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PREFACE

This set of progress reports documents work carried out by research
divisions at the Research Establishment for various periods from late 1980 to
30 June 1982. Differences in periods of reportage are the result of changes
to the divisional infrastructure following implementation of recommendations
to the Government in the Review of Research Activities and Capacity, and
Proposals for the Future, a report by the NERDDC Review Committee, November
1979.
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FOREWORD

The Applied Mathematics and Computing Division provides a computing
service to all parts of the Commission, and to those parts of CSIRO situated
at Lucas Heights. The Division also undertakes research into aspects of
computing science in areas relevant to the Commission's interests.

The major development within the Division during this year has been the
replacement of the IBM3031 central computer with an IBM3033S central,
processing unit. The IBM3033S has twice the memory and nearly three times the
speed of the previous processor, and should cope with the expanding computing
requirements of the Lucas Heights Research Laboratories for the next few
years. :

The site computer network has continued to grow; and many new
application programs and facilities were provided during the year. Plans are
also well under way for linking the AAEC computer network with CSIRONET, the
CSIRO computer network. It is hoped that this connection will be effected
during 1982.

A database system, ADD, has been developed within the Division as a
research tool for understanding relational databases. A database enquiry
language, based on SEQUEL, has been provided. A number of test and
demonstration databases have already been set up, including the Research
Establishment records file system and the local telephone directory.

On the mathematical side, Fourier analysis has been used to study various
convergence techniques of linear algebra; this has given insight into the
performance of MINI, the locally developed method of implicit non-stationary
iteration for the solution of large systems of linear equations. The nuclear
code POW3D has been further refined; this code has now successfully been
applied to the modelling of SYNROC ageing processes. A joint study of gas
flow in the lung was undertaken in collaboration with staff from Westmead
Hospital.
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1. APPROXIMATION TECHNIQUES IN NUMERICAL ANALYSIS

1.1 Examination of Convergence of Iterative Methods with Fourier Analysis
(J.M. Barry, J.P. Pollard)

Further investigation into the convergence of several iterative schemes
of linear algebra was undertaken with Fourier analysis. This is a somewhat
controversial tool with which to study convergence behaviour, but it appears
to provide significant insight into the performance of the method of implicit
non-stationary iteration (MINI). Rather than view the linear system in terms
of eigenvalues of the iteration matrix, the Fourier approach is micro in
concept, viz. the error at individual points far removed from the boundary is
investigated with a Fourier expansion. The analysis supported the
experimental restrictions previously placed on the Y'S of MINI, something that
could not be justified adequately with the more conventional theoretical
approach. On a more secure foundation, a macro Fourier analysis of error was
undertaken through application of a fast Fourier transform over the complete
grid. The results of this analysis supported the micro findings. A paper on
this work has been submitted.

1.2 Nuclear Code POW3D
(J.M. Barry, J.P. Pollard)

Some small modiffcations were made to the nuclear code POW3D. These were
to correct small problems that arose when users started to employ the code for
everyday reactor physics calculations. The code is performing well and should
eventually replace the earlier code POW2D when one or two service routines are
completed. For the 20 calculations currently undertaken, POW3D has
demonstrated an increased efficiency over POW.

1.3 Multigrid Techniques
(J.M. Barry, J.P. Pollard)

The iterative solution of large systems of linear equations has been
traditionally accelerated with variational methods. The technique commonly
known as coarse mesh rebalancing (CMR) is a once-performed process in terms of
mesh consolidation. Work by Brandt [1] suggests advantages may be obtained
through recursive use of grid refinement. The original multigrid approach

1. Brandt, A. [1977] - Multi-level adaptive solutions to boundary-value
problems. Maths. Comp., 31(138)333-390.
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sought generation of the reduced matrix from the physical problem. It was
decided to extend the CMR process here to generate the reduced matrices rather
than return to the underlying physics for each coarse mesh. Multigrid
versions of MINI and CMR are under development. It is hoped to evaluate the
worth of the technique from this code. Should it prove worthwhile,
consideration can be extended to implementing the technique in the nuclear
code POW3D.

1.4 SYNROC Temperature Profiles
(J.M. Barry, J.P. Pollard)

With a little effort, the reactor neutronics code can be made to solve
several other problems of mathematical physics, through a simple redefinition
of constants and interpretation of variables. The code has provided a most
convenient means of investigating the time-dependent temperature distribution
associated with a preliminary model of a large quantity of SYNROC buried deep
beneath the earth's surface. The results supported preliminary calculations
performed by Gilbert and Miskelly on the Commission's hybrid computer system.
It is anticipated that POW3D will continue to be a suitable vehicle for
solving more sophisticated models for the SYNROC Program.

1.5 Gas Transport Studies in the Lung
(M.R. Davidson*, L.A. Engel**)

The pattern of gas transport is examined within a branching nodal
representation of an isotropically expanding, asymmetric acinus, distal to the
respiratory bronchioles. Single breaths of 02, He and SFg are simulated by
numerical solution of the gas transport equation. The variation of gas
concentrations during the respiratory cycle is shown and the mechanisms
responsible are highlighted. The results confirm the unequal distribution of
inspired gas between parallel pathways, predicted from studies of isolated
asymmetric branch points, and the consequent mechanism of diffusive
interaction during expiration simulating a sloping alveolar plateau. In
addition, it is demonstrated how the occurrence of such processes at serially
distributed asymmetric branch points could account for a persistent axial
concentration gradient observed within the model during expiration.

* Now with CSIRO

** Director of Thoracic Medicine, Westmead Hospital
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2. DISTRIBUTED COMPUTER NETWORKS

2.1 New Computer Network Facilities
(P.L. Sanger)

Extensions to the NOVA Dataway terminal communication system (DATERCOM)
now provide non-ACL mode access to ACL mode support and have significantly
expanded the facilities available to the AAEC computer network. The new
support is already being used by terminals on the PDP11 HASTE system, and
tests of UNIX access to the facilities are currently under way.

Implementation of this new mode of access makes use of the character
processing commands of DATERCOM to allow the called computer to carry out its
own syntax analysis of terminal input data. This has preserved the
interactive appearance of ACL to the terminal user and, in particular, the
character-by-character syntax checking of terminal input. Combining the
character Dataway commands with blocked output write-sequences has resulted in
an efficient balanced use of Dataway resources and good terminal response.

The new DATERCOM is the second example of a system taking both an
'active' and a 'passive' role in Dataway communication. Its new facilities
open up the possibility of having smaller, microprocessor-based, terminal
support systems on the Dataway with minimum software to support the non-ACL
mode protocols and so gain full access to AAEC computer network facilities.

2.2 Access to CSIRONET
(G.W. Ready, P.L. Sanger)

The feasibility of providing a site connection to CSIRONET has been
investigated and recommendations made for the purchase of appropriate
equipment in the new financial year.

2.3 Archiving of UNIX Files
(R.J. Cawley, G.W. Peady)

A program, UNIXSV, has been written to run under MVS on the IBM3033S to
facilitate the archiving of UNIX files on the IBM disk storage system. This
program is started up by a program 't' running on the PDP11/45 via normal
Dataway procedure, and then reads (via the Dataway) from the 't' program. The
't' program is responsible for replying with both control information and data
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to be archived on the IBM disks. A companion PDP11/45 program 'f is used to
invoke UNIXSV in order to retrieve files from the IBM disks. This facility is
also available on the Site Information Services POP11/34.

2.4 Conversion between UNIX and IBM files
(R.J. Cawley)

An MVS link task, $CONVERT, has been written to allow conversion of
IBM3033 text files in UNIX archive format to standard IBM fixed format
(RECFM=F or FB) and vice versa. This program, when used with the UNIX
archiving and retrieving programs 't1 and 'f, provides a simple means of
transferring text files between the IBM and UNIX file systems.

2.5 Pulse Height Analysis Program for Applied Physics Division
(R.J. Cawley)

A pulse height analysis program has been written to run on the Applied
Physics Division's PDP11/40 (Dr J.W. Boldeman). This program allows the
storage and retrieval of the collected spectra on floppy disks recently
attached to this computer, as well as the usual facilit .;s for spectrum
viewing, stripping and ADC controls.

2.6 PDP11/45 Pataway Problems
(G.W. Peady, P.J. Ellis*)

Some time was spent in tracking a Dataway fault (originally intermittent)
in the PDP11/45 interface/control unit. This fault, which grew steadily
worse, made the transfer of data between the IBM3033 and the PDP11/45 very
unreliable. The problem was traced to a hardware fault which was data-
related, and eventually fixed by Ellis. In the process of tracing the fault
to hardware, the UNIX Dataway handler was improved in several areas.

2.7 Terminal System for CEPD and Noise Analysis Laboratory
(R.J. Cawley)

The program HASTE has been modified to operate on the Centrifuge
Enrichment Project Division's PDP11/10. This computer now supports terminal

* Applied Physics Division
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access to other computer systems attached to the site Dataway system, notably
the central computer (IBM3033S), and the two UNIX systems (Bid. 51 PDP11/45
and the SIS PDP11/34). Currently, four terminals are connected to the CEPD
system, including a Tektronix graphics terminal.

Extensions were made to the program to support the printer/pi otter and
card reader attached to the PDP11/10. These devices provide a remote job
entry facility for the IBM3033S. Commands are available to control the
printed and plotted output directly via JES2. These commands allow for output
interruption, repeat, termination, forward and backward spacing, as well as
forms and output separator control. Other extensions provide for loading
programs into CEPD's peripheral computers (a PDP11/15 and an LSI11/03) from
the IBM3033 disk storage.

The program HASTE has also been modified to operate on the PDP11/10 of
the Noise Analysis Laboratory (formerly AAEC, now CSIRO). A single VR17
graphics terminal is supported.

2.8 PDP11/23 Systems in Applied Physics Division and Isotope Production
(R.J. Cawley)

The old PDP7, which was originally used to control and log the 3 MeV Van
de Graaff experiments in Bid.22, has been replaced with a modern system, a
PDP11/23. The RSX11M operating system which runs on this computer was
generated to take into consideration the local devices attached and the system
options required. This system generation has been done twice in order to
apply the latest system corrections supplied by the manufacturers. The system
was also generated to run on a similar computer recently acquired by Isotope
Production Section.

3. INTERACTIVE COMPUTING AND GRAPHICAL REPRESENTATION

3.1 ADD - A (Relational) Database Demonstration
(R. Cawley, J. Cergovska, J.P. Pollard)

A relational database program, ADD, has been written on site particularly
to support ad hoc enquiries. Sufficient features are available to enable
databases to be CREATEd and SELECTion to be carried out. The program is
continually evolving, as the user community make its needs known. Presently
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20 databases have been set up as a trial by a dozen users on site. ADD
consists of three main parts: the database program; the monitor; and the LINED
edi tor.

The database program interpreter carries out all database operations
following statements of the SEQUEL language such as CREATE, SELECT, etc. An
example of the language follows:

SELECT * FROMIlh records
WHERE title=AUS* Conference;
which will find titles containing Australian Conference,
Australasian Conference, etc.

(trailing * means 'and any other characters').

The interpreter is written in Pascal and makes extensive use of disk I/O
routines (written in assembler) employing B-tree indexes. Each database
consists of three datasets, for example:

ADD.RELATION.LH.RECORDS - for basic definitions
ADD.INDEX.LH.RECORDS - for inverted index
ADD.TUPLES.LH.RECORDS - for basic data

The database monitor controls both batch and interactive user jobs. The role
of the monitor is to enable the user to interact freely between the
interpreter and the LINED editor, which is used to edit both SEQUEL commands
and SELECT output. Most users set up 'canned applications' of monitor
statements which can easily be invoked by others. For example, one canned
application,

#lh records
sets up a prompting session

file :
title :

and the user need only specify relevant information such as

file :
title : AUS* Conference

which is converted to the SEQUEL command given earlier and the application
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automatically edits the output to suit the particular job. This example,
however, fails to convey the usual equivalence of input for batch and
interactive jobs. The monitor is written in FORTRAN and makes extensive use
of the SCAN free format input routine.

The UNED editor permits versatile editing of SEQUEL command data input
and output. The editor includes an interpretive extended macro capability
which provides 'canned applications' with the necessary logic for testing and
branching. For example, *@if(!$)q#lh records will quit the edit and call in
the canned application considered earlier if no data are present in the editor
work area. The editor is written in Assembler and, because of its extreme
versatility, is the main editor used on site.

3.2 UNED Text Editor
(R.J. Cawley)

The UNED text editor has been extended to provide the following
facilities:

(i) Dynamic invocation of UNED by other programs. This feature is used by
a number of application programs, notably the ADD database system which
is currently under development (Scientific Computing Section).

(ii) Pagination of hard-copy output.

(iii) Information message on hard-copy, stating the origin of the text (i.e.
dataset name and member name) and also showing any user-supplied
descriptor.

(iv) A new encryption option providing a much stronger encryption than the
earlier algorithm, which is still optionally available.

(v) Availability of UNED as a TSO command.

(vi) An extended command set for use within the macro process, and providing
a degree of programmability within the macro environment.

(vii) Search on string mismatch.
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3.3 INIS Query Language Interface
(S.C. Wong)

A new query languaye interface is being developed for the INIS database.
The INIS database was originally created using the IBM information retrieval
and management system (IRMS), but extensive local modifications over the last
five years have greatly improved the facilities provided by IRMS which was a
batch-oriented system. The system is being used to provide on-line access to
over half a million documents on nuclear science and related fields.

The new query language is designed to provide a more user-friendly
interface and to support search strategy based on query lines. Each query
line is a Boolean expression of search terms (INIS descriptors and qualified
descriptors) and other search lines. The search term may be left-, right- or
centre-truncated. To support search term truncation, a new file structure for
the INIS Thesaurus file will be used to permit rapid scanning and matching of
INIS descriptors.

The new interface has been partly developed and work is in progress
towards complete implementation for testing and production runs.

4. COMPUTER OPERATING SYSTEM DESIGN AND OPTIMISATION

4.1 New IBM3033S Central Processor Performance

The IBM3031 central processor was replaced in early January with a larger
and more powerful IBM3033S. This has double the real storage (8 Mbytes) and
approximately double the instruction processing speed. The IBM3031 was
critically under-sized and under-powered for the workload it was attempting to
process. Consequently, much of its processing time was consumed with
overheads associated with real storage shortage. The improvement in
performance brought about by the shift to IBM3033S has been dramatic.
Although its storage and processing capacity were under-utilised for the
initial months, both response and throughput were both greatly improved. Even
as the workload has grown to use some of the available capacity, this
improvement has been sustained. Since performance has been so good, there has
been little need to revise any of the tuning parameters. Minor changes have
been made to remove some constraints that had been imposed to overcome the
chronic shortage of resources on the IBM3031.
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4.2 Upgrade of the MVS System Maintenance Level
(R.J. Mclaughlin)

Two batches of IBM customised program update tapes (PUTs) were applied,
bringing the MVS system maintenance level first from that of PUT tape 8009 to
8101 and then to 8109. These multiple PUTs were performed using AAEC
refinements to the IBM-supplied PUT process. They are designed to make the
procedure simpler, more automatic and less error-prone. This maintenance
level is the minimum recommended by IBM for the installation of the SP1.3
version of the MVS operating system.

4.3 Review of Data Management Procedures and Standards
(H.D. Ferguson)

With the resignation of a member of staff who had a key involvement in
the management of all disk and tape data, as well as the discovery of a
potentially major compromise of data integrity, the need for a complete review
of all aspects of data management was recognised. This review is now in
progress. It will cover aspects of archival/retrieval procedures, tape
management, tape security, disk data management and data back-up and recovery.
In addition to functional and operational aspects of data management, the
review will also serve to consolidate documentation of all data management
procedures.

4.4 Duplication of MVS Archiving Procedures
(H.D. Ferguson)

In the course of the above review, it became apparent that the method of
archiving low-use MVS disk data onto a single series of archive tapes made it
likely that valuable data could be lost if an archive tape became unreadable.
To overcome this likelihood, a parallel series of archive tapes has been
established to act as a back-up for the primary series. Already this back-up
series has been used on several occasions when a considerable amount of user-
and system-data would otherwise have been lost.
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4.5 Research and Education Preparatory to Installing MVS/SP1.3
(H.D. Ferguson, R.J. Cawley, G.W. Cox, R.J. Mclaughlin, R.P. Backstrom,

M.S, Hall*)

SP1.3 (system product version 1 release 3) is an enhancement to the
IBM3033 MVS operating system which provides significant performance gains and
functional improvements to facilitate tailoring the system to AAEC
requirements in a standard IBM-supported manner. SP1.3 was ordered this year
after favourable experience with the earlier version SP1.1 which had been on
the MVS system since January 1981.

Documentation and material relating to installation of SP1.3 began to
arrive in May. Research into prerequisite software and functional change is
well advanced. Ferguson attended a three-day IBM course on SP1.3 conversion.
Preparation for the separate conversion to SP1.3 of the job entry subsystem
(JES2) is under way (Backstrom).

4.6 Review of IBM3033 Usage Accounting Procedures
(R.J. Mclaughlin)

A review has begun of the AAEC's accounting procedures for IBM3033
computer usage. These use data written by the MVS system management facility
(SMF). In the course of this review, a number of commercial accounting
packages were evaluated and two companies invited to set up demonstration
systems on site and so enable first hand experience to be obtained.

In parallel, a critical review of the existing accounting system was
undertaken and, as a direct result, a number of changes have been made:

(i) Previously, SMF data were dumped directly to magnetic tape. It is now
staged to disk storage before copying to tape. This allows the SMF
data to be blocked more efficiently onto tape and will ultimately
provide a more manageable means of periodically analysing and reporting
from SMF data.

