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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 report 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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INTRODUCTION

Unlike the other two defined research programs of the Nuclear Science

and Technology Branch (Power and Energy and Uranium Fuel Cycle), Nuclear

Science and Applications is much less implicitly described by its title.

However, it can be considered to cover the following aspects of the Branch

program:

1. Exploitation of the opportunities for 'spin off research

of advantage to Australian industry and science which can

be obtained from the unique facilities and experience

found in a nuclear research establishment. Much of the

work of the program involves research and development of

industrial, field and scientific applications of radioiso-

topes, radiation and reactor generated neutrons.

2. Investigations relating to the safety and environmental

problems of nuclear activities. These include fundamental

and applied studies on the effects of radiation and toxic

materials on man,and field studies on the actual and

potential environmental effects of uranium mining, milling

and processing and of nuclear power plant operation.

3. Development of special techniques required to support the

general program of the Branch. These are principally very

sensitive and specialised micro-analysis methods of value

in environment work and non-destructive testing techniques.

During the year there was a change of emphasis in some aspects of the

program. The work on radiation biology was consolidated into two main

projects and it is planned to augment the effort in each. Environmental

studies are now more concentrated on projects directly related to uranium

mining and milling. Some of the smaller projects have not proceeded because

of lack of staff and will be abandoned or postponed; others are being

combined into larger projects (i.e. irradiation technology) for the purpose

of future planning and reporting.

The N.S. & A. program also includes responsibility for handling patents

and commercial exploitation of the Branch research results. This continued

to be an active area of the program with the lodging of further patent

specifications and the conclusion of agreements for exploitation or co-

operative development of Commission inventions and know-how.



2. NUCLEAR TECHNIQUES OF ANALYSIS

2.1 Radioisotope X-ray Analysis

R.A. Fookef, V.L. Gravitis, R.A. Greig, J.S. Watt (Isotope Division)

The aim of this project is ^o develop new radioisotope X-ray techniques

of analysis for application in industry. The project follows on from the

successful development of radioisotope on-stream analysis systems which are

now manufactured by Philips Industries Holdings Ltd under licence to the

Commission and are widely used in the mineral processing industry in Australia.

Research is concentrated on the development of K shell X-ray fluorescence

(XRF) techniques for determination of high atomic number elements. One

technique developed in the period can be used to determine the concentration

of uranium in solutions with a minimum detectable level of about 1O micro-

grams per gram. Work to extend this technique to analysis of ore samples for

uranium is in progress; a minimum detectable level of about 5O yg g is

anticipated.

K shell XRF techniques have potential for in situ analysis in boreholes

which is required in mines for grade control. Two techniques for determining

tunosten were developed but testing of these techniques was delayed by

difficulties in preparing the artificial boreholes needed to assess effects

of changes in ore matrix and borehole diameter. These technological problems

were overcome recently. A limited amount of work was undertaken on radioiso-

tope on-stream analysis techniques, particularly for nickel in ore>and silver

in lead-zinc ores.

PUBLICATION

Fookes, R.A., Gravitis, V.L. and Watt, J.S. (1975) - Determination of Iron

in High-Grade Iron Ore and of Lead in Lead Concentrates by Compton

Scattering of 60 keV y-rays from Americium-241. Anal. Chem. 47 (3), 589.

2.2 Gamma Ray Resonance Scattering

B.D. Sowerby, W.K. Ellis and G.W. Gray (Isotope Division)

Work on the gamma ray resonance scattering project was aimed at. field

testing the equipment and proving the technique suitable for use in the

Australian mineral industry. The first field trial of a resonance scattering

bulk analyser for copper was carried out successfully at Mount Isa Mines Ltd

in November and December, 1974. More than 1OO mineral samples were analysed

covering a wide range of rock types and copper contents.

Bulk analyser assays and chemical laboratory assays agreed closely for

underground pillar extraction and geological chip samples, conveyor belt

samples, and finely ground samples from the ore concentrator. For the finely

ground concentrator samples, the root mean square deviation between bulk

analyser and chemical laboratory assays was O.C6 wt % copper. The chemical

assay errors for these samples were about 0.06 wC %. For the other samples.,

higher rms deviations were obtained owing to the difficulty of obtaining a

representative 1 g sample for atomic absorption analysis from the 20 kg sample

supplied. Sample preparation for the bulk analyser involves only crushing ore

to less than 2.5 cm diameter. A paper on the field trial was presented to the

1975 Annual Conference of the Australasian Institute of Mining and Metallurgy.

To prove the technique in i practical application, a four month test will

be made of a prototype analyser at Mount Isa or the routine assay of several

hundred 1O kg ore samples and borehole cores per week. Such samples are

analysed currently by chemical assay which involves extensive sample prepara-

tion.

Laboratory investigations of the application of a bulk analyser to core

analysis has led to the design of a shaped core tray which compensates for

geometry effects so that contributions from all parts of the core are

approximately equal. The core tray will take up to 3 metres of core and by

measuring the resonance and Compton-scattered count rates, it should be

possible to measure the copper to +_ 10% of the actual copper content.

Bulk samples from six Australian copper producers and two nickel produc-

ers have been analysed using the bulk analyser. The preliminary results

suggest that the bulk analyser can be used without modification or re-calibra-

tion on a wide variety of ore types. However, for some ore types a correction

for lead may be required. Bulk analyser assays are being compared with X-ray

fluorescence assays on these samples.

To obtain a source spectrum which has a significant component of y-rays

resonant with the stable element it is necessary to use a vapour source. In

this work metal halide sources at high temperature are used e.g. Zn I at

~8OO c for copper and Co Br at ~1OOO C for nickel. A detailed study of

the 3-ray spectrum shape from vapour sources of Co Br and Co I is

currently being carried out using a coincidence technique with resonantly

scattered yrays. If these spectra have significant high energy 'tails', it

may be possible to extend the resonance scattering technique to other elements

such as cobalt, tungsten and zirconium.

PUBLICATION AND CONFERENCE PRESENTATION

Sowerby, B.D., Ellis, W.K. and Greenwood-Smith, R.* (1975) - Field Trial of a

Bulk Analyser for Copper tit Mount Isa Mines Limited. 1975 Annual

*Mount Isa Mines Ltd.



Conference Proceedings, Australasian Institute of Mining and

Metallurgy, South Australia, June-

2.3 Nuclear Analysis

L.H. Russell, A. Van Heugten, J.R. Bird and T. Wall (Physics Division)

Characterisation of Obsidian

Physics Division is participating with the Australian National University

Research School of Pacific Studies in an investigation of known sources of

obsidian in the south-west Pacific region. Obsidian was a rare and valued

source material for the manufacture of cutting tools and ornaments and was

extensively traded by the natives of the region over the last two to three

thousand years. Material from the six known sources has been studied using

three nuclear analysis methods; neutron activation analysis (NAA) , proton-

gamma analysis (PGA) and delayed neutron analysis (DNA) . Discrimination

between the materials from each source is possible by each method.

Determination of the uranium content by DNA is used to analyse large

numbers of artefacts because of the short analysis time and low costs.

The measurement of prompt gamma-rays produced by proton irradiation had

been reported (Coote et al. 1972) to be a rapid, non-destructive method for

determining the origin of obsidian samples and the technique has been

developed further in this study. A 2.5 MeV proton beam collimated to 2 mm

diameter is used to Irradiate an obsidian sample in an evacuated target

chamber. Samples of various sizes and shapes can be used without any special

mounting or treatment other than washing to remove surface contamination.

A Ge(Li) detector (7% efficiency for Co gamma rays) is placed outside the

chamber at 90° to the incident beam. Integrated peak counts are obtained

from automated computer processing of the gamma ray spectra. Exposures of

~1OO pC (0.5 pA beam for 200s) are sufficient for an analysis. In these

measurements 3 mm of Pb was used as a filter to reduce the count rate from

the low energy gamma-rays.

The samples from different sources are characterised by plotting the

ratio of the peak counts from the Al (p/p ) reaction (1.013 MeV) to the

23Na (p/p1) reaction (0.440 MeV) versus the ratio of the sum of all counts

from high energy gamma rays from fluorine (5.0 to 7.2 MeV) to counts from

the 23Na (Prp1) reaction. The statistical errors are comparable with the

size of the dots in Figure 2.1. The open circles correspond to results

obtained from ten different positions on an obsidian dagger which had marked

Coote, G.E., Whitehead, N.Z., McCallum, G.J., (1972) Radioanal. Chem. 12, 491.



visible variations in its surface condition. Nevertheless, the results

clearly identify the material as coming from Lou Island in the Admiralty Group.

Oxygen Determination

Further measurements have been made of oxygen depth profiles in metals
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and oxides using the 0/(p,y)* N reaction. These have included fasts of the

change in alpha particle energy spectrum with changes in detector angle,

sample angle and proton beam energy (in the neighbourhood of the 0.846 MeV

resonance). Various methods have been tested for obtaining an increased

count rate from low oxygen samples. Measurements have also been made of

gamma-rays from reactions in 0., 0 and O for simultaneous measurements

of isotope ratios and for absolute calibration of both the alpha and gamma

methods for oxygen determination.

Neutron Capture Analysis

Increased neutron beam intensity has been obtained by installing a

tapered collimator in the Moata reactor. Stabilisation techniques have been

developed so that standard conditions can be maintained over extended periods

for sample analysis via measurements of thermal neutron capture gamma rays.

A large Ge(Li) detector (21% efficiency for Co gamma rays) is being

calibrated and the thermal capture results evaluated to provide improved

count-rate and accuracy for analytical work.

2.4 Pulsed Neutron Techniques (Physics Division)

Nuclear Method for Analysis of Thorium Ores

A. Rose

A method of analysis for thorium in ores in the presence of uranium was

developed. It involves determination of thorium plus uranium-238 by inducing

fission with high energy neutrons (>1 MeV) and counting the delayed neutrons

emitted; correction for the amount of uranium-238 present is obtained by

means of the well established thermal neutron method for uranium-235 analysis

using the reactor Moata and applying a standard U-238/U-235 ratio.

Thorium and uranium-238 are analysed using the 3 MeV Van de Graaff

accelerator to provide a high energy (<6 MeV) neutron source by bombarding

a thick beryllium target with 2.8 MeV deuterons. The deuteron beam is

operated in a pulsed square wave mode (45 msec on, then 45 msec off) with

counting of the neutrons emitted in the 'off period.

The work so far indicates that the method may be used to detect 100 micro-

grams of thorium in a 10 gram sample by counting for 1000 seconds but that the

sensitivity is limited by the background count. It appears feasible to

increase the sensitivity of the method by a factor of 10 by reducing back-

ground, increasing detector efficiency and changing target geometry, to give

potential for detecting one part per million thorium in a 10 gram sample.

Development of Small, Efficient Neutron Detectors

A.I.M. Rtichie, S- Whittlestone and E.J. Clayton

Considerable progress was made in the development of a small neutron

detector with high, well defined efficiency for detecting pulses of fast

neutrons which can also be used as a spectrometer to determine the energy

spectrum of the neutron field to which it is exposed. The detector is based

on proprietary liquid scintillation mixtures (Nuclear Enterprises NE213 and

NE218) with pulse characteristics which allow good discrimination between

incident neutrons and gamma radiation. Potential applications for such a

detector include analysis for uranium and thorium in boreholes, using

delayed fission neutron counting methods and neutron spectrum measurements

inside reactor assemblies.

The response of the detectors has been measured using Auger electrons

from indium-113 within the detector as a well-defined energy reference source.

This work has shown that it is very difficult to relate electron response

quantitatively to the pulse height distribution from a monoenergetic gamma

ray, the method of calibration used in the past. In large detectors (~50 mm

diameter x 50 mm thick; multiple Compton events blur the Compton edge, while

in smaller detectors a high proportion of electrons lose their energy in the

walls of the scintillator chamber. As well as clarifying the interpretation

of the shape of gamma ray pulse height spectra, use of the In source has

permitted an evaluation of the dependence of light collection efficiency on

the relative positions of the scintillator chamber and photomultiplier. Thus

it is now possible to measure accurately the two parameters, electron response

and space dependent light collection efficiency, needed to calculate the

response of the scintillator to neutrons.

2.5 Neutron Activation Analysis

J.W. Kelly, R.E. Porritt, C.J. Bowles (Chem. Tech. Division)

Neutron activation analysis (NAA) is a sensitive analytical technique

in which samples are irradiated in a high neutron flux reactor for times

ranging from a few minutes to a month, depending on the element being

determined, and the resultant radioactive species are identified and measured

by a variety of radiation counting techniques. A number of applications are

being investigated in collaboration with other organisations.

