions (A. Ekstrom, G.E. Batley,
D.A. Johnson)

Previous studies on the kinetics of the reduction of UsOs revealed
that, in common with the reduction of many other metal oxides, the rate
of the reaction could be greatly enhanced by the addition of various
catalysts including platinum, gold, silver, cobalt and a variety of
other metals. It was also found that the rate law, rate of reaction and
the effectiveness of the catalyst depended markedly on the previous
history of the U-$Qa sample and particularly on whether it was prepared
via the ammonium diuranate or denitrator method.

A series of experiments was conducted in which samples of the ADU
and denitrator UsOe were reduced to various stages of completion, quenched,
and the samples examined by X-ray and scanning electron microscopy. The
X-ray studies showed that no intermediate uranium oxides were formed at
any stage during the reduction, the only species found being UsO? and
U02 .

The microscopic studies showed that the ADU derived material was
relatively porous while the denitrator UaOe was very much less so. The
reduction of the former material appeared to proceed without appreciable
change in the appearance of the sample, while reduction of the latter
resulted in extensive fragmentation of the particles, even in the early
stages of the reduction. This fragmentation is believed to be due to
the changes in volume of the sample during the reduction which, in the
case of the hard and dense denitrator material, leads to internal
stresses and strains which can only be relieved by the break up of the
particles.
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Uranium Catalysts in Coal Gasification and Liquefaction

(G.E. Batley)

Processes currently in use or at the pilot plant stage of development
for the production of gas or liquid fuels from coal and the role of
catalysts in these processes, particularly uranium catalysts, were
reviewed. Although uranium oxides are able to catalyse many of the
gasification and liquefaction reactions, studies have shown them to be
generally inferior to other catalysts currently used.
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4. INSTRUMENTATION AND CONTROL (Chief of Division J.K. Parry)

4.1 Optimal Control System Design (B.R. Lawrence)

Work continued on the development of a technique for the practical
design of sub-optimal control systems. This is relevant 'co the design
of improved controllers for nuclear generating stations, and the optimisa-
tion of power generation systems involving mixtures of nuclear and other
generating stations. Special emphasis is placed on the ability to
handle practical problems where the dynamics model is large and nonlinear
and there are constraints on the plant variables, control variables, or
nonlinear functions thereof. A general performance index describes the

required control behaviour.

Studies have been made, using the IBM360 and the EAI690, of typical
optimisation surfaces which arise in the application of the technique,
and the method has been successfully applied to some problems which

cannot be solved using optimal control theory.

4.2 Electronic Circuit Development (H.J.

G.C. Watt)

Fraser, V.E. Church,

The development program on a new series of portable ratemeters
featuring low power consumption and digital readout is now essentially
complete. The smaller and simpler instrument (Type 519) has been field
tested, the design finalised and a preliminary batch of six instruments
are being constructed for the Isotope Division. Field testing of the
more elaborate instrument (Type 500) has indicated that some changes in
the discriminator window setting are desirable for operational con-
venience and the circuit is under modification before finalising the

design.

Both instruments employ recent advances in the technology such as
MOSFET integrated circuits and liquid crystal displays which permit
comprehensive specifications while retaining low power consumption. The
Type 500 also includes the patented logarithmic ratemeter circuit for

generating a recorder output.

A gamma ray survey monitor (Type 543) also utilising the digital
ratemeter circuit was designed and a prototype built. This design is
cheaper to produce than the standard analogue Type 443 which it func-
tionally duplicates and does not require any specialised or critical

value components.

Preliminary studies of methods to stabilise the conversion gain of
scintillation detectors against temperature changes have been initiated.
This problem has particular significance where energy analysis of scin-
tillation detectors is required such as uranium prospecting or isotope
field studies in the northern areas of Australia. A new d.c. stabilisa-
tion scheme shows promise of adequately low drift over the temperature
ranges of interest. The work is not yet complete but results so far
indicate a reduction of gain drift by at least a factor of five over

unstabilised detectors.
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Development work on preamplifier designs for low noise applications
and also for fast risetime timing applications has continued. Circuit
design techniques are now available to meet most requirements envisaged
in nuclear detector applications at the Research Establishment. As part
of these studies a fast (140 picosecond risetime) pulse generator was
developed for testing purposes.

Publications

Fraser, H.J. [1974] - An accurate logarithmic ratemeter for random
pulses. IEEE Transactions on Nuclear Science. Vol.NS21,
No.5, p.31-38.

4.3 Computer Hardware Development (P.J. Ellis, P. Grey)

The main project has been the development of a flexible 'diskette'
storage system intended for use with small computers, in particular the
PDP11 series. A control unit based on an integrated microprocessor will
provide control facilities for one or two of the small disk mechanisms.
The control program in the microprocessor is permanently resident in
integrated circuit PROMS (programmed read only memory). Additional
printed circuit cards matching the microprocessor card have been de-
veloped which make provision for vectored interrupts, teletype control,
additional PROM and RAM and various countdown timing channels. This
permits the one basic system to be adapted to many small computer
applications previously requiring a minicomputer.

This work was done in collaboration with staff of AM&C Section who
adapted the operating system of the PDP11 series processors to use the
inexpensive bulk memory afforded by the diskette units.

The communication systems linking computer installations and
computer terminals around the site were further developed. The Dataway
system was extended to the Theoretical Physics Building and line printer
interfaces added at several locations to permit remote job entry and
retrieval for the central computing facility. Additions to the coaxial
cable system allowed further Serial Multi-User Terminals (SMUT) instal-
lations and the system is currently operating with both extremities of
the line in use, namely Building 58 (Neutron Diffraction) and Building
16 (Isotopes). Other operational terminals are located in the main
computer off-line room.

Modifications based on operational experience are being included.
These modifications are redesign of the line transmitters and receivers
and a rearrangement of the format of the serially transmitted word to
relocate the information on address, data, status and check functions.
This latter modification has been initiated to increase the data inte-
grity of the transmissions.

5. MATERIALS DIVISION (Acting Chief of Division, P.M. Kelly)

5.1 Electron Microscopy Techniques (R.G. Blake, A. Jostsons,
P.M. Kelly, J.G. Napier, R.B. Warren)

Transmission electron microscopy is one of the most valuable tools
of materials scientists in their attempt to understand the materials
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properties that arp mainly influenced by microstructure. The aim of
present work is to develop new techniques to support the radiation
damage work (Power and Energy program) and the high strength steels

program (Uranium Fuel Cycle).

Host of the progress has resulted from studies of the capability of
the scanning transmission electron microscope (STEM) acquired early in
1974. STEM is a new advance provided by microscope manufacturers in the
last two years but its potential in the materials area has not been

explored in depth.

We have calibrated the microscope in all its operating modes (see
report AAEC/E363) and the criteria for using the STEM mode for various
tasks have been established. In particular, it has been shown that STEM
operated under conditions of multiple beam imaging is ideal for the
determination of dislocation densities in highly deformed materials.

In any quantitative study of the microstructure by transmission
electron microscopy it is necessary to know the foil thickness accurately.
Errors in the slip trace method for foil thickness determination have
been analysed theoretically and a paper has been submitted for publi-
cation. The results show that extremely large errors can occur with
this method if the orientation of the foil normal with respect to the

electron beam is not known.

To overcome the problems associated with foil thickness deter-
minations a new method, ideally suited to the STEM instrument, has been
developed. This method is an extension of earlier research on divergent
beam electron diffraction and is simple, fast and accurate to better
than ± 1%. The results appear in the October 1975 issue of Physica

Status Solidi (a_).

Further developments of the technique may permit the determination
of extinction distances and anomalous absorption parameters required for
the two beam dynamical theory of electron diffraction.

Considerable effort was devoted with success to improvements in the
technique for the production of thin foil specimens for transmission
electron microscopy. The purchase of a commercial automatic electro-
polishing unit has increased greatly the rate of specimen production
after a reasonably short commissioning period.

Publications and Reports

Kelly, P.M. [1974] - Symmetric weak beam bright field images of dis-
location loops in titanium. Presented at the 8th Interna-
tional Congress on Electron Microscopy, Canberra, 25-31
August, and in Proceedings, p.428.

R.G., Jostsons, A. S Kelly, P.M. [1974] - Application of the
symmetric weak beam bright field (SWBBF) method to the study
of dislocations and precipitates in metals, ibid. p.432.

R.G. s Warren, R.B. [1974] - A versatile electropolishing method
for the production of thin metal foils, ibid., p.414.

Kelly, P.M., Blake, R.G. & Jostsons, A. [1975] - Calibration of the 200
kV STEM microscope. AAEC/E363. (In press).

Blake,

Blake,

17

Kelly, P.M., Jostsons, A. & Blake, R.G. [1975] - Foil thickness deter-
minations in STEM. Phys. Status Solidi (a), Issue 2, Vol.'jl
(October).

Kelly, P.M. [1975] - Errors in electron microscopy determinations of
foil thickness from measurements of trace width. Submitted to
Phys. Status Solidi (a), ISSUR ?, Vol.32 (December).

5.2 Structure of Oxide Films on Irradiated Zirconium Alloys
(P.M. Heuer, D.H. Bradhurst)

A new ion-heam etching apparatus was commissioned and the technique
of ion-beam etching was used to study the structure of oxide films grown
on zirconium alloys during in-reactor and out-of-reactor corrosion
experiments. Published work indicated that structural differences in
the oxide layers were primarily responsible for the markedly increased
rates of corrosion which were observed in-reactor in the presence of
oxygenated water.

The ion-beam etching technique enables the oxide films to be
thinned under controlled conditions, until they are thin enough to be
examined by transmission electron microscopy.

Samples were prepared from oxides grown in-reactor at normal and
accelerated rates and examined in direct transmission, and dark field,
and also by electron diffraction and 2-stage carbon replica methods.
The replicas of the different oxides had many features in common with
each other and also with the as-etched metal surface. However, the
replicas of oxide grown at accelerated rates in-reactor had some areas
of much coarser grain structure. Crystallite sizes ranged from < 100 A
to 500 A using the dark field technique. Further work is needed to
characterise these apparent differences between the different oxides,
and a selected area etching method is being developed so that variations
in crystallite size can be detected across the thickness of the oxide
film.