(ii) SMF accounting routines prevfously processed the dumped data directly
from tape and were thus handicapped by both the inefficient blocking
and the mass of irrelevant data. Now, selected SMF records relevant to
accounting are copied to separate disk files which are regularly dumped

* IBM Systems Engineer
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to separate series of tapes. These tapes are processed with
significant performance improvements.

4.7 AEMOVE Disk Maintenance Utility
(G.W. Cox)

A new version of the disk maintenance utility AEMOVE has been installed.
A troublesome abend that has plagued this program since its conversion to run
under MVS several years ago has been removed. This means that AEMOVE now
issues meaningful return codes that can be used to analyse the success of the
run. The new version has some additional features, such as an option to
process all on-line disk volumes without the need for explicit specification
of each one.

4.8 Installation of ACF/NCP/VS R2.1
(R.J. Mclaughlin, M.S. Hall*)

A new version of the network control program (NCP) has been installed.
NCP is the operating system that resides in the IBM3705 communications
controller. This is a key element in a standard IBM network structure
connecting (at present) two remote stations to the central MVS system (Isotope
Division's work station and the Admin. IBM8130 distributed processor). The
new NCP (ACF.NCP/VS R2.1) is compatible with both the IBM3705 and the now
replaced IBM3704 communications controllers. The previous NCP was not
compatible with the IBM3705 which has certain advantages over the former
IBM3704; these include a larger region (256K versus 64K) allowing a more
sophisticated NCP with the potential to service many more communication lines.
Release 2.1 is the currently supported version.

4.9 Installation of ACF/VTAH VI.R3
(R.J. Mclaughlin, M.S. Hall*)

A new version of ACF/VTAM (version 1, release 3) has been installed. The
new version came with a number of significant changes to the logic and some
new networking concepts. With ACF/VTAM 1.3, it is possible to define, for
suitably complex networks, multiple alternative data paths between remote
nodes which may be separately activated. This capability is valuable in the

* IBM Systems Engineer
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event of a failure of some node on the path between two remote nodes, where it
may be possible to activate an alternative path which bypasses the faulty
section. ACF/VTAM 1.3 also provides the network with the potential for
greater flexibility, reliability and diagnostic aids than was available with
the former version, ACF/VTAM 1.1. The changes in logic and network concept
contained in the new ACF/VTAM required a regeneration of the NCP and changes
to some VTAM tables.

4.10 Pascal 8000 Maintenance
(J. Cergovska, G. Cox)

An updated release of Pascal 8000, version 2.OB is now available. A few
'bugs' have been reported and are now corrected. These corrections are
incorporated in the updated release.

4.11 PROJACS
(R.C. Armstrong*)

The IBM program product PROJACS is being installed at the request of the
HIFAR Operations Section. This package is designed to assist in the
management of planning, scheduling and cost-evaluation of complex projects.
The HIFAR Operations Section will use it to schedule major shutdowns
efficiently. It will also be available for general use by project managers.
Its installation is being held up by the need for concurrent installation of
the PL/1 resident library.

5. COMPUTER OPERATION

5.1 Computer Usage

The following statistics shows the transition from the IBM3031 to the
IBM3033 computer. The usage figures for this period are shown in Table 1.
The average number of jobs for one month was 9929 and the average processing
time 232 hours. The average job processing time was 0.43 minutes.

The significant proportions of computer usage by Divisions and other
major users are as follows:

* IBM Systems Engineer



Centrifuge Enrichment Project 28.3%
Applied Mathematics and Computing 16.0%
Nuclear Technology 15.6%
Applied Physics 9.8%
Environmental Science 8.3%
Chemical Technology (now CSIRO) 4.6%
Power and Energy 4.3%
Administration 4.0%
AINSE 2.6%
Others (less than 2.5%) 6.5%

Table 2 represents the average turnaround time for jobs run during day
shift. This weighted average turnaround was 7.3 minutes. Table 3 shows that
the number of jobs processed during the day shift was 8279.

5.2 Site Medical Records
(J.M. Barry, M. Brassil, K.L. Petersen)

Maintenance of the site medical record system continued during this
period. To provide a more reliable and supported file structure, it was
decided to convert the existing system of storing information over to the site
database system ADD. Towards this end, a number of programs were developed to
transform the data structures in the old files.

To take full advantage of the interactive capacity provided by the
terminal network, a program is being developed to permit direct input of
patient information. This program has many self-checking features to ensure
the reliability of the input data.

A series of editing programs was developed to permit errors in the old
file structure to be corrected on-line, and to permit display of selected
patient records.

5.3 FORTRAN Library Routines
(K.L. Petersen)

Documentation for the AAEC FORTRAN library has been collected and
consolidated. Efforts to introduce uniformity in the descriptions of each
routine have been made. The documentation and source code are now available
interactively for users to read (but not alter).
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TABLE 1
COMPUTER USAGE

1st JULY 1981 - 30th JUNE 1982

Months

1/7/81 - 15/7/81

16/7/81 - 12/8/81

13/7/81 - 9/9/81

10/9/81 - 7/10/81

8/10/81 - 4/11/81

5/11/81 - 2/12/81

3/12/81 - 30/12/81

31/12/81 - 27/1/82

28/1/82 - 24/2/82

25/2/82 - 24/3/82

25/3/82 - 21/4/82

22/4/82 - 19/5/82

20/5/82 - 16/6/82

17/6/82 - 30/6/82

TOTAL

Monthly Average

Record Processing Time
AAEC AINSE Total

Universities

74

191

116

139

163

269

147

286

275

268

395

326

370

189

3 208

229

4

10

2

2

1

4

1

1

2

2

1

1

3

5

39

3

78

201

118

141

164

273

148

287

277

270

396

327

373

194

3 247

232

Meter Time
Operation
System

600

615

600

619

605

613

298

No. of
Jobs

6 560

11 427

9 191

8 245

7 298

11 818

9 727

7 898

10 939

12 287

12 014

11 838

12 006

7 757

139 005

9 929
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TABLE 2
JOB TURNAROUND - (DAY SHIFT)

1st JULY 1981 - 30th JUNE 1982

Job Classes

1/7 - 15/7

16/7 - 12/8

13/8 - 9/9

10/9 - 7/10

8/10 - 4/11

5/11 - 2/12

3/12 - 30/12

31/12 - 27/1

28/1 - 24/2

25/2 - 24/3

25/3 - 21/4

22/4 - 19/5

20/5 - 16/6

17/6 - 30/6

I

10

10

10

10

11
9

8

9

7

6

7

8

9

11

L

582

507

308

462

543

774

207

625

390

315

406

858

739

451

T

148

287

305

201

97

308

171

89

91

515

90

-

-

2

0

4

3

3

7

11

3

2

4

2

2

1

2

2

2

1

2

4

3

3

3

3

2

1

2

1

1

1

2

2

2

7

11

8

8

9

10

6

3

2

2

3

2

2

2

3

10

19

17

17

17

14

8

2

3

2

3

3

6

4

4

16

24

30

28

25

26

9

2

5

2

6

6

4

7

5

12

25

25

27

30

31

17

9

12

5

9

7

14

9

6

16

19

26

35

44

30

33

19

14

13

8

9

10

14

7

13

62

41

33

24

56

53

3

8

5

10

10

10

12

8

39

71

90

65

40

54

30

7

15

6

23

15

24

27

9

28

84

83

103

123

91

75

19

27

29

32

26

34

52
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TABLE 3
JOBS PROCESSED BY CLASS (DAY SHIFT)

1st JULY 1981 - 30th JUNE 1982

1/7 - 15/7

16/7 - 12/8

13/8 - 9/9

10/9 - 7/10

8/10 - 4/11

5/11 - 2/12

3/12 - 30/12

31/12 - 27/1

28/1 - 24/2

25/2 - 24/3

25/3 - 21/4

22/4 - 19/5

20/5 - 16/5

17/6 - 30/6

I

452

772

588

509

429

552

467

506

1002

1021

1356

1306

1672

995

L

3

17

5

11

17

22

16

24

14

33

41

23

26

6

T

5

14

3

3

2

14

3

6

29

1

1

-

-

5

0

1279

2149

1961

1930

1899

3336

2450

2239

3066

3475

3756

2924

2864

1591

1

1513

2627

2214

1853

1492

2236

1736

2182

2684

2506

2575

2698

2813

1980

2

413

771

626

482

338

581

665

482

951

L200

L020

1038

1095

832

3

242

287

253

251

248

359

262

175

436

493

190

372

210

326

4

80

42

82

75

68

139

308

381

L09

82

66

82

220

111

5

116

256

215

180

145

332

192

119

146

265

216

167

152

162

6

121

280

196

138

79

159

25

33

150

272

125

70

25

29

7

19

30

48

29

9

27

14

53

40

28

58

49

55

83

8

18

75

47

37

27

101

49

99

59

114

126

77

117

63

9

52

72

70

65

59

60

77

111

173

139

187

167

271

82

ALL CLASSES

4 313

7 392

6 308

5 563

4 812

7 918

6 264

6 410

8 859

9 629

9 717

8 973

9 520

6 265
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6. SYSTEM SOFTWARE

6.1 UNIX Software
(6.W. Ready, A.M. Stead, P.T. Parker)

The UNIX system software continues to be maintained and updated. The
Dataway handler has been changed tc contain timers to ccpe with unusual
conditions in the hardware. With the acquisition of the 67 megabyte disk, the
AM and C UNIX system has been changed to accommodate this increase in mass
storage. This required the addition of a nen/ handler and changes to the
bootstraps, both hardware and software. Similar changes were made to the SIS
system. Because the AM and C system has no magnetic tape back-up, a back-up
procedure was developed which automatically detects files that have been
changed and makes a back-up copy on an RK05 disk for sending later to the
central computer. A four-line serial interface with control signals was added
to the PDP11/45 and a handler developed to drive it.

An archiving program has been developed to allow a user to send (and
retrieve) easily UNIX files to (and from) the central computer. This program
maintains a file which contains, among other things, a mapping between UNIX
file names (up to 14 characters in length and containing any character) and an
IBM partitioned dataset member name (8 upper case characters). The archiver
uses fully checksummed data blocks and has a rapid, error-free, transfer over
the Dataway.

A change has been made to the shell (the main controlling program of
UNIX) to allow the redirection of the standard error output. This change
allows users on a Dataway terminal to logoff with a process continuing in the
background.

The latest version of level 6 UNIX has been obtained from the University
of Sydney and the current system is in the process of being updated to this
version.

At the last Australian UNIX Users' Group meeting, a talk was given on
level 7 UNIX. Since there appears to be no real advantage (and, in fact, some
disadvantages) for upgrading to level 7, the decision has been made to retain
level 6 for the time being.
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With the acquisition of a PDP11/23 by CEPD, investigations of the
possibility of using UNIX on that system have led to the consideration of
changing from running UNIX on site to running IDRIS (an operating system
closely resembling UNIX but with several added advantages). These
investigations are continuing.

6.2 Isotope Division Printer Program
(R.P. Backstrom)

A program has been developed which sends data to the Isotope Division's
printer in Bid.23 via the communications controller attached to the central
IBM computer. The advice of IBM personnel (customer engineers) was sought to
follow the involved protocol sequence demanded by the IBM relay program
ACF/VTAM (the Advanced Communication facility using the Virtual
Jelecommunications Access jjlethod). This program passes on the data requests
to the IBM3704 communications controller and thence to the printer.

The operators in the Isotope building now have simple commands with which
to print their isotopes mailing labels under their own control at any time of
the day or night.

The alternative was to obtain an IBM program product (on a monthly
rental) which could be initiated only by the central computer operator. We
have, therefore, avoided the necessity of re-commencing a third operator shift
to handle print requests overnight or of allowing computer-room access in
silent hours to other than AM and C operators.

6.3 Job Accounting for External Users
(R.P. Backstrom)

The standard IBM user exit IEFACTRT has been modified to display the
accumulated CPU time used and the time left in external users accounts. This
information is printed on the first page of the user's job listing so that the
user is constantly informed of his or her account status. When the allocated
time is used up, subsequent jobs are rejected, with a line of explanation on
the job listing. This prevents the inadvertent usage of more computing time
than has been budgeted, and gives users an idea of how their account totals
are progressing.
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6.4 New User Command in $M
(R.P. Backstrom)

A new DJ (display jobs) command has been added to the Dataway program $M.
This allows the user to monitor the progress of a job as it is run on the
central computer. The information given includes jobnames, stepnames, CPU
time used, real memory in use and input/output (I/O) counts. An indication of
whether the jobs are currently executing, waiting for magnetic tapes or are
swapped out of memory is also displayed. This helps users to understand that
a one-minute job takes longer than one minute to run because other jobs are
sharing the processor, second by second.

Certain jobs which the users have noticed running very slowly have
accumulated very large I/O counts which they are now able to watch. In these
cases, the user is reassured that the jobs are in fact progressing and not
sitting idle in the computer.

6.5 Catlist Subroutine
(R.P. Backstrom)

A routine has been written to check the catalogue for the number of
datasets currently catalogued on a given disk or tape volume. This subroutine
has been incorporated into the magnetic tape labelling program AELABEL to
prevent the re-labelling of tapes still containing archived user datasets. It
is also used in the Dataway program $CATLIST which returns the dataset counts
interactively to the user. The program uses full-track read commands when
scanning the catalogue and returns the totals to the user within three
seconds.

6.6 Dataway Testing Programs TRANSO-9
(R.P. Backstrom)

A Dataway testing program, TRANS, has been written for testing data
transmission between the central computer and other computers on the Dataway.
The program has ten aliases TRANSO, TRANS1,...,TRANS9, which transfer
different numbers of various length data patterns. Each record is generated
with a two-byte checksum which the receiving computer can validate on receipt
of the data.
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It was considered better to have a fixed set of programs to invoke,
especially if Dataway errors are suspected, since replies to 'DATA PATTERN:'
and 'DATA LENGTH:' etc. on an error-prone line may not be transmitted
correctly either.

These programs have been used extensively on the path to the SIS computer
as well as to the PDP11/45 computer.

6.7 Development of the Simple File Management System
(S.C. Wong)

The simple file Tianagement system (SMFS) is designed to support the
following:

(i) A file with variable number of types of records. (Each record type
can consist of a variable number of fields or variable lengths. Each
record must have a unique key. Each field (except the key field) can
be subdivided into a number of subfields.)

(ii) Batch update (insert, amend and delete) of file.

(iii) On-line viewing of records according to keys. Users can
dynamically specify the format of the display.

A key feature of the system is the use of a dictionary file. All allowed
record types, fields and subfields must be defined in the dictionary file.
This is used by the system in processing updates and in printing and
displaying the master file. Current applications using SFMS include the
maintenance of the HIFAR reactor power cable schedules system and the
installed electrical equipment index system.

6.8 Multiple Linear Regression Program
(S.C. Wong)

A program has been developed for use by the Environmental Science
Division to perform multiple linear regression analysis for a dependent
variable and all subsets of a set of independent variables. A user-supplied
criterion is then used to collect the appropriate subsets of independent
variables for further analysis. The program is based on subroutines in
IBM/SSP and BMDP programs, and a program SETNEX developed by Dr J.P. Polla-d,
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Scientific Computing Section.

6.9 Consolidation and Documentation of AAEC FORTRAN Subroutine Library
(H.D. Ferguson, R.J. Cawley, J.M. Barry)

To facilitate a smooth implementation of FORTRAN/VS> the source modules
for the AAEC FORTRAN subroutine library (AAE.FORTLIB) have been consolidated
and documentation standards are being applied.

6.10 New FORTRAN/VS System
(H.D. Ferguson, J.M. Barry, R.C. Armstrong*)

The IBM program product FORTRAN/VS has been installed. A new release
(No. 1.1.1) has been tested and accepted, the first release (1.1.0) not being
accepted by this installation. This was due to a number of serious
shortcomings, notably the incompatibility of its method of passing character
strings between subroutines compared to that of the long-standing 'G1 and 'H1

systems. The new compiler and run-time system is now in limited use.

6.11 New Version of OMNI
(R.J. Mclaughlin)

A new version of OMNI was installed in January for the Energy Systems
Analysis Group (CSIRO). OMNI is a comprehensive suite of commercial programs
driven by a high level control language and is used for designing, solving and
reporting on problems in the field of operations research. The original OMNI
system was installed in December 1980 and has been a valuable and heavily used
software tool for the ESA Group.

6.12 AESEND - Notification of System Malfunctions
(H.D. Ferguson)

A TSO facility has been devised to assist system programmers to detect
malfunctions in routine system housekeeping jobs. Previously, reliance has
been on someone noticing such malfunctions and alerting the responsible
personnel. Lack of attention to these malfunctions has on past occasions led
to serious disruption to the system. AESEND has already provided early
warning of several malfunctions that would have caused problems to arise.

* IBM Systems Engineer
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7. COMPUTER HARDWARE

7.1 Maintenance of PDP11 Computers
(G.W. Ready, D.P. Bel bin)

In an attempt to consolidate all maintenance of PDP11 computers and
peripherals on site tenders were called for this maintenance. However,
unfortunately no single company was able to provide maintenance for all the
equipment.

7.2 Computer System for Commercial Products Unit Operations
(S.C. Wong)

A computer system for the operations of Isotope Division's Commercial
Products Unit has been implemented. The system is being used for daily
production runs to produce dispense sheets and delivery dockets for the sales
of 'bulk order1 technetium products.

8. OTHER PROJECTS

8.1 Phototypesetter for the SIS Computer
(G.W. Peady, P.T. Parker)

Evaluation of tenders for phototypesetting equipment led to the selection
of a Quadritek 1600 typesetter as the most suitable piece of equipment. This
is a system which appears to be able to be interfaced to existing software on
the SIS PDP11/34 system. Some cooperative work between ITEK (the suppliers)
and AAEC has commenced, to develop the appropriate software interface to allow
its full operation.