In a joint research project with the CSIRO Division of Mineralogy on a

possible method of locating nickel ore bodies, techniques have been developed



for determining lanthanum, europium and ytterbium in ultramafic rocks.

Scandium-46 contributes to the gamma spectra of the separate lanthanide

activities and interferes with the analysis, particularly in the determination

of ytterbium. Attempts to reduce this interference by chemical separation

techniques were not successful.

Methods are being developed for the simultaneous determination of mercury

and selenium in Australian coals as part of a proposed joint project with the

CSIRO Division of Mineralogy to study potential pollution hazards from coal

combustion. The NAA method has been evaluated with NBS standard coal and

shown to give accurate results.

Preliminary survey work was done for the Bureau of Mineral Resources,

Geology and Geophysics to establish the feasibility of determining arsenic,

bismuth, gold, molybdenum, selenium, tellurium, tin, tungsten, vanadium and

the lanthanides in rocks. Using instrumental NAA methods, arsenic and tin

were detected but could not be determined quantitatively. The lanthanides,

lanthanum, cerium, neodymium, samarium, europium and ytterbium were detected

in amounts which did allow quantitative determinations. This work is contin-

uing.

Two officers of the Australia Police use the NAA and radiochemical

facilities for forensic analysis of a wide range of gunshot residues and

human hairs.

CONFERENCE PRESENTATION

Porritt, R.E. , Bowles, C.J. and Kelly, J.W. (1975) - Some Sources of

Error in the Determination of Uranium by y-Spectrometry.

Third Australian Symposium on Analytical Chemistry, Melbourne,

May.

3. NUCLEAR TECHNIQUES IN HYDROLOGY

P.L. Airey, G.E. Calf, B.L. Campbell, D. Roman, P.E. Hartley,

B.W. Seatonberry, L.W. Smith, P.R. Brown, R.C. Stokes, P. Meeks

(Isotope Division)

Administratively this field is divided into three projects:

Laboratory Support of Field Studies,

Technique Development, and

Field Studies.

The staff listed take part as required in all aspects of the work.

The prime object of the Nuclear Hydrology Group is to develop nuclear

techniques for hydrological studies and to assist in their use in Australia.

The levels of tritium or carbon-14 in groundwater can be used to determine the

'age' of the groundwater, i.e. the time that has elapsed since it entered the

aquifer (recharge). From this information the rates of flow, duration of flow

and magnitude of groundwater resources can be estimated.
16 1R

Measurement of stable isotope ratios, i.e. O/ O and D/H, and of the

relative concentration of the tracers " U and U in groundwaters can also

provide information on the history and origins of the water. Radioisotope

tracing methods are also used for following sediment movement and study of

river flow patterns.

Field studies are usually carried out in collaboration with the relevant

water authorities who provide support in the field and expert assistance from

field geologists without which full interpretation of the data would not be

possible.

3.1 Laboratory Support of Field Studies

Laboratory support for the hydrological work involves routine assay of

the levels of tritium and carbon-14 and of the D/H, O/ b, C/ C and

U/ U ratios in environmental water samples as required by the research

program. It is planned to extend the measurements to include Pa, Th,

Th and Ra in water as well as U and U in gcochemical samples.

Minor investigations of the labelling of natural and artificial materials are

undertaken as required.

The monthly survey of the tritium levels in rainfall from 10 coastal and

5 inland stations which began in January 1970 is continuing. The results show

predictable geographical and seasonal variations and a steady decrease of the

weighted mean average values towards pre-nuclear values.

During the year July 1974 to July 1975, 313 tritium, 61 carbon-14, about
1p "I c.

400 D/H, and 55 O/ 0 measurements were made on rainwater and groundwater

samples collected for the field studies outlined in Section 3.3.

D/H and C/ C ratio measurements were made on a sample of Barrow Island

crude oil obtained from Caltex Oil (Aust) Pty Ltd. The deuterium level was

substantially depleted compared with Standard Mean Ocean Water. The C

levels have not yet been measured but they are expected to be typical of

sedimentary carbon deposits.

; Uranium isotope ratio measurements have been made on samples from the

Burdekin Delta (Queensland) and from the Ayers Rock region of the Northern

Territory.

3.2 Technique Development

,' Work is being done to develop new or improved techniques to facilitate

the Commission's hydrological and geochemical investigations. In the period,
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methods for measuring 180/60 and 23 V^U ratios were developed to the

state where they can be applied routinely.

A systematic attempt was made to improve the limit of sensitivity of

carbon-14 measurements using a series of old waters from the Namoi Va.Uey

(N.S.W.) as the basis for the test. By using ammonia to control the PH and

modifying the laboratory procedures to avoid completely any exposure of the

water to air, the lower limit of significar.ee was reduced from 1.9 to 0.5%

modern carbon.

The tritium measurements are being extended to facilitate the calculation

of (i) recharge rates from tritium depth profiles in the unsaturated regions

and (ii) tritium balance over large geographical areas. Techniques are being

developed to extract water quantitatively from soil cores; to condense

sufficient water from air during dry periods to permit tritium assay; and

to collect rainwater samples from individual storms to determine the

variability of the tritium level and stable isotope ratio.

Up to now all reported field techniques for groundwater uranium extrac-

tion have involved co-precipitation with ferric hydroxide. These methods

normally result in very variable yields. A new technique has been developed

involving extraction with tri-n-octyl phosphoric oxide in CC14 and back

extraction with sodium carbonate which promises high recovery and good

repeatability.

To supplement 234U/238U measurements on geocremical samples, techniques

to study uranium daughter product disequilibrium are being established, i.e.

techniques to estimate 231Pa, 23°Th and 226Ra. (The 226Ra technique was

developed by Chemical Technology Division.)

3.3 Field Studies

The work in the Burdekin Delta with the cooperation of the Queensland

irrigation and Water Supply Commission, much of which has been done as part

of the Burdekin Delta Artificial Groundwater Recharge Study coordinated by

the Australian Water Resources Council, is drawing to a close and a final

report has been prepared for release. A study of the isotope hydrology of

the Namoi Valley in collaboration with the N.S.W. Water Conservation and

Irrigation Commission was also completed.

Substantial effort is being expended on a study of the Great Artesian

Basin in association with the Bureau of Mineral Resources. To date 45 bores

have been sampled in the principal Jurassic Aquifer along flow lines defined

by the Bureau of Mineral Resources. Carbon-14 dating was used to determine

the ages of the waters in the intake areas. Stable isotope ratio measurements

appear to correlate with paleotemperature changes in the Cainozoic era.

Chemical evidence was obtained for intersection of lower aquifers by an

important geological structure known as the Eulo Mound.

A major study is under way of the isotope hvdrclc-Ty of the CSIRO

experimental catchment at Krawarwee in the Upper Shoalhaven Vc-lley. Tritium,
18 16

D/H and O/ 0 measurements will be made on rainfall, water vapour and

samples collected fortnightly from the two aquifers.

Work is continuing in the Alice Springs - Ayers Rock area (Department of

Northern Australia) and in the Latrobe Valley (State Electricity Commission of

Victoria) . Tritium measurements were made for the Hydroelectric Commission of

Tasmania.

Studies of the flow pattern at the intersection of the Duck and Parra-

matta Rivers using technetium-99m are continuing in collaboration with the

Chemical Engineering Department of Sydney University.

PUBLICATIONS

Airey, P.L., Calf, G.E., Hartley, P.E., Roman, D. , Spragg, W.T. The Use of

Environmental Isotope and Artificial Tracers to Study Recharge to

Groundwater in the Burdekin Delta, Queensland in "Isotope

Techniques in Groundwater Hydrology' 1974 1̂ , 115 (IAEA Viennaj .

Campbell, B.L. Uranium Hydrology of the Burdekin Delta, Queensland.

Proceedings of the Hydrology Symposium, 1975, p. 65. (Institution

of Engineers, Sydney).

4. INDUSTRIAL APPLICATIONS OF RADIOISOTOPES (Isotope Division)

4.1 Measurement of Gas Flow

P. Airey, B.W. Seatonberry, D. Hurwood*

The radioisotope gas flow technique involves injection of an accurately

measured aliquot of krypton-85 into a pipeline, taking a sample for an

accurately measured period, determination of the specific activity in a

standard counter, and comparison of the activity with that of a standard

amount of krypton-85. The method has been tested under a wide range of

conditions and is offered as a technical service to industry by A.C.I.

Technical Centre Ltd under licence to the AAEC.

Further developments of the injection and sampling systems are being

carried out with the cooperation of Instrumentation and Control Division to

make the equipment more simple, versatile and self-contained for field use,

and to permit objective recording of the key operations and the krypton-85

pulse. __

*Engineering Design Group, Engineering Services
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It is proposed to test the method extensively at the I.C.I. Australia Ltd

plant at Botany, making several hundred measurements over a wide range of

conditions. The AAEC will construct a special test facility on an air line

which will enable evaluation of the technique under carefully controlled

conditions. The immediate aim is to obtain recognition of the technique by

the National Association of Testing Authorities (NATA). The possibility of

having the method accepted as an Australian Standard of gas flow measurement

is to be explored. Ultimately, it is hoped to have the method approved by

the British Calibration Service by carrying out a controlled testing program

at the National Engineering Laboratory, East Kilbride, Scotland.

PUBLICATION

Spragg, W.T. and Seatonberry, B.W. (1975) - A Radioisotope Dilution Method

for the Precise Absolute Determination of the Flow Rate of Gas under

Industrial Conditions. International Conference on Fluid Flow

Measurements, Glasgow, April.

4.2 Termite Biology and Control

W.T. Spragg, R. Paton*

The development of a radioisotope technique for tracing termites has made

possible studies of the biology and social organisation of termite colonies

in the field. Much new information has been gathered on the termite

Mastotermes darwiniensis.

Colony Structure: Complete colony systems have been excavated. The

colonies contain only one nest with reproductives and one or more nursery

sites containing immature workers, moulting insects and nymphs. All other

sites are foraging areas only. All the insects from one site were extracted

and retained for counting by caste and instar stage.

Food Exchange: The rates of food exchange and excretion were measured

by extracting and counting the radioactivity in samples of termites from a

foraging point at daily intervals after bait insertion.

Population; By measuring bait uptake and amounts of radioactivity

associated with groups of insects and extrapolating back to bait insertion

time it is possible to measure the population of insects in one colony.

Colony populations varied from 8 x 10 insects in new plantation areas to

8 x 10 insects in a stable natural forest community.

Modes of Infestation: Infestations were shown to occur from termite

nests in incompletely destroyed tree trunks and branches cleared from areas

*CSIRO Division of Forest Research

before planting. One infestation was traced to a tree in a natural forest

adjacent to the plantation; the galleries ran beneath a road.

Research is now being directed towards the development of methods for

eradication of termite colonies. One eradication trial on an extensive

colony was carried out using a proprietary brand insecticide in the baits.
140

A large colony was traced using La and the active sites were flagged.

The baits containing insecticide were then inserted into 10 foraging points

and the system was left for 1 week before it was excavated and sectioned.

No live termites were found in any of the flagged sites. There were heavy

infestations by several species of ants and only termite fragments as well as

some dead termites in nest areas were observed. The ants had penetrated the

underground galleries throughout the whole system. A few dead ants were also

found. Whether the insecticide had killed the whole termite colony, or

merely weakened the defences so much as to permit the extensive ant invasion

is not known.

Further observations have been made on colonies of Coptotermes

acinaciformis and Schedorhinotermes intermedios actuosis. C. acinaciformis

systems have been traced. Although 95% of the bait was removed in 20 hours

by S. intermedius actuosis an underground nest has not yet been found.

4.3 Voidage Determination in Railway Sleepers

R.A. Fookes, V.L. Gravitis, B.W. Seatonberry, J.S. Watt

Termites are causing considerable damage to railway sleepers in the

Mt Newman Mining Company track between Mt Whaleback and Port Hedland, W.A.

and it is important that attacked sleepers be located and replaced to avoid

possible interruption to rail traffic. The Commission has developed vehicle-

mounted equipment for Mt Newman Mining Co. to scan sleepers for damage.

Differentiation between sound and damaged sleepers is based on the difference

in intensity of the y-rays backscattered by sound and damaged parts of the

sleeper. The equipment records the intensities of backscattered y-rays from

twenty separate areas of each sleeper as the machine moves along the track

at up to 13 kph and information on damage to each sleeper is punched out on

tape.