5.3 The Detection of Defects in Solids using Positron
Annihilation (I. Pollock)

A coincidence detection apparatus has been designed and constructed
to monitor the photons emitted as a result of the annihilation of
injected positrons by electrons in the metal sample under investigation.
This equipment became fully operational during May 1975 with the delivery
of the ancillary electronic equipment. Earlier, the apparatus had been
considerably automated with the aid of J. Milne, of Instrumentation &
Control Division, who designed and constructed the control unit.

The apparatus may be briefly described using the diagrams in
Figure 1. The sample under investigation, usually about 1 mm thick, is
located between a pair of 58Co positron sources (half life = 71.4 days)
of about 5 mCi activity. Annihilation photons from the sample are
absorbed by Nal(Tl) crystals located about 1 metre from the sample
behind 1 mm wide vertical lead slits. One of the detection systems is
positioned on a rigid arm which may be moved automatically about an axis
located at the sample position. Although each detection unit is insensi-
tive to momentum variations in the x and y directions, variations in the
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z component can be measured by movinq the variable detector. The coinci-
dence circuit ensures that only pairs of photons arriving at the detectors
within increments of 10"es constitute the detection of a legitimate
annihilation event inside the sample.

A series of neutron irradiated Al samples are presently under
examination using this apparatus. The samples are in the form of small
discs or squares (largest dimension ~ 3 mm) suitable for thinning prior
to examination by transmission electron microscopy. Because of their
small size, each sample is mounted on a blunted sewing needle to ensure
t.nat the mount provides only a small fraction of the coincidence counts.
Counts are collected for 10 minute periods at 1 or 1/2 mrad intervals of
arc. A complete cycle takes about 5 hours. Roughly 20 cycles are
needed for each sample to generate 50,000 peak coincidence counts needed
to ensure good statistical analysis.

Owing to differences in sample size and positron source decay, the
data have to be corrected to produce directly comparable correlation
curves. A computer program is currently being assembled to perform this
task. Nevertheless, a rough idea of the energy distribution of electrons
with which the positrons annihilated may be obtained from the ratio of
peak height, H, to Full Width at Half Maximum (FWHM), h1. This procedure
is illustrated in Figure 2 where the raw data from the annealed standard
and the most heavily irradiated samples are reproduced.

It is a reasonable assumption for Al that low momentum (i.e. small
6) photons result from annihilation with valence electrons and large
momentum photons from inner shell electrons. From this it follows that
Figure 2 may be interpreted as showing that annihilation events tend
to occur more readily with valence electrons in the irradiated sample
than in the annealed standard sample. Since irradiation introduces
voids into Al it may be hypothesised that the positrons selectively seek
out the voided regions where statistically they are more likely to
interact with an electron close to the void surface, namely, a valence
electron. Table 1 lists h' values for the irradiated Al samples examined
to date. An increase in h1 with irradiation dose is evident.

The examination of these Al samples using positron annihilation is
continuing and the final analysis will be compared with the results of
transmission electron microscopy examination of the same samples.

TABLE 1

VARIATION OF SHAPE PARAMETER, h1 , DEFINED AS THE RATIO OF
PEAK HEIGHT, H, TO FWHM (SEE FIGURE 2) WITH IRRADIATION

Sample

Annealed
1
2
3
4
5

Irradiation
fluence
n cm" 2

(>0.1 MeV)

1.4 x 10 1&

3.0 x 1019

1.4 x 1020

6.6 x 1021

3.4 x 1022

h1

2.22
2.84
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5.4 Neutron Scattering Studios (M.M. Elcombe)

Phonons in the symmetry directions of Ni 10%Cr thermocouple alloy
have been remeasured to greater accuracy (~ 1%). They have been com-
pared with those of Ni and there is no significant difference between
them. Therefore the addition of 10%Cr has changed the interatomic
forces by less than 2%, which is of the same magnitude as the change in
the electron/atom ratio. The accuracy is limited by the large mosaic
spread of the Ni 10%Cr crystal. Because changes in the phonon spectrum
between quenched and annealed samples are only expected to be ~ 2% this
would not be detectable with the current crystal, so the quenched
crystal data have not been collected.

Short range ordering of atoms is usually detected in powder patterns
as increases in the background at positions where a long range order
peak would occur. Previous attempts to detect this have failed. However
a literature survey has revealed that the heat treatment used (2 hours
at ~ 500°C) was incorrect, and a much larger thermoelectric anomaly can
be obtained with a heat treatment of 3 days at 350°C. The samples were
therefore retreated and a further set of data collected. Although none
of the changes were significant the Ni 15%Cr powder pattern looked
'promising'.

As calculations indicated that a laz-'e improvement in the coherent/
incoherent scattering ratio could be obtaintd by using single crystals
instead of powders, 'powder patterns' in the [001], [110], [111] and
[113] directions were made. (The single crystals were also given the
new heat treatment.) These patterns were very interesting, showing many
more fluctuations in the background than expected. Most of these
fluctuations had nothing to do with short range order but occurred
because of extinction and mosaic spread °ffects. The net result however
was that there appear to be significant changes in the background in the
[110] and [113] directions of Ni 15%Cr, but not in the [001] and [111]
directions of Ni 15%Cr nor at all in Ni 10%Cr. Calculations are in
progress to see if this variation is caused by short range order of the
chromium atoms, and if so to determine an upper limit of the ordering
parameter.

As the experimental evidence is weak, other methods of improving
the coherent/incoherent scattering ratio are being considered. These
include the use of single isotopes and/or longer neutron wavelengths.

5.5 Diffraction Studies of Crystal Defects (C.J. Ball)

Our studies of diffraction of crystal defects concern the proper-
ties 'of point defects and small clusters thereof, and in particular the
application of diffraction techniques to the study of these properties.
A detailed literature survey has been completed.

It has been shown that the electrical resistivity and volume change
due to lattice vacancies can be calculated from measurements of re-
sistivity, length and lattice parameter changes during annealing of
quenched wires. The analysis has been applied to published data on
gold, which are sufficiently precise to allow the electrical resistivity
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of lattice vacancies in this metal to be determined more accurately than
by other methods. This in turn allows the concentration of vacancies at
temperatures in the range 400-600°C to be determined from quenched-in
resistivities, (which in this range of temperature are little affected
by vacancy losses during quenching), and it has been found that these
are not compatible with the set of vacancy parameters published by
Seeger & Mehrer [1970].

Since the parameters of Seeger & Mehrer rely heavily on self diffu-
sion data, which they claim are not compatible with earlier sets of
vacancy parameters, existing self diffusion data have been re-analysed.
It has been found that these data are not sufficiently precise to
justify their conclusions, and also that their method of analysis may,
in certain circumstances, find a mathematical solution of the least
squares problem that is of no physical significance.

It is proposed to make measurements of lattice parameter, length
and resistivity changes during annealing of other metals. With the
apparatus available it is not possible to measure the positions of
diffraction peaks with sufficient accuracy to make the measurements
worthwhile. Peak positions are required for absolute determinations of
lattice parameters, but peak shifts will suffice for measurements of
changes in lattice parameter, and these can be obtained from measure-
ments on the sides of a diffraction peak. Preliminary measurements with
a crystal of aluminium suggest that peak shifts can be measured to an
accuracy of 1 second of arc, but in a test using parameter changes
resulting from changes in temperature, this accuracy was not achieved.
Analysis of the line shapes shows that these vary with temperature in an
irregular way, and it is thought that this may be due to the method of
mounting of the crystal, causing strains with temperature changes. A
new method of mounting has been designed.

A dilatometer has been constructed for measurements of length
changes. This is a modification of an instrument described by Harrison
fi Wilkes [1972], and can be used with wire specimens as well as with
rods. The sensitivity of measurement of length changes is about 0.3 nm,
which corresponds to a fractional change in length of the specimens used
of about 3 x 10"9. This is about two orders of magnitude better than
for any previously published measurements on wires, but in practice the
useful limit will probably be set by temperature differences between the
specimen and a standard. Equality of temperature to better than 0.0002°C
would be necessary for the full potential of the instrument to be
realised.
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5.6 Mechanical Property Studies on Advanced Materials
(K.U. Snowden, K. Veex'ers)

Samples of niobium and molybdenum sheet have recently been received.
Test specimens are being prepared for the Multiple Mechanical Thermal
Treatment program which is aimed ot increasing and optimising the mechani-
cal strength of these materials for possible applications in future fast
and thermo-nuclear reactors. The project has recently been transferred
to the Power and Energy Program.

5.7 Simulation Studies on Reactor Fuel Materials
(J.L. Woolfrey)

The original rig for the direct electrical heating of UOa rods has
been redesigned and rebuilt for more efficient and reliable operation.
Centre temperatures of up to 2200°C have been obtained in UOa cylindrical
specimens. Several runs of up to 10 hours' duration have been carried
out to check the stability of the rig. Some drift in temperature stabi-
lity over this long period seems to be related to oxygen loss from UOa
at high temperatures under vacuum. In these runs, the commencement of
UOz columnar grain growth was observed by subsequent metallography.
However, considerable variation in the rate of restructuring occurred.
This problem is believed to result from variability in the original
microstructure of the extruded and sintered rods, and a hot-pressing
technique is being developed to produce more uniform specimens.

It is intended to use the rig mainly in the Power and Energy Program
project 'Phase, Property and Sintering Studies in Ceramic Oxide Systems'.

5.8 Heat Transfer in Reactor Fuel Materials (W.W. Buykx)

Laser Thermal Diffusivity Apparatus

The 10 joule pulsed infrared laser has been commissioned and is now
in routine use for the measurement of the room temperature thermal
diffusivity of UOz+K by the contact thermocouple method. This method
has now been improved by inserting a small piece of 0.02 mm thick
annealed silver foil between thermocouple and specimen. This greatly
reduces scatter due to variations in thermal contact resistance, and
enables the measurement of apparent thermal diffusivity with a standard
deviation of 1-2% of the mean value (compared with 5-7% without the
silver foil insert).