8.2 Personnel Dosimetry Service
(I.D. Hughes)

Modifications were made to the Personnel Dosimetry Service programs to
cater for the introduction of metric measuring units.
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8.3 HIFAR Cable Schedule System
(M. Brassil, I.D. Hughes)

HIFAR cable schedules are being transferred to the computer to make
record undating and retrieval easier than they are under the present manual
system. The project involves development of programs to retrieve and display
information on individual cables and to produce comprehensive information on
all cables in compact form. A number of suitable PL/1 programs were developed
and further extensions are envisaged.

9. OTHER WORK

9.1 Educational Activities

. Alexander Mackie College was assisted in running a workshop on
'computer assisted timetabling'. Seventeen high schools attended in
order to prepare their timetables for 1982.

. Dr J.P. Pollard and Dr G. Campbell* continued work on a project
known as the DIRECT Helper Scheme which aims to overcome reading
difficulties in young people through the use of microcomputers.

9.2 Assistance to LHRL Staff

The Applied Mathematics group continues to offer mathematical and
programming support to LHRL staff. In particular, Dr M.R. Davidson provided
statistical assistance to the late Professor S.T. Butler in evaluating the
results of a survey on national scientific support to police. The use of
mathematical program libraries has increased over this period and a marked
increase in the request for routines of a statistical nature was evident.

Since the release of the ADD program in May 1982, several people have
been given assistance to set up databases and to convert existing datasets to
ADD input requirement.

* Director of Basic Education, TAPE until December 1981
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9.3 Summer School

Members of the Applied Mathematics and Computing Division combined with
other Commission staff to present the 1981 Summer School entitled
'Mathematical Modelling of a Limited Resource'. The limited resource modelled
was the world's oil supply, and the topic was essentially a repeat of the
previous year's very successful summer school.

9.4 Involvement with Australasian Share/Guide Ltd

9.4.1 General Parcicipation
(H.D. Ferguson, C.B. Mason, R.J. McLaughlin, R.J. Cawley, G.W. Cox)

Australasian Share/Guide Ltd (ASG) is an international corporate consumer
group of IBM mainframe customers. It aims are to foster a cooperative spirit
of technical and managerial development within the IBM customer community and
to assist IBM in forming directional policies for its products.

The advantages to the AAEC that result from this involvement are as
follows:

(i) The AAEC has long been held in high regard within the computing
industry for the innovative development of its computer network,
disk management system and its Pascal system The AAEC has also been
an industry leader by keeping abreast with state-of-the-art
developments in IBM's systems » By involvement in ASG, this status
can be maintained.

(ii) ASG is a cooperative enterprise that participants both contribute to
and gain from. Contributions at managerial level can be seen as but
one form of contribution that is offset by the gain to the AAEC of
technical experience from the other participants.

(iii) ASG provides a forum for discussion of problems with IBM systems
and, where many installations share common problems, joint
representation can be made to IBM to assist it develop more
effective and productive software. The AAEC's interests have been
represented in the form of requirements for discussion within ASG.
Many of these have been strongly supported by other participating
installations and recommendations have been subsequently put to IBM.
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Members of this group have been active participants in many areas of ASG,
especially those relating to the MVS project.

9.4.2 Attendance at ASG5 and ASG6
(H.D. Ferguson, C.B. Mason)

The fifth and sixth international conferences of ASG were held in
Melbourne and Adelaide in July 1981 and February 1982 respectively. Both
conferences were attended by Ferguson and Mason. At ASG5, Mason stepped down
from his position of ASG Inaugural President and became the first Immediate
Past President. Also at ASG5, Ferguson took over the position of MVS Project
Manager. In accepting the invitation to nominate Ferguson as Project Manager,
the opportunity was seen for the AAEC to continue its close involvement with
the running of ASG. ASG provides AAEC with valuable technical information
important for the efficient planning and running of the IBM3033S computer.

9.4.3 Attendance at ASG5 MVS Interim Meeting
(H.D. Ferguson, C.B. Mason, R.J. Mclaughlin)

An interim meeting of the ASG MVS Project was held in Sydney in October
1981. The special topic was the management of IBM-supplied software packages
and maintenance. This area has caused much concern in the industry as a whole
as well as within this installation. The day's proceedings served to define
customer concern and provided several informative educational sessions. The
outcome of the meeting is likely to lead to the formation of a new ASG project
specialising in these areas.

9.4.4 Attendance at ASG6.5 MVS Interim Meeting
(G.W. Cox)

An interim meeting of the ASG MVS Project was also held in Melbourne in
May 1982. The special topic was the dialogue management services feature of
the IBM software product SPF (system productivity facility, a part of the TSO
subsystem). This installation is considering leasing SPF and Cox had gained
some experience with TSO/SPF while on attachment to the IAEA in Vienna. This
meeting served both to consolidate his knowledge of SPF and provide useful new
information, all of which has served to confirm the usefulness of this
product. In addition, at this meeting IBM announced a new version of SPF
which should be available later in 1982.
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9.4.5 Attendance at MVS Project (Sydney Group) Meetings
(H.D. Ferguson, G.W. Cox, R.J. Mclaughlin, R.J. Cawley)

The MVS project of ASG holds regular monthly meetings in the major
cities. These meetings serve as vital communication points between this and
similar installations, dealing with topical issues that confront MVS
installations. These arise both during installation of new systems and
maintenance as well as during the provision of support for current production
systems. The AAEC has been a regular participant at these meetings since
their inception.

9.4.6 Hosting the Monthly Meeting of Sydney Group ASG MVS Project

In January 1982, the AAEC hosted the monthly meeting of the Sydney group
of the ASG MVS Project. At this meeting, Dr D.J. Richardson welcomed the
attendees (approx. 30 from major installations in Sydney and Wollongong). In
so doing, he gave an outline of the AAEC computer network. Mr H.D. Ferguson
chaired this meeting.

9.4.7 Construction of Index of Share/Guide Proceedings
(H.D. Ferguson, with A.J. Walker, Operations Group)

Work is in progress on the construction of a cross-referenced index of
proceedings of ASG, Share and Guide conferences. Such an index is not known
to exist elsewhere and its availability both to this installation as well as
to ASG will serve as a ready guide to these publications, which contain a
wealth of valuable technical information. In the future, this index may take
in both SEAS and Guide/Europe as well as extending beyond conference
proceedings to include miscellaneous other publications such as the white
papers and newsletters published by these organisations.

9.4.8 Contribution to 'ASG-Mods' Tape
(G.W. Cox)

ASG is establishing a tape of useful utility programs and system
modifications. These are contributed by participating installations on a
voluntary basis. The AAEC has made available its AECATLG utility for
restructuring OS catalogues. This utility has gained wide acclaim from those
installations which have already used it.
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9.5 Use of IBM Independent Study Programs (ISPs)
(H.D. Ferguson, R.J. Mclaughlin)

IBM offers a selection of courses in the form of ISPs. Each of these
provides a set of reading material and audio cassettes, as well as a series of
written and machine exercises. The advantage of this type of course is that
it enables the participants to proceed at their own pace and does not require
them to be absent from duty. The ISPs are also cheaper than classroom courses
and may be re-used any number of times. Currently, Ferguson is engaged on an
ISP for VSAM (virtual storage access method) and Mclaughlin is engaged on an
ISP for SMP (systems modification program).

10. PUBLICATIONS AND CONFERENCE PRESENTATIONS

10.1 Journals and Books

Davidson, M.R. and Engel, L.A.* [1982] - Gas transport in an asymmetrical
acinus. Bull. Europ. Physiopath. Resp., 18:203-214.

Davidson, M.R. and Airey, P.L. [1982] - The effect of dispersion on the
establishment of a palaeoclimatic record from groundwater. J.
Hydrology., 58:131-147.

Pollard, J. and Campbell, 6. [1981] - A microcomputer helps disabled
youngsters to read. In Technological Change - Impact of Information
Technology. Australian Government Publishing Service.

10.2 Conferences

Barry, J.M. and Pollard, J.P. [1982] - Solution of neutron diffusion linear
equations by the method of implicit non-stationary iteration. Proc.
1981 Conf. on the Numerical Solutions of Partial Differential
Equations (ed. J. Noye), Queen's College, Melbourne Univ., 22-27
August,North Holland, Amsterdam, pp.605-622.

Davidson, M.R. [1982] - Dispersion in a model of a layered aquifer-acquiclude
system: a simple numerical treatment. Proc. 1981 Conf. on the
Numerical Solutions of Partial Differential Equations (ed. J. Noye),

* Westmead Hospital, NSW
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Queen's College, Melbourne Univ., 22-27 August, North Holland,
Amsterdam, pp.471-478.

Ready, 6.W. [1981] - High-level programming of network hardware. Decus 81
Griffith University, Qld. Proc. Symp. Digital Equipment Corporation
Users' Society, 7(5)1687-1689.

Dr M.R. Davidson attended a meeting on Physiological Fluid Mechanics and
Mathematical Biology, 10 July 1981, at the University of Newcastle.

Dr G.W. Peady attended the Australian UNIX Users' Group meeting (University of
Queensland).

10.3 AAEC Reports

Davidson, M.R. and Backstrom, R.P. [1981] - A software implementation of the
knapsack public key cryptographic system. AAEC/E525.

Pollard, J.P. (ed.) [1981] - Mathematical modelling of a limited resource.
AAEC/S23.

Sanger, P.L. [1982] - AAEC computer network access to ACL-NOVA facilities.
AAEC/E533.
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FOREWORD

The Division is responsible for applied science programs, particularly
those concerned with nuclear techniques. The Division is organised as four
sections with the following responsibilities:

(1) Nuclear Applications and Energy Studies Section. The program
includes studies in nuclear physics, nuclear applications, ion
implantation and neutron scattering.

(2) Semiconductor and Radiation Physics Section. Studies in
semiconductor radiation detectors, radiation standards and laser
applications.

(3) Electronic Systems Section. This section studies systems analysis,
digital systems, instrument design, project instrumentation and
instrument maintenance.

(4) Fusion Physics Section. This section covers work carried out by
staff currently attached to university groups.
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1. NUCLEAR APPLICATIONS AND ENERGY STUDIES

1.1 Nuclear Physics

The primary objective of this study has been the understanding of the
basic processes having most relevance to the applied aspects of the Division's
activities. Emphasis has therefore been given to neutron reaction processes
and neutron data measurements. The traditional research studies in neutron
fission and neutron capture have continued at Lucas Heights and in
collaboration with laboratories in other countries. Recently the Nuclear
Physics Group has been active in safeguards R and D under a contract with the
Department of Foreign Affairs.

The group has also been involved in an interregional project (IP)
sponsored by the Nuclear Data Committee of the International Atomic Energy
Agency (IAEA) as a vehicle to promote scientific activities in the developing
countries. Within this project, research is aimed at obtaining 14 MeV neutron
data and achieving an understanding of interactions at this neutron energy.
As a consequence of the involvement in the IP, support has been given to
Nuclear Technology Division both in the optimisation of the existing neutron
generator and in the development of a higher intensity device. Commitment to
the former has stimulated a study of new research opportunities with this
machine. One subject that has been reviewed is neutron therapy.

In addition to these research activities, the group is responsible for
maintaining and developing the 3 MV Van de Graaff accelerator.

1.1.1 Studies in mass asymmetry in fission
(D.W. Lang)

Almost all fission events produce fragments of unequal mass. The
statistical angular distribution found in a large sample is usually symmetric,
i.e. given any axis, the heavy fragment is just as likely to go either way.

Models of the fission process have been successful in describing the
angular distribution of the fragments. It is assumed that there is a very
limited set of configurations available at the saddle-point. A compound
nucleus with small deformation is described as having a considerable number of
degrees of freedom. As it approaches the saddle-point, the available energy
goes into distortion and the motion is slowed on a nuclear time-scale. Motion
from saddle-point to scission accelerates rapidly on the same time-scale, so
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the quantum numbers associated with the saddle-point are reflected in the
angular distribution of the fragments.

If the saddle-point state is completely isolated in energy, the
symmetries of the strong nuclear forces require it to have a definite parity.
It then follows that the saddle-point wave function gives equal probability
for emission of the heavy fragment in the positive or negative direction along
any given axis. A saddle-point configuration with marked mass asymmetry along
the axis of rotational symmetry becomes a parent of two states of opposite
parities, which are, respectively, the set configuration plus or minus its
parity inverse. These states are, in turn, the parents of more complicated
rotational bands.

As discussed in the previous progress report [1] there is a possibility
that, in the compound nucleus thorium-231, there are overlapping saddle-point
states of the same spin, opposite parity and derived from the same asymmetric
saddle-point configuration. Interference effects are predicted, leading to a
directional bias in the mass symmetry.

Other cases are being studied. In fission events produced by thermal
neutrons, it is assumed that a restricted set of saddle-point configurations
are available. The low energy is also extremely restrictive with respect to
orbital angular momentum. Thermal neutrons are almost always associated with
s-waves, i.e. zero orbital angular momentum.

If, however, there is a compound nuclear state of opposite parity
generated by p-wave neutrons and having some probability of decay by fission,
there should be an interference effect and an asymmetry contribution. The
saddle-point state is here assumed to be closely related to that for s-wave
fission. Both are pictured as appropriate parity mixtures derived from the
same mass-asymmetric configuration.

At any given energy in the thermal region, there is a considerable
background made up of the tails of distant s-wave resonances. Near a narrow
p-wave resonance, the path to fission can be through a p-wave or s-wave
channel. At the saddle-point, these channels combine to give mixed parity

[1] Lang, D.W. [1981] - AAEC/AP PR81, Section 2.1.3.
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configurations leading ô asymmetry. The asymmetry changes sign along with
the amplitude of the wave function describing the p-wave resonance as the
energy is varied. Although the more usual effect is that p-v»ave contributions
depend on the square of a very small amplitude and are undetected, in this
case the interference depends linearly on this amplitude and, although
difficult, should be possible to detect.

To observe the asymmetry, there must be some definition of the axis of
asymmetry. In the laboratory this is, of course, the axis of the counting
system. For the nucleus, it can be the axis of the neutron beam. The
interference of opposite parity components defines a sense on this axis.
Thus, for most nuclei that fission at thermal neutron energies, it is expected
that there would be a small fore-and-aft asymmetry of the distribution of,
say, the heavy fragments. The detection of such an asymmetry and its change
of sign at a particular energy would identify a resonance for the p-wave
neutrons present.

For directions perpendicular to the beam, an axis can be defined by
polarising the incoming neutrons. The asymmetry is then predicted to occur on
an axis perpendicular both to the beam and to the axis of polarisation of the
neutrons.

The asymmetry along an axis perpendicular to the beam and which is the
axis of polarisation of the neutron beam is predicted to be zero from the
mechanism discussed here. Asymmetry along such an axis has been reported by
Russian workers [2] and was ascribed [3] to ?n interference in the fission
process involving, in some fashion, parity violations from the weak
interactions. As indicated, the description given here belongs to a
specifically different set of circumstances. The experimental apparatus
described in Ref.[2] is expected to give a null result. It would be of
interest to measure the asymmetry in all three directions for thermal fission
using a polarised beam of neutrons.

Viadimirskii, V.V. and Andreev, V.M. [1962] - Sov. Phys. - JETP, 14:475-
476 (=Zh. Ehksp. Teor. Fiz. (USSR), 41:663-665 [1961]); Dunilyan, G.Y. et
al. [1979] Symposium on Physics and Chemistry of Fission, Julich, p.lll.

[3] Budnik, A.P. and Rabotnoy, N.S. [1973] - Phys. Lett., 468(2)155-156;
Flambaum, V.V. and Sushkoy, O.P. [1980] - Phys. Lett., 946(3)277-279.
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1.1.2 Rutherford backscattering at angles close to 180°

The Rutherford scattering model gives an excellent description of the
angular distribution of ions scattered by individual atoms. The yield varies
extremely rapidly in the forward direction, changing by a factor of eighty
from 5° to 15°. In contrast, the yield changes by less than a factor of two
in the range from 120° through 180° to 240°. Theory and experiment agree on a
broad shallow minimum at about 180°. It was therefore a surprise when high
resolution studies [4] revealed a single sharp maximum which almost doubled
the yield over a range considerably less than one degree from the backward
scattering direction (i.e. 180°).

The conditions were investigated to see if there was an associated
'glory1 effect. The term 'glory1 refers to some optical effects and applies
if a cross section becomes effectively infinite, most commonly in the backward
direction. Known cases involve a particular non-zero impact parameter which
gives a finite proportion of events in the backward direction. The form of
the cross section then has a zero factor in the denominator, as indicated
above.

In the case of Rutherford backscattering, the description does not seem
to apply. No mechanism could be found to set up a 'glory' effect. The sharp
change in yield seems to be associated with multi-atomic scattering. Almost
all scattering events give very small deflections. Most ions observed in the
backward direction have had several of these collisions as well as one major
deflection. For most of these ions, the various minor collisions are randomly
related and lead to a small random perturbation of the final flight. Ions
that have had a single major collision of, say, precisely 170° deflection may
thus be observed to have scattered through 170° plus or minus half a degree.
For ions scattered close to 180°, however, the events following the major
scattering can be a mirror of those that preceded it. Instead of a random
addition of effects, events cancel in pairs. An atom which initially
deflected the ion in one direction is still available a short time later to
reverse the flight path.

Close to 180° the observed yield contains a component in which the major
scattering is exactly as is seen and an added component in which the major
scattering is close in angle and has an additional small random deflection.
Elsewhere, the first component is missing. In a glory effect, improved

[4J Pronko, P.P., Appleton, B.R., Holland, O.W., and Wilson, S.R. [1979] -
Phys. Rev. Lett., 43:779.



resolution would continue to enhance the peak yield close to 180°. In the
effect described, there is a limit, close to a factor of two, for the maximum
value of the enhancement. Thus, despite some encouraging appearances,
Rutherford backscattering, with an anomalous peak close to 180°, can be
understood without a glory effect.