Two field trials were held. The first was terminated because of limita-

tions in mechanical safety of the truck used by the company to pull the

• equipment along the track. In the second trial, scans were made of four

sections of track of total length about one km. Two groups of termite-damaged

, sleepers and one group of sleepers with cracks and gum vein cavities were

s detected. When some of these sleepers were replaced by sound sleepers the
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replacement sleepers were indicated as sound in subsequent scans. A further

field trial is necessary to determine the range of variations in intensity of

backscattered -,-rays from sound sleepers over Jarge sections of mainline track.

Such information is required for optimisation of the method of data processing

to differentiate best between sound and damaged sleepers.

This technique should find application to railway lines of other iron ore

producers in the Pilbara region of W.A. and in Africa and South America where

similar problems of termite damage are experienced. One part of the equipment,

which senses when the equipment is over a sleeper or over ballast, has

potential for more general use for locating the position of objects.

4.4 Nuclear Techniques in Photography

M. Thackray

Uniform plane sources of short-range nuclear radiations have been

employed in certain types of radiography. They are particularly valuable in

revealing the texture and water-mark structure of paper sheets and density

variations in thin biological structures (membranes, leaves etc.). The most

frequently used source for this type of radiography is carbon-14 in the form

of flat sheets of plastic (Perspex). The radiation field from such plastic

sheets is very uniform because the liquid methacrylate, used in their

manufacture, is uniformly labelled with carbon-14 and because the sheets are

of 'infinite thickness' with respect to the short range beta radiation of

0.156 MeV end point energy. Plastic sheets of large area are quite expensive

(about $800 for 20 cm x 20 cm) and it is not easy to extend this fabrication

technique tc other isotopes to vary the range of the beta radiation or to use

other types of nuclear radiation.

As an extension of work on toning 'photographs' with radioisotopes for

intensification and restoration applications it has been found that uniformly

exposed photographic films can be toned with a large variety of radioisotopes

to give very uniform plane sources of nuclear radiation. These sources are

easy to prepare and, because they are not required to be of 'infinite

thickness1 as are plastic sheets, much less radioactivity can be employed in

their fabrication. The possibility of selecting a particular type of

radiation by choosing an appropriate radioisotope may permit several new

applications which may be of technological importance. Sources can be

prepared which emit electrons or positrons over a range of energies, electro-

magnetic radiation ranging from soft X-rays to hard gamma rays, pure alpha

radiation and, using californium-252, fission fragments and neutrons. In

addition, the flexibility of the film permits the uniform radiation field to

be applied to curved surfaces such as cylinders. The use of liquid emulsions

may allow even more complex surfaces to be irradiated uniformly by this

technique.

Owing to the differing ways in which these radiations are absorbed by

matter, many different types of radiograph of thin sections can be prepared.

Several new applications in photography are also being investigated.
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£. BIOLOGICAL AND CHEMICAL APPLICATIONS OF IRRADIATION (Isotope Division)

5.1 Radiation Sterilisation of Pharmaceuticals and Related Products

J.G. Clouston, P.A. Wills, M.E. Izard

The practice in Australia of radiation sterilisation of medical products

was reveiwed at a recent IAEA Conference on this subject (see below). The

majority of radiation processed goods are plastic disposables, dressings, and

sutures.

For certain pharmaceutical solutions the standard sterilising dose of

2.5 Mrad causes an unacceptable amount of damage. A process involving a

combination of hydrostatic pressure and irradiation for sterilising such

radiation sensitive materials has been investigated using suitable test

solutions and test organisms. The radiation dose required to effect storility

can be reduced by at least 50 per cent under appropriate conditions of pressure

temperature, and time. Commercial application of this process appears to be

restricted because most existing industrial radiation plants are designed for

material to receive a minimum dose of 2.5 Mrad.

Pressure sensitises bacterial spores to radiation by initiating germina-

tion from the radiation-resistant spore state. Germination of spores by

pressure and by other methods is indicated by a decrease in optical density

(O.D.). Studies of the effects of pressure and temperature on germination

have been made using a high pressure optical cell. Reaction rate constants

have been estimated from plots of O.D.. versus time by other workers using a

: variety of equations. However, because of the different shapes of the curves,

, it is difficult to compare reaction rate constants between species and

different experimental conditions. An analogue computer program has been
1 devised which is suitable for analysing all types of germination curves. Its

; applicability to radiation inactivation curves will be examined.
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5.2 Food Irradiation

P.A. Wills

The high doses of radiation required to sterilise foods may lead to

chemical breakdown and off-flavours and off-aromas. These ill effects may be

alleviated or eliminated if sterilisation can be achieved with lower doses of

radiation. A combination hydrostatic pressure-irradiation process has this

potential. This process and one involving pressure and heat, have been

studied in cooperation with CSIRO Division of Food Research using milk as a

test system.

Previous work showed that moderate pressure can reduce the number of

Bacillus sp. spores by a factor of 10,000 whereas anaerobic Clostridium

spores are more resistant to pressure, depending on the species. The sensitiv-

ity of toxin producing Cl. botulinum spores to pressure was increased slightly

in sodium bicarbonate solution but no effect on the resistance of

Cl. sporogenes spores was observed. These results indicate that there would

be no significant advantage in using a combination sterilising or pasteurising

treatment involving pressure for foods contaminated with Cl. spore-genes or for

foods regarded as potential hazards for botulism.

5.3 Electrophoretic Filtration of Bacteria

M.E. Izard, J.G. Clouston

The electrophoretic mobility of bacterial spores has been investigated

as a function of pH, ionic strength and radiation dose to explore the

possibility of using a combination of electrophoretic filtration and low

irradiation doses for sterilisation of radiation sensitive solutions.

A plot of electrophoretic mobility of spores versus pH is a typical

protein type filtration curve, indicating the presence of both carboxyl and

amino groups on the spore surface. Irradiation causes a reduction in

.•nobility which is dependent on the pH and ionic strength of the suspending

medium. This decrease in mobility is attributed to the loss of carboxyl

groups from the surfaces of the spores. Analysis of the data suggests that

there are more ionisable carboxyl groups than amino groups available on the

surface.

5.4 Emulsion Polymerisation

D.F. Sangster, P. Moore, A. Davison, J.G. Clouston,
*

F.W. Ayscough , B. Ellis

A cooperative program of research to examine potential commercial

methods for manufacturing polymers has been undertaken with Professor

F. Ayscough of the School of Chemical Technology, University of New South

Wales**. The methods involve the use of radiation to initiate polymerisation

of monomers and mixtures of monomers in aqueous emulsions. The AAEC is

determining the optimum conditions for polymerisation on the basis of

assessments by the School of Chemical Technology of the chemical and physical

properties of the polymers produced relative to those obtained from convention-

al commercial processes. A design study has been undertaken for a small-scale

irradiation facility to test the feasibility of using these methods on a

continuous basis.

In parallel with this work, pulse radiolysis studies on micellar systems

are being carried out to provide a better understanding of the reactions which

occur in emulsion systems during the processes cf polymer formation. Micellar

systems of styrene behave in a similar way to concentrated solutions and

unlike the pure monomer.

* School of Chemical Technology, University of N.S.W.

** Under AAEC Research Contract 74/F/41.
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5.5 Possible Applications for Radiation in the Wool/Textile Industry

K.G. McLaren

Most commercial textile improvement processes involve the application of

some form of polymer or resin to the textile in order to modify properties

such as shrinkage, crease and wrinkle resistance, elasticity, soil resistance

and flammability. Usually, a low molecular weight monomer or resin is applied

to the textile which is cured in situ to produce an insoluble crosslinked

polymer fixed in the fabric. The use of radiation grafting and polymerisation

techniques for these processes with woollen textiles, is being studied.

Research has shown that even small radiation doses (less than 2 Mrad)

break sufficient bonds in the wool keratin structure to make it more suscept-

ible to the action of swelling and disordering agents. Such changes affect

the absorption and diffusion processes in wool involved in polymer grafting,

chemical modification treatments and dyeing. Studies of wool onto which

small quantities of vinyl monomers have been grafted, show that the polymer

grafting has a repairing action which offsets any damage to the fibre structure

which may be caused by the small radiation dose used in the grafting process.

It is thought that the role of the grafted polymer may be mainly to stabilise

the hydrogen bonded secondary network in the fibre, by interaction between

the polypeptide and polymer chains.
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5.6 Possible Applications for Radiation in the Woodchip/Woodpulp Industry

K.G. McLaren

Research is being carried out conjointly with CSIRO Division of Chemical

Technology, Forest Products Laboratory, on the possibility of using radiation

to improve the yields of pulp from chemical pulping of Australian softwoods

and hardwoods. In one approach, woodchips are given low doses of radiation

before pulping. This offers the potential advantage of reducing losses of

chips by microbial spoilage during storage, as well as possible improved

yields of pulp in subsequent cooking processes. In a second approach, low

dose rate gamma radiation is applied to the digester vessel during the chip

cooking process.

Laboratory scale experiments on the effects of radiation on the yield of

pulp, the consumption of chevrdcals and the properties of the pulp, indicate

that small increases in pulp yield can be obtained with low radiation doses

under certain conditions. However, the lignin content of the pulp is usually

increased, which is not desirable. The effects of irradiation on pulp yield

vary, depending on the wood species and the chemical cooking process used.

There are indications that the radiation dose rate may be a significant

parameter when irradiation is carried out before cooking.

5.7 Irradiation Technology

D-F. Sangster, J.H. Bolton

Sterilisation of Sewage

A study was made, of the possible use of spent fuel elements from a

nuclear power reactor to sterilise sewage sludge. The available fission

product energy from the spent fuel from a single reactor operating on an

annual refuelling cycle (which applies to most modern power reactors except

the CANDU type) would vary annually by a factor of about 50. Such a wide

variation could create serious operational difficulties in a sterilisation

plant for sewage sludge. In theory, several reactors operating in the same

locality or a single CANDU or similar type with continuous or monthly fuel

change could produce enough fission product energy to sterilise the sewage

sludge from the whole Sydney metropolitan area.

The use of high level ionising radiation in water treatment was considered

at an IAEA symposium held in Munich in March, 1975. The meeting was high-

lighted by a visit to the first operating pilot plant in the world at

Geiselpullach which uses ionising radiation for sewage sludge treatment.

The reports of operating experiences from this plant indicate that such

processes are feasible and warrant further study.

Comparative Study of Cobalt-60 and Electron Accelerator Irradiators

A study was made of the relative merits of cobalt-60 and electron

accelerator irradiation plants for industrial applications. Owing to the

greater penetration of gamma rays than accelerated electrons, it was concluded

that the cobalt-60 irradiator was more suitable for sterilisation work. In

all cases where radiation penetration of not more than about 10 mm is adequate,

use of an electron accelerator is preferable in terms of economics, convenience

and efficiency.

*CSIRO Division of Textile Physics, Ryde, N.S.W.
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6. RADIATION DETECTION AND MEASUREMENT

6.1 Chemical Dosir.'.etry

R.W. Matthews (Isotope Division)

A detailed investigation of the effect of sulphuric acid concentration

on the radiation chemistry of the widely used ferrous sulphate dosimeter syster.

has been completed. The yields of ferric ion were measured from irradiated

aqueous solutions containing a wide range of concentrations of oxygen and

ferrous, ferric, sulphate, bisulphate and hydrogen ions. Detailed analyses of

the results using computer techniques indicate that at all acid concentrations

studied, reactions involving excited water species in addition to the well

established reactions,contribute significantly to the yields of products.

An investigation of a chemical dosimeter consisting of a solution of

ferrous sulphate in sulphuric acid containing ferric ions, benzoic acid and

xylenol orange has commenced. The latter two ingredients markedly sensitise

the system to radiation and measurement of doses as low as one rad may be

possible. A dosimeter capable of measuring doses of less than 1000 rad is

required for studies of the effects of ionising radiation on living organisms.

To date, doses of the order of 500 rads have been measured with a precision of

a few per cent using only one mi of solution. The system has the additional

advantage of being thermally stable.

Further investigations of the accuracy and reliability of the ceric-cerous

dosimeter system under degraded spectrum irradiation conditions are in progress.