Assembly of the elevated temperature rig for the mea^arement of
heat transfer coefficients by a transient method was almost completed.
The pyroelectric detector system has been shown to work in principle but
requires an average detector and a new detector element, both of which
are on order. A recent improvement was the commissioning of a laser
output meter, which provides the potential for absolute diffusivity and
heat capacity measurements.

Thermal Diffusivity of UOa

It was reported in AAEC/PR41-D that the room temperature thermal
conductivity of UOa decreases more rapidly with increasing excess
oxygen than had been reported previously for 60°C [Ross, AECL-1096,



24

1960], for 0/U ratios up to 2.05. It has now been found that the
relative thermal conductivity at O/U = 2.09 is higher than that previously
reported by Ross. The room temperature thermal conductivity of U0?-t-x
has been shown to be subject to significant variation (of the order of
5%) depending on heat treatment. Specimens cooled slowly from the
UOa+x/UOz + UuOg phase boundary temperature had a lower thermal con-
ductivity than fast cooled specimens. Metallographic examination
revealed a difference in the extent of formation of the UitOg preci-
pitates between slow and fast cooled specimens.

An experiment is now in progress to investigate the effect of the
amount, orientation and shape factor of the Ui»Og precipitate, as in-
fluenced by cooling rate, on thermal conductivity in the composition
range 2.00 < O/U < 2.10.

5.9 Fabrication Methods for Nuclear ancl Special Materials
(A. Ridal, S.W.A. Spain, S.E. Rowling, .R. Gardner, B. Cooper)

A variety of materials were fabricated both for the Materials
Division's research program and to satisfy requests from other research
divisions and outside organisations.

A rotary butt swager was purchased, installed and commissioned, and
a vacuum induction heating and casting furnace which had been used for
some years for the production of germanium single crystals was rebuilt
and commissioned to perform its normal tasks. These two pieces of
additi.onal equipment extended the capability of the Metals Fabrication
Group. For example, the butt swager can produce bar or wire in the
range from 50 mm to 1 mm in diameter and the vacuum induction furnace
can melt 25 kg of uranium and nicely fills the gap between the 0.2 kg
capacity arc melting furnace and the 200 kg Edwards furnace.

Special jobs of interest completed during the period included 414
50 mm cubes of natural uranium, fabrication of maraging steels and
production of gadolinium and dysprosium foils 0.025 mm thick.

Beryllium

The transfer of the Beryllium Building to Isotope Division meant
that beryllium could not be machined, but when a temporary ventilation
system is completed the work may continue. This transfer also meant
that little progress could be made on developing a brazing technique for
sealing beryllium windows to stainless steel capsules for isotope probes.
It had reached the stage where two capsules were brazed satisfactorily
and non-destructively tested using 0.075 mm thick silver foil. When the
beryllium machining facility is available again, six capsules will be
prepared, brazed, and given to Isotope Division for assessment.

A literature survey to find a suitable alloy with a high strength/
weight ratio indicated that a beryllium alloy developed for the aero-
space industry has promising characteristics. Insufficient data are
available to assess fully its mechanical properties, and initial attempts
to fabricate the alloy by vacuum arc melting were not successful.
However mechanical mixing and compacting of the metal powders into a
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copper sheath before hot extrusion appears promising. Suitable appli-
cations are foreseen if this alloy proves easy to fabricate and has good
creep properties.

Aluminium

A feasibility study is in progress to establish the ultimate
dimensional tolerances possible using low temperature extrusion to
produce thin wall, hollow, square section aluminium. The tooling has
been proved with lead at room temperature. Extensive enquiries indicated
that commercial manufacturing techniques may not produce similar shapes
to the tolerance required by Physics Division.

Oxide Coatings on Uranium

An interesting study was undertaken to measure loss of metal when
removing oxide from the surface of uranium metal. A procedure recom-
mended by the French organisation CERCA for electrolytically cleaning
uranium fuel plates before recoating them with PTFE involves heating in
vacuum to remove an existing protective coating. This treatment may
result in an oxide layer which is formed at 400°C. To check the recom-
mended procedure, oxide layers were allowed to form on depleted uranium
foil at room temperature and at 400°C. The cleaning method removed the
oxide layer but metal losses were high and dependent on the temperature
at which the oxide was formed. For example, assuming a fuel plate has a
surface area of 400 cm2, oxide formed at room temperature can be removed
with a total metal loss of 1 g, whereas removal of the oxide formed at
4GG°C could result in a loss of 6 to 7 g of metal.

Improved Electron Beam Welding

Further improvements to the electron beam welder were made. An
optical alignment device for accurately setting up to follow the in-
tended weld track beneath the electron beam was fitted. Its effective-
ness is being assessed. The effect of variations in chamber pressure
and electron gun to work distance on the quality of welds in 300 series
stainless steel were investigated. Results indicate that pressures in
the range 10"2 to 10"6 torr have little effect on the appearance,
structure and properties of the welds.

Uranium Waste

The waste generated from uranium machining is stored under kerosene
in metal containers. This is the only practical solution at this stage,
although burial, or calcination to produce oxide which is less reactive
and safer to store, may be preferable. Recent correspondence with Oak
Ridge National Laboratory indicated that briquetting and remelting are
used there. This solution is suitable where routine production involves
large quantities of materials. A disadvantage is that pickling in
nitric acid of the turnings produces uranium-containing liquid. The
information from ORNL indicates that approximately 2 X, of liquid is
produced when treating 454 g of 'fresh' briquettes. This operation at
Lucas Heights would thus generate about 10,000 £ of liquid to process
existing stored material, if surface oxide films were comparable. As
existing material has been stored for long periods, larger quantities of
liquid would result.
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Tubing in Maraging Steels

Investigations to show the ultimate use that can be made of exist-
ing metal fabrication equipment to form large diameter tubes of maraging
steels are in progress. It is intended to cast hollow preforms for
extrusion. The possibility of producing a cold flow forming machine for
the final finishing operation is being investigated by Engineering

Services.

5.10 Publications

Paoers

now atBannister, M.J.* & Buykx, W.J. [1975] - A dilatometric study of the
solubility of IKOs in UO2 . J. Nucl. Mat., 55 -. 345. (* m

CSIRO Division of Tribophysics).
Bannister, M.J.* [1975] - Sintering mechanisms in thoria gel. J. Am.

Ceram. Soc., 58 : 10. (*now at CSIRO Division of Tribophysics)

Sabine, T.M.**, Smith, G.B.**, 6 Reeve, K.D. [1974] - The critical
concentration for magnetic order in solid solutions of
with ThOa and ZrOa. J- Phys. C.: Solid state Phys., 7_
4513. (** NSW Institute of Technology).

5.11 Research Contracts

The final report on this contract with the Department of Mining and
Metallurgical Engineering, University of Queensland, (W.R. Thorpe and
I.O. Smith) is being prepared and only recent work is described here.

AAEC Liaison Officer is K.U. Snowden.

The emphasis has been on the interpretation of mechanical testing
data, particularly of incremental unloading experiments during creep.
This work will also apply to strain-rate change experiments conducted
during tensile testing. A recovery creep computer model has been developed
in which the recovery of the subgrain walls is the rate controlling
process. Using this model the observed experimental results for Zr-lNb
reported previously have been predicted. A second simulation has been
carried out to determine the significance of the critical stress found

during incremental unloading experiments.

In general these computer models show that the determination of
thermodynamic parameters for plastic deformation should be approached
with caution. The parameters obtained are useful from a phenomeno-
logical aspect but are difficult to associate with particular micro-

plastic mechanisms.

Study of Carbon Fibres

This contract is with the School of Textile Technology, the Uni-
versity of New South Wales (M. Peughelman) with K.D. Reeve as AAEC

Liaison Officer.
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Carbon Fibre Assessment

A 16 g batch of 15 cm long high-strength carbon fibres was prepared
for assessment at Lucas Heights. A fairly standard procedure was adopted
for fibre preparation. Polyacrylonitrile (PAN) fibres were stretched in
air at 150°C, oxidised in air at 210°C with an extension of 30%, and
carbonised in argon at 1250°C. The results of tests on single filaments
and on 60 vol.% carbon fibre - 40 vol.% Araldite F composite specimens
made at Lucas Heights are given in the following table. In all cases
the properties of the 16 g batch were close to or within range of those
expected for commercial fibres.

COMPARISON OF EXPERIMENTAL CARBON FIBRE BATCH

Supplier

UNSW
Courtaulds
Great Lakes

UNSW
Courtaulds
Great Lakes

WITH

Type

Expl.
Grafil E/A-U
Fortafil 3T(U)

Expl.
Grafil E/A-U
Fortafil 3T(U)

COMMERCIAL

Diameter
(pm)

CARBON FIBRES

Single Filament Tests
Density Ultimate
(g cm" 3) Tensile

Strength
(GPa)

7.7 1.73 2.46
9.3 1.77 2.51

'Dog-bone1. 1.74 2.20
Area 57 pm2

60 vol.%

Flexural
Strengun

(GPa)

1.03
1.41
1.17

Youngs
Modulus
(GPa)

239
187
197

Composite Tests (Araldite F Resin)

Ultimate Youngs
Tensile Modulus
Strength (GPa)
(GPa)
0.95 109
1.62 175
1.06 109

Interlaminar
Shear

Strength
(MPa)
63.0
81.0
72.0

Study of Process Variables

It has been shown that the application of an external d.c. field
during oxidation of PAN fibres has no effect upon the oxidation process.
Equipment is being assembled for the study of the effect on carbon fibre
properties of the application of longitudinal restraint during the
carbonisation stage.

Fission Product Effects in

This contract is with the Department of Ceramic Engineering, the
University of New South Wales (H.D. Leigh or E.R. McCartney) and AAEC
Liaison Officer is K.D. Reeve.

This contract expired on June 30th 1975 and a final technical
report was received. The general conclusions from the work may be
summarised as follows:
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(i) Fission product oxides arc highly soluble in a thoria matrix.
Single oxides form solid solutions with thoria up to at least
20 mol.% solute.