1.1.3 Search for a direction mass asymmetry in Th(n,f)
(J.W. Boldeman, R.L. Walsh, I.F. Senior)

Kn experiment has been design to search for a directional mass asymmetry
effect predicted by Lang [see Ref. 1]. Preparation of acceptable quality

232thorium targets by electros pray ing was achieved using Th material
(reference asymmetry factor [NH-NL/NH+NL] = 2.5%). However, lack of
sufficient solution prevented the preparation of similar Th targets.
Therefore, alternative "Th resin-pad targets (provided by H. Wyllie) were
tested and the best used in a measurement with two fragment detectors.

h 30 per cent polarised beam of neutrons of energy 709 ± 5 keV was
obtained from the Li(p,n) Be reaction at 50° to the proton beam. f(

230measurement of anf for Th using a fast ionisation chamber enabled the
230neutron energy to be determined precisely from the known shape of the Th

sub-threshold fission resonance [5]. Figure 1 shows the apf curve obtained.

The data rate in the asymmetry experiment was low at -v 3 coincidences per
hour. Figure 2 shows the fragment pulse height spectra in one of the two
detectors, for the polarised and non-polarised (control run) cases. The data
gave a reasonable upper limit for a change in the asymmetry effect
[N̂ -N|_/N̂ +N|_] equal to % 10 per cent for the partly polarised case; that is,
an upper limit of % 33 per cent for the fully polarised case. This represents
an upper limit for the fragment : fragment ratio of 2:1, rather than the 1:1
ratio in normal fission. High quality evaporated " Th targets are being
purchased to continue this work.

[5] Boldeman, J.W., Gogny, D., Musgrove, A.R. de L. and Walsh, R.L. [1980]
Phys. Rev. C., 22:627.
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1.1.4 Confirmation of fine structure in v(A) for
(R.L. Walsh)

252Cf(sp)

252,An extensive analysis of our data on \>(A) for Cf(sp) [6] has confirmed
the presence of even-odd fine structure in v(A). Even-odd fine structure is
known to be present in mass yields Y(Z) and V(A) in both fragment kinetic
energies EK (z) and fragment gamma emission Ey(Z) [7]. Thus, it might seem
reasonable to expect such structure in the neutron emission also, as neutron
and gamma emissions are available as de-excitation modes for the fragments.
However, when measuring VJQJ(Z) for Cf(sp), Nifenecker et al. [7] found no
VJQJ(Z) fine structure. In contrast, we measured v(A) for Cf(sp) from
individual fragments [6] and found fine structure in v(A) which corresponded
very well in position to the known mass yield fine structure.

Our 1977 data have been re-examined as follows:

(i)

(ii)

Windows in the form of circular arcs have been set in the E^
versus mass surface. The arcs are centred at E. = 96 MeV and AH =
148 amu, and are 2 MeV apart. This procedure is the same as that
used by Fraser et al. [8] to show that their measured Y(A) fine
structure followed the contour lines in the EL - mass surface.

Various window radii from 9 to 30 MeV have been taken. Thus the
procedure examines how our v(A) and Y(A) fine structures vary as
the total excitation energy ECX decreases. Figures 3 and 4 show
the results for windows ECON which cut the EL axis at ECON » 105,
115, 117 and 120 MeV. The locations of \, AH from Unik et al.
[9], corresponding to the formation of two evenly charged
fragments, are indicated on the figures. The v(A) data are all
properly normalised. Some error bars are shown on Figure 4,
mainly for ECON = 117 and 120 MeV.

[6] Walsh, R.L. and Boldeman, J.W. [1977] - Nucl. Phys., A276:189

[7] Nifenecker, H. et al. [1973] - 3rd IAEA Fission Symposium, Vol.2, p.117.

[8] Fraser, J.S. et al. [1963] - Can. J. Phys., 41:2080.

[9] Unik, J.P. et al. [1973] - 3rd IAEA Fission Symposium, Vol.2, p. 19.
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From Figure 3 is is clear that our Y(A) data show fine structure at
locations which agree with the data of Refs. [8] and [9]. This confirms the
mass assignments in our 1977 data.* The Y(A) fine structure also becomes more
prominent as ECON increases, i.e. as Egx decreases, a phenomenon which is well
known.

From Figure 4, it is important to note that the v(A) fine structure also
increases in amplitude for VL, VH and

 VJQT» as Eex decreases' For ECON = 105

MeV, VL, VH and VJQT are fairly smooth, but when ECON = 115 MeV, considerable
structure is seen. Furthermore, the structure occurs consistently at the
expected mass locations and for complementary fragments. This confirms,
beyond reasonable doubt, that the v(A) fine structure reported in 1977 is
related to even-odd Z effects.

The present results are in disagreement with the recently published
fission fragment de-excitation calculations of Kildir and Aras [11]. Their
calculations find no even-odd effect in

1.1.5 Dynamic effects in the fission of 230Th and 232Th induced by neutrons**
(J. Trochon, J. Frehaut, 6. Simon, Y. Pranal, J. Boldeman)

Fission fragment properties - total kinetic energy, mass distribution,
average number of prompt fission neutrons \> and total gamma-ray energy

P ?"??emitted - have been measured for the neutron induced fission of "*Th and
oonfc Th. The energy range studied includes the fission threshold where the
fission cross section contains resonances which have been interpreted as being
due to vibrational states in a third well of the fission barrier.

The measurements were done on the 4 MeV Van de Graaff accelerator at
Bruyeres-le-Chatel, which is used as a source of monoenergetic neutrons with
an energy resolution of about 40 keV near the fission threshold. The mass

* Recent mass resolution calculations [10] show the mass dispersion shift of
our 1977 Y(A) data to be.< 0.5 amu in the fine structure region of
interest.

[10] Lang, D.W. and Walsh, R.L. [1982] - Nucl. Instrum. Methods, 200:389.

[11] Kildir, M. and Aras, N.K. [1982] - Phys. Rev. C, 25:365.

** Research performed under the auspices of the CEA with scientists of the
Service de Physique, Neutronique et Nucleaire (SPNN), Centre d'Etudes de
Bruyeres-le-Chatel, France.
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distribution and fragment kinetic energies were given by the pulse heights in
surface barrier detectors, using the Schmidt method, v" and gamma energy FY
were measured in a separate experiment using a large, gadolinium-loaded liquid
scintillator.

The results for 232Th have been published [12]. The results for both
232Th and 2 Th reveal a strong correlation between fragment properties on the
one hand and the structure in the fission cross section and the fragment
angular distribution on the other. Furthermore, the energy balance shows
fluctuations in the Q value as large as 0.7 MeV. These findings prompted us
to seek an interpretation based on fission exit channels.

For this purpose, an analysis of the experimental results was performed.
As a first approach several angular distributions were calculated and adjusted
to the experimental value by a least-squares method by modifying the
contribution of bands of different K values. The results obtained for 232Th
below Ep = 1.7 MeV are in very good agreement with those of previous
calculations [13]. In a second stage we have adjusted simultaneously the
experimental values of E^ and v_ by assuming that these quantities vary
linearly with excitation energy E* for a given K band. The correlations
observed between the size of these variations confirm the effect of fission
exit channels.

1.1.6 Comparison of the fission fragment properties for spontaneous and
thermal neutron induced fission of ̂ u»^Pu, ̂>^ipu and Z4
(J. Trochon, J.W. Boldeman, F. Brisard, Y. Pranal)

Study of the variation of fission fragment properties (mass distribution,
kinetic energy, etc.) with the excitation energy of the fissioning nucleus is
one, of the ways in which to achieve a better understanding of the passage of
the nucleus from saddle-point to scission.

[12] Trochon, J. et al. [1981] - Compte Rendu Annuel du Service P2N, 1980,
Centre de BruyeVes-le-ChStel. CEA-N-2214.

[13] Abou Yehia, H. et al. [1979] - Conf. on Nuclear Cross Sections for
Technology, Knoxville, Tennessee, NBS/SP594, p.469.

* Research performed at SPNN under the auspices of the CEA.
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For the plutonium isotopes, the experimental results show a decrease of
average fragment kinetic energy Ek WHh excitation energy, for the region
above 5 MeV. However, below this energy the experimental data are often in
disagreement, especially for Pu. For this reason we have performed further
measurements of the comparison of spontaneous with thermal neutron induced
fission, for the 240Pu and 242Pu systems.

The results for Pu and Pu appear to confirm the following
properties:

. No significant difference in the mass distributions is observed
between spontaneous and induced fission for the Pu system.

. Structure in EjJA) at masses 135, 140 and 145 is evident for
spontaneous fission of 240Pu.

. The large difference observed in the mass distributions for the
?4?Pu system is confirmed; the yield near mass 135 is higher for
spontaneous than for induced fission. Further, E^A) at mass 135 is
higher for spontaneous than for induced fission. Thus, contrary to
that observed for Pu, E^ is larger for spontaneous fission.

The results for 244Pu are being analysed and an explanation for the above
findings is being sought.

1.1.7 Relative yields of stable tellurium isotopes in neutron induced fission
(J.R. de Laeter*, K.J.R. Rosman*, J.W. Boldeman)

The relative isotopic abundances of four isotopes of tellurium (125, 126,
128 and 130) produced in the thermal neutron fission of 233U and 235U have
been measured for the first time by solid source mass spectrometry. Samples

?33of U and "3U were irradiated in a reactor and chemically separated, using
ion exchange techniques, to permit nanogram samples of fission product

ooc
tellurium to be analysed by mass spectrometer. The results for U are in
good agreement with published radiometric values, whereas our results for 233U
are the first experimental measurements in this mass range. The cumulative

* Department of Applied Physics, Western Australian Institute of Technology.
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fission yields determined by mass spectrometry for ruthenium, palladium,
cadmium, tin and tellurium show a smooth mass distribution in the symmetric

poo ?"?^
region for both U and "3U, except for a significant depression in the
yield curve in the 111-114 range.

1.1.8 Cumulative yields of stable and long-lived isotopes of tin in neutron-
induced fission
(K.J.R, Rosman*, J.R. de Laeter*, J.W. Boldeman, H.G. Thode**)

The relative cumulative fission yields from the six stable isotopes of
tin (117, 118, 119, 120, 122 and 124) and the long-lived isotope 126Sn have

poo 7V\
been measured in the thermal and epicadmium neutron fission of U and U
and the epicadmium neutron fission of 238U. Nanogram samples of fission
product tin were extracted from irradiated uranium and analysed in a solid
source mass spectrometer. In each case, a smooth curve could be drawn through
the yield points of the seven isotopes of tin. There is therefore no evidence
of 'fine structure1 in the 117 < A < 126 portion of the symmetric mass region.

1.1.9 Fission neutron spectrum from the spontaneous fission of 252Cf
(J.W. Boldeman, J. Fallen)

Previous measurements of the spectrum of neutrons from the spontaneous
fission of 252Cf have been extended to the low energy end of the spectrum
(0.05 to 1 MeV). The efficiency and the neutron response characteristics of
the Li glass scintillator used as the neutron detector in these measurements
was determined under identical conditions, using a pulsed Van de Graaff
accelerator. Analysis of the data is proceeding.

1.1.10 Consequenceŝ )f intermediate coupling for interference in resonance
neutron capture
(B.J. Allen)

The observation of asymmetries in the s-wave neutron capture cross
section of Fe [14] is consistent with a manifestation of the intermediate
coupling assumption on which the valence model of resonance neutron capture is
based.

* Department of Applied Physics, Western Australian Institute of Technology.

** Department of Chemistry, McMaster University, Hamilton, Ontario. Canada.

[14] Allen, B.J., Musgrove, A.R. de L. and Bertram, W.K. [1978] - Phys. Lett.,
72B:323.
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1.1.11 The role of valence neutron capture In the magic neutron nuclides
(B.J. Allen)

The valence model of resonance neutron capture is expected to be most
significant when the neutron strength function, level spacing and binding
energies of single particle states of opposite parity are large, and when the
fragmentation of the (d,p) spectroscopic strength is small. These conditions
are fulfilled at the closed neutron shells. Average resonance parameters and
initial and final state correlations have been tabulated for many magic
neutron targets. The error on the correlation is derived from Fisher's
transformation and depends on the sample size. Overall, the data support an
important role for single particle effects.

1.1.12 High resolution neutron capture cross section of Fe
(B.J. Allen, A. Brusegan*, F. Corvi*, G. Rohr*, R. Shelley*,
T. Van der Veen*)

Analysis of the 54Fe data obtained with GELINA (Gee! electron linear
accelerator) in the range up to 300 keV has been continued. The background of
the time-of-flight spectrum of the capture events decreases monotonically with
time and is described by two functions. Below 70 keV, the background has been
fitted by the function

C3
B(t) « Cj + C2 . t .

Because of broad s-wave resonances (rn = 40 keV), there are only very few
points in the high energy part of the spectrum which are far enough from
resonances to be considered as representative of the local background. These
points have been interpolated with a linear function of the time-of-flight.
First guess values for the neutron width of the narrow p-wave resonances have
been determined with the area analysis program TACASI. The shape analysis has
been started with the FANAC program, which was modified as follows:

(i) The Gaussian shape for p-wave resonances has been replaced by a
single level Breit-Wigner shape.

* Central Bureau of Nuclear Measurements, Geel, Belgium.
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(ii) An 'effective1 mass is used to calculate multiple scattering, i.e. a
mass weighted with isotopic abundance and the scattering cross
section for the different materials in the sample.

The Reich-Moore formalism employed in the FANAC program was inadequate for the
analysis of broad s-wave resonances in 5 F̂e. Energy shifts in the capture
resonances were observed and the code generated 'ghost' resonances around 175
and 320 keV. The asymmetric s-wave resonances were readily fitted by a two-
channel (one neutron, one capture channel) modification of FANAC.

881.1.13 The neutron capture mechanism in Sr
(B.J. Allen, R. Shelley*, T. Van der Veen*, A Brusegan* G. Rohr*,
G. Vanpraet**)

In an earlier capture measurement [15], a strong correlation between the
p-wave reduced neutron widths and the corresponding radiation widths was
observed and interpreted as a consequence of the valence model. The low lying
states of Sr have a strong single particle character and the predicted
valence capture spectra are dominated by only a few transitions. Valence
interference effects might therefore be observed in the resonance capture
cross section for the strong p-wave resonances near 300 and 550 keV. Two
measurements of the resonance capture yields on a highly enriched Sr(NOj)0
sample were made with CgDg detectors at a 60 m station of the Geel electron
linear accelerator using the pulse height weighting method.

The time-of-flight spectrum below 400 keV was first measured with the
moderated neutron target at GELINA, and later with the bare target assembly,
to obtain improved statistics at higher neutron energies.

Neutron flux measurements were made by the 6Li glass and 10B slab
techniques and, in a separate measurement, the capture data were normalised to
the 1.152 keV resonance in 56Fe. High bias data were also taken to obtain
more specific information on the high energy component of the y-ray resonance
yields.

* CBNM, Geel, Belgium

** Rijksuniversitair Centrum, Antwerp, Belgium.

[15] Boldeman, J.W., Allen, B.J., Musgrove, A.R. de L. and Macklin, R.C.
[1976] - Nucl. Phys., A269:297.
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Capture data are being analysed by TACASI and FANAC codes and the results
compared with those of Boldeman et al. [15]. We can reproduce their energy
scale very well and, in the low energy region, find agreement in capture
areas. At high energies, discrepancies occur for individual resonances. In
general, our data have superior resolution and a substantially lower prompt
background.

Correlations between the reduced neutron widths of p 1/2, p 3/2 and s 1/2
resonances and their corresponding radiation widths have been calculated and
uncertainties are derived from Fisher's transformation.

QO

Resonance capture yields on the highly enriched Sr(N03)2 sample did not
reproduce the large correlations [15] between the reduced neutron widths of
the p 3/2 resonances and their corresponding radiation widths below 330 keV.
The discrepancies with the earlier capture measurements could be explained as
a result of the underestimation of the prompt background correction for those
resonances with large scattering widths.

Our analysis of these resonances was performed with single level Breit-
Wigner fits. Because of destructive interference in the total cross section,
a multilevel calculation is required to obtain the correct multiple scattering
contribution to the capture yield. The observed yields appear to be
consistent with an interference effect, but the statistics are inadequate for
a definitive statement to be made.

1.1.14 Capture cross section in 96Zr
(B.J. Allen, A Brusegan*, F. Corvi*, G. Rohr*)

Neutron capture cross section measurements in Zr had been made at a
62 m flight path of GELINA in the energy range 0.17 to 90 keV. The same CgFg
scintillators were used to measure sequentially the flux with a 10B slab and
the capture yield of the Zr sample. The sample was 13 g of ZrO« powder, with

QC £

a 57.36 per cent enrichment in Zr. Owing to the high background and to the
important contributions from the other Zr isotopes, the data were only
analysed up to about 30 keV. The resonance parameters were deduced by means
of an area analysis of the weighted spectra.

* CBNM, Geel, Belgium
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For three s-wave and nine p-wave resonances, the capture widths were
determined by assuming the neutron widths, spin and parity assignments of
Coceva et al. [16] The overall accuracy was estimated to be 20 per cent
including 6 per cent normalisation uncertainty.

Zirconium-96, having 56 neutrons, a strong p-wave strength function and
low lying states of dominant single particle character, appears to be a
crucial test of the valence model of resonance neutron capture, i.e. strong
valence transitions are expected.

Resonance parameters were compared with the valence neutron transition
strength Ty calculated for p-wave resonances, following the optical model
application of Allen and Musgrove [17].