Perspex Dosimetry

J. Bolton (Isotope Division)

AAEC lyophilised reagents are radiation sterilised at solid carbon

dioxide temperature (-78°C) with a radiation dose of at least 2.5 Mrad. It is

necessary to monitor the reagents to ensure that they receive the required

dose. The chemical dosimeters normally used for monitoring purposes are not

suitable for use below 0 C. Perspex dosimeters, which involve measurement of

the change in optical density induced in Perspcx strips by radiation, have

been reported to give consistent results at temperatures down to -78°C but no

information is available on their characteristics at these temperatures.

Experimental work has shown that the effect of radiation at -78 C is signifi-

cantly different from that at normal ambient temperatures and that heat

treatment is necessary after irradiation to get the most reliable results.
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6.2 Semiconductors for Radiation Detectors

A.J. Tavendale, G.C. Wall (Instrumentation and Control Division)

High Purity Germanium Crystals

The high purity germanium crystals grown from zone refined germanium

have net electrically active impurity concentrations which exceed the required

level of ~ 10 impurities cm by two to three orders of magnitude. Only

short compensated regions (near junctions) of such crystals are suitable for

detector applications. It is considered that the donors or acceptors in these

crystals may arise from a donor-acceptor compound present in the germanium and

that the net level of donors or acceptors depends on the oxidation-reduction

conditions existing in the crystal puller at the time of growth. Some initial

experiments in which these conditions have been varied by introducing water

vapour into the hydrogen atmosphere of the puller suggest that some degree

of control over the net donor-acceptor concentration may be possible.

An alternative approach to production of high purity, single crystals

of germanium involving multiple pulling and cropping of crystals in the

puller was investigated with some success. It was found that five cycles

involving crystal growth, rejection of about 10-20% of impure material and

re-melt yielded ~300 g crystals with donor levels of <5 x 10 cm" over half

their length. There was evidence of the presence of boron at the head end of

these crystals. Useful radiation detectors have been made from this material.

Unfortunately, this method is very unproductive for the effort involved since

a significant fraction of the starting material is rejected in each cycle.

Zone Refining Germanium

A major difficulty encountered in zone refining germanium under hydrogen

was the persistence of aluminium oxide impurities (acceptors) at levels of

10 - 10 cm throughout bars of refined material. That is, there appears

to be no effective segregation. Considerable effort has been made to zone

refine under highly reducing conditions in order to reduce the Al 0, (or
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possible AID complex) to Al for normal segregation. Three approaches

have been taken:

(a) Use of a graphite powder blanket over the bar to 'getter'

oxygen in the gas stream: A series of cropping experi-

ments gave strong indications that Al was released under

strong reducing conditions and could be removed. The method

is very unproductive because cropping is involved.

(b) Use of magnesium as a 'getter' for oxygen in germanium:

Significant release of acceptor was noted when Mg-Ge alloy

was added at the 'start1 end of bars zoned under H^

However, since Mg has a very low segregation coefficient,

it is necessary to add Mg to each zone pass in order to

remove Al. Such additions may be a source of Al.

(c) Use of vacuum zone refining: Very little information is

available on zone refining ultra-pure germanium in vacuo.

As the purified hydrogen used contains 1-10 ppm oxygen, a

vacuum of lo"5 mm Hg ('equivalent1 to ~10~2 ppm contamination

of 0 in H ) can, in a sense, be regarded as 'very reducing1.

In addition, it is well known that donor impurities like P,

As and Sb are volatilised from Ge heated under vacuum.

A series of 25 bars was zoned in vacuo, firstly to examine the possibility

of Al removal, and secondly, to investigate the effects of various boat

materials on impurity pickup. The results to date have been most encouraging

with a considerable portion of some bars having less than 10 acceptors cm .

In some bars, the electrical conductivity contribution from effects of poly-

crystallinity now sets an upper limit to the measurable acceptor concentration.

In addition, normal zoning curves have been obtained indicating proper

segregation. The bars invariably exhibited p-type conductivity supporting

the earlier work on volatilisation of donors from Ge melts.

Hall measurements and spark source mass spectrometer analyses are yet to

be made on vacuum zoned material to confirm that Al is in fact the normally

segregating acceptor. A recent communication from E. Haller of the Lawrence

Berkeley Laboratory, indicated that some success in the removal of Al had been

attained using silica-coated (pyrolised silane) silica troughs. Samples of

germanium were obtained from that laboratory for comparative analysis with

our own material.

Compound Semiconductors

A new laboratory was established for work on compound semiconductors.

•.This enables the work on high purity germanium to be separated from that on

compound semiconductors and so reduces the risks of cross contamination.

Cadmium Telluride

Nine boules of polycrystalline CdTe were grown from Te solvent using

indium as a dopant in an attempt to grow a compensated compound suitable for

radiation detectors. To date, the material has been n-type of intermediate

resistivity. Failure to produce compensated CdTe is probably due to the

relatively impure Te and CdTe starting materials and these are currently being

purified by distillation and sublimation respectively. Some small, high-

resolution Y~raY detectors have been made. Enhancement of crystallite size in

CdTe boules is being investigated by changing parameters of growth such as

temperature run-down rate, and modifying thermal gradients in the furnace, and

by the application of melt stirring.

Gallium Arsenide

Difficulties were experienced in obtaining sufficiently pure GaAs

epitaxial layers by liquid phase epitaxy because of impurities in the starting

material. Purification by recrystallisation of GaAs from Ga solvent is being

attempted.

A survey of techniques for growth of GaAs by chemical vapour deposition

methods was completed and a furnace built to grow GaAs by transport under a

halide in a sealed tube. This method offers the possibility of growth of a

bulk crystalline product more useful for radiation detector applications than

the thin layers produced so far by epitaxy.

It was established, using equipment borrowed from the University of

Wollongong, that the combination of a metallurgical microscope and an infra red

sensitive vidicon television camera and display unit can be used to assess

crystalline perfection by transmission microscopy. A Sanyo industrial

surveillance camera has been purchased and successfully tested for routine

examinations of compound semiconductors.

6.3 Nuclear Detectors - Development and Application

E.M. Lawson, R.D. Ryan, A.J. Tavendale (Instrumentation and Control
Division)

Detectors from High Purity Germanium

Radiation detectors were made from several crystals grown by the Mater-

ials Group by fabrication techniques used previously for producing detectors

from commercial material. The net electrical impurity concentrations of the
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materials were determined by capacitance measurements on diode structures to

confirm and improve on measurements made by the Materials Group on the

'as-grown' crystals. The conductivity type of the material was also confirmed.

However, even with material with less than 10 impurities cm and with

electric fields of up to 300 V mm , some tailing was observed on the photo-

peaks which is indicative of mid-band impurities. An examination by scanning

techniques showed that this effect occurs mainly at the crystal periphery.

Experiments were carried out which established that these detectors are

stable with respect to multiple cycling between room temperature and -198 C,

the operating temperature. It was also found that detectors could be stored

satisfactorily at room temperature under a variety of conditions. An

examination will be made of the long term performance of a 42 mm diameter and

7 mm thick detector made from high purity (~ 1 x 10~ cm ) material under

normal operating conditions. This detector is essentially a prototype for

future high purity Ge detector systems.

Hall Effect Measurements

An apparatus to make Hall effect measurements on semiconductor samples

was assembled using a continuous flew helium cryostat as the sample contain-

ment. The apparatus will be used to examine materials intended for manufacture

of nuclear radiation detectors to identify the dominant impurity elements and

to determine their concentrations.

Preliminary measurements on standard samples carried out by using a pair

of water cooled Helmholtz cores to provide a continuous 0.05T field have

identified two areas where improved techniques are required. The method

originally employed for making onmic contacts to the sample in the clover leaf

Van der Pauw design geometry was adequate at impurity levels in the range

10 to 10 on but the contacts on material with less than 10 net

impurities cm showed non-linear behaviour. An improved technique using lead

tin solder doped with less than 1% of antimony or gallium, depending on

conductivity type, has demonstrated ohmic behaviour down to liquid nitrogen

boiling point. The other improvement concerns an increase of the magnetic

field to reduce the magnitude of a correction factor required in the measure-

ments. A multi-layer solenoid providing fields of 0.1 to C.2 tesla was

designed for this purpose. Computer calculations of resistivity and carrier

density as a function of temperature have proved very useful in analysing and

assessing the preliminary data.

Basic Detector Studies using the Current Sensitive System

The current sensitive system is being rebuilt to allow the operation of a

fast light pulser outside the vacuum system. It is expected that this arrange-

ment will remove electrical interference problems experienced earlier.

It is hoped that light pulses of ~ 1 nsec FWHH can be produced by an ED50

light emitting diode (LED) driven by a Tektronix type 110 pulse generator and

that the pulses will be transmitted efficiently through the light pipe onto

the detector.

Compound Semiconductor Detectors

Small detectors with contact diameters of up to 3 mm were made from CdTe

grown by the Materials Group. Using colloidal carbon-coated contacts, and a

technique to reduce leakage currents to nanoampere levels, best energy

resolutions of 2.9 and 4.1 keV (FWHM) respectively were obtained for 60 and

122 keV Y-rays. Peak to Compton ratios of 0.5:1 were obtained for 661 keV

y-rays (trapping is obvious in this CdTe at these energies). The detector

leakage current deteriorated over a few days in laboratory air and encapsula-

tion of detectors in epoxy resins to offset this is being considered.

X-ray Fluorescence Analysis

The high purity silicon detector (resolution =: 200 eV at 6 keV) and

guard ring reject system was applied to energy dispersive X-ray fluorescence

analysis. Semi-quantitative analysis of elements of atomic number greater than

14 in standard and unknown samples was carried out using the available exciter

isotope sources, Fe, Pu and Am. Sensitivities of 10 to 100 ppm have

been achieved.

The basic characteristics of the detector system responsible for complex

scattering and low energy tailing, and thus the (line) peak to background ratio

(=; 1000:1), were studied at different energies to see if the background can be

reduced and the system sensitivity improved. Modifications being implemented

are an X-ray tube excitation system and a new cryostat with a larger detector

and thinner entry, window to improve detection of low atomic number elements.
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~. ENVIRONMENTAL FIELD STUDIES (Health Physics Research Section)

7.1 Rum Jungle Environmental Studies

D.R. Davy, G.M. Watson , R.T. Low-son"1, A.I.M. Ritchie ,

B.E. Clancy0, N.J. Williams, R. Jeffrce, B.C. O'Brien,
4 5 5

N.F. Conway, J. Jones , G.J. Calder , R. Richards

The first four of the principal objectives of the Rum Jungle environmental

study have largely been met; that is, those relating to the causes, compon-

ents and extent of pollution, although there is clearly more to be learnt about

some aspects of the dispersion of pollutants from the mining area. The result?

are summarised below:

The principal heavy metal pollutants have been identified as

copper, manganese and zinc. The major sources of these metals

within the mine area are White's opencut and overburden heap,

the Intermediate overburden and the copper heap leach experi-

ment. Some uncertainty remains about the relative importance

of the several sources but these are understood well enough

for remedial measures to be planned. There is agreement

between the sum of the contribution estimated for individual

sources and the total load of chemical pollutants which is

observed actually to enter the Finniss River system.

There are seasonal patterns of dispersion and there are

differences between individual metals in their behaviour in

this respect.

Chemical and biological evidence of severe pollution is

evident at the mine site and along the cours-2 of the East

Branch from the mine site to its junction with the Finniss

River. There is evidence that fish are reduced in numbers in

the Finniss River between the East Branch and Florence Creek

junctions, but not below the latter point.

Local and theoretical studies have given some understanding

of the mechanisms which maintain the release of pollutants at

present levels. The main .factors are bacterial leaching of

1. Assistant to Head, N.S. & T. Branch

2. Chemical Technology Division

3. Physics Division

4. Water Resources Branch, Department of Northern Australia, Darwin, N.T.

5. Animal Industry and Agriculture Branch, Department of Northern Australia,

Darwin, N.T.

sulphide-containing ores and the highly seasonal rainfall.

Since 1954, releases of copper, manganese and zinc have

totalled respectively about 1300 tonnes, 2300 tonnes and

200 tonnes. Most of the discharged tonnage of these metals

has been dispersed on the Finniss floodplains. About 90

curies of radium are estimated to have been released in waste

liquors during operation of the mine and some further quantity

may have been leached from the tailings damp which originally

received 380 curies. The fate of dispersed radium is uncertain;

the concentration of radium is very low in the surface layers

of the tailings dump and the floodplains.

Little progress has been made in defining and costing remedial

measures. However, there is now an adequate factual basis on

which to pursue this objective.