(ii) In a system of thoria plus a mixture of typical fission pro-
duct oxides, compounds such as barium, strontium and neodymium
zirconates tend to be the major phases developed. Molybdates
of barium and strontium may form in regions of the fuel below
1500°C provided the oxygen partial pressure is sufficiently
low.

(iii) Thermal gradients similar to those in operating fuels may be
produced in ThOa-based systems by direct electrical conduction.
These gradients have been shown to produce large equiaxed
grain growth and central voids, but no columnar grain growth.

6. ISOTOPES (Acting Chief of Division, J.G. Clouston)

6.1 New Radiopharmaceuticals and Pharmaceutical Products

Myocardial Infarct Scanning Agent
(F.C. Hunt and Royal Prince Alfred Hospital, Sydney)

It has been discovered that an existing AAEC radiopharmaceutical,
99mTc-gluconate, can be used for the scintigraphic delineation of the
damaged area of heart muscle resulting from a myocardial infarct (heart
attack). In dogs with experimentally produced infarcts, gamma camera
images of the affected area of the heart have been obtained 3.to 6 hours
after administration of the radiopharmaceutical. This compound which is
supplied as RM6, lyophilised renal agent for renal scintigraphy now has
a potential application in diagnostic cardiology to monitor the recovery
of infarcted patients.

Hepato-Biliary Imaging Agents
(F.C. Hunt, J.G. Wilson, D.J. Maddalena)

Two new series of ligands for 99mTc based on di-(2-hydroxybenzyl)
ethylene diamine diacetic acid and hydroxybenzyl-iminodiacetic acid have
been synthesised. The 99mTc chelates of these ligands and the previously
discovered ethylene diamine di-(orthohydroxyphenyl acetic acid) are
being comparatively evaluated as potential diagnostic agents for hepatic
function and biliary excretion.

6.2 Spectral and Energy Properties of Radionuclides and their
Activation by Nuclear Reactions - Radiation Dose from
Radiopharmaceuticals (E.L.R. Hetherington, N.R. Wood)

Dose Estimates for 99mTc-Sn-Gluconate

The submission to the United States Food and Drug Administration
for the marketing of the AAEC developed renal scanning agent 99mTc-Sn-
gluconate by Abbott Laboratories' Diagnostic Division includes an estimate
of the expected radiation dose to a patient from the use of this agent.
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mt-* ? °stimate was made for the 70 kg standard man using the Medical
internal Radxatxon Dose (MIRD) Committee's method of calculation and
biological data obtained during clinical trials at the Prince of Wales

the table. ^ r6SUltS °f ̂  dete™i««tion are summarised in

RADIATION DOSE FOR 1 mCi 99mTc-Sn-GLUCONATE

Organ

Whole body
Kidneys
Lung
Liver
Skeleton
Bladder wall
Spleen
Pancreas
Thyroid
Heart
Gonads

Dose
in rads
0.008
0.2
0.005
0.008
0.006
0.2
0.01
0.01
0.001
0.01
0.02

Dose Estimates for Skeltec II

r°
f
u
the ̂ adiati°n dose due to the use of the bone

K- T •'-,', •tl "ave bee" revised on the basis of improved

bSdderCvoid± rt̂  USG, °f ̂^ rSaliStiC —Ptions regardingbladder voiding patterns of typical patients. The results which form
of the new druo sr,n̂ ,,= i submission to the

RADIATION DOSE FOR 20 mCi SKELTEC II

Organ

Whole body
Kidneys
Lung
Liver
Skeleton
Bladder wall
Spleen
Pancreas
Thyroid
Heart
Gonads

Dose
in rads
0.23
0.74
0.2
0.2
0.8
1.7
0.25
0.15
0.04
0.13
0.4
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Dose Due to Impurity Nuclides

To assist the Australian Health Department in establishing an
Australian standard for accepted levels of radionuclide impurities in
radiopharmaceuticals used in Australia, dose estimates were made for
impurities detectable in AAEC products. The impurities considered were
99Mo, 103Ru, 131I, 132I and 188Re in the products 99mTc pertechnetate,
gluconate, Skeltec and MAFH. The dose estimates were based on the
expected biological fate of these impurities in the 70 kg standard man.
On the basis of this study the following specification has been pro-
posed.

99Mo not more than
not more than

3Re not more than
No other nuclide to exceed

1 8 8,

0.1%
0.005%
0.05%
0.01%

Computer Program for Dose Calculations

Dose determinations of the type outlined above are made with the
aid of a computer program DOSE based on the MIRD schema. The program
now incorporates a revised method of estimating the dose to the bladder.

Bladder-absorbed fractions are now based on a mean contents volume
of 300 mi in place of the original 500 m£ and the method of computation
includes corrections which give the dose to the bladder wall rather than
the contents.

Principles of Internal Dosimetry

Despite its value in radiopharmaceutical dose determination, the
MIRD schema has several limitations and an alternative approach has been
developed. Details of this work have been published in AAEC/E350.

In its present form the MIRD method can only be used to calculate
average organ doses and it must be assumed that the activity distribu-
tion in any given organ is also uniform. In fact the dose to any part
of the body will differ significantly from the average.

We have developed a method of computing dose distributions, for
given activity distributions using a Monte Carlo method of photon history
simulation. The simulation, which uses the IBM360 computer, determines
the energy deposited and hence the dose to any predefined region of
interest in a mathematical model of the human body and its organs.

To date the method has been used to show the dose distribution in
a lateral slice 2 cm thick, through the centre of the phantom for
typical distributions of a 150 keV photon emitter. The results
are presented as colour coded diagrams and these show the significant
variations from the average doses calculated by conventional means.
Figure 3 shows the dose distribution for activity taken up by one lung,
the bladder and the whole body. The most significant point is that a
conventional calculation would give a single average dose to all parts
of the body other than the lung and bladder regions.

Dose Scale

8.5-21 EJ

3.5-8.5 E3

1.5-3.5

0.5-1.5 HI

0.2-0.5 H

< 0.2 Iff

Where 1 =• whole body
'average dose1
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DISTRIBUTION OF ACTIVITY
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It has been suggested that this approach would only be used by
radiopharmaccutical manufacturers in providing definitive product data.
Nuclear medicine departments of hospitals would not bo likely to have
the time or the computing facilities for its use in routine patient dose

determinations .

Publications

Hetherington, E.L.R. & Wood, N.R. [1975] - A new approach to the estima-
tion of radiopharaaceutical radiation dose distributions,

AAEC/E350.
Hetherington, E.L.R. & Wood, N.R. [1975] - Radiation dosimetry in

nuclear medicine. Recent developments. Presented at Sixth
Annual Scientific Meeting of the Australian and New Zealand
Society of Nuclear Medicine.

Wood, N.R. [1975] - Monte Carlo studies of absorbed dose from radio-
pharmaceuticals. M. Eng.Sc. University of NSW Project Report.

6 . 3 Technotium-99m Chelates of Liposolublc Ligands for
Biliary Scintigraphy (F.C. Hunt, J.G. Wilson, U.J. Maddalena)

In the search for suitable ligands for 99rnTc as a biliary agent a
series of derivatives of ethylenediamine di (o-hydroxyphenylacetic
acid) , EDDHA, which had been designed for the treatment of iron defi-
ciency diseases in plants and humans, was prepared. The compounds have
the general structure (below) in which the substituent R represents H,
Me, Cl, Br, I and CO2H, and ari; presumed to form complexes with

 09mTc,
having the structure II by analogy with the complexes EDDHA itself is
known to form with other metals. These ligands are phenolic analogues
of the complexing agent EDTA and the presence of aromatic moieties in
the molecule was expected to increase liposolubility and hence direct
the .excretion of the 99mTc-activity via the biliary route. Of the
compounds so far examined, I, R=Br, is the most promising.

H02C

CH2C02H

NR1

OH

33

All studies performed using mice, rats and dogs showed that excre-
tion via the biliary route predominated. Gamma camera studies in dogs
showed that the activity appeared in the liver immediately after injection
and subsequently moved to the gall bladder. In a dog in which the
common bile duct had been ligated the. gall bladder was not visualised;
instead a pattern of urinary excretion with increased kidney uptake was
observed.

As ligands conferring similar properties on 99mTc, the Series II
compares favourably with the Series I, the corresponding members having
slightly higher oil-water partition coefficients but somewhat lower
biliary excretion rates. The Series III, R=H, Me, CHaCOzH, is currently
being synthesised to investigate changes in ligand ability resulting
when molecules such as those in Series I and II are virtually cut in
half and to elucidate further the relation of structure and activity.

One of a number of simple Schiff base ligands of structure IV
showed promise as an agent for bone scintigraphy when complexed with
99mTc. The Schiff base, salicylidene anthranilic acid, IV,
R-2-COaH, was exceptional in that it localised well in skeletal tissue.
It is under further study.

Gamma camera studies of the other Schiff bases of the above types,
IV, V and VI, showed that they were all fairly generally distributed
throughout the test animals (rats) with some accumulation being observed
in the liver. Excretion occurred slowly via the kidneys into the
bladder. The insolubility of compound VI and some of its derivatives
prevented complex formation in media suitable for injection into test
animals. In the case of ligands of the type IV, hydrolysis occurred at
the pH required for complex formation, suggesting that reduced Schiff
bases, i.e. the corresponding secondary amines, which are stable to
hydrolysis should be examined for ability to form.complexes with 99mTc.

6.4 Negative and Positive Ion Mass Spectra of Schiff Base
Copper Complexes* (J.G. Wilson)

The chelating ability of some selected Schiff base ligands was
examined by preparing their copper complexes VII:

* This work was carried out in collaboration with J.L. Garnett, and his
group at the School of Chemistry, University of NSW.



where R=H; £, in, £-Me; o, m, £-OMe; o, in, £-Cl; p̂ , m, £-CF3 and p_, m,
p-CO2Me. These were then examined by "70 eV positive and negative ion
mass spectrometry. This is the first such detailed study of the mass
spectra of metal complexes of bidentate Schiff base ligands and illus-
trates the complementary advantages of positive and negative ion mass
spectra in characterising metal complexes. The characteristic feature
of the negative ion spectra is their extreme simplicity relative to the
corresponding positive ion spectra, the only ions present in significant
abundance being the molecular anions and ligand ions. The positive ion
spectra of the complexes are characterised by abundant molecular ions,
metal-ligand ions and ligand ions. Ions of lesser intensity resulting
from losses of fragments of the ligand from the molecular ions and
losses due to the influence of substituents were also observed.