The valence estimates either exceeded the observed total radiation widths
by a factor of three to five or else were much smaller. Only at 29.81 keV was
the valence estimate in agreement with the measured value. Initial state
correlations, which are expected to be significant if the valence component is
predominant in the total radiation width, reduce to p(rj,r) = 0.20 + 0.37
-0.44 when the 29.8 keV resonance is excluded. These results suggest that
other capture mechanisms must be important in 9 Zr.

1.1.15 Evaluation of the radiation width of the 27.7 keV resonance in Fe
(B.J. Allen)

A critical review has been made of measurements of the radiation width of
the 27.7 keV resonance in 56Fe. This resonance contributes % 14 per cent to
the absorption of neutrons in iron in a fast reactor spectrum, yet values for
ryvary by a factor of two. An evaluation of results requires special
attention to the contribution of resonance scattered neutrons to the capture
yield. A recommended value of TY = 1.00 ± 0.04 eV was obtained.

L16J Coceva, C., Giacobbe, P. and Magnani, M. [1979] - Conf. on Nuclear Cross
Sections for Technology, Knoxville, Tennessee, NBS/SP594, p.319.

[17] Allen, B.J. and Musgrove, A.R. [1978] - Adv. Nucl. Phys., 10:129.
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1.1.16 Isomeric branching ratio of 175Lu(n,y) and s-process nucleosynthesis
(B.J. Allen, G.C. Lowenthal, J.W. Boldeman, J.R. de Laeter*)

To investigate further the discrepancy between AAEC and KFK
(Kernforschungszentrum Karslruhe) values for the isomeric branching ratio of
175Lu(n,y) 176mLu, a new series of measurements was made using a metallic Lu
sample. Our previous target was a powder sample of Lu«03 enclosed in a thin
aluminium foil, and was subject to voiding. This could have an effect if the
neutron beam were non-uniform. Four irradiations were made using the Li(p,n)
reaction 25 keV above the threshold. The flux weighted ratio of the Lu and Au
capture cross sections was

<am75>/<aau> = 1.654 ± 0.76 (SD) .

This result is 14 per cent lower than our previous value, but still 26 per
cent higher than the KFK result.

The astrophysical implication is that thermalisation of the Lu ground
and isomeric states occurs in stellar interiors and that Lu cannot be used
as a cosmochronometer.

1.1.17 Safeguards Research and Development
(J.W. Boldeman, J.P. Fallen, K.J. Thorpe, H.G. Broe)

A gas phase enrichment monitor has been developed at the Lucas Heights ,
under a contract with the Department of Foreign Affairs as part of the
assistance program in nuclear safeguards initiated by the Australian
Government in support of the International Atomic Energy Agency (IAEA). An
initial visit was made to the IAEA headquarters in Vienna and to a number of
overseas research laboratories so that a suitable research and development
program could be devised. On the basis of this visit, an R and D program was
submitted to the Instrument Development Section (IDS) of the IAEA's Safeguards
Division. On receipt of the Agency's comments, an R and D program was
initiated at Lucas Heights, the development of a gas phase enrichment monitor
being its primary objective.

By October 1981, the technical feasibility of the monitor as a field
instrument had been established and the opportunity was taken during the
Advisory Group Meeting on 'Authentication Techniques for In-plant NDA

* Western Australian Institute of Technology
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Equipment Applied to IAEA Safeguards' to discuss details of the further
development of the instrument. During these discussions, it was determined
that the principal requirements for the instrument were:

(a) to achieve an accuracy of ±1 per cent in the measured enrichment for
a product sample of at least 3 g weight and enrichment of 3 per
cent; and

(b) to be as foolproof as possible in its operation - this suggested
microcomputer control of the measurement procedure.

In February 1982, the monitor was developed to a stage at which these
design criteria could seemingly be attained. A demonstration was arranged at
Lucas Heights, first for members of the IDS, and later for some of the
participants in the Hexapartite Meeting held at Sydney in April 1982.
Modifications were suggested by both groups of observers and a request was
also made to add to the design criteria a requirement of ±1 per cent accuracy
for a tails sample. The comments were, in general, sufficiently favourable to
suggest a field test at an alternative site; arrangements for the test were
made by the IAEA.

The demonstration test took place at the URENCO facility, Almelo, The
Netherlands, on 13-17 September 1982. From a series of product samples
enriched to approximately 3 per cent, the gas phase monitor yielded a typical
statistical accuracy of about 0.8 per cent. When measurements were repeated,
the reproducibility for product samples was marginally larger at about 0.9 per
cent. For tails sample, an accuracy of 1.2 per cent can be achieved using the
special 'tails' program in the operating system.

1.1.18 Neutron therapy studies
(B.O. Allen)

In recent years, considerable progress has been made in the application
of neutron sources to the treatment of cancer. The development of this field
has been studied, and the current status of published clinical experience
reviewed. A variety of neutron sources can be used for neutron therapy and
their relative merits have been considered.
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1.2 Neutron Scattering

The Neutron Scattering Group comprises three professional officers, one
of whom has been on attachment, since May 1982, to the Biology Department of
Brookhaven National Laboratory; the group has no dedicated technical support.
Members of the group cooperate closely with staff from universities, CSIRO and
AINSE in the course of their work.

Generally, the effort is directed at the improvement of selected neutron
scattering facilities, and the efficient utilisation of these facilities in
research. Research is related to other AAEC programs where appropriate.

1.2.1 Neutron powder diffraction
(C.J. Howard)

The high resolution powder diffractometer continues to give fine results.
To improve data acquisition rates, the present single neutron detector will be
replaced by an eight-detector array. Procurement for the array has been
completed, and it is ready for assembly and installation.

The diffractometer has been used in a number of studies during the year.
Those of interest to AAEC staff include the following:

A study of the MnPd phase diagram. A number of patterns have been
recorded from MnPd alloys at room temperature.

Magnetic structures by neutron scattering. Patterns from Er
room temperature and at 4 K have been successfully
However, the magnetic structure has yet to be solved.

3 rtlp at
indexed.

Determination of Neel temperatures in fine particles of
Preliminary patterns have been recorded.

Study of FeTi and hydrides. Examination of the neutron powder
patterns has allowed tentative identification of the hydrides
produced. The study of deuterides will lead to more conclusive
results.

Use of a Gandolfi rotor in neutron powder diffraction. The rotor is
intended to provide an averaging effect to combat problems of non-
uniform crystalline orientation. The averaging effect is sufficient
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to produce what looks like a respectable powder pattern from a
single crystal of alumina (see Figure 5).

Further attention has been paid to 'profile refinement1 computer programs
which are used in analysis of the data. In particular, a better description
has been developed of the line profile as influenced by 'vertical asymmetry1

effects.

1.2.2 Neutron inelastic scattering
(M.M. Elcombe)

The triple axis spectrometer (TAS) used for neutron inelastic scattering
experiments has given good service during the year. However, the aged
computer controlling the spectrometer has given problems, and the technical
effort needed to interface the new MINC11 computer has been unavailable.

The TAS has been used in the following research applications:

Temperature dependence of magnons in Y-MnCu. We have studied the
magnons in a sample of y-MnCu (90 at.% Mn) as a function of
temperature by inelastic neutron scattering. Measurements were made
at six temperatures between 100 and 520 K, concentrating on the
region around TN = 464 K. Apparently, magnons exist above the Neel
temperature, but there is no satisfactory theory to explain this
result.

Phonons in niobium deuteride (NbD0̂ 35) at 200°C. As part of a
long-term study of hydrogen (deuterium) in metals, collection of
acoustic phonon data in NbD0>35 at 200°C in the three symmetry
directions [(100), (110) and (111)] has been completed. The main
change from pure Nb is an increase in the frequency of the
transverse branches despite the lattice expansion that occurs with
the addition of deuterium. It is concluded that the deuterium
strengthens the Nb-Nb forces.

Phonons in CsSCN. M. Irving, an AINSE postgraduate student, has,
under group supervision, measured the acoustic phonons in the axial
directions of CsSCN at room temperature. The data have been
collected using the upper angle range of the TAS to get sufficient
resolution to separate the phonons from the Bragg peaks.
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PATTERN (b). The specimens were alumina single crystal and powder,
and the data recorded with the high resolution powder diffractometer
at 0.19 nm neutron wavelength
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Phonons In proustite. Phonons in this material have been sought,
but without success.

1.2.3 Small angle scattering from biological samples
(R.B. Knott)

At Lucas Heights, a considerable quantity of small angle scattering data
has been collected from certain membranes. Analysis of these data is not yet
complete. At Brookhaven, data from myoglobin have been collected.

Work has continued on the upgrading of AAEC facilities for small angle
scattering from biological samples. In particular, the position-sensitive
neutron detector has been delivered (at Brookhaven) and is being Checked.

1.3 Nuclear Applications

1.3.1 Analysis of 180 in water
(S.D. Bradshaw**, D.D. Cohen*, P. Duerden, L.H. Russell)

Oxygen in respiratory C02 is in isotropic equilibrium with body water
oxygen in animals. Oxygen in the body is turned over as a result of the
exchange of both C02 and H20 with the environment and, if the water turnover
is known independently, the C02 production can be estimated. The advantage of
this approach is that energy metabolism can be measured in unrestrained
animals living normally in their natural environment; it is evident that much
of the accepted data in energy metabolism of animals, derived from laboratory
experiments, is seriously in error.

Animals are injected with 3H180; 3H turnover is then assessed by liquid
scintillation counting and 180 is analysed by the 180(p,a)15N reaction.

Tantalum oxide films (0.2 ym thick), produced by electrolysis of enriched
water samples, are used as targets and bombarded in vacuo with 840 keV
protons. The 3.5 MeV a-particle is separated from the 840 keV backscattered
proton by an aluminised Mylar filter (2 mg cm"1) and detected at the 135°
backangle by a surface barrier detector. Oxygen-18 enrichment levels are
expected to be between background (0.2 per cent) and % 5 per cent. A yield of

* AINSE

** University of Western Australia
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approximately 2000 counts per 900 yC run for the 5 per cent enriched samples
has been observed. Work is in progress to enhance this yield by increasing
the size of the target and the 0 enriched volume for irradiation, and by
investigating different reaction angles.

1.3.2 Analysis of silver coins
(D.D. Cohen*, J.A. Buckley**)

The PIXE technique has been used to analyse 31 coins from three distinct
periods in antiquity; the Seleucid Empire, Ptolemaic Egypt and the Bactrian
Kingdom. The coins were mostly (96 per cent) silver with major trace elements
of Ni, Cu, Zn, Br, Pb, Bi and Au. A typical PIXE spectrum is shown in Figure
6. A 0.53 mm Perspex filter was used to reduce the number of low energy X-
rays reaching the detector.

Multivariate statistical analysis, using the silver concentration and
concentrations of the seven major trace elements, showed slight clustering
between eight Ptolemaic and Bactrian coins. However, a high Cu/Ag ratio was
associated with a low Au/Pb ratio and a high Au/Pb ratio with a low Cu/Ag
ratio, and no coins displayed both high Cu/Ag and high Au/Pb ratios
simultaneously. Low silver content (60-80 per cent) was associated with high
Zn or Cu concentrations in one Bactrian and two Ptolemaic coins, indicating an
obvious attempt to adulterate these coins.

1.3.3 L shell ionisation cross sections for protons and He* bombardment of
thin and thick targets
(D.D. Cohen*)

The Lj_, 1.2* L% and total L shell ionisation cross sections have been
measured using the X-ray yield from thick and thin targets (66 _< Z j< 92) for
proton and He+ bombardment in the ion energy range 0.8 <_ E .< 3.0 MeV. The
results have been compared with the plane wave Born approximation (PWBA), the
relativistic (PWBAR) and the perturbed stationary states, with relativistic
and Coulomb corrections (CPSSR). Projectile enenjy loss considerations (E)
have been included into the Coulomb deflection factor expression of Brandt and
Lapicki (CgS) to produce the (CgSPSSR) theory.

* AINSE

** University of Sydney
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Figures 7a to 7d compare experimental results with the CJ^PSSR theory
plotted against the projectile reduced velocity variable £s (s = Lj, L2, L3 or
LTQTAL depending on the subshell considered). The term £c is corrected for



Rthe relativistic nature of the inner subshell target electrons 5̂) and divided
by £s, a term of order 1, which corrects for the increased binding of the
subshell electrons due to the presence of the charged projectile inside the S
shell.

The numbers in parentheses for each plot show the total number of data
points plotted. Use of the reduced velocity variable for the abscissa enables
the proton and He* results [for all targets (66 _< Z _< 92)] to be plotted on
one graph for each subshell. The plots show that for fes/Cs) ̂  °*4» tne

energy loss corrected CPSSR theory describes c..e experimental results well,
within the errors shown. However, as the velocity is lowered, the theory
consistently underpredicts the experimental values, especially in the case of
the l_2 subshell, where experimental results can be five times larger than
those predicted by the theory.

The LI ionisation cross section with energy shows a distinct knee around
1 MeV/amu produced by the node in the radial 2$ wave-function at radius Zr = 2
a.u. Figure 7b for the Lj_ subshell reflects the inability of the CgSPSSR to
predict the shape of this knee around 0.4 £ (£!j/Cs) £ 0.7, but theory and
experiment appear to converge above (E,$/£s) i. 0.7 and below t 0.4.

Work is progressing to explain these differences and those in the
subshell cross section ratios (a, /a, ) and (oi /a. ) by the inclusion ofLl L2 L3 L2 p
different subshell Coulomb deflection factors in the (C PSSR) theory.

1.3.4 Hydration profile measurements in obsidian
(P. Duerden, D.O. Cohen*, W.R. Ambrose**)

The hydration profile measurements developed for studying sputtered solar
surfaces (see AAEC/AP PR81, Section 2.2.1) have been adapted for study of
hydration profile in obsidians.

Over the last 20 years, the measurement of the hydration rim in obsidian
artefacts has been suggested as a means of dating the artefacts and many
programs of research have been carried out into both the study of the
diffusion mechanism and the measurement of the rim dimensions.

* AINSE

** School of Pacific Studies, ANU
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We prepared samples of obsidian from two different sources of the
material by exposing them to water saturated air at 40°C for 1.2 and 4.5
years. The depth profile measurement used 2.5 MeV He+ ions to forward scatter
hydrogen atoms out of the surface; glancing angle techniques (10° incident
and 10° emergent angles to the surface) were used. The depth profile could be
derived from the energy spectrum of the recoil protons and measurements were
carried out for the four prepared samples and for two freshly prepared ones.

The spectra in Figure 8 show the hydrogen profiles for the 1.2 and 4.5-
year hydrated obsidian samples from Lou Island and Talasea after subtraction
of the 'fresh' background.

Obvious differences can be seen in these profiles and there is an
apparent depletion of hydrogen in the near surface region (up to 0.15 ym) of
the Talasea obsidian. Although the hydration rim dating technique is probably
still valid, it is obvious that much work must be carried out on the diffusion
mechanism of each obsidian source before results from one source can be
applied to another.

1.3.5 Archaeometry Conference

The 1st Australian Archaeometry Conference was held at the Australian
Museum, Sydney, on 15-18 February 1982. It was arranged as a
multidiscipiinary meeting to bring together people from the natural, physical
and social sciences for discussions around the theme of archaeometry. Members
of the Division's Nuclear Techniques Section were involved in the organisation
of the conference and six papers and posters were presented.

1.3.6 PIXE analysis of scalp hair as a monitor of occupational1y exposed
workers
(E. Clayton, K.K. Wooller*)

Deleterious effects have long been associated with the large-scale
exposure of man to toxic elements. The saying 'mad as a hatter' is really a

Department of Industrial Relations, NSW Division of Occupational Health
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statement on the use of mercury in that trade. It is necessary, then, to
monitor this exposure in order to establish concentration limits that should
not be exceeded. The collection of blood and urine samples is an accepted
practice in such a monitoring program. Hair is being investigated to
determine whether it too may be used.

About 250 volunteers have been surveyed; 150 formed a control group and
100 had been exposed to heavy metals and other industrially toxic elements.
Because of its multielement capability, PIXE was chosen as an analytical tool
for the survey.

The unwashed hair samples were charred in an oven for two hours at 160°C,
which was the maximum available temperature. The average weight loss was 30
per cent. To overcome the problem of sample stability under irradiation,
samples were mixed with graphite (four parts by weight of sample to one part
of graphite). This mixture was pressed into 12 mm dia. aluminium caps at a
pressure of 25 MPa. The graphite was spiked with yttrium to provide an
internal standard. The thick targets which resulted from the pressing were
irradiated under vacuum using a 2.5 MeV proton beam with currents between 30
and 40 nA through a 2 mm aperture. A charge of 50 uC was collected, taking
between 20 to 25 minutes per sample. A 0.5 mm thick Perspex filter was used
to attenuate low energy X-rays so that only K and heavier elements could be
analysed by this system. A typical spectrum is shown in Figure 9.

Trace element concentrations were determined using calculational methods
developed by the group. These require an estimate of the major components of
hair - C,N,0,S and H. A sample having a dry/fresh weight ratio almost that of
the average of all the samples (0.7) was selected for analysis to provide this
estimate. 4He+ backscattering was used to determine C,N,0 and S, whereas the
hydrogen concentration was given by ^He+ elastic recoil detection, by
comparison with the hydrogen content of two ami no acids - cystine and glycine.

The application of He* scattering for the major components and PIXE
analysis for the trace elements has been very successful. The trace elements
K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Pb, Br and Sr were routinely determined in most
samples; Co, As, Bi, Se, Zr and Cd were measured in occupationally exposed
workers. A statistical analysis of the data is currently under way.
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1.3.7 Data processing
(S. Craig, E. Clayton, M. Parrelly, P. Maker, M.D. Scott*,
R.J. Cawley**)

A new data acquisition system, comprising two Lecroy 3500s and a
PDP11/23, has been acquired to replace the PDP15 system which, along with
other disadvantages, has been subject to intermittent faults and can no longer
be economically maintained or upgraded.