Work is being continued on those aspects of the study which are incom-

plete. These include:

Further studies of the location of the radium deposited in

the tailings area.

A program of beef sampling for the radium content of animals

from the Finniss floodplains.

Continued studies of water quality in runoff from White's

overburden, and of the water balance of this heap.

An investigation of the relations between bacterial leaching

and the dispersal of heavy metals, with respect to conditions

at Rum Jungle.

A few points arising from the study are worth emphasising:

Since it is probable that bacterial leaching is of major importance in

causing the continued dispersion of pollutants, this must be taken into

consideration in planning the disposal of wastes, including overburdens and

waste rocks. If an ore with a sufficient sulphide content is exposed to air

and water, it may cause trouble. Its disposal into an opencut will not

necessarily solve the problem and may make it worse, if microbial action is

possible.

Effects may be quite localised and depend on the nature of the deposit;

the effluents from White's and Dyson's overburdens, for example, differ

substantially while the overburden at Rum Jungle Creek South has presented

no problem.

The loss of pollutants from uncontrolled sources may continue for a long
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tine; in White's overburden, for example, there seems to be sufficient

sulphide to fuel the leaching process for up to 100 years.

PUBLICATIONS

Davy, D.R. (Editor) (1975) - Rum Jungle Environmental Studies. AAEC/E365.

Watson, G.M. (1975) - Rum Jungle Environmental Studies Summary Report.

AAEC/E366.

7.2 Little Forest Burial Ground Studies

S.R. Isaacs, K. Hears

Hydrographs obtained from the measurement of groundwater levels in the

boreholes at the Little Forest burial ground near Lucas Heights over the

period June-December 1974 illustrated the recharge and withdrawal character-

istics of the area. While the standing water levels indicate general directions

of water flow, a planned radioactive tracing study should provide more definite

information. A detailed analysis of the results of chemical analyses of

groundwater samples taken over a period of eleven months suggests that a

portion of the northern section of the burial ground is in a different aquifer

system.

The drilling program was limited by equipment malfunctions. Three holes

were drilled to the sandstone horizon on the eastern boundary of the burial

ground. In each case the sandstone stratum was reached at a depth of approx-

imately 9 m, indicating that the sandstone horizon follows the surface con-

tours, contrary to what was anticipated from existing maps. Shallower holes

(3.5 m) were drilled around borehole 053 which contained a ~900 nCiJ. of

tritium (< 1/100 of the ICRP drinking water tolerance level) arising from a

source of tritium buried in a nearby trench. The measurement of tritium

levels in these holes over a period has indicated a groundwater flow in a

northerly direction. It is proposed to drill further holes in the immediate

periphery of the burial area to examine the rate of dispersal of this tritium.

Leaching studies on solar evaporated sludge were carried out using

borehole water and leachate obtained from the Sutherland Shire Council tip.

The interest in the latter stemmed from the possible use of the area north of

the Research Establishment by the Municipal Waste Disposal Authority as a

waste disposal site. It may be possible in the future for water containing

material in the process of biological degradation to come into contact with

buried sludge. Borehole water was much more effective (by a factor of 3) than

tap water in leaching Mn-54 while tip water removed much more Cs-137 (4%) and

Co-60 (10%) in one month than tap water (< 0.3% and < 0.6% respectively).

However, the amount leached by tip water decreased with time/ concomitant with

bacterial growth and an increase in pH from 6.0 to 7.6.

Two vegetable gardens wer^ cultivated in the burial ground; an 'active'

plot immediately above trenches 75 and 76 containing the material buried most

recently, and a control plot situated approximately 200 m from the burial area

near the southern gate. The vegetables and plants from these have been dried

and ashed for chemical analysis.

7.3 Studies of Benthic Micro-Algae, in Port Hacking

M.S. Giles

These studies are part of an investigation of energy cycling in an

estuarine ecosystem, the South West Arm of Port Hacking, organised by the

CSIRO Division of Fisheries and Oceanography. The aim is to supply data on

the photosynthetic input or productivity arising from the activity of bottom

dwelling (benthic) micro-algae. Such information is particularly relevant to

the assessment of the fate and ecological effects in estuaries of dissolved

heavy metals which may be released to the environment in liquid wastes, for

example, from an uranium ore processing plant.

Benthic productivity has been determined as a function of light intensity

in the laboratory by measuring the incorporation of carbon-14 labelled

carbonate ion in cores of bottom sediments. Such relationships allow calcul-

ation of the total actual photosynthesis using daily incident light readings.

The methods and their statistical reproducibility have been tested in

field studies on the Woronora River and in the South West Arm of Port Hacking.

Novel experimental techniques developed for this work include a method for

measuring chlorophyll in sediments and a method for separating the inter-

stitial water from sediments to enable natural carbonate levels to be measured.

The latter method involves mixing the sediment with 3M "Inert Fluorocheitdcal'

(S.G. 1.4) and centrifuging. About 80 per cent of the interstitial water is

recovered compared to about 40 per cent by the squeezing technique normally

used.

7.4 Movement of Radium in Aquatic-Terrestrial Environments

A. R. Williams

Radium is a potentially mobile,long lived decay product of uranium which

may be present in water which has been exposed to uranium mineralisation and

in effluents from uranium mining operations. Studies of the movement of radium

to soil and vegetation via seasonal floodwaters are being carried out on the

Finniss River floodplain downstream of the former uranium mine at Rum Jungle

(N.T.), and in the Magela plains which are downstream of the uranium deposits

at Jabiru. Information from the Magela waterway may provide a basis for
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Predicting the effects of mining the Ranger uranium deposit.

Preliminary results for both areas indicate that the radium content of

surface soil (top 3 cm), subsoil and vegetation samples is of the order of

0.6 pCi/g which corresponds to the world-wide average levels of radium in

rocks and soils, except for the surface soil on the Finniss floodplain where

50% of the samples contained less than 0.1 pCi/g. The low values observed

for surface soil samples from the Finniss plain are unexpected (see Section

7.1). A more comprehensive sampling program will be carried out to examine

the distribution of radium on these plains in greater detail.

Estimates of the water flow through the Magela basin have been made as

the first step towards understanding the possible deposition from floodwaters.

Earlier estimates of discharge as a fraction of input have ranged from zero

to greater than 90% which imply respectively, 100% retention on the plain of

material dissolved or suspended in the water, or substantial removal via water

flow. If flow from the basin is severely restricted, as suggested by regular

and prolonged flooding, significant deposition of suspended material could

occur. A weekly water balance model for the basin was used to predict

discharge as a proportion of input under average conditions from gauged inputs

and flood level data gathered by the Water Resources Branch, Department of

Northern Australia. It was estimated that on an annual basis 80 per cent of

the water entering the basin is discharged and that 20 per cent is removed by

evaporation.

8. ENVIRONMENTAL STUDIES - LABORATORY AND ASSESSMENT WORK

8.1 Significance of Degree of Pollution - Application Factors

N.J. Williams (Health Physics Research Section)

Experimental methods have been established for short-term toxicity studies

of the effect of dissolved heavy metals on freshwater fish and for examination

of the adaptive behaviour of fish in the presence of very low concentrations of

these materials. The objective is to determine the concentrations of heavy

metals in natural waters that will not affect the long-term abundances of

fauna and hence, to provide information for establishing standards for

releases to the biosphere from processing activities such as the mining and

milling of uranium.

Long-term studies of the effects of potential pollutants on population

dynamics are not practical owing to the long times and large numbers of

specimens which would be required; the experimental approach being developed

involves combination of the results of short-term toxicity studies (including

histological examinations) with observations of fish behaviour at low metal

Concentrations. Such studies should permit estimation of meaningful

'application factors', the margins of safety to be applied to the results of

short-term toxicity studies to obtain a level at which there will be no

long-term effects.

Studies of the toxicity of copper (II)have been directed towards determin-

ing the relative toxicity of different copper species. Conflicting reports

have been made stating (i) that all inorganic copper species are toxic to fish,

and (ii) that only free cupric ion is toxic to fish. Preliminary studies have

established that unhydrolysed cupric ion is much more toxic than other copper

species and that 60 pg i of copper as cupric ion causes death of 50 per cent

cf fish in 4 days'exposure. The implications of this early result are that

environmental monitoring of natural waters should differentiate cupric ion

from other forms and complexes comprising the total copper anu that control

ray be effected by adding an appropriate compound ro the stream to form a

harmless copper complex.

8.?. Modelling Studies - Air and Water Flows in Overburden Heaps

B.E. Clancy, A.I.M. Ritchie (Physics Division)

The development of models for the water flow distribution and heavy metal

content of water from the Rum Jungle overburden heaps should provide a useful

means of assessing measures aimed at mitigating heavy metal pollution from

these heaps. The expertise developed during such a study should be applicable

to the general problem of heavy metal leaching from mine waste dumps, particu-

larly those situated in the top end of the Northern Territory and other high

rainfall areas.

Successful modelling depends crucially on reliable measurements of the

phenomena being investigated. The reliability of measurements already made

has been assessed and the deficiencies have led to proposals for work in the

coming year. It has been decided to concentrate mainly on investigating

White's overburden heap. This is the largest heap in the area, and probably

the largest single contributor of heavy metal pollution to the East Finniss

River system. It is more homogeneous than Dyson's heap and its drainage

pattern is probably less complex than that of the Intermediate heap.

Spring water flow from White's provided good estimates of water discharge

rates during the dry season. The exponential time dependence of the spring

water discharge also allowed a good estimate to be made of discharge during

the wet season. These estimates indicate that flow from this spring accounts

for less than 5 per cent of the rain falling on the heap. Since, from the

literature, run-off is not likely to exceed 50 per cent, it would appear that
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a significant fraction of water goes through to the groundwater or appears

as very short-lived springs. Attempts to obtain reliable estimates of the

run-off fraction on White's heap during the 1974-75 wet by constructing a

weir on the run-off channel were frustrated by Cyclone Tracy. However, the

weir will be installed before the next wet season.

At this stage it is considered that the oxidation processes probably occur

throughout the heap and that the main driving mechanism is water flow which

causes air movement in the heap and transports out the heavy metal ions.

Significant oxidation in the saturated region of the heap is thought unlikely

because of low oxygen solubility in water. The more difficult problem of

water flow in the unsaturated region therefore has to be studied. Water flow

in such a region is described by a tii>e dependent diffusion type equation

which can be solved using techniques well known in reactor physics. Prelimin-

ary computer experiments have shown that to study detailed flow in a geometry

which approximates that of the heap and covering a time period typical of a

rainy season would consume large amounts of computer time.

A method of simplifying the problem and decreasing the computer time

required has been devised. The method is closely analogous to the buckling

treatment of transverse leakage so familiar in neutron diffusion and

simplifies the problem by using a buckling term which accounts for the total

water leakage out of the sides of the heap. A similar treatment is possible

in calculating air flow within the heap. A computer program based on this

analysis has been developed and is being tested.

In the coming year, it is proposed to carry out water run-off and rain-

fall measurements on White's heap which will give a more reliable estimate

of how the water flow is distributed between run-off, spring and groundwater.

These measurements together with measurement of ion concentration will give

more reliable estimates of the oxygen consumed. This quantity can then be

compared with predictions from the water and air flow models of the quantity

of air transported into the stack. The air turnover rate predicted by the

model can also be compared with other studies which will give the generation

time of the bacteria, ferrobacilli and thiobacilli (see Section 8.4) which

catalyse the oxidation process.

8.3 Chemistry of Metal Pollutants in Natural Waters

R.N. Sylva (Chemical Technology Division)

The chemical forms in which heavy metals {including radionuclides) may be

present in aquatic systems may influence their distribution and toxicity.

Also, the removal of heavy metals from dilute waste streams by water treatment

techniques may be affected.

Chromate, used as a corrosion inhibitor in mild steel cooling systems,

is a potential pollutant and its fate in natural aquatic systems is unknown.

The stability of Cr(VI) in natural waters with respect to reduction to the

much less harmful trivalent form has been examined and found to be very

complex. Preliminary experiments have indicated that the kinetics of reduction

cf Cr(VI) by humic acid in aqueous suspension are pseudo-first order and

further work is aimed at understanding more details of this reaction.

In an environmental system many chenical equilibria may occur simultan-

eously. Computer techniques may be used to provide an understanding of such

systems even when the information available on the equilibrium is limited.

Two programs developed elsewhere have been modified and stored on disk for

general use. The first enables calculation of the concentrations of the

species in solution provided the equilibria and stability constants are known.