6.5 Synthesis of Macrocycles as Ligands for 99mTc
(J.G. Wilson)

The use of macrocycles as ligands in 99mTc radiopharmaceuticals has
been virtually unexplored. Preliminary studies have been undertaken
towards the synthesis of the macrocycle VIII (P.=H) ,- the ultimate objec-
tive being VIII (R=C02H) with the required solubilising group.

R

R

YTTT

The intermediates IX-XI were made by the addition of ethanedithiol
to the corresponding readily accessible benzylidene derivatives. Ring
closure to the cyclic compounds has not yet been effected.

Publications

Hunt, F.C., Wilson, J.G., Maddalena, D.J., Bautovich, G., Hutcherson, R.
S McLaughlin, A.F. [1975] - Technetium-99m chelates of lipo-
soluble EDTA analogues for biliary scintigraphy. Read at the
Sixth Annual Meeting of the ANZ Society for Nuclear Medicine,
Sydney, May.

Hunt, F.C., Wilson, J.G., Maddalena, D.J. S Bautovich, G.J. [1975] -
Choice of ligand for specificity in nuclear medicine. Read at
Metals in Medicine Research Conference, Sydney, August.

Wilson, J.G., Fraser, I.W., Garnett, J.L. & Gregor, I.K. [1975] -
Negative and positive ion mass spectra of Schiff base copper
complexes. Accepted by Organic Mass Spectrometry, March.

6.6 Heterogeneous Radiation Chemistry (P. Airey)

The resting potential of the Oj and HO2 radicals have been measured
on platinum, gold and mercury electrodes. A study of the associated
electrochemical kinetics showed that the radicals undergo catalytic
disproportionation on the electrode surface. At neutral pH, the mecha-
nism is

02 = -0.19 V (1)

C-2 + o~ H2O2 E = + 0.93 V at pH 7 (2)

The observed value of the mixed potential depends on the catalytic
activity of the electrode. The greater the activity of the metal, the
higher is the velocity of reaction (2) relative to the simple electron
transfer process (1) and the more positive the resulting potential. At
pH 7, values varied from + 0.23 V (vs the normal hydrogen electron
potential) on gold to + 0.43 V on activated platinum.

The conditions under which the mixed potentials may be used to
predict the reactivity of the peroxy radicals with the components of
electrochemical couples have been deduced from the Marcus electron
tr^nsf^j theoryj^The^isproportionation of 02 and HO2 by the couples
Cu /Cu and Ce /Ce respectively has been discussed in detail.
Interestingly, the mechanism of the catalytic decomposition of 02 by
superoxide dismutase, an enzyme which is believed to occur in almost all
aerated cells, is analogous to reactions (1) and (2) .

E - 01 E - 02 (3)

E - 0~2 H202 (4)

The measured redox potential of the enzyme (0.42 V at pH 7) is within
the range found for 02.

There is considerable scope for further work on heterogeneous
radiation chemical processes:

(i) A study could be made of the effect of radiation on the
transmembrane potential developed by nerve cells as a result
of the active transport of sodium and potassium between the
interstitial and intercellular fluid. The rate of decrease in
the potential would be a measure of the effect of radiation on
a very important aspect of cell function.

(ii) The O2 potentials could be measured on the ZnO semiconductor •
electrode. This would be a model system for the study of a
mixed potential on a semiconductor and may help to explain
increases in some radiolytic yields in the presence of zinc
oxide powder.
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6.7 Emulsion Polymerisation (D.F. Sangster, A. Davison)

Current concepts of the mechanism of emulsion polymerisation
involve the micellar particles being the site of the reaction. Micelles
are formed when more than a critical concentration of surfactant or
detergent is in water. The surfactant forms clusters containing about
fifty molecules each. Hydrocarbons such as styrene may be 'solubilised1

within the cluster. Fortunately micelle systems are transparent to
light and thus can be readily studied.

Pulse radiolysis studies of deoxygenated aqueous solutions of
styrene without the pressure of surfactant showed the benzyl radical
C6 H5 C'H CH2X, present, characterised, inter alia, by a strong absorp-
tion band at 270 nm. In methanolic solutions in which styrene is very
soluble, this band was not detected. Erratic results were found on
repeating these experiments. This was traced to a concentration effect
— styrene can be removed from solution by the deoxygenation procedure.
By taking care it was found possible to demonstrate a lowered absorption
at 270 nm in saturated aqueous solutions.

The results may be interpreted in terms of a propagation reaction
between styrene radicals and styrene solute which is favoured at high
styrene concentrations. However, the known molecular structure of
polystyrene would lead one to expect to find a benzyl radical involved
in this reaction. A possible explanantion is that the unpaired electron
is delocalised onto the aromatic rings. Similar effects have been
reported in matrix isolation studies of the styryl radical.

On adding surfactant to a dilute aqueous solution of styrene (dilute
enough to give the full absorption at 270 nm) the 270 nm band is de-
creased several fold. This means that the styrene radicals behave as if
in the presence of a high concentration of styrene molecules in the
interior of the micelles. The transfer of radicals from the aqueous
phase into the interior of the micelles must be extremely rapid (< 1
microsecond).

These investigations are giving a better understanding of the
reactions that can occur in practical emulsion systems, and enable us to
study these effects without the tedium of an extensive series of polymer
preparations and time consuming physical evaluations. It is known that
methanol does not enter the interior of micelles, whereas higher alco-
hols do. Various salts modify micelle behaviour. This suggests other
ways of modifying the properties of polymers from radiation polymerised
emulsions.

Publication

Sangster, D.F. & Davison, A. [1975] - Pulse radiolysis of styrene and
acrylate monomers. J. Poly. Sci. Pt.C, Poly Symposia, 49 :
191.
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Immobilisation of Enzymes on Polymer Matrices
(J.G. Clouston, P.w. Moore)

During work on the emulsion polymerisation of styrene it was found
that copolymers were formed when hydrophilic colloids such as gelatin
and poly(vinyl alcohol) were used to stabilise the emulsions during
irradiation.

In October 1974 a study of the factors influencing the formation of
copolymer was commenced as it was thought that the copolymers might be
useful for immobilising enzymes by trapping them in the gel structure.
Immobilised enzymes have great potential as catalysts for specific
reactions in a variety of industrial processes and medical applications.

It was found that the yield of gelatin/styrene graft copolymer
increased with temperature and the molecular weight of the gelatin,
decreased with emulsifier concentration, and was independent of pres-
sure. The yield of copolymer increased with gelatin concentration in
the emulsion up to about 4% and thereafter remained approximately con-
stant. The ratio of gelatin to styrene in the copolymer continued to
increase with gelatin concentration at concentrations above 4% indicating
that under these conditions the copolymer was formed by chain transfer
to the gelatin. The reaction scheme that has been postulated should be
verified by molecular weight measurements. Gelatin/vinyl acetate and
poly(vinyl alcohol)/styrene copolymers have also been produced.

Some gelatin/styrene copolymers were found to trap the enzyme
phosphatase, but in concentrations that are too low to be of interest in
a commercial process.

Because of other commitments, work has temporarily ceased on this
project.

6.9 Kinetics of Radiolytic Reactions (D. Sangster, A. Davison)

In parallel with investigations on the emulsion polymerisation of
styrene, pulse radiolysis studies have been carried out on the simpli-
fied systems styrene/water and styrene/surfactant/water. These differ
from the practical systems only in having all the styrene in solution or
within micelles and having, none as globules. Thus it has been possible
to observe the early reactions pertinent to the industrial process.

In saturated aqueous solutions the optical absorption at 270 nm due
to benzyl species was less than that in l/10th saturated solution where
the full expected absorption is found. It is known from polymer conforma-
tion studies that a benzyl-type radical is the propagating species so it
is not apparent why it is not observed in these cases. Furthermore
micellar systems containing the same total concentration of styrene as
the l/10th saturated aqueous solution, behave in the same way as the
concentrated solutions.

A similar effect has been observed in aqueous solutions of N-vinyl
pyrrolidene under pulse radiolysis. The ratio between the absorptions
at 300 and at 396 nm is a function of concentration. The explanation
may lie in a delocalisation of the unpaired electron onto the two or
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more aromatic rings which could be close enough for their pi systems to
overlap The effect of various additives will now be studied. It is
hoped to establish the relationship between polymer properties and
polymerisation reactions. In this way the effect of varying suitable
parameters can be anticipated from rapid experimentation and tnus a
sorting of the possibilities for more thorough investigation would be

possible.

Poly(N-vinyl pyrrolidone) is water soluble. This simplifies the
study of the reactions of macromolecules. An insight is being obtained
into the propagating reactions and terminating reactions which obtain
during the middle and later stages of polymerisation.

The radiolytic reactions undergone by substituted phenyl boronic
acid derivatives and by decarborane in aqueous and alcohol solutions are
being studied. These compounds and their analogues are used in neutron
radiation therapy of brain tumours.

In connection with the solvation of the electron by alcohols, a
further study of the infrared absorption spectra of alcohol/alkane
mixtures has"been made. This shows that the association is greater at
lower temperatures and this also corresponds to an increased probability
of solvation. Mozumder's theory of unimer attachment followed by
coagulation does not therefore obtain in these mixtures.

A pulse radiolysis study of hydroxyl radical oxidation of azido-
pantammine cobalt III ion showed a long lived radical intermediate.
This explains the induction periods, irreproducibility of the rates and
the consecutive processes which are features of the oxidation of azido
coordinated compounds by powerful oxidants.