Lecroy 3500

The Lecroy 3500 is an MCA system comprising a mini CAMAC crate for data
acquisition modules and a microcomputer controlled display system. The Intel
8085 CPU has a ROM program for pulse height analysis operation and the
capability of running user programs under the CP/M operating system with
access to dual floppy disk drives. Each Lecroy has the following options:

3500M firmware-controlled MCA with a fast DMA data acquisition mode.
3921 dual floppy disks and CP/M operating system software.
3500-35 Quad RS232 serial port carol.
3931 (Paper Tiger) printer-plotter.
3910-2 FORTRAN programming language and utilities.
3512 analogue-to-digital converters.
3541 deadtime unit.
3900-2 auto-analysis firmware.

The operating system and Lecroy utility software have been thoroughly
examined and a revised strategy developed for the implementation of automatic
multitarget nuclear analysis procedures. Earlier concepts for software
control of the MCA were impracticable owing to the inflexibility of the Lecroy
architecture. We are now implementing additional features in the format of
user analysis routines, for example, the mass calibration routine for
Rutherford backscattering spectra.

* Now with CSIRO Division of Mineral Physics

** Applied Mathematics and Computing Division
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PDP11/23

The PDP11/23 computer was purchased primarily to act as an intermediate
node in the communications link between the Lecroy 3500s and the AAEC's
central computer. However, it is envisaged that the PDP11 will also be used
to perform some local analysis of the acquired data.

The system is currently running under the RSX-11M disk-based operating
system and includes the following components:

Dual RL02 disk drives.
DLVII-J quad serial ports.
LAIZO Decwriter terminal.
FORTRAN IV programming language.
LSP-II laboratory subroutine package.
SSP-II scientific subroutine package.

The software required for the Lecroy-PDP-IBM link is being developed.
Currently, the Lecroys are able to send data to the PDP11, but the process
requires further refinement.

1.3.8 Uranium Assay
(T. Wall)

2579 samples were analysed during the period July 1981 to June 1982, of
which 1608 were analysed for 15 outside organisations and 971 for the
following AAEC projects:

Analysis of residues from radiopharmaceutical production.
Uranium metabolism in mammalian tissue.
Uranium metabolism in marine biota.
Storage control of enriched uranium solutions.
Leaching of uranium ores.
Standardisation of alpha spectrometry.

Uranium analysis rig X193 was installed on HIFAR at a time when the
AAEC's Uranium Exploration Division was anticipating a large uranium analysis
commitment. Since the Commission is no longer involved directly in
exploration activities, this rig has been used as a minor irradiation
facility. If negotiations between the Commercial Applications Department and
outside organisations are successful, it is expected that the rig will be
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recommissioned as a uranium analysis system.

1.3.9 Fission track dating
(T. Wall)

Fission track dating (FTD) may be carried out on a wide variety of rocks
containing certain minerals which

(a) have a uranium concentration of a few tens to a few hundred
micrograms per gram;

(b) retain within the mineral the tracks formed by the spontaneous
fission of 238U, which has a half-life for this process of about 8 x
1015 y; and

(c) can be etched to reveal the tracks accumulated over the lifetime of
the mineral.

Although FTD is used mainly on rocks containing the minerals apatite, sphene
or zircon, natural glasses - such as obsidian - have also satisfied the above
criteria.

A review was made of the usefulness of FTD on obsidian for archaeometry
studies, where the lifetime of a glass artefact may be very short on a
geological time-scale. The conclusion of this review, presented to the 1st
Australian Conference on Archaeometry, is that the low level of uranium in
most volcanic glasses, and the variable etching characteristics, lead to large
uncertainties in obsidian fission track dates in the time range of interest.

2. SEMICONDUCTOR AND RADIATION PHYSICS

2.1 Semiconductor Radiation Detectors

2.1.1 High purity germanium (HP6e)
(G.C. Wall, A.J. Tavendale)

This project was terminated mid-period owing to the transfer of G.C.
Wall to CSIRO, coupled with the very difficult problem of consistently
producing germanium of the required purity for detector applications. The
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crystal pulling equipment is now being used to produce germanium crystals,
suitably doped with impurities, for deep level transient spectroscopy (DLTS)
studies (see Section 2.2.3).

2.2 Nuclear Radiation Detectors
(A.J. Tavendale, E.M. Lawson, D. Alexiev, A.A. Williams, P.J. Lee,
D.B. Garton, S.J. Pearton*)

2.2.1 Construction and maintenance of semiconductor detectors

Silicon X-ray fluorescence detectors for mineral analysis

The development of a bench top unit and a slurry immersion silicon X-ray
detector probe for CSIRO's Division of Mineral Physics (project funded by the
Australian Mineral Industry Research Association (AMIRA)) has proceeded
somewhat more slowly than expected. This has been due in part to workshop
delays. More importantly, considerable time has had to be given to the many
measurements of Peltier cell performance necessary to determine the practical
cooling efficiencies needed for the operation of both the detector and field
effect transistor (FET) preamplifier stage at low temperature (x -90°C).

This work has been complicated by variations in the manufacturer's
specifications for the Peltier cells. We have successfully made Si(Li)
detectors \«ith leakage currents low enough to give energy resolutions of 350
to 400 eV (FWHM) for 6 keV X-rays at -90°C. This compares with a specified
nominal resolution of 300 eV or better. To attain a 300 eV resolution, it is
necessary to procure lower noise FETs.

Large coaxial Ge(Li) detector construction

The construction of a large volume, lithium-drifted germanium detector as
an emergency replacement device has been completed. The efficiency of the
detector is 3.9 per cent (volume = 58 cm ) with a resolution of 2.4 keV at the
1333 keV y-ray energy.

* AINSE Postgraduate Student
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Detector maintenance

Nine detectors received essential maintenance - two silicon X-ray
detectors and seven Ge(Li) detectors, two of which belong to CSIRO. In
several cases, early model cryostats were replaced by the recent Mark 6
versions which incorporate the ceramic feed-through seals essential for the
operation of detectors under conditions of high humidity.

2.2.2 Contacts on semiconductors

Contact studies

Incorporation of boron into silicon by laser-doping was accomplished with
a commercial spin-on compound. Some electrical measurements were made.
Arsenic-implanted Si has been annealed using a vitreous carbon strip filament.
The sample was placed on the filament whose temperature was raised to •». 1000°C
for some 20 s. This work was initiated by the recent lack of ready access to
a reliable and well calibrated Q-switched laser.

Germanium dioxide crystallites were observed to grow on the Au contacts
on Ge detectors stored at room ambience for long periods (many days). The
effect was more obvious in humid atmospheres and could he observed after
several hours at 100°C.

Anomalous amounts of oxygen and carbon were noted in Ge samples implanted
with high doses of various ions. These impurities were absorbed from the
atmosphere after implantation had severely damaged the Ge surface. This
effect depends on the substrate temperature, being seen at 300 K but not at 77
K. This work is being carried out in collaboration with the Royal Melbourne
Institute of Technology (RMIT), and also with the Oak Ridge National
Laboratory (ORNL) where some of the experimental examinations have been made.

Surface studies

The supric-ion polishing technique was investigated and found to be a
suitable means of producing clean, highly-polished Si samples. Argon
sputter-etching, a well-known method for cleaning semiconductor surfaces,
produced (surface) damage and Ar incorporation. However, these undesirable
effects can be removed by ruby laser-pulsed irradiation; Rutherford
backscattering (RBS) was used to demonstrate this with Si samples. The effect
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of hydrogenating sputter-etched surfaces of Ge, Si and GaAs was investigated
using DLTS. Removal of deep, electrically-active defects was noted after
hydrogenation.

Contaminants from such laboratory reagents as water, solvents and acids
were found with RBS by examining their residues after evaporation. Aluminium,
single crystal silicon, and vitreous carbon were examined as suitable
substrates; the latter was considered to be the most suitable.

2.2.3 Deep level transient spectroscopy studies

Measurement of the parameters of a wide range of deep level defects in
Ge, Si and GaAs for radiation detectors has continued. Defects were
introduced either by y-irradiation, impurity doping during crystal growth, and
implantation, or were present in as-grown, undoped material.

Significantly, it has been found that many deep level defects are
sensitive to passivation by atomic hydrogen, an aspect which may lead to a
possible method of radiation hardening of detectors in some applications (for
example, particle detectors).

Considerable basic information has been obtained on the mobility of
defects under the electric fields present in biased semiconductor diodes;
this may be of significance in the operation of detectors.

This research has been extremely productive, forty-one papers, reports
and technical notes being submitted for publication or published during the
period.

2.2.4 Instrumentation

A marginal oscillator has been constructed for transient conductance
measurements of deep levels in compensated semiconductors.

The purchase of components for the ultra-high vacuum, electron-beam
evaporator is nearing completion with only the film monitor control unit,
electron beam power supply and turbo-molecular pump still to be acquired. The
evaporator is intended for the study and development of thin contacts for
semiconductor radiation detectors.
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A much needed replacement helium leak detector was acquired for the
testing of radiation detector cryostats and other vacuum equipment.

2.3 Radiation Standards
(D.F. Urquhart, H.A. Wyllie, V. Page, E.P. Johnson)

2.3.1 Absorbed dose

Graphite calorimeter measurements were suspended pending the installation
of a stronger Co teletherapy source. The calorimeter system was thoroughly
overhauled and work begun on building a faster vacuum pumping system. The
frequency of our regular long-term stability measurements of the working
standards of absorbed dose to carbon and water from Co was stepped up in
preparation for the installation of the new source.

2.3.2 Radioactivity

The AAEC is participating in a major international comparison of the
standardisation of 13'Cs, using 134Cs On an efficiency tracer. The comparison
was organised by the Bureau International Des Poids et Mesures (BIPM) and
involves 24 countries. Counting sources were prepared and about one third of
the counting program is completed.

Specialised sources of a wide range of radionuclides were prepared for
research use; nine sources were supplied to outside organisations and 37 to
groups at Lucas Heights. In addition, 80 measurements of source activity
covering a wide range of nuclides and source types were made for research
groups at Lucas Heights.

3. ELECTRONIC SYSTEMS

3.1 Instrument Maintenance
(M. Dilli, G. Carter, E. Arady, A. Godwin, R. Klausch, E. Mutch,
R. Phillips)

A very wide range of commercial electronic equipment was maintained and
tested, and advice provided on its use and selection for purchase. This year,
about 600 instruments were serviced, and a further 300 were inspected and
tested. In addition, a number of small.data processors were maintained, and



various maintenance contracts on small computers and peripherals supervised.

3.2 Project Instrumentation
(R.M. Hicks, D.H. Rice, R.J. Sanders, A. Andrews)

HIFAR emergency core cooling system (ECCS)

A fully automated ECCS is necessary to permit land-use restrictions to be
relaxed outside the 1.6 km exclusion area surrounding HIFAR. The whole of the
group's effort has been involved in the completion of the new equipment for
this system, and in supervising the preparation of HIFAR to enable its
installation later in 1982.

The equipment required to implement the ECCS is straightforward in
concept and involves only standard components and techniques. However, very
severe practical problems have been involved in designing the system to meet
the performance criteria for a range of leak sizes: these include achieving
the specified reliability; carrying out installation in a very restrictive
environment in HIFAR; compliance with international safety standards; and
fulfilling the task in the very short time available.

As an indication of its scope, the system employs more than 60 logic
relays with up to eight contacts each. It involves key-operated inhibit
switches and mechanical interlocks and is interconnected with the scavenge
pumps, a helium pressure-relief system, the reactor control-reversal system,
the reactor shutdown system, and both the heavy-water and light-water main and
shutdown circulators. More than 150 inter-unit connections are involved,
requiring the use of more than 7 km of cable. The equipment is virtually
complete, and contracts have been let for cable installation.

3.3 Instrument Design
(G.C. Watt, A.N. Bransgrove, D. lus, M. Harry, G.A. Phillips)

Relatively standard components are built into novel circuits to provide
instruments for unusual situations for which no suitable commercial equipment
is available. One example is the type 643 hand-held radiation monitor being
produced by an external contractor to an AAEC design and under AAEC
supervision. This unit will replace an earlier type, and uses readily
available components; among other attributes, it is designed to survive a
drop of 1 m onto a concrete surface.
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Other devices under development include the following:

. The type 654 low-noise, pulse opto-electronic preamplifier for use
with a thermoelectrically cooled silicon detector. The latter is
mounted in a probe for the analysis of mineral slurries, and a line
width of 320 eV has been achieved at 5.9 keV using selected FETs.

. The microprocessor-controlled, type 610 staircase voltage stripping
voltameter. A prototype is undergoing trials in the CSIRO's
Division of Energy Chemistry.

. The type 493 low-noise preamplifier to make the type 610 suitable
for a wider range of detector characteristics.

Manufacture of a set of acoustic emission instruments was completed; a
set of type 586 nuclear ship monitoring units was installed at HMAS Stirling,
W.A., and work was started on restructuring two high-power 9 MHz oscillators
for fusion research.

3.4 Systems Analysis Group
(C.P. Gilbert, P.C. Miskelly, N.R. Clark)

One of the major projects undertaken was an investigation of the dynamics
of a rotating body for Centrifuge Enrichment Project Division. The
calculations had to take into account both the gyroscopic effects and the
cross-coupling between the two transverse planes when such a body is subjected
to a lateral disturbance. A frequency-response approach was used, despite the
fact that it can be shown that a rotating body must be treated as a non-
minimum-phase system. A digital program TRUESPIN was developed and made
sufficiently easy to operate that it can be used by investigators with no
detailed knowledge of the processes involved.

The hybrid system requires continuous maintenance and updating in both
the hardware and software areas, and this absorbs a good deal of effort. An
ongoing application of the system is the development of a simulator to
represent the dynamics of a cascade of centrifuges.
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3.5 Digital Systems Group
(P.J. Ellis, P.O. Reid, W.O. Hill, C.G. Laman, N.M. Hudson)

The main areas of activity here were computer-computer and computer-
terminal communications, and the application of small computers to the control
of experiments.

The SMUT system has been expanded, using a new design for the terminal
control box which employs a microprocessor to schedule the appropriate
responses. This design uses one printed circuit card and is considerably less
labour-intensive than the original series. The microprocessor program is held
on eraseable read-only memory which allows several options to be incorporated,
entailing a program change only. This would have been impossible with the
original multicard design.

An alternative path from the IBM 3033S to the Dataway and SMUT networks
has been designed in two stages. The first stage is the channel-to-node
computer link which has operated successfully for some time. The second
stage, the development of a Dataway controller operating from this node
computer, is under construction.

Work in the experiment control area has mainly involved driving stepping
motors to scan experimental rigs, and subsequent counting and logging of the
required measurements. Several systems have involved pulse-height analysis
with appropriate displays and subsequent spectral analysis to determine the
concentration and yields for on-stream mineral analysis.

4. FUSION PHYSICS

4.1 The Rotamak Experiments at Flinders University
(G. Durance, J. Tendys)

Rotamak equilibria are being studied, in conjunction with university
staff and research students, in a high-power (* 12 MW), short-duration (% 80
ys) experiment and in a complementary low-power (•>. 6 kW), long-duration (% 10
ms) experiment.

The high-power Rotamak III experiment is performed on a spherical Pyrex
discharge vessel of diameter 16.8 cm. Argon is used as a filling gas since it



is easily ionised, and its use ensures that the conditions necessary for
current drive are well satisfied. Detailed magnetic probe measurements have
enabled the poloidal flux contours to be constructed and studied at different
times during the plasma discharge. From the preliminary experiments, reported
in AAEC/AP PR81, it was known that under certain conditions, the plasma
current exhibits two distinct equilibrium plateaux. The measured flux
contours have clearly shown that the first plateau corresponds to an oblate
compact torus configuration with a separatr*x just, inside the discharge vessel
wall, whereas the second plateau corresponds to a (non-field-reversed)
rnirror-like configuration.

Comparison of the plasma current during the first current plateau (•>. 6
kA) with the gas filling-pressure indicates that the gas is substantially
ionised. During this phase, induced screening currents prevent complete
penetration of the rotating field into the plasma. Towards the end of the
phase, the flux contours show a tendency to evolve towards a 'doublet'
structure. Subsequent probe measurements have indicated the corresponding
development of a self-generated 'steady' toroidal magnetic -Meld - the field
being oppositely directed in each lobe of the doublet. This has been
substantiated in a special vessel equipped with pairs of flux loops located at
three positions around the toroidal direction. A mechanism for the generation
of this toroidal flux is being sought.

The complementary low-power Rotamak IV experiment is performed on a
spherical discharge vessel of diameter 27 cm. The necessary dividing, phase-
shifting and matching circuits have been built so that the single oscillator
can produce the required rotating field.

The initial series of experiments used argon as the filling gas. The
limitation imposed by the low output power of the oscillator has been overcome
by working with very low filling pressures (% 0.1 m torr). In agreement with
the high-power experiments, it was found that the driven plasma current
increases linearly with the applied confining field, up to a maximum of
x 400 A.

Attempts to increase the current by using still larger confining fields
causes the plasma discharge to extinguish. Below this limit, however, steady
currents can be driven with no indication of current disruption; the
termination of the driven plasma current is coincident with the end of the
radiofrequency pulse. Moreover, observation of the positions of the
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separatrix, magnetic axis and neutral point have confirmed that a compact
torus configuration can be maintained for the duration of the radiofrequency
pulse. The configurations have a separatrix which is typically several
centimetres inside the vessel wall. Similar results have subsequently been
obtained with deuterium. Estimates for the density and temperature have been
obtained using the Solovev model, giving typical values of ne 4 x 1017 nT3,
T -v. 2 eV for argon and n % 2 x 1017 nf3, T -v. 1 eV for deuterium. Attempts
are being made to obtain better density and temperature estimates using
Langmuir probes.