However, this information is not always available. The second, much larger

program provides a statistical examination based on experimental data of

possible models for very complex systems to determine the equilibria that

may be occurring and vheir stability constants. A third program may become

available whereby specLation calculations can be made for systems containing

up to two liquid phases, any number of solid phases and a gas phase, as a

• function of both pH and redox potential. These three omnibus programs will

. meet all future computing requirements for this project and will be of great

value to other projects.

; A theoretical study of the chemistry of copper(II) in aquatic systems

| has shown that there are several equilibria which may cause the free copper (II)

ion concentration to be low even when the total copper level is very high.

However, some aspects of the model used are unsatisfactory, in particular,

the information available on the copper(II)-water-carbonate system. Experi-

mental work to provide such information is in progress. This -tudy provided

a chemical basis for the design of experiments on the toxicity of copper

species to fish (see Section 8.1). It has been shown that EDTA-complexed

copper(II) is orders of magnitude less toxic than free copper(II). This

observation demonstrates the importance of speciation in determining the

toxicity and hence allowable levels, of pollutants.
f

I PUBLICATIONS
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8.4 Suppression and Control of Microbial Leaching

(Research Contract with Professor B.J. Ralph, University of

New South Wales, Liaison Officer Mr. D.R. Davy)

The purpose of this work is to provide an understanding of the bacterial

leaching processes which are a cause of heavy metal pollution from the sul-

phide-containing residues of mining and milling operations at Rum Jungle and

to identify possible means of controlling such processes. Such information

could be of value in planning future mining and milling operations in the

Northern Territory and elsewhere in Australia. In particular, owing to the

nature of the ores in the Pancontinental Ltd Jabiluka I deposit, bacterial

oxidation is likely to be a major problem of concern in the design of the

tailings retention system and in management of waste rock heaps in any

eventual mining operation.

To date, effort has been concentrated on development of laboratory

techniques for characterising the various microorganisms found in the Rum

Jungle heaps, including some studies of the toxic effects t»f heavy metals on

thiobacilli in which it was noted that molybdenum is a potential biocide.

Future work will involve detailed examinations of the microorganisms from the

Rum Jungle area in samples collected at the end of the dry season (September,

1975) and in samples collected after the first flush of the wet season.

9. BIOPHYSICS AND RADIATION BIOLOGY

9.1 Radiation Dosimetry

M.C.E. Petersen, O.K. Gibson, N. Hamilton (Health Physics Research
Section)

The dose equivalent, DE, associated with the energy absorbed by a medium

from a radiation field is calculated from the relation

DE (rem) = Q. D (rads) ,

where Q is the quality factor and D is the energy absorbed per unit mass of

exposed medium. Work, is being done to improve the methods of evaluating both

Q and D.
The first part of this program is the measurement of the angular and energy

distributions of secondary electrons produced in collisions between hydrogen

ions and H , H.,0, O , N_, CO and CH molecules. Knowledge of the energy and

angular distributions of secondary electrons together with electron range in-

formation enables calculation of the extent and distribution of dose around a

particle track. A novel design of secondary electron analyser was manufactured

and prepared for preliminary testing. Developmental work on the low energy

heavy ion accelerator used in conjunction with the secondary electron analyser

included incorporation of ion beam samplers to control the main mass analysing

magnet and a small alignment magnet to ensure that the ion beam remains steady

on the collision chamber. A charge separator is being developed to permit the

normalisation of angular and energy distributions against accurately known

atomic cross sections.

Any evaluation of the quality factor, Q, for a particular type of

radiation is based upon the linear energy transfer, LET, of the radiation.

The International Commission on Radiological Protection has set out in

tabular form its recommended relation between quality factor and LET. It is

planned to measure the LET from high energy H, 0, C and N ions in H- , H_0, 0 ,

N , CO and CH gases. An integrated value of the LET of the ions in tissue,

and hence a quality factor for use in radiation protection and assessment

applications, may be derived from this information.

The ion injection system for the LET spectrometer was assembled and

tested satisfactorily. Analysed bear.t currents of 0.5 yA of H ions and 5 uA

of Ar ions were obtained and the estimated beam diameter is about 1 mm. The

Colutron ion source has been modified to make filament replacement reasonably

easy, instead of almost impossible as was the case with the source as supplied.

A vacuum by-pass system is used to speed the clean-up time for the initial

filament heating. This by-pass and the whole ion source terminal has been

designed for quick removal to facilitate filament replacement. The main

chamber of the apparatus is being constructed.

9. 2 Cellular Injury from Radiation

H.C. Panter (Radiation Biology Section)

Experiments were carried out to determine the relative biological

effectiveness of tritium disintegrations in causing cell death at -196 C using .

the Chinese hamster 'Don' cell line. The ability of cells to form colonies

(their 'plating efficiency') is taken as a measure of survival after irradia-

tion. The results to date suggest that the survival curve (log % survivale
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vs dose) after irradiation by tritium beta particles at -196 C is linear

with a D (i.e. Dose which reduces survivors to 1/e of original) of ~600
o

tritium disintegrations. By comparison, the survival curve for irradiation

with X-rays at -196°C has a'shoulder'and D for the linear part of the curve
o

is ~600 rads.

It is of general interest that X-irradiation at -196 C is much less

effective in killing cells than at room temperature where D is 150 rads.

This is in general agreement with results obtained with mammalian and bacterial

cell systems and indicates the importance of radicals in causing cell death

at room temperature.

CONFERENCE PRESENTATION
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9.3 Radiobiology of Human Cancer

In Vitro Cancer Models J.K. Brown (Radiation Biology Section)

Much of what is known about the radiosensitivity of normal and malignant

human cells has been derived from studies of in vitro cell cultures. In such

cultures all the cells are proliferating, cell loss is negligible and the

growth rate is determined simply by the division cycle of the cells. In the

case of solid human tumours, the growth rate cannot be attributed to varia-

tions in the cell cycle time. In vivo, tumour cell loss may be substantial

(70-90%) and a large subpopulation of the cells (60-75%) may not be progress-

ing through the generation cycle. Consequently, the results obtained from

studies o? cells in the typical monolayer cell culture system may not be

relevant to cancer therapy.

One of the newer in vitro models proposed to overcome the above problems

is the 'plateau-phase1 culture. In this sytem, the cells behave similarly

to those of solid tumours in that most cells are non-cycling and cell loss is

high. To data the growth kinetics and radiosensitivity of plateau-phase

cultures has been determined for only two non-malignant cell lines. To

extend such observations to malignant cells/ four human malignant melanoma

cell lines have been obtained and are being examined to establish whether they

are suitable for radiation survival studies involving colony formation.

Results to date of experiments to determine the plating efficiency of one

cell line indicate that the cells do not sustain colony formation when seeded

in low numbers (100-1000) in raw or conditioned medium, whereas a satisfactory

plating efficiency (60% in first trial run) can be obtained by using feeder

layers.

Clonogenicity of Human Cancer Cells in Primary Culture

R.F. Mitchell, P.C. McGuiness

Malignant effusions are a useful source of human cancer cells in the

absence of sufficient specimens from operations. Studies of cell cycle

hinetics have been undertaken with cells from this source to examine the

possibility that such information may be used to design an optimal program

of radiation therapy in terms of dose and frequency of irradiation (i.e.

optimisation of the fractionation schedule). Such a cell cycle oriented

approach to cancer therapy requires identification of the clonogenic cell

population in a tumour. Plating efficiencies for colony formation have been

determined for first passage cells from 15 malignant effusions. The values

obtained were always less than 1% despite the use of conditioned medium and

various cell feeder layers.

Hyperthermia and Radiation

R.F. Mitchell, M.H. Mountford, P.C. McGuiness

Experiments on the effect of hyperthermia on the radiosensitivity of

cultured cells derived from the B16 mouse melanoma showed that prior heating

to 42 C for 2 hours reduced the cells' capacity to repair sublethal damage.

These experiments are being extended to human cancer cells derived from

patients with malignant effusions using cells in first passage culture and

split-dose irradiation.

CONFERENCE PRESENTATIONS

Brown, J.K. (1975)* - The radiobiology of human tumours.

Mitchell, R.F. (1975)* - Hyperthermia: A possible adjuvant to radiotherapy

in the treatment of cancer.

9.4 Chemical Toxicology of Uranium Compounds and Industrial Dusts

W.I. Stuart, A.D. Tucker, G.H. Price, M.E.S. Shying, R.B. Adams,

H.E. Smith, J.H. Wyatt, T. Gilmour (Occupational Health Research
Section)

Work continued on an interdisciplinary investigation of factors that con-

tribute to pneumoconiosis. A number of microscopic and chemical techniques

were developed and used to study cellular damage induced by uranium compounds,

asbestos minerals and various grades of alumina.

Cellular Damage by Uranium Compounds

Washed red blood cells (erythrocytes) are damaged very rapidly when

exposed to certain intermediate compounds from the high temperature production

*Presented at the 5th AINSE Radiation Biology Conference, Lucas Heights,

October, 1975.
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of UO^ from ammonium uranate. Damage occurs by transfer of uranium to the cell

membrane through formation of soluble uranyl species from dust particles which

suggests that the hemolytic activity of a uranium dust is determined princip-

ally by its ability to form soluble species.

Various aspects of cellular damage by soluble uranyl compounds have been

examined by electron microscopy. Exposure to uranyl acetate induces the

formation of numerous membrane-bound vacuoles within erythrocytes. Vacuole

formation is observed in less than 15 seconds after exposure, and occurs even

at very low dosage (10 - 10 mol U/cell using solutions of 10 mol

UO ++/litre). Subsequent to vacuole formation, absorption of uranium by the

cell membrane continues for 30 minutes and slow release of hemoglobin from

damaged cells can be observed for a period of 2-3 hours. It has been shown

that the presence of adenosine triphosphate (ATP) is not essential for vacuole

/ormation in erythrocytes; depletion of ATP in erythrocytes by various

methods failed to prevent vacuole formation. Therefore, it seems likely that

cellular damage is initiated by direct chemical reaction between uranium and

structural components of the cell membrane. Work is in progress to determine

the primary sites of reaction, using analytical techniques which have been

developed in the past year.

Observations have been made of damage induced by uranyl acetate in

Erlich Ascites Tumour (EAT) cells. The main features are:

(a) Disruption of cellular membrane.

(b) Formation of pale fat droplets.

(c) Swollen endoplasmic reticulum.

(d) Accumulation of electron-dense material at cell wall.

Good progress has been made in modifying autoanalytical techniques to

study kinetic aspects of cellular damage. Proving tests have shown that the

release of hemoglobin from damaged cells can be monitored continuously and

accurately. It is planned to measure the kinetics of enzyme release, loss

of potassium and diminution in enzyme activity.

Cellular Damage by Asbestos

Five Union Internationale Centre le Cancer (UICC) standard reference

samples of asbestos were received from the Medical Research Council Pnaumocon-

iosis Unit, Glamorgan, UK, with a request for information on these minerals.

Thermogravimetric analysis, differential thermal analysis and electrophoretic

measurements were carried out on all five samples. Detailed reports of this

work are being prepared for distribution to various research groups employing

these important reference materials.

A research program was initiated to study the physicochemical properties

and hemolytic activity of asbestos, using UICC standard reference samples of

chrysotile, crocidolite, amosite and anthophyllite.

Some dissolution of asbestos occurs in physiological saline to form

soluble Mg and Si species which are not hemolytic. Damage to erythrocytes

results from adsorption of membrane components by asbestos fibres. For

example, chromatographic analysis has shown that chrysotile adsorbs phosphol-

ipids, cholesterol and fatty acids from erythrocytes.

The interaction of asbestos fibres with erythyrocytes has been examined

using optical microscopy and electrophoretic measurements. Erythrocytes,

which are negatively charged in saline, adhere strongly to chrysotile fibres

which exhibit a net positive charge. They also adhere to crocidolite which

carries a negative charge. These observations suggest that the adhesion of

erythrocytes to asbestos fibres must be due to a combination of electrostatic

forces and attractive interactions of the London-Van der Waals type.

Hemolysis by chrysotile occurs rapidly and is complete within 15 minutes,

whereas hemolysis due to crocidolite occurs slowly over several hours.

Hemolysis by Alumina

Hemolysis by two commercial grades of Y-alumina has been measured. One

commercial material with a BET surface area of 100 m /g has an exceptionally

high potential for damage to blood cells, greater than that of chrysotile

asbestos. On the other hand BDH chromatographic Al O , with a surface area
2 .of 180 m /g shows no hemolytic activity, even at high dosage.