Publications

Brown, ».J., Barker, N.T. & Sangster, D.F. [1974] - Pulse radiolysis of
liquid alcohol systems containing benzene. Aust. J. Chem., 2T_

: 1129.
Brown, B.J., Barker, N.T. fi Sangster, D.F. [1974] - The significance of

hydrogen bonding in electron solvation processes in ethanol/n-
hexane mixtures. Aust. J. Chem., 27 : 2529.

6.10 Radiation Resistant Organisms (J.G.
P. Miskelly)

Clouston, C.P. Gilbert,

Numerous kinetics studies concerned with the germination of radia-
tion resistant bacterial spores have been made by inducing a change in
some chemical or morphological property of the organism. Loss of heat
and radiation resistance, uptake of dilute stains, loss of refractile
appearance when observed by phase contrast microscopy, release of calcium
and dipicolinic acid and changes in turbidity of suspensions have been
employed by different investigators.

The change in optical density (OD) of a spore suspension is an
experimentally convenient means for following the germination process,
but no satisfactory quantitative kinetic description of the response in
terms of rate processes has been developed although several different
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approaches to the problem have been made. Germination rates have been
reported in terms of the slope of the linear portion of a semilogarithmic
plot of the percentage of ungerminated spores versus time [Hachisuka et
al. 1955; Woese S Horowitz 1958; O'Connor G Halvorsen 1961], and as
the percentage decrease in OD during a constant time interval (Rode £
Forster 1962].

An empirical expression describing the sigmoidal optical density
response has been described [McCormick 1964] and applied [McCormick
1965] to relate values of the parameters to changes in environmental
conditions. Vary £, Halvorsen [1965] have shown that the frequency
distribution of spores in a germinating suspension is adequately repre-
sented by a distribution function [Weibull 1951], which is not very
different from that devised by McCormick [1964]. The disadvantage of
such statistical approaches is that they provide no insight concerning
possible biochemical processes and the variables cannot be related to
reaction mechanisms.

Analogue computer evaluation of several model schemes revealed that
curves characterising the kinetic response of germinating spores can be
generated by postulating an autocatalytic mechanism. The published
kinetic data of McCormick [1965], Vary S Halvorsen [1965] and Hashimoto,
Frieben S Conti [1969] have been re-examined and a biological scheme for
germination an 1 sporulation has been proposed.
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6.11 Research Contract - The Determination of the Long Term
Biological Fate of the Non-radioactive Iron Component
of Technetium-99m Labelled Macro-aggregated Ferrous Hydroxide
(Tc-MAFH)

This contract with R.W. Stanford, Head, Department of Medical
Physics, Royal Perth Hospital, Perth, WA (Liaison Officer, R.E. Boyd)
has the following objectives:

(i) To gain information on the physiological behaviour of ferrous
hydroxide particles deposited in the lung capillaries of
experimental animals; the study should include the measure-
ment of lung clearance rates and what happens to the iron
after its removal from the lungs.

(ii) To correlate the results of the experiments on animals to the
much more limited measurements that can be made on humans.
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During the past 5 years Tc-MAFH has been supplied from Lucas
Heights as a radiopharmaceutical agent for routine lung perfusion
studies. The value and safety of this agent has been emphasised by
workers in nuclear medicine both in Australia and overseas. However
there still remain gaps in our knowledge of the total pharmacology of
the agent particularly in respect of the fate of the non-radioactive
iron component. The investigations are desirable both for the sake of
scientific completeness and to increase our confidence in the relative
safety of Tc-MAFH.

The AAEC provided Royal Perth Hospital with quantities of pharma-
ceutical grade ferrous hydroxide particles labelled with 59Fe suitable
for injection into animals and humans. Experiments have been performed
on animals to measure the organ distribution of the 59Fe and how this
varies with time. Measurements take up to 1 month post-injection. An
overall picture of the biological fate of the iron was drawn from the
experimental results.

The results of the project have been submitted for publication.

6.12 Research Contract - The Determination of the Fate of the Non-
radioactive Components in Technetium-Gluconate Complexes used
in Renal Studies

This contract with R.W. Stanford, Head, Department of Medical
Physics, Royal Perth Hospital, Perth, WA (Liaison Officer R.E. Boyd),
has the following objectives:

(i) To determine the physiological behaviour of the gluconate
radical and the tin or iron present in the renal agents
developed by the AAEC.

(ii) To deduce whether one agent is better than the other in renal
scintigraphy.

Two new compounds Tc-Sn-gluconate and Tc-Fe-gluconate have been
developed by the Commission for use in renal scintigraphic studies. The
fate of the technetium-99m in these compounds has been studied in
considerable detail but before a complete understanding of the pharma-
cologies of these agents is possible it is necessary to discover what
part the metal ions and the gluconate radical play in their overall
physiological action.

The following parameters for each compound were determined:

(i) the organ uptake of the gluconate radical using 1!*C gluconate,

(ii) The organ uptake of the metal ion using l13Sn or 59Fe,

(iii) the variation of organ distribution with time,

(iv) the rate and route of excretion of the various components, and

(v) an overall picture of the physiological behaviour of both
compounds.
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The experimental part of the project is complete, but the evaluation
of the massive set of data generated awaits availability of staff effort.

7- PHYSICS (Acting Chief of Division, W. Gemmell)

7.1 Radioactive Waste Disposal (J.R. Harries, D.J. Wilson)

A review of current methods of treatment and storage of high level
radioactive waste and the long term options of engineered storage,
transmutation, disposal beneath the earth's crust, ice cap, oceans and
space has been completed. An internal report of this work 'The Storage
and Disposal of High-level Radioactive Waste - A Description of Current
and Proposed Methods' has been issued.

The advantages and disadvantages of most of the disposal options
are poorly understood. Australia needs to be concerned now about methods
that require disposal outside the country of origin because any spill of
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of deep ocean circulation and the transport of radioactive pollution
warrant further study, both because of suggested waste disposal there
and also in view of the possible sinking of nuclear propelled ships.

Proposals for ocean disposal of high level waste have required that
the waste be contained, possibly in a ceramic matrix, while the waste
decays. This is in contrast to the programs for low level ocean disposal
which have used dispersal in the vastness of the ocean as the principal
disposal mechanism. The isolation of the ocean floor can be illustrated
by the estimated residence time of 1200 years for the Pacific deep
water.

A study is being carried out to survey data on the deep ocean
circulations in the Tasman and Coral Seas and to relate the water masses
in these seas to the world-wide ocean circulation patterns. Of particu-
lar interest is the vertical transport of pollutants from the deep ocean
floor towards the surface, and from the deep water in one ocean to
another ocean. It is hoped to be able to estimate the paths and travel
times of pollutants being transported from other ocean locations into
the Tasman and Coral Seas.

7.2 Inverse Reaction Problem (J. Cook, E. Clayton)

For calculation of the behaviour of all fission reactors it is
necessary to know or predict with some precision the energy dependence
of reactor material cross sections in the MeV neutron energy range. The
existing (optical model) theory calculates the total and elastic scatter-
ing cross sections with the aid of potential functions - functions of
distance from the centre of the interacting system - which represent the
processes taking place in the nucleus during nuclear reactions. The
inverse reaction problem is to calculate the potential for a system with
known cross sections.

The standard method of determining a potential is to assume some
functional form and to estimate its parameters by comparison of experi-
mental data with that predicted by the potential. For the important
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case of ":i*U, various optical model potential functions have been
developed in this way to describe its properties at neutron energies of
2, 8 and 14.8 MeV. They are, however, not unique and because they have
no known systematic behaviour, cannot be used to predict the potentials
at other energies.

There arc theoretical grounds for believing that an energy inde-
pendent potential function should exist and this motivated the present
theoretical study of the problem of finding a way to determine such a
function directly from experimental data. It is obviously desirable in
developing the technique to study a simple nuclear reaction for which a
great deal of experimental information is available. The pion-nucleon
system in which n-mesons are scattered from neutrons or protons was
selected. Reaction matrix theory has been used to develop an energy
independent potential for this system and its uniqueness has been
demonstrated under certain conditions. One condition is that only a
limited amount of detail in the shape of the potential should be ex-
tracted from the experimental reaction data and the technique developed
only determines a sec of average values of the potential, being that
appropriate to a band of distances from the centre of the system. These
have been termed 'radially group averaged potentials'.

So far, adequate fits have been achieved for seven important states
of the pion-nucleon system and numerical integration of the Schrodinger
equation using the potentials reproduces the asymptotic phase shifts
given by experiment.

From the potentials so far computed a structure previously un-
suspected has emerged. It appears that the shape of the potential can
usually be described by two wells and two barriers. This implies that
the excited states of the nucleon, known as nucleon resonances, should
fall into two distinct categories of isometric states, without tran-
sition between them.

7.3 Demonstration of Cloud Chamber (A. Rose)

Diffusion cloud chambers of sizes ranging from 5 cm to 30 cm dia.
were developed for display at the Research Establishment Open Days, the
Australia '75 Exhibition in Canberra, and for subsequent permanent use
at the RE Visitors' Centre. The chambers operated very satisfactorily,
providing clear displays of a-particle tracks•, cosmic rays, and knock-on
protons from neutron collisions.

However maintenance of the correct range of operating temperatures
proved inconvenient since frequent dry-ice additions to the COa/CaHsOH
cryostats were necessary, so a new chamber 7 cm dia. x 7 cm high was
developed in which cooling is achieved by two stacked Peltier cells.
Plate temperatures as low as -38°C can be obtained, and the chamber is
operational within 5 minutes of switching on power to the cells. Further
development is in hand, with possible extension to a 30 cm dia. unit.

7.4 Interactive Computer System (J. Pollard, G. Trimble)

The Physics Division GT40 computer system currently comprises a
Digital Equipment Corporation PDP11/10 processor with CRT display screen,
to which are connected a card reader and line printer. The system can
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operate alone but is permanently interfaced to the AAEC Dataway and thus
has access to the central IBM360/50 and other computers in the network.

The system has two purposes. The first is to provide batch local
input/output of jobs to the central computer. The second is to provide
interactive text and graphic facilities both locally and with the help
of the central computer. In such a system the input/output for the
central computer must operate purely in the background. The interactive
user should not even be aware that these functions are taking place and
the system should appear to this interactive user to be dedicated to his
purpose.