4.2 Fusion Data Libraries
(J.L. Cook, E.K. Rose)

4.2.1 Charge exchange rate coefficients

The mechanism of charge exchange collisions, an important energy loss
mechanism in plasma devices, was investigated and the appropriate cross
sections were evaluated. It was found that there is an atomic collisional
regime at low energies and that this gradually changes to a nuclear process as
the ion-neutral energies increase. Functions were found to describe this
process and the rate coefficients computed analytically in terms of incomplete
gamma functions. A data library for the possible interactions in a hydrogen,
D-D and D-T plasma was prepared in the ADL-1 format and added to the existing
library. The results were sent to the IAEA's A and M data centre for
international circulation. (The IAEA is currently enquiring from various
workers about an international evaluation effort in this area.)

4.2.2 Sputtering rate coefficients

In plasma devices, particularly projected fusion reactors, the most
important source of impurities which cause radiation losses from the heated
plasma is ion sputtering from the walls. The inventory of general data on
sputtering coefficients was reviewed and the laws which govern both the energy
dependence and the mass dependence were worked out. These laws were fitted to
the elements Be, C, Ti, Fe, Co, Ni, Cu, Nb, Mo, W, Au and U, for which the
best data are available, and interpolation to other wall elements is now
possible. The laws were averaged analytically over the ion Maxwellian
distribution and the results gave parabolic cylinder functions. Numerical
techniques for computing these functions were worked out and H+, D+,T+ and He+

sputtering rate coefficients in the ADL-1 format were computed for the
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following elements: Be, C, Ti, Fe, Co, Ni, Cu, Nb, Mo, W, All, U, Al, Si, Sc,
V, Cr, Zn, Zr, Rh, Ag and Ta. These results were sent to the A and M data
centre for international circulation.

4.3 Potential Theory and the Inverse Problem
(J.L. Cook, E.K. Rose)

New data were analysed for the ir-N system and the various potentials and
wave functions computed by the local solution to the inverse problem. It was
found that all of the wave functions could be well-fitted by a coherent
superposition of harmonic oscillators, the coordinates of which could possibly
be related to the average coordinates of the quarks known to be present. On
this basis, the Coulomb energy of the proton and neutron was calculated and
the static theory prediction for the anomalous magnetic moment obtained. The
neutron half-life was estimated in a speculative fashion by assuming a core
decay mechanism. Good agreement with electron scattering form factors was
achieved, but attempts to calculate the inverse Fourier transform ran into
insurmountable numerical difficulties.

A new perturbation theory which uses reaction matrix parameters was
tested numerically and found to converge successfully. The ramifications of
this are being investigated.

4.4 MHD Surface Waves in the Ion Cyclotron Frequency Range
(I.J. Donnelly)

Magnetohydrodynamic (MHD) surface waves can propagate along the plasma-
vacuum boundary in a tokamak plasma and provide a mechanism for the
radiofrequency heating of plasmas. In toroidal or cylindrical geometry, the
dispersion relation and the properties of the surface waves can only be
obtained numerically, so the following analytic solution for a plane plasma-
vacuum interface is of interest.

A zero pressure plasma with density

p(x) = PO, x _ < 0

- 0, x > 0,

a constant magnetic field BQz, and small amplitude wave fields of the form
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E(r,t) = E(x) exp i(kyy + kzz - ut)

are assumed. In this analysis, the effects of particle collisions and finite
electron mass are ignored, so EZ = 0. The wave equations are derived from the
cold plasma dielectric tensor and the dispersion relation is obtained by
demanding continuity of the electric field component Ey and the magnetic field
component bz at the interface.

In the following, the surface wave properties are discussed as a function
of k2, assuming fixed values of ky, p0 and ft.,- (the ion cyclotron frequency).
The normalised frequency (f = w/ft..) and kz are positive and the superscript ±
indicates that k > 0 (k < 0). Defining s = kz/|ky| and o = vA|ky|/Q1, the
surface wave frequencies are

f* = as[((l+a2) S2 + 2)* ± asD/U+S2)* , 0 < S < S

As indicated, there is a limited range of s over which the surface wave
exists. The variation of f* with s, when a = 0.1, 0.5 and 3, and the loci of
the limiting values, ff » f±(sj), are shown in Figure 10. When s •*• sj, the
surface wave merges with the compress ional Alfven wave continuum, and when
s •»• ŝ , it merges with the vn cyclotron wave continuum.

If the surface has a fin.te width, those surface waves with f < 1 are
subject to Alfven resonance damping and this provides a mechanism for plasma
heating.

4.5 Alfven Resonance Heating of Plasmas
(I.J. Donnelly, B.E. Clancy)

A series of computer codes is being developed to calculate the wave
fields excited in a toroidal plasma by oscillating antenna currents with
frequencies around the ion cyclotron frequency (fl.j/2ir). The preliminary
version of the code solves the MHD wave equations with resistive effects
included, but with the approximation that EM =nn = 0. The MHD equations
are, in most cases, adequate for the evaluation of the energy absorption at
the spatial Alfven resonance, however the kinetic theory equations are being
formulated to allow a complete description of the wave fields.

A cylindrical model of the plasma is used with a parabolic radial density
distribution p(r) and a constant magnetic field BQz. For many antenna
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FIGURE 10. THE DEPENDENCE OF SURFACE WAVE FREQUENCY ON s FOR a = 0.1, 0.5
AND 3. THE LIMITING VALUES fj AND f" ARE ALSO SHOWN.
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FIGURE 11. THE ANTENNA RESISTANCE Re(Zm n) for m = -1, 0 AND 1, AND n = 4
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designs, the current distribution can be Fourier decomposed into current
sheets of the form

Jte.t)
<*k e -

exp i(me + k z - o»t) ,

where kQ = m/b, k, = n/RQ, b is the antenna radius, RQ is the major radius of
the torus, n = 0, ± 1, ... and m = 0, ± 1, ... Each of these current sheets
has an associated impedance, given by

ke Ez(b) - kzEQ(b)
m'n

The energy absorbed by the plasma via the (m,n) mode is proportional to

As long as w.,̂ )̂ < w < &,•, the Alfven resonance occurs in the plasma
at radius r given by

-

where the threshold frequency wth is a function of kz, and VA is the Alfven
speed. Those modes which excite the Alfven resonance are of particular
interest as enhanced wave damping and plasma heating then occur. In Figure
11, the values of Re(ZQ 4), Re(Z1>4) and Re(Z x̂ 4) are shown as a function of
frequency for plasma parameters appropriate to the TORTUS tokamak at Sydney
University. The impedance is obviously increased when the AlfveVi resonance is
present (u>t̂  < w < &.). The excitation of m = ± 1 surface wave eigenmodes is
the reason that the impedances of the m = ± 1 modes are large compared with
the m = 0 mode.

4.6 Plasma Transport Codes
(W.K. Bertram)

At ANU, work has continued on plasma transport. As a result of a visit
to the ANU by Professor L. Woods of Oxford University, a joint project was
started to investigate numerically his new model for anomalous electron heat
transport. Unfortunately, this work had to be discontinued when, in late
1981, the Plasma Physics Laboratory at the ANU exchanged its DEC10 computer
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for a VAXII computer. The transport code HERMES which was used for this study
could not be made to work satisfactorily on the new computer.

The remainder of the time at ANU was almost entirely devoted to the task
of modifying and testing HERMES on the VAXII. There appeared to be a problem
in that section of the code which simulates the physical process of neutral
particle recycling - this problem is still unresolved. The complicated nature
of the problem can be seen from the fact that upon return to the AAEC, an
almost identical version of HERMES was implemented on the AAEC computer; it
worked perfectly with no problems arising from the neutral particle recycling
package. To overcome the ANU's problems with the HERMES transport code,
contact is maintained with Dr A. Cheetham of the University, who now has
responsibility for the code.

4.7 Soft X-ray Emission Measurements on the LT4 Tokamak (ANU)
(G. Hogg)

The most significant advance during the period has been the commissioning
of the LT4 tokamak, an up-to-date, ohmically heated system, with long plasma
duration, outstanding position control, a comprehensive range of modern
diagnostics, and a powerful and flexible data handling system. This condition
was reached near the end of 1981, and allowed us to begin the first series of
physics experiments. These included studies of plasma disruption and
associated MHD activities, and runaway confinement; in both cases, the
unusually fast and precise positional control is of great benefit. The
growing emphasis on measuring and analysing fluctuating plasma phenomena is
being accommodated by substantially upgrading the user-oriented multi-
satellite data system.

X-ray diode array

An array of seven silicon surface barrier diodes (Ortec type CA-023-050-
100) has been assembled on LT4 for observation of the soft X-ray emissions
from the plasma. The detectors view the plasma in a pinhole camera
arrangement with a magnification of unity, a slit-to-detector distance of 220
mm and detector spacing of 20 mm (see Figure 12). The sensitive diameter of
the detectors is 8 mm and the slit height is 4 mm, so the detectors view along
a chord of the plasma cross section which is 16 mm high at the plasma major
radius. The slit is covered with a 25 ym thick beryllium foil and, since the
detectors are operated with a depletion depth of 100 m, they are sensitive to
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LT4 Torus Pinhole And Beryllium
Window
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And Line Driver

To Data
Acquisition
System

FIGURE 12. SCHEMATIC DIAGRAM OF LT4 TOKAMAK SHOWING POSITION OF X-RAY DIODE
ARRAY
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X-rays in the energy range 1-20 keV.

Current amplifiers are mounted on the detectors, followed by line drivers
to the data acquisition system. The system gain is in the range 10 to -10
V/A, the outer channels having the higher gain, with a frequency response to
400 kHz. Data are recorded on the slow digitiser system (5-10 kHz) for the
whole of the plasma pulse, and on the fast digitiser system (200-400 kHz) for
selected time regions.

Two detectors viewing the central region of the plasma with absorbers of
different thickness have been used to determine the electron temperature
distribution (see Figures 13a and b). However, variations in the response of
the individual detectors which look at different parts of the plasma, have
meant that, to be consistent, this method has to be confined to plasmas that
are relatively stable in position and current and that are not emitting
runaway electron X-rays. In these instances, reasonable agreement is obtained
with other plasma temperature measurements.

It is hoped to overcome these problems by using <i double array with a
pair of detectors, each looking at the same plasma cross section. This type
of system, with 18 channels overall, is being constructed.

Pulse height analysis

A liquid nitrogen cooled, hyperpure silicon semiconductor detector is
used to measure the soft X-ray energy spectrum from the LT4 plasma. The
experimental arrangement is shown in Figure 14. The detector system is
connected to a diagnostic port on the torus and two adjustable collimators are
used to adjust the X-ray count rate. A 25 jam beryllium window isolates the
vacuum systems of the detector and the torus respectively. The detector,
manufactured by the Division, has an active area of 28 mm (diameter 6 mm) and
active thickness of 5.4 ~m. This particular window/detector thickness
combination measures X-ray energies over the range 1 to 40 keV after
corrections for the window attenuation have been made.

The energy resolution of the system is limited by the detector and by
properties of the shaping amplifier and pile-up rejection circuit. A
schematic diagram of the electronics is shown in Figure 15. Using the
EG&G/Ortec model 572 amplifier, an energy resolution of 230 eV FWHM at 5.9 keV
was obtained with 2 s shaping time constants. The properties of the pile-up



FIGURE 13. ELECTRON TEMPERATURE DERIVED BY SOFT X-RAY ABSORBER METHOD FOR A
NORMAL DISCHARGE (a) AND FOR A DISRUPTIVE DISCHARGE (b)
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FIGURE 14. EXPERIMENTAL ARRANGEMENT FOR THE MEASUREMENT OF THE SOFT X-RAY
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FIGURE 15. SCHEMATIC DIAGRAM OF THE ELECTRONICS FOR THE SILICON DETECTOR
(X-RAY SPECTRA).



rejection circuitry are such that the count rate is presently limited to 10-20
kHz, although count rates as high as 30 kHz can be tolerated with reduced
energy resolution.

At these count rates, it is necessary to accumulate the energy spectrum
over several shots, so reasonable statistics can be obtained. Figure 16 shows
the raw X-ray energy spectrum, the spectrum corrected for the beryllium
window, and the estimated electron temperature which is consistent with the
central electron temperature measured by the Thomson scattering system, i.e.
400 + 100 eV.
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FIGURE 16. RAW X-RAY ENERGY SPECTRUM, SPECTRUM CORRECTED FOR Be WINDOW, AND
ESTIMATED ELECTRON TEMPERATURE

At present, a simple multichannel analyser, time-gated for a region of
interest, is used to accumulate data. However, there is a distinct advantage
in placing a time tag on each photon energy pulse and then analysing the data
for small time bins.
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APD-58

Pearton, S.J."1", Tavendale, A.J. and Williams, A.A. [1982] - New yradiation
damage centres observed in Ge by DLTS. Radiat. Eff., 60:129-134.

Tavendale, A.J. and Pearton, S.J.+ [1982] - Deep levels in y-inradiated Pb and
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film thickness monitor for gold evaporations. AP/TN/164.

Lawson, E.M. [1982] - The cupric-ion technique for polishing silicon.
AP/TN/167.

Lawson, E.M. and Tavendale, A.J. [1981] - Detection of phosphorus impurity in
the Building 16 Millipore 'Super-Q1 high purity water system by
Rutherford backscattering spectroscopy. AP/TN/163.

Lee, P.J. [1981] - Manufacture of large volume coaxial lithium-drifted Ge(Li)
gamma-ray spectrometer. AP/TN/166.
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nuclides. 4th Int. Symp. on Neutron Capture Y-ray Spectroscopy and
Related Topics, Grenoble, September.

Allen, B.J. [1981] - Consequences of intermediate coupling for interference in
resonance neutron capture. 4th Int. Symp. on Neutron Capture Y-ray
Spectroscopy and Related Topics, Grenoble, September.
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Allen, B.J., Shelley, R.v<u, van der Veen, T.(a), Brusegan, A.(a) and
Vanpraet, G.(b) [1981] - Search for valence effects in p-wave

OQ

capture in Sr. 4th Int. Symp. on Neutron Capture y-ray
Spectroscopy and Related Topics, Grenoble, September.

* University of Wollongong

** Western Australian Institute of Technology

(a) Central Bureau of Nuclear Measurements, Geel, Belgium

(b) Rijksuniversitair Centrum, Antwerp, Belgium
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FOREWORD

The dislocation caused by both the transfer of staff from AAEC to CSIRO
and the co-location of the AAEC and some CSIRO research activities at the
Lucas Heights Research Laboratories was significant during the year. Three
sections of the Division were relocated, and in some cases this meant
premature termination or delayed commissioning of some long-term experiments.

The real location of staff and functions between CSIRO and the AAEC
affected the Environmental Science Division in the following ways:

. The Chemical Engineering Section of the AAEC Chemical Technology Division
was not, as was most of the rest of that Division, transferred to CSIRO;
it is now part of the Environmental Science Division.

. The responsibility for low-level radiochemical analyses was acquired, but
only one of the staff members involved in the work was transferred to the
Division.

. Chemical quality assurance for the reactor HIFAR and the Effluent Control
Laboratory became a divisional responsibility through transfer of the
professional supervisor, but the routine analyses are still done by the
technical staff who are now CSIRO officers.

. The responsibility and staff for laboratory animal production, together
with the project on total body irradiation of mice (Sections 5.4 and 5.5
of AAEC/ES-PR 1981), were transferred to the AAEC Isotope Division.

. Two technical staff were transferred to CSIRO.

. Six officers - three professional, three technical - were transferred to
the Environmental Science Division from the AAEC Nuclear Fuel Cycle and
Power and Energy Assessment Units.

Under the reporting system now adopted by the AAEC, the division with
prime responsibility for an inter-Divisional project reports on its progress.
Thus the work done by Environmental Science Division on the leaching
characteristics of SYNROC appears in the progress report from Materials
Division.
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1. CHEMICAL ENGINEERING

1.1 Uranium Mining and Milling

1.1.1 Leaching of uranium ores

Leaching of Mary Kathleen ore
(R.J. Ring)

Mary Kathleen Uranium Ltd (MKU) sponsored research to determine the
reasons for excessive acid consumption in the mill leaching circuit. Earlier
work involved laboratory tests on a single composite ore (No.l) supplied by
MKU. This year, the research program was extended to examine the leaching
characteristics of a second MKU composite (No.2). The mill was also visited
to assess the operation of the leaching circuit. Following these visits, a
plant trial was carried out to examine changes in leaching conditions
suggested from AAEC test work.

The leaching characteristics of composites Nos.l and 2 were considerably
different. For the same leaching conditions, residue grades for composite
No.2 were higher, even though acid requirements were increased by 10-15 kg t"1

ore. The higher acid consumption for composite No.2 was mainly attributable
to its oxidant demand, which was about three times greater than for composite
No.l. Despite these differences, acceptable uranium extractions were obtained
for both ores at the target acid consumption of 65 kg t ore.

The experimental program showed that, to achieve maximum efficiency, the
leaching circuit must be operated within a fairly narrow pH range at a
relatively low redox potential. Subsequent plant visits enabled a number of
areas to be identified as being in need of close attention during the
operation of the mill leaching circuit to achieve the required conditions. A
short plant trial achieved very promising results and confirmed the
conclusions of AAEC laboratory tests. Since the trial, the leach circuit
operating procedures have been modified to alleviate these problems and
leaching efficiency has improved.
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Caro's acid as an oxldant in acid leaching
(R.J. Ring)

Interox Chemicals has continued its sponsorship of research on Caro's
acid (permonosulphuric acid) as an alternative oxidant to pyrolusite in the
acid leaching of uranium ores.