10. DEVELOPMENT OF TECHNIQUES

1O.1 Neutron and X-ray Spectrometry

C.J. Ball, M.M. Elcombe, C.J. Howard, K.G. Watson (Materials Division)

The objectives of this project are to develop and exploit new techniques

in X-ray and neutron diffraction and to ensure that the AAEC spectrometers are

maintained in good order by carrying out a limited program of accurate data

collection.

Elcombe (1974) has shown that the magnitude of eigenvector components

can be obtained directly from isotopic frequency shifts, if these can be

measured. A survey was initiated to find the most suitable compound for an

experimental test of the theory with respect to the cost of the isotopes and

the ease of fabrication of single crystals, as well as the potential accuracy

of measurement of the isotopic frequency shifts. The theory has been applied

in inverted form to calculate the (sulphur) isotopic frequency shifts in

sphalerite and galena and hence, from the partition functions, the isotopic
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fractionacion ratio between these compounds as a function of temperature.

This information is of value in determining the conditions of formation of

rocks in which these minerals coexist.

Following an earlier attempt to measure the thermal parameters of LiF

using a single crystal neutron diffractometer, which was upset by large

anisotropic extinction effects, neutron diffraction data have been collected

from a powder sample. Unfortunately, despite the small size of the sample used,

these data were affected by absorption and did not yield thermal parameters of

sufficient accuracy to serve as a check on the interpretation of X-ray data

(Howard and Dawson 1974).

Accurate X-ray diffraction intensity data have been collected from a

crystal of NaF. The data do not support the conclusion from earlier work on

LiF that the electron distribution in the F ion is apparently more compact

than predicted by the Hartree-Fock free ion approximation. The NaF crystal

used in this work had a much smaller mosaic spread than the LiF crystal, which

led to •. much clearer separation between peak and background, particularly at

low angles. It appears likely that the data on LiF were affected by errors in

determining background intensities, and this may be the explanation of the

apparent lack of extinction in this crystal reported earlier (Howard and

Khadake 1974). During this work an instability in the intensity of the X-ray

beam was detected, investigated, and eliminated by redesigning the collimator.

The difficulty in determining the background intensity is a consequence

of the very small range of wavelengths that can be selected when using a

solid state detector. A study of the problem of white radiation in the

measurement of intensities with a solid state detector was completed.
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10.2 Development of Radiographic Inspection Techniques

N.W.D. Chrimes, P.A. Gillespie, T. Wall, J.G. Napier, J. Arthur

Materials Division has carried out radiography with X-rays and gamma rays

since 1958. During recent years neutron radiography techniques have been

developed in collaboration with Physics Division, using Moata as a source of

neutrons. Staff of the Materials Division maintain an awareness of activities

in the commercial non-destructive testing and inspection industry through

involvement with organisations such as the National Association of Testing

Authorities (NATA), the Standards Association of Australia (SAA) and the

Australian Institute of Non-destructive Testing. Research and development

activities enhance the value of this involvement.

Procedures are being developed for using colour film in X-radiography to

provide a distinct visual contrast for small changes in radiation dose to the

film. The approach is based on the fact that the human eye is more sensitive

to small changes in colour than it is to small changes in the shades of grey

in a black and white radiograph.

The technique involves exposing a colour film to X-radiation which

produces a latent image which is most intense in the top, blue-sensitive,

emulsion layer of the film. Part way through the development procedure the

image formed at that time is printed into the red and green sensitive layers

by exposing the front of the film to yellow light. Further development

enhances the original image by producing a complementary colour image which

is most intense in regions where the X-radiation intensity was a minimum. The

final image will thus be composed of a range of colours, rather than a range

of densities.

One aim of the work was to estimate the responses of the three separate

emulsion layers resulting from sensitisation by X-rays and processing varia-

tions. The sensitometric curves obtained for each layer in sequence in the

emulsion were found to be separated by a factor of about ten in exposure.

This work indicated that several options are available for exploitation during

processing where attenuation of the incident X-ray beam, and hence the

exposure rate to the film, varies over a limited range. In such cases at

least two colours can be produced in the processed film. This method was

used to delineate areas of surface corrosion within an aluminium aircraft

component which could not be detected adequately with black and white film.

Tests of the techniques for human X-rays where exposures often may vary over

only a limited range were carried out with the assistance of the radiography

staff of St. George Hospital.

Some work was done using a commercial pre-set dose rate meter, placed

behind the object to be examined, for exposure assessment and control in

X-radiography. Preliminary indications suggest that detailed calibration for

various materials is necessary before the method could be used for industrial

application and that a more sensitive sensor than that used is probably necess-

ary. This technique if developed satisfactorily could be used to indicate

whether or not colour film would have advantages for specific jobs, and if so,

suggest the optimum processing method.
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Work with neutron radiography was concentrated on developing techniques

for industrial applications. For example, about 50 emergency door thrusters

used in Boeing 747B aircraft were radiographed for Qantas Airways to locate

the position of oil, O-rir.gs and a small explosive charge. In addition, a

number of detonators from St. Mary's Munition Filling Factory were examined.

These radiographs showed that incorrectly assembled detonators could be

detected. Visits were made to several organisations to follow up enquiries

concerning applications of this technique.

The possible use of neutron emitting radioisotopes for neutron radiography

was examined, albeit on a limited scale. A californiuin-252 source with a

nominal activity of 100 microcuries has been used to date. A collimator was

constructed and the effect of variations in source position examined. Although

little success has been achieved to date and essentially gamma radiographs are

being obtained, the objective of developing a portable neutron source for use

in the field is worth-while and will be pursued as staff and equipment become

available.

Little progress was made with experimental work aimed at quantitatively

estimating hydrogen present in ppm concentrations in metals. It is probable

that the neutron flux available at the Moata facility used may be too low when

the neutron filter necessary to produce neutrons of the required energy is

inserted in the beam. A more sensitive densitometer is required to analyse

the processed film.

10.3 Development of Ultrasonic Inspection Techniques

N.W.D. Chrimes, 0. Matthews (Materials Division)

Some preliminary work was done in measuring attenuation characteristics

of materials, preparing simulated defects to calibrate equipment signal

responses und fabricating small immersion tanks and other ancillary equipment.

The aim ?*t this stage is to establish the basic skills and apparatus required

for experimental work.

A number of engineering materials were examined using both contact and

'water buffer' methods. The ultrasonic attenuation coefficient of ferritic

steels in the hot and cold-rolled condition was found to be in the range
— 3 —2 — 3

1 x 10 to 1 x 10 dB mm while austenitic steels and brass gave somewhat

higher values. Non-metallic materials such as Perspex, Teflon and glass fibre

composites have attenuation coefficients which are obviously very large, in

the range 10 to 1 dB mm , but these were impossible to determine with our

present equipment. These measurements and the inspection of such materials

require equipment with a more extensive range of facilities and test parameters

than is available with conventional, routine flaw detection units.

The effect of frequency on attenuation characteristics was examined in the

range 2 to 10 KHz. Preliminary analysis indicates that a tt f where a is the

attenuation coefficient, f is the ultrasonic frequency, and n is a constant

with a value of between 3 and 4.

Preliminary results were obtained from experiments designed to measure

reflection effects of thin gaps simulating defects under various imposed

compressive stresses. Blocks of materials with a variety of surface finishes

were pressed together and the percentage transmission of the ultrasonic beam

was measured as a function of compressive stress, gap thickness, gas content

in the gap and ultrasonic frequency. This is a pilot program to allow a more

comprehensive series of experiments to be designed. As an example of the

results obtained under a particular set of conditions it was found that at a

compressive stress of 40 MPa, 100% transmission was noted at 2 MHz but it

dropped to 67% transmission at 4 MHz. Such information is obviously required

for evaluation of test signals obtained from flaw detection examinations.

A procedure for detecting large, longitudinal crack-like defects in

tubes with a wall thickness of 3 to 6 mm is being developed. Two miniature

probes with an emission angle to 60 or 70 to the face of the transducer are

mounted 'in opposition1 on the tube surface so that the beam is reflected

only once i.e. the beam path length from the transmitting probe to the

receiving probe is one 'skip distance'. This technique appears to be suitable

for detecting large defects about 50% of the section thickness deep and may

be useful for examining the pressure vessel of the high pressure water rig

(X170).

Components fabricated from 7075 aluminium alloy were examined by

Automation Industries Pty Ltd using 'C1' scan ultrasonic equipment. This

technique produces a chart record showing the location of small planar defects.

Two components have been examined to date and subsequent pulse echo ultrasonic

examination, sectioning and serial metallography confirmed the presence of

defects in the locations pin-pointed by the 'C' scan technique.

1O.4 Stress Wave Emission

B. Woodward, M.J. Hincksman (Engineering Research Division)

N.R. McDonald, K.R. Brown, B.R.A. Wood (Materials Division)

It is important to be able to monitor the structural integrity of various

components subject to stress such as those used in a nuclear reactor, partic-

ularly the pressure vessel. Testing is usually carried out by radiography and

ultrasonic scan techniques, which can be tedious and time consuming and do not
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lend themselves readily to measurements during proof testing of the vessel or

component. If defects exist they will grow during proof testing and, in the

orocess, emit stress waves. Appropriate transducers attached to a vessel can

detect the presence of these stress waves after they have propagated from the

source to the transducer. It is therefore possible to monitor the 'shrieks'

and 'howls' (stress wave emission) of the moving defects during proof tesf'r.g.

Both fundamental and applied investigations on stress wave emission have

been undertaken. Recordings and subsequent analyses have been made of the

emissions generated dur'-.ng pressurisation of a large pressure vessel (at Cooma)

and steel girders (in Victoria). A technique to examine delayed hydrogen

cracking in steel was developed and tested in the laboratory and is awaiting

a field trial at Port Kembla. A series of experiments on special zirconium

specimens have been carried out in the laboratory and detailed signal analysis

applied to each individual emission burst. The results of the analyses

indicated that for well defined experimental conditions, it may be possible

to identify the source of the emission.

PUBLICATION

McDonald, N.R., Woodward, B. and Hincksman, M.J. (1975) - Application of

Acoustic Emission Monitoring to Pressure Tests of a Steam Receiver

Vessel with Flawed Nozzle Welds. AAEC/E371.

CONFERENCE REPORT

Woodward, B. and McDonald, N.R. (1975) -'Flaw identification using acoustic

emission1. Third International Conference on Structural Mechanics in

Reactor Technology. London, September, 1975.

10.5 Anodic Stripping Voltammetry

T.M. Florence, G.E. Batley, L. Janov (Chemical Technology Division)

Anodic stripping voltatunetry (ASV) is an extremely sensitive method of

trace metal analysis- and is particularly useful for analysis of environmental

materials for heavy metals such as copper, lead, cadmium and zinc. However,

as well as being able to determine total metal content, ASV can be used to

distinguish between the different chemical forms of a trace metal in water

samples at metal concentrations as low as 0.1 vg I . Differentiation between

the ionic, complexed, and colloidal forms of a metal may be very important in

studies of toxicity and water treatment. In addition, ASV can be applied to

the determination of different valency states of some elements, e.g. Sn(II)/(IV),

Sb(III)/(V), As(III)/(V), Fe(II)/(IIl) and Tl(I)/(III). No other analytical

technique can be used to differentiate valency states at concentrations of

ug a'1.

Considerable progress has been made in the development of techniques for

the chemical speciation of copper, lead, cadmium and zinc in seawater. Sea-

water adjusted to pH 4.7 with acetate buffer provides ASV stripping waves

which are a measure of 'labile1 or easily dissociated metal complexes present

in solution. After seawater is boiled with nitric acid (0.16 M), the ASV

stripping waves correspond to total metal. The difference between the total

and labile metal concentrations is 'bound' metal, which includes metal present

in seawater as inert organic and inorganic complexes, and metal which is

adsorbed on, or occluded in, colloidal particles.

Chelex-100 chelating resin (an ion exchange resin containing iminoacetate

groups) was found to remove labile metal from seawater with high efficiency,

whereas the bound metal passed through the column. Chelex-100 resin

(Na - form) is therefore a convenient material for separating the labile and

bound metal fractions in seawater.

Kinetic studies were carried out to measure the rate of uptake of an

added ionic spike by the naturally present complexing agents in seawater.