Most of the software development for the GT40 system was concerned
with making the background tasks function as efficiently as possible.
Five specific background tasks have been identified and program segments
for these are normally resident, and operate in the topmost 3K bytes (of
a total of 16K bytes) of core storage. These are:

(i)

(ii)

(iii)

(iv)
(v)

A card reader bootstrap and absolute loade-r for reading
programs into the GT40.
A Dataway handler for controlling simultaneous operation on
all four available Dataway addresses.
A Dataway program call routine which allows GT40 programs to
be loaded from the IBM360.
A program to accept card decks from the card reader.
A program to accept printed output from the 360 and list it on
the local line printer.

Two main programs have been developed for the interactive user. They
are:

(i) FOCAL-VT which is based on the DEC interpretive language
FOCAL. It includes locally written functions to allow the
user to construct and modify pictures on the display screen by
use of a teletype or light pen.

(ii) HASTE which allows the user to interact with the IBM360. The
user may operate the GT40 as an 'internal HASP console' and so
monitor the progress of his job in the 360. Alternatively he
may initiate 'link tasks' (small high priority jobs) in the
360 which allow him access to data stored on 360 disks.

8. HEALTH PHYSICS RESEARCH (Leader, D.R. Davy)

8.1 Radon Dosimetry (A. Svenson)

Development of a radon daughter dosimeter head has progressed to
the stage where a provisional patent specification has been lodged.
Further calibration measurements were made at the Australian Radiation
Laboratory radon strongroom at the University of Melbourne to determine:

(i) The fraction of radium C' which was registered as radium A due
to degradation of radium C' alpha energy by filter penetration
and the effect of sampling rate on this parameter.
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(ii) The ratio between high and low sensitivity zones of the
detector head.

(iii) An estimate of the overall efficiency of the unit.

Final calibration and testing of the unit will need to be carried
out in a controlled radon daughter generator system in which dust
concentration and humidity can be varied. Engineering Research Depart-
ment is investigating the design of a suitable portable air sampling
unit to operate with the head unit and to give constant flow rates for
the required period of operation before recharging.

8.2 Acoustic Meteorological Sounding (G.H. Clark)

The use of acoustic sounders as remote sensors for probing the
lower atmospheric boundary layer has gained considerable favour over the
past few years (at least 60 units are presently operating in USA). The
acoustic sounder operating in the monostatic mode (colocated transmitter
and receiver) can detect the spatial and temporal variations of tempera-
ture fluctuaLions to altitudes of the order of 1-2 kin. However, so far
the interpretation of the facsimile records of the echo structure has
mainly been concentrated on an intensive analysis of short periods of
data which show interesting events, e.g. internal gravity waves, inversion
capping of the convective boundary layer, etc. We have developed a
pattern recognition scheme for the long term analysis of acoustic
sounder data; groups in Japan and USA have shown a direct interest in
the progress of our research. Many enquiries followed a recent conference
on radar meteorology when it was discussed in an acoustic sounder work-
shop session.

The acoustic sounder in the Jervis Bay region was withdrawn after
2 years of operation. All the facsimile record data, together with
supporting near ground level meteorological data, have been extracted
and reduced to a computer compatible form. These await computer analysis.
Attempts to obtain further records from acoustic sounders operating at
other Australian sites have so far been unsuccessful. The purpose was
to test further the universal applicability of the pattern recognition
scheme developed in the marine environment of Jervis Bay.

The program leader spent three months on attachment to the leading
remote sensing group at the Wave Propagation Laboratory (WPL) of the
National Oceanic and Atmospheric Administration in Boulder, Colorado.
Records were analysed from Los Angeles (California), St. Louis (Missouri)
and Richland (Washington State) in the USA and from an over-water Atlantic
Ocean experiment. Although the hopes for universal applicability of the
scheme were not completely fulfilled, these studies did show that it
could be applied with only slight modification. In addition to the
simple extraction of pattern types, the analysis was extended to include
the maximum and minimum echo height. This enabled the rate of rise and
descent of elevated inversion layers to be studied; these measurements
are of particular importance for the trapping of air pollutants (e.g.
under the marine inversion over Los Angeles).

In future we hope to calibrate the various facsimile record patterns
against supporting meteorological data measured through a much deeper
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layer of the lower atmosphere. A balloon-borne meteorological data
acquisition system will profile wet and dry bulb temperature and wind
speed and direction up to 1 km above ground level. These data will be
telemetered to a ground station where the meteorological data can be
compared in real time with the acoustic sounder records. After a period
of experiments we will be able to assess the potential of the acoustic
sounder as an instrument suitable for monitoring the prevailing atmos-
pheric dispersion conditions.

8-3 Diet of Mogurnda mogurnda (R.A. Jeffree)

A study has been continuing intermittently throughout 1974, on the
diet of Mogurnda mogurnda, the purple striped gudgeon, from the Finniss
River area of the Northern Territory. The work is related to the current
environmental program which has been concerned with the assessment of
the effects of heavy metal/acid mine runoff from Rum Jungle on the biota
of the Finniss River system.

The study is asking and attempting to answer the following questions:

(i) Is there a difference in diet between populations living in
habitats exposed and unexposed to high concentrations of
pollutants? And as part of this basic question,

(ii) Do any differences in diet relate to the seasonal nature of
the inflow of pollutants into the Finniss River via its East
Branch?

The samples of fish were taken from sites exposed and unexposed to
high levels of pollutants at 3 periods of the year, i.e. the end of the
wet, the middle of the dry, and the end of the dry seasons. Pollutant
concentrations in the Finniss are known to decrease through these 3
periods.

The working hypotheses therefore are:

(i) that the diets do differ between samples from exposed and
unexposed sites; and

(ii) that this difference will be greatest at the end of the wet
season and least at the end of the dry.

To date we have examined six samples of Mogurnda mogurnda taken
during the end of the wet season from sites exposed and unexposed to
high concentrations of pollutants. For each individual fish the following
information has been recorded:

(i) Number of each taxonomic food type present in the gut.
(ii) Standard length,
(iii) Ma$;s {'wet weight').
(iv) Assessment of visceral fat deposition.
(v) Type and number of parasites present.

The liver and gonads have been stored for future measurement,
now progressing on comparisons between sites in terms of:

Work is
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(i) Relative contributions made by each taxonomic group to the
diet,

(ii) Diversity of diet.

Results indicate taxonomic variation in the diet, amongst all
s^tes, both exposed and unexpoi-uc to pollutants, and no differences
between sites in two other parameters of diet, i.e. mean number of
taxononic food types and mean number of single food items per gut.

Thus results to hand do not support the first working hypothesis
for the field trip at the end of the wet. Samples taken during the
other two field trips are now being fully analysed.

9. APPLIED MATHEMATICS AND COMPUTING (Leader, D.J. Richardson)

9.1 Introduction and Summary

Applied Mathematics and Computing Section has. four divisional
research projects: approximation techniques in numerical analysis,
distributed computer network, interactive computing and graphical repre-
sentation, and computer operating system design and optimisation.

Mathematical models have been devised to assist in the study of
arterial lesions and the movement of radioactive tracers through the
lung. The use of finite element approximation techniques in studying
pressure vessel nozzle "cresses in conjunction with the Electricity
Commission of NSW has continued, and user program packages have been
developed to assist in this work.

The AAEC computer network was expanded considerably and the concept
of an internal console was developed to allow remote computer users to
monitor and control the progress of their computing jobs. Remote job
entry and return facilities are now available at all user terminals, in
both interactive and batch modes. The application of program port-
ability concepts to the AAEC network is being studied.

The AEMOVE disk management utility was further refined, and it is
hoped shortly to market this package both in Australia and overseas. A
PDP11 operating system was adapted to operate from the relatively cheap
'floppy disk1 storage system, thereby greatly enhancing the usefulness
of the various PDPll computers at the Research Establishment and else-
where. The facilities of the central computer HASP scheduling system
for computer input/output have now been made available to all computer
network users.

Percolation theory was applied to the study of the disintegration
of polymers. This study formed a basis for the definition and develop-
ment of interactive visual display techniques.

Applied Mathematics and Computing Section staff have benefited
from their attendance at various conferences, and from an overseas
posting. Mr. C.B. Mason returned from a 22 month overseas posting at
the beginning of May 1975. He was attached to the computer divisions at
Harwell and later at Culham (both UKAEA establishments) where he gained
experience and was involved in research in the fields of computer
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networks, generalised job control languages and portable system soft-
ware. He represented the AMCC Section at two meetings of SEAS (the
SHARE European Association) and attended the IFIP VJorking Conference on
Command Languages and the IFIP 1974 Congress. His final attachment was
to the University of Colorado, Boulder, where he assisted in the de-
velopment of a compiler for the teaching language, PASCAL. While in the
USA, Mr. Kason attended the 1974 Association of Computing Machinery
Conference and represented the AMSC Section at two meetings of SHARE.
The opportunity to participate more actively in SHARE and SEAS was of
considerable benefit to the Commission's computing service.

9.2 Approximation Techniques in Numerical Analysis

Blood Flow in Branched Arteries
(M.R. Davidson)

Preliminary flow calculations are being made in a model of an
arterial branch. The two dimensional model presently under considera-
tion will later be extended to the more realistic three dimensional
case. This work is being carried out in collaboration with A. Tucker,
Leader, Occupational Health Section, and is designed to study the part
played by blood flow in the development of lesions at arterial branches.

Gas Transport in the Lung
(M.R. Davidson)

Calculations involving a model of the lung airways have been
performed in order to study the influence that continuing gas exchange
(absorption of Oj and release of CO?) has on Oz concentrations in the
airways. Results so far are merely qualitative. However, it is antici-
pated that further development of the model will be made in conjunction
with detailed experimental work (by co-workers elsewhere). This study
is being performed with the ultimate view of predicting the movement of
radioactive tracers which have been inhaled or injected into the blood
and released in the lung.

Stress Analysis studies
(J.M. Barry)

The use of the Finite Element Method (FEM) in analysing stress
distributions in cylinder-cylinder transitions has continued. Results
were obtained for the 'set-through' nozzle type in use on the Vales
Point power station. (These were presented at the Australian Fracture
Groups Conference, Melbourne 1974.)