Seawater samples spiked with ionic copper, lead and cadmium were allowed to

stand for periods from 0.3 to 70 hours, then passed through a Chelex-100 column

to remove ionic metal. Only in the case of copper was there an increase in the

concentration of bound metal, showing that either there was no excess of the

material which binds lead and cadmium, or that its rate of reaction with these

metals is very slow. In the presence of a high concentration of ionic spike,

the value for bound copper approximately doubled, with a half time of less than

15 minutes.

Radiotracer experiments were carried out to measure the rate of exchange

between ionic lead-210 and lead in the bound metal fraction of seawater. The

results showed that negligible exchange (less than 5 per cent) occurred after

24 hours. Similar experiments are planned for copper, cadmium and zinc.

Other experiments involving dialysis, ultracentrifugation and ultrafiltration

to distinguish between colloidal particles and organic chelates present in the

bound fraction are also planned.
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1O.6 Spectroraetric Techniques

L.S. Dale, J.F. Chapman, C. Matulis, I. Liepa (Chemical Technology
Division)

The Atomic Absorption Spectrometric Determination

Of Metals By Hydride^ Evolution Using a Heated Tube

Arsenic, selenium, tellurium, antimony, bismuth, germanium and tin can be

determined with high sensitivity in atomic absorption spectrometry by forming

their volatile hydrides. The high sensitivity arises because separation of the

gas from the liquid phase results in a large concentration factor for metals

in the sample presented to the chemical combustion flame. The major factor

limiting the ^ensitivity of the method, particularly for arsenic and selenium,

is the noise generated by the flame due to absorption of the low wavelength

resonance radiation. This problem has been overcome by substituting a heated

tube for the flame. Also, a novel gasometer enables the evolved gases to be

collected prior to introduction into the cell.

The cell (fabricated from Vycor tubing) is heated to a temperature of

1100 C which is high enough to produce the atomic vapours necessary for

absorption measurements. Sensitivities expressed as pg X. per 1 per cent

absorption based on a 15 ml sample are As (0.4), Se (0.3), Te (4.5), Sb (0.2),

Bi (0.2), Ge (5) and Sn (2). The reproducibLlity of the technique is most

satisfactory with coefficients of variation ranging between 5 and 10 per cent.

These excellent results are attributed to the gas collection procedure and the

fact that the temperature of the cell can be controlled within close limits.

The sensitivity of the method makes it particularly suitable for environmental

anelysis work. At present it is being used to determine arsenic and selenium

in site liquid effluent streams and arsenic in natural waters and biological

and plant materials from environmental surveys.

Emission Spectrographic Analysis of Soil Extract

Solutions Using a Direct Reading Spectrometer

Emission spectrographic analysis using arc-spark excitation is a sensitive,

rapid, multi-element technique, particularly suitable for environmental survey

work where analysis of a large number of samples is required. A technique for

soil extract samples has been established suitable for the analysis of

aluminium, calcium, magnesium, copper, zinc, lead, manganese, molybdenum,

vanadium, nickel, cobalt and iron. Lutecium is used as an internal standard

to provide corrections for matrix effects and source variations. Sensitivities

of 5 mg X, have been obtained for most of the above elements, making the

method suitable for environmental survey work. The technique requires minimal

sample preparation and an analysis can be carried out in about 10 minutes.

In order to speed up the analysis, a computer program has been written to

transform photomultiplier output data to sample element concentrations.

A noteworthy feature of the method is the reliable results obtained for

calcium and magnesium. These elements suffer interference from aluminium in

atomic absorption spectrometry, the technique previously used, and considerable

sample preparation is required. No such interference occurs with high voltage

spark excitation. As an added advantage, calibrations are linear over a wider

concentration range, obviating the need for dilutions.

Mass Spectrometry

The thermal ionisation mass spectrometer used for isotope abundance

measurements, primarily of uranium, has a very low sample throughput mainly

owing to the time required for outgassing of the filaments carrying the sample

to obtain ion beams satisfactory for precise ratio measurements. To increase

sample throughput, a separate bake-out unit was designed and constructed to

accommodate up to six sample beads which can be outgassed simultaneously thus

reducing the time for beam stabilisation in the instrument. The bakeout unit

is being tested to ascertain optimum outgassing conditions, the extent of

cross-contamination between beads and the increased sample throughput on the

instrument.

1816
Routine techniques have been developed for O/ 0 measurements of CO

samples to a relative precision of better than 0.1 per cent, using the MS3

mass spectrometer with double collection and dual sample inlets.

The MS3 has also been used for identification of organic products from

laser photochemical dissociation studies. This has proved to be time consum-

ing because of difficulties in assigning accurate mass numbers (+_ C.5) to the

ion peaks. A new mass-scanning system has been developed to overcome this

problem.
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10.7 Spark Source Mass Spectrometry

R.N. Whittem, L.S. Dale, K.P. Champion (Chemical Technology Division)

Spark source mass spectrometry is an extremely sensitive analytical tech-

nique (detection limits in the range 1 to 10 ng g ") f.'or multi-element analysis.

Considerable experience has now been gained in the use of this technique and a

wide range of samples has been analysed, including detector grade germanium,

nuclear materials, ores, human hairs and environmental ashes. Germanium has

been analysed for common impurities (Al, Ca, K, Mg, P, S, Fe, Ni, Cu) down to

0.01 ug g"1- In each case, the results could not have been obtained by other

techniques.

Feasibility studies have been carried out on interfacing a small computer

to the spark source mass spectrometer to facilitate peak identification and

location using electrical methods of detection. Tests indicate that with

suitable slit settings, peak shapes acceptable for computer control can be

obtained and a resolution of 2000, which is essential if electrical detection

is to be used exclusively in the future, is attainable. All components for

computer control have been received and on their installation the initial

program will be to study the temporal stability of the mass calibration as a

function of resolving power.

Most of the work done so far uses photoplate detection. To speed up the

acquisition of photometric data, the microdensitometer was modified by the

installation of digital readout. The improved electronics allows direct

measurements of intensity, thereby removing the need for transforming trans-

mission data to intensities -=sing a calibration curve.

As a further aid in plate measurement and mass identification, a low fog

developer has been investigated. This developer, which was originally designed

for very high contrast processing, reduces the background fog level of the

plate and also fog due to secondary ion emission near major isotope lines.

The developer also improves the contrast so that more precise photometric

data can be obtained. The dynamic intensity range remains high since useful

intensity measurements can be extended to both higher and lower exposure levels.

10.8 Development of Quadrupole Mass Spectrometers for Precise

Isotope Abundance Measurement

(Research Contract with Professor J.D. Morrison of La Trobe

University; Liaison Officer Mr. R.N. Whittem)

This contract has been completed. A double quadrupole mass filter in

which ions are extracted from opposite sides of an electron bombardment source

and simultaneously analysed by two opposed mass filters was thoroughly evalua-

ted and found capable of a stability of 0.06 per cent in isotope ratio over

a period of thirty minutes.

A key feature of the instrument is the design of the ionisation source

which is required to provide positive ions which can be extracted with equal

efficiency in opposite directions. The present successful design required

development of computer programs to plot trajectories of ions formed at

different places in tne source.

To achieve the quoted stability in isotope ratio measurement, it was

necessary to improve the stability of the electronic supplies. The most

critical were the RF and DC voltages. A variation of 6 parts per million in

the RF/DC ratio causes 0.1 per cent variation in the isotope ratio measurement.

Thus the prospects of achieving a better precision than about 0.1 per cent

are not very promising. However for those applications where 0.1 per cent

precision is adequate, this lorm of instrument should be economically

attractive.

11. PATENTS AND EXPLOITATION

11.1 Patents

In the past year fifteen patent applications were filed, seven with

provisional specifications, two with complete specifications and four division-

al applications arising from applications under examination. At the end of

the period, four provisional specifications and one complete specification

were being drafted and four divisional applications were in the process of

being filed. A total of twenty-two patent applications were pending in a

number of countries. Letters patent granted for ten inventions are being

maintained in a number of countries. Three patent applications were allowed

to lapse. Details of patent applications are listed in Table 11.1.

An application was made for registration in Australia of the Commission's

trade mark AUSTATOM which will be used to identify goods manufactured by, or

services provided by the Commission or its licensees.

11.2 Exploitation

Dosemeter for Measuring Radiation Dose in the Megarad Range

Inventors; R.W. Matthews, V.E. Church and H.J. Fraser

An agreement granting Atomic Energy Canada Ltd world rights to manufacture

and market this invention, has been sealed by the AAEC and is with AECL for

sealing. P^oyalties will be paid at the rate of 14% of the selling price which

at present day costs corresponds to approximately $3OO.OO per instrument.
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Applications of Nuclear Resonance Fluorescence of Gar.CTa Kaya to
Elemental Analysis

Inventor: B.D. Sowerby

An agreement was made with Mount Isa Mines Ltd, to conduct provinq

trials of the equipment arising fron the invention at the mine. MIM may

continue to use the instrument on hire after the trial period. Arrangements

for commercial development of the method will be negotiated with interested

organisations when these trials have been completed.

Reproduction (Intensification)of Photographic Images

Inventor: M. Thackray

An agreement under negotiation with Stanford Research Institute USA

provides for the carrying out in the USA of development work and exploitation

of nuclear photography techniques based on AAEC patents and industrial

knowledge.

Method and Apparatus for Measurement of Gas Flow

Inventors: W.T. Spragg and B.W. Seatonberry

Negotiations to license this invention for exploitation in Britain,

Europe and Africa are proceeding slowly. The prospective licensees are

unwilling to make any financial commitments owing to the current world economic

situation. Progress in Australia has been slow; only one commercial measure-

ment was made by the licensee this year. Further development work is in hand

to obtain National Measurement Laboratory endorsement of the method as an

approved procedure for calibration of meters in Australia and registration of

the Australian licensee with the National Association of Testing Authorities.

Modifications to Hiedelberg Offset Printing Press

An accessory for colour printing has been designed and developed from an

original idea proposed by G. Evans which is much more universal in its appli-

cations than the standard accessory and gives rise to considerable savings in

machine time. While the method is not suitable for patenting, the copyright of

the design may be sold or licensed and several organisations have expressed

interest in marketing the accessory.

12. STAFF OF THE NUCLEAR SCIENCE AND APPLICATIONS SECRETARIAT

Program Manager Dr. J.N. Gregory

Manager, Commercial Applications Mr. C.D.G. Shaw

Dr. R.J. Knight

Australian School of Nuclear Science & Technology

Principal Mr. D.A. Newmarch

Mr. W. Lovell

Mr. J. Sykes

TABLE 11.1 PATENT DETAILS

Complete Specifications

1. Accurate logarithmic ratemeter for random pulses.

Inventor: H.J. Fraser N0.1316OP USA Dated 7.3.75.

2. Technetium-99m labelled tetracyclines.

Inventor: F.C. Hunt No.77465/75 Australia Dated 20.1.75.

Divisional Applications

Divided out from parent application for method and apparatus

for measurement of gas flow. Inventors: W.T. Spragg and

B.W. Seatonberry.

1. Detector, C.I.P. No.530142 USA Dated 5.12.74.

Divisional No.15534/75 Britain Dated 15.4.75.

2. Cartridge, C.I.P. No.498869 USA Dated 19.8.74.

Divisional No.15535/75 Britain Dated 15.4.75.

Provisional Specifications

1. Improvements in and relating to termite control.

Inventor: W.T. Spragg No. PC2661 Dated 6.8.75.

2. Personnel dosimeter.

Inventor: A.C. Svenson No. 1463 Dated 2.5.75.

3. Improvements to Technetium~99m generator.

Inventor: R.E. Boyd No. PC1234 Dated 14.2.75.

4. Method for separating isotopes.

Inventor: H. Struve No. PCO659 Dated 19.2.75.

Radiopharmaceuticals.

Inventors: F.C. Hunt and J.G. Wilson

5. No. PC0655 Dated 19.2.75.

6. No. PC2552 Dated 27.7.75.

7. Photoelectric device.

Inventors: D.H. Bradhurst and G.Z.A. stolarski

No. PC0222 Dated 9.1.75.

Applications Allowed to Lapse

Technetium-99m mercaptopurine.

Inventor: F.C. Hunt No. PB6124.

Autoradiography in use of non-transparent photographic films.

Inventor: M. Thackray No. PB4109.

Improvements in gas burners.

Inventor: C.R. Walters No. 42849/72.
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Trademarks

SKELTEC registered in USA Dated 29.1O.74.

AUSTATOM application for registration in Australia Dated 11.6.75.
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