The FEM code SAP4 was implemented and checked on a number of test
problems before proceeding with the nozzles of interest. The current
nozzle under consideration is the 'set-through1 type with an outer
reinforcing pad. It corresponds to those on the State Electricity
Commission of Victoria's steam receiver currently being tested by the
Australian Welding Research Association. One of the AAEC's contri-
butions to this project is the three dimensional analysis of stress in
the nozzle by FEM techniques.

One of the main problems faced in the use of the three dimensional
FEM codes is the subdivision of the elastic continuum into suitably
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sized and shaped elements. To aid in this subdivision considerable
effort has been spent in developing computer software to prepare and
check the input data for the FEM code itself. Preliminary results with
coarse mesh subdivisions have been obtained. Additional programs have
since been developed to enable the user to refine the mesh in specific
sections.

Conjugate Gradient Technique
(J.M. Barry, J.P. Pollard, Physics Division,

J. Payne, Vacation Student)

The results of preliminary work on the application of the conjugate
gradient method to neutron diffusion problems in single region designs
indicate that further consideration should be given to this technique.

9.3 Distributed Computer Networks

The Pataway Terminal Communication System
(P.L. Sanger)

The saving and loading of ACL programs was redesigned to improve
the facilities provided by the Dataway Terminal Communication System
(DATERCOM). ACL programs are now saved in their internal code form.
This allows more efficient packing of the programs on IBM360 disk
storage and speeds up the program load time, as each statement no longer
has to be processed by the syntax analyser.

The attention signalling capabilities of the DATERCOM system were
extended so that terminals can access the HASP internal console de-
veloped for the IBM360 computer. The control block structure of DATERCOM
was also modified to allow 80 column input and 132 column output at
terminals. This change was made without altering the size of the control
block; these new features allow reports to be printed on the 132 column
DEC LA36 Decwriter terminals.

Software Portability - STAGE 2 System
(C.B. Mason)

• As a continuation of work done by C.B. Mason at the University of
Colorado, the STAGE 2 machine independent macro-processor was imple-
mented. This is a precursor to the implementation of the PASCALJ com-
piler (B. Ravenel, C. Mason) recently released by the University of
Colorado.

The machine independent compiler translates the new block-structure
programming language, PASCAL, into a symbolic abstract machine language,
JANUS (Waite). The JANUS 'object code' is further translated to 360
assembler code by a set of STAGE 2 macros. Thus, PASCAL programs may be
transported from machine to machine in JANUS object form, without
requiring source level changes. This also applies to the compiler as it
is written in the PASCAL language and can be used to compile itself into
JANUS code.

Interactive Job Submission
(R.P. Backstrom)

The interactive job submission facility, LOGON was improved to
permit easier editing of input. The duplication of nearly identical
lines without retyping the entire line was made available via the
'duplicate' keyword. Abbreviations for the keywords 'delete' (del) and
•end' (e) have also been added.

Whereas previously each line to be altered had to be done sepa-
rately, it is now possible to edit many lines in the one command, other
new commands have also assisted users in developing programs for sub-
mission to the IBM360 computer.

The maximum number of statements has also been raised from 98 to
176 (corresponding to the track capacity of the new 3330 disks).

9.4 Interactive Computing and Graphical Representation

AEMOVE Program Development
(G.W. Cox)

Version 3 of the high speed copy routine and of most of the user
interface routines was implemented (see AAEC/PR41-D). This is now used
routinely in preference to Version 1 for dataset management on the
central computer. The main advantages it offers over Version 1 are
greater reliability, wider applicability and a slight speed improve-
ment. The user interface routines to enable its tape dumping and
restoring features to be used are yet to be written. On their comp-
letion the program will be advertised for sale to local and overseas OS
installations.

Percolation Theory Studies
(G.W. Peady, G.W. Cox)

The application of percolation theory to the disintegration of a
polymer was considered. The program for studying the percolation oi" a
fluid through a medium was used to obtain results for several types of
lattice which modelled the polymer. The results were analysed and
compared with some University of NSW experimental results with a reason-
able degree of agreement.

RTI Simulator under RT11
(G.W. Peady)

Versions of the Remote Terminal interface simulator (RTISIM) pro-
gram were written which run under the RT11 operating system on both the
11/45 and the GT44. The version for the GT44 has the options of the
output on the Decwriter, visual display screen or both.

Interactive Graphics Research
(G.W. Peady)

As a method of gaining experience in the use of the GT44 display
computer, macro assembler language programs were written which used the
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display processor. They included a program to display some of the
results from the percolation program. A program was developed for three
dimensional representations to be displayed, the depth being represented
by the intensity of the line section; but the results are not entirely
satisfactory because of discontinuities in the densities of lines generated,

9.5 Computer Operating System Design and Optimisation

AECATLG - An OS Catalogue Management Program
(G.W. Cox)

This program written two years ago by G.W. Cox and P.A. Wood (IBM)
was improved in such a way that it can now be used to restructure an OS/
360 system catalogue while the operating system is running.

At every stage of the process, there is a good system catalogue on
the volume so that a system crash at any stage does not leave it without
a catalogue. The program itself repairs any damage which may have been
done to the backup catalogue by a previous system crash.

System catalogues on two volumes are now tidied up once a week by
the program. As a result, catalogue operations are all running faster,
and this is particularly noticeable when using the central computer from
Oataway terminals.

The program in its current form is being supplied to other OS/360
or OS/370 systems in Australia, through the DOS/OS Users' Group.

HASP Internal Console
(I.L. Johns tone)

The HASP system was modified to allow users at any terminal on
the computer network to display the status of jobs currently running in
the IBM360 computer. This facility is accessed by what is termed a HASP
internal console. At any computer network terminal the user is able to
enter operator-like commands to display the status of the OS and, in
particular, the status of his own jobs.

If the user wishes to cancel his job at any stage, he may enter his
identification code and in this case he may hold or cancel any of his
jobs. He may also display any information which is accessible to the
central operator and, if the terminal is a display screen, may often be
aware of requests to mount disks or tapes before the central operator
because the main console prints many other messages besides action
requests.

This facility allows the user to follow the progress of his jobs
through the system until the last record of output is printed, punched
or plotted, and also gives him the ability to hold or cancel them at any
stage if necessary.

Operating Systems for the GT44 and PDP11/45
(G.W. Peady)

A version of the RT11 disk operating system has been developed
which will run on the GT44 using the disks which are attached to the

PDP11/45 computer. The hardware window between the two computers is
used to interrupt the execution of the 11/45 and allow access, with the
aid of memory management of the 11/45, to the disks and any other peripherals
present on the 11/45.

A floppy disk handler written for the RT11 operating system will
allow RTll to be distributed and used on Research Establishment PDP11
computers which have floppy disks as the main mass storage device.

The UNIX operating system was studied as a possible operating
system to control the graphical facilities to be connected to the
11/45. It has some most desirable features, but its implementation was
deferred owing to cost ($20,000)} RTll will be used as an interim
operating system for the 11/45.
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10. RADIATION BIOLOGY RESEARCH (Leader, R.F. Mitchell)

10.1 Cytogenetic Research (J.K. Brown)

Many natural or synthetic chemicals mimic the action of radiation
in producing genetic mutations and chromosomal aberrations, which may or
may not be accompanied by evident mutation. Since some of these radio-
mimetics are simple compounds whose effect on DNA molecules can be
identified, it is of interest to compare these effects in detail with
those of radiation. A number of such studies have been undertaken in
the past.

We have completed a study which compared the sensitivity to radia-
tion and to the radiomimetic alkaloid heliotrine of individual chromosomes
of lymphocytes from the marsupial Potorous tridactylus and from HPKl
cells, a permanent diploid line from the same animal. This work was
undertaken jointly with Y.A.E. Bick of the University of Tasmania.
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The distribution of chromosome breaks produced in lymphocyte chromo-
somes by X-radiation was found to be random; this was not so for HPKl
cells. The damage produced by heliotrine was not random, the X-chromo-
some, particularly of HPKl cells, sustaining more damage per unit length
than any of the autosomes. The observed differences can be explained on
the basis of heterochromatin having a greater sensitivity to heliotrine
than euchromatin, and by the fact that these HPKl cells have an unusually
prolonged period of DNA synthesis. The two cells may also differ in
their ability to metabolise the alkaloid.

10.2 Biological Dosimetry - The Study of Chromosome Aberration
Yield in Lymphocytes as an Indicator of Radiation Dose
in Man

Estimation of the dose of ionising radiation received by a person
by enumerating chromosome lymphocyte aberrations in a blood sample,
called biological dosimetry, is becoming increasingly important. The
AAEC provides a service throughout Australia for such estimates in cases
where an accidental over-exposure is suspected or known to have occurred.
Over the last 6 years, blood samples from 14 persons have been examined.
The useful lower limit of measurement is 10 to 20 rent, whole body dose.

The technique is particularly useful in cases where physical dosi-
r-2try measurements of radiation dose are equivocal or non-existent.
Since biological dosimetry estimates indicate the actual absorbed
radiation dose it must be regarded as the arbiter of radiation exposure.

During the last year biological dosimetry estimates were performed
on blood samples from two industrial radiographers. In one case the
test was undertaken to verify the accuracy of a high film badge reading
and in the other case to determine whether an abnormal blood count was
suggestive of possible radiation exposure. Details are as follows:

A film badge reading from an industrial radiographer, processed by
the NSW Health Department, showed a reading of 200 rem. There were no
clinical symptoms of radiation exposure nor any abnormal haematological
findings. Mo dicentric chromosome aberrations were detected in a cultured
blood sample, thereby confirming the spurious nature of the film badge
reading.

A check of the safety precautions employed by another industrial
radiographer, who had shown an abnormal blood count, suggested the
possibility of an over-exposure to X-rays. A dose estimate of about 5
rem was indicated on the basis of a reconstruction of his working
practice. No dicentric chromosome aberrations were detected in the
submitted blood sample.
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