Batch leaching tests were carried out on samples of primary and blended
Koongarra ore containing 0.85 and 0.7% U30« respectively. The ore grades were
more than twice those of Koongarra samples previously examined and were
supposedly representative of ore to be produced under the revised mining plan
for the deposit. Leaching conditions were pH 1.6, temperature 40°C and a
redox potential of 450-420 mV (relative to the saturated calomel electrode).

Using Caro's acid in place of pyrolusite as oxidant had no effect on
uranium extraction. Caro's acid reduced total sulphuric acid requirements in
leaching by 13 per cent, and the ratio of pyrolusite to hydrogen peroxide
consumption was 3.3. Both results are in good agreement with those obtained
previously for Nabarlek, Ranger and Jabiluka ores.

Interox Chemicals has completed a series of plant trials using Caro's
acid at the Nabarlek mill. The AAEC provided expert advice on the operation
of the mill leaching circuit during the trials. The plant trials confirmed
laboratory results and established that Caro's acid is a viable alternative
oxidant to pyrolusite. From an operating viewpoint, Caro's acid was easier to
handle, gave better control and ensured continual oxidant supply. It is
clearly a better system than pyrolusite and has the advantage of almost
eliminating manganese from waste effluents.

Koongarra Mines Pty Ltd has recently decided to use Caro's acid in the
Koongarra mill which is now at the final design stage. Queensland Mines Ltd
is also considering changing to Caro's acid at Nabarlek.
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1.1.2 Waste treatment

Distribution of radionuclides in process and
waste streams at the Nabarlek uranium mill

(R.J. Ring, D.M. Levins, K.P. Strong)

A survey was carried out at the Nabarlek uranium mill to determine the
distribution of 226Ra, 230Th, 210Pb and 210Po in process and waste streams.
The major conclusions of this work were as follows:

Sulphuric acid leaching dissolved 0.01 per cent of the "°Ra, 20 per
oon Pin

cent of the "uTh, 0.16 per cent of the Pb, and 0.37 per cent of
the 210Po in the ore.

About 0.005 per cent of the 226Ra, 0.2 per cent of the 230Th, and
0.002 per cent of the 210Pb in the ore appeared in the yellowcake.

Neutralisation of tailings/raffinate slurry with Mme to pH 8.5
effectively precipitated almost all the 230Th, 21V> and 210Po.

The concentration of 2 Ra increased significantly during
neutralisation but decreased on ageing in the tailings pit.

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

Barium chloride is used extensively to remove radium from uranium mill
effluents. At the Nabarlek mill, decant water from the tailings disposal pit
is treated with barium chloride Defore discharge to an evaporation pond. The
treatment circuit consists of a small mixing tank where barium chloride is
added, then a clarifier where ferric chloride and flocculant carry down the
fine barium-radium sulphate precipitate. Ferric hydroxide sludge from the
underflow of the clarifier is recycled to aid settling.

The efficiency of radium removal is determined by the complex interaction
of a number of parameters. These include rates of addition of barium
chloride, ferric chloride and flocculant, hydraulic loading and the extent of
sludge recycle. An experimental program was carried out to optimise the
performance of the clarifier treatment circuit. Two plant tests were carried
out at the Nabarlek mill as part of a collaborative research program.
Radium-226 concentrations in the feed water were 75-150 Bq L"1 dissolved and
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2-20 Bq L suspended. Under optimum conditions, over 98 per cent of the
total radium was removed in the clarifier circuit. Radium concentrations of
0.2-0.5 Bq L"1 dissolved and 0.5-1.0 Bq L'1 suspended were consistently
obtained. The latter corresponded to a suspended solids concentration of
about 2 mg L~*. It was essential to maintain a stable sludge/liquid interface
1-1.5 m above the inlet position to achieve this clarity.

The plant tests identified a number of aspects of the process which
required more detailed attention. A laboratory-scale clarifier circuit has
been set up to carry out a systematic study of the process. Radium-223 is
being used as a tracer in these experiments because it can be rapidly analysed
by -counting. It was obtained by separation from its parent, actinium-227,pp*j
in 3 M nitric acid solution using a cation exchange column. The eluate Ra
solution was passed through an anion exchange column to remove nitrate and
increase the pH to 7-8.

1.1.3 Tailings management

Uranium mill tailings have a long-term environmental impact because of
continual emanation of radon, possible dispersal of tailings dust and leaching
of radionuclides due to water infiltration.

Radon emanation from tailings
(K.P. Strong, D.M. Levins)

Tailings piles are generally rehabilitated by covering them with earth to
minimise erosion and suppress radon emanation. Measurements were made in a
107 mm diameter column to determine the effects of moisture content, porosity,
and cover thickness on the radon flux. Results showed that moisture content
was the most important factor affecting the radon diffusion coefficient.

Laboratory studies were augmented by field measurements on test pads on
the Mary Kathleen tailings dam, the test pads consisting of varying
thicknesses of waste rock and soil cover. Rain fell at the start of the field»

work and the radon flux from bare tailings increased with time as the tailings
dried out. The effect of waste rock thickness, which was studied over the
range 0-1.5 m, reduced radon flux significantly compared to bare tailings.
Two methods of measuring radon flux in the field were evaluated: the
accumulator method, in which a drum is sealed over the surface and the rate of
build-up of radon in the air is measured; and the charcoal canister method,
in which emanating radon is adsorbed onto charcoal and the y-ray from 214Bi is
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counted. There was good agreement between both methods; however, the charcoal
canister method required less operator attention and enabled a large number of
measurements to be made simultaneously.

Collaborative research is being undertaken with Minatome Australia Pty
Ltd on radon emanation from Ben Lomond tailings. This work entails
measurement of the radon emanation coefficient, from both sand and slime
fractions, as a function of moisture content. The radon flux from bare and
covered tailings is also being measured. This information will be used to
estimate the radon flux that will be produced under the proposed tailings
rehabilitation scheme.

*

Concentration of radionuclide and sulphide fractions in tailings
(G. Dunlop*, D.M. Levins, R.J. Ring)

A research contract was awarded to AMDEL for a study of methods of
physically separating the potentially hazardous fractions from tailings
derived from three Australian ores. Conventional sulphide flotation removed
88-98 per cent of the pyrite in 1-5 per cent of the total mass. Removal of
the pyrite eliminates the possibility that acid generation by bacterial
oxidation will mobilise radionuclides and heavy metals.

Hydrocycloning was more effective than flotation for concentrating the
radiuni into a low mass fraction. Up to 83 per cent of the radium was
concentrated into only one sixth of the total mass. Most of the radium was
contained in the finest particles (below 5

A combined flotation/hydrocycloning flowsheet to segregate tailings into
three fractions for separate disposal was successfully tested. Possible
options for disposal of the separated fractions are wet oxidation of the
sulphide concentrate to produce sulphuric acid for use in the mill,
backfilling of the sand fraction, and granulating of the slimes followed by
disposal in trenches.

* AMDEL
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Radionuclide concentrations in Mary Kathleen tailings
(D.M. Levins, K.P. Strong)

In collaboration with Australian Groundwater Consultants Pty Ltd (AGC)
present and projected levels of dissolved radionuclides in the Mary Kathleen
tailings dam are being studied in connection with environmental impact studies
related to rehabilitation of the tailings dam. Samples of tailings and
associated water were taken at various depths in the tailings dam by AGC. The
AAEC work involved measurement of dissolved radionuclides as a function of
depth, radium mineralogy studies and accelerated leaching tests. Radium
concentrations in the tailings water were quite low and only a minute fraction
of the radium was mobilised in accelerated tests that simulated leaching by
rainwater for over 100 years.

1.2 Waste Treatment and Disposal

QQ

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

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

Since 1967, highly radioactive liquid wastes have been produced from the
manufacture at Lucas Heights of Mo (for radiopharmaceuticals) from

pqc
irradiated uranium dioxide of up to 1.8 wt % U enrichment.

Approximately 2 cubic metres of liquid waste containing 16 TBq (430 Ci)
of fission products are in temporary storage at the Lucas Heights Research
Laboratories. The aim of this research project is primarily to remove this
v/aste from the existing storage facilities for volume reduction, waste
solidification and alternative storage. A secondary purpose of the project is
to provide a fission product concentrate for the manufacture of radioactive
SYNROC specimens.

The waste consist of two types:

Raffinate from the ion-exchange processing of dissolved irradiated
uranium nitrate. This solution contains 1 M HNO,, mixed fission

i ~~ J iproducts at 11-140 GBq L , and uranium at 50-160 g L .

Washings from the loaded ion-exchange column, which consist of 1 M_
HN03 containing about 3 GBq L'

1 of mixed fission products and 5 g
L~* of uranium.
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TABLE 1
HIGHLY RADIOACTIVE LIQUID WASTES STORED AT LUCAS HEIGHTS

Location

Bid. 57 Tank No.l
Bid. 57 Tank No. 3
Bid. 54 Cell,
Batch HW12

Total s

Volume
(L)

372
1620
47

2039

Total Uranium
(a)

Concentration
(g u L-1)

50.3
5.0

159.6

(b)
Content
(kg U)

18.7
8.1
7.5

34.3

235"°u
Content*

(g)

<346
<150
<139

<635

$Y
Activity
Content
(TBq)

4.C
5.5
6.6

16.1

235*Assuming an initial U content of 1.85 per cent.

TABLE 2
FISSION PRODUCT CONTENT OF BATCH HW12, BLD.54

Fission Product

89Sr
90Sr/90Y
91Y
95Zr
95Nb (from 95Zr)
103Ru/103Rh
106Ru/106Rh

144ce/144pr
141Ce
147Pm

Total Activity

Fission
Yield

4.75
5.9
5.8
6.2

2.85
0.39
6.23
5.45
6.0
2.2

Half-
life

50.4 d
29 y
58.6 d
65.5 d
35 d
39.6 d
369 d
30.1 y
284 d
32.5 d
2.62 y

Activity
(GBq)

35
393
107
203
400
3.4
274
400
3640
1.1
1126

6.6 TBq
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The locations and some details of these liquid wastes are listed in Table 1.
The fission product content of the most recent waste is given in Table 2;
most of the fission product activity results from ^ Ce- Pr (55 per cent),
147Pm (17 per cent), 90Sr-90Y, 137Cs, and 95Nb (about 6 per cent of each
radionuclide).

The SYNROC application requires extraction of dissolved uranium from the
liquid wastes, followed by raffinate concentration. Counter-current solvent
extraction in mixer-settlers has been selected for this purpose; five
contactors have been designed as follows:

Extraction contactor (1)
Scrub contactor (1)
Backwash contactor (1)
Solvent wash contactors (2)

8 stages
6 stages
12 stages
1 stage each

A prototype extraction unit is currently undergoing hydraulic tests.
Evaporation equipment has been designed and is awaiting fabrication.
Following inactive proving trials, this equipment will be installed in a hot
cell. Processing of radioactive liquor is planned to commence in 1983,
subject to the availability of operational and engineering support staff.

2. ENVIRONMENTAL CHEMISTRY

2.1 Transport of Heavy Metals and Radionuclides Through the Environment
(A.I.M. Ritchie)

The Environmental Chemistry Section is carrying out a number of projects
to aid prediction and assessment of the impact of the uranium industry on the
soil and aqueous environment. The work covers not only the full spectrum of
radionuclides but also the non-radioactive materials associated with the
industry. This includes such heavy metals as copper, nickel and zinc, which
are frequently associated with the chemicals used during uranium treatment
(such as manganese, sulphuric acid and organics) and the chemicals used in
enrichment or waste processing (such as fluoride), and may exert an even
greater influence in the uranium mine. The transport process may be broken
down into the following subject areas: (i) adsorption/desorption; (ii) ion-
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speciation.
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(iii) solution/precipitation; (iv) redox; and (v) aqueous
Specific projects in some of these areas are described below.

Introduction of industry into a new area can cause an environmental
source of pollution; for example, surface expression of saline water,
conversion of aerobic waters to anaerobic waters, and the generation of acidic
waters. This has been termed source chemistry. Of particular concern to the
uranium industry is the generation of acid waters through the oxidation of
pyrite in the waste rock heaps associated with uranium ore bodies with a high
sulphur content. This problem is common to any heavy metal sulphide ore body
located in tropical or temperate climates, and also occurs in high sulphur
coal mines. A project on this subject is also discussed below.

The creation of the CSIRO Division of Energy Chemistry at LHRL resulted
in a move by the Environmental Chemistry Section to the new top floor of
Bid.21. Unfortunately, the necessary services for a chemistry section had not
been included during the construction of the new floor. These services are
being installed but experimental work in some areas has been interrupted for a
period of up to one year.

2.1.1 Adsorption of heavy metals and radionuclides on soils and minerals
(R.T. Lowson, J.V. Evans)

The adsorption work previously reported (AAEC/ES-PR 1981) has been
extended to a study of the adsorption of uranium on oxides and clays, but has
been limited owing to disruption caused by the transfer of the section.
However, the results indicate that the adsorption/titration curves follow the
general relationship observed with the other metals. The previous results are
in the final publication stages.

During 1980/81, a 48-column automatic rig was constructed to enable
transport through soils to be measured by monitoring the position of a
radiotracer of the metal under test. Transfer of the section has delayed
commissioning of the rig by approximately one year. The rig is now in the
final stages of being rebuilt and will be operational shortly. It will be
used to study the transport of radionuclides of interest under a variety of
conditions using a selection of typical Northern Territory soils which have
already been collected.
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2.1.2 Radium anomalies in the Northern Territory
(J.V. Evans, M.S. Giles)

Airborne scintillometry investigations in the Alligator Rivers region
revealed some areas of anomalously high radioactivity which were later found
to have little associated uranium. Presumably radioactive nuclides leached
from uranium-bearing areas by spring waters have been concentrated in soils;
the processes of build-up are being studied so that the mechanisms involved
can be better understood. The objective is to investigate the nature of the
concentration mechanisms and relate this to possible concentration areas in
future mine drainage systems.

Initial field studies revealed that the excess radioactivity was
associated with the acid sv/amp soils of a paper bark forest and a grass-sedge
plain situated on the drainage of a constantly flowing spring.

Analysis of various fractions of the soils is continuing. Data to hand
reveal :

a disequilibrium ratio between U and "°Ra of 140 (near the spring
head) to 6 (five kilometres downstream),

a disequilibrium ratio between U and 230Th of 0.6 (at the spring
head) to 3.3 (five kilometres downstream),

a strong correlation between 226Ra concentration and organic matter
content of the soil, and

opo
the presence of "°Th not supported by "fcTh, particularly near the
spring head (disequilibria ratios of >540 to 1.3, zero and five
ki 1 ometres downstream) .

A technique for separating organic and mineral soil fractions without
altering their physical characteristics is being refined.

2.1.3 The hydrolysis of metal ions
(R.N. Sylva, P.L. Brown*)

The distribution of a dissolved metal, between the free ionic state and
the complexed and hydrolysed state, plays an important role in the behaviour
and transport properties of the metal in the natural environment. The method
of accurate pH titration coupled with computer calculations has been used to

* AINSE student, Univ. of Wollongong
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determine the range of hydrolysed species present for a given metal, together
with the stability constants for these species. The distribution and
stability constants for the hydrolysed species of copper and uranium have been
reported. Over the past year, the work has been extended to indium, scandium,
thorium, molybdenum and beryllium. Indium and scandium were selected because
the predicted range of hydrolysed polymeric species would allow the
development of a generalised model for the hydrolysis of metal ions. It was
expected that there would be a useful variation in the hydrolysis behaviour
with ionic strength, and that another variable could be introduced in the form
of chloride complexes. The development of the overall model has yet to be
fully realised.

The hydrolysis of thorium was determined as part of the section's work on
geochemical transport and, in particular, on the occurrence of thorium in
uranium mine tailings. The properties of molybdenum are being determined as
basic input to a technetium generator project, while the properties of
beryllium are being measured because beryllium, which can be highly toxic,
sometimes forms part of the uranium fuel cycle. The following values for the
stability constants for the hydrolysed species indium (III), scandium (III)
and thorium (IV) were obtained:

Species

1.1

1,2

2,2

3,5

4,4

4,12

6,15

Indium (III)

InOH2+ (-4.31)

In(OH)£(-9.35)

-

-

In4(OH)J
+(-7.32)

-

-

Scandium (III)

Sc(OH)2+(-4.840)

-

Sc2(OH)£*(-6.096)

Sc3(OH)f(-17.567)

-

-

-

Thorium (IV)

ThOH3+(-2.98)

-

-

-

-

Th4(OH)i2"(-
30-55)

Th6(OH)̂ (-34.41)

2.1.4 Chemical oxidation of pyrite
(R.T. Lowson)

A review of the aqueous oxidation of pyrite by molecular oxygen, which
was summarised in the previous progress report, has been accepted for
publication in Chemical Reviews. A number of key areas were identified as
requiring further work to permit a proper understanding of the system. One
such area is the electrochemical characteristics of pyrite. Accordingly, over
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the past year the potentiostatic characteristics of pyrite in sulphate media
were determined as a function of pH, Fe2+ concentration, Fe3+ concentration
and saturating gas (either oxygen or hydrogen).

In general, the characteristics were a complex function of all these
variables. In the absence of Fe2+ and Fe3+, the potential at zero forward
current EQ was a non-linear function of pH but was independent of the
saturating gas. Under oxygen-saturated conditions, simple cathodic and anodic
curves were obtained which indicated that, under these conditions, the system
was dominated by a single pair of cathodic and anodic reactions. Under
hydrogen-saturated conditions, the anodic curve contained a passivated region
which was most pronounced at pH 0 and could be detected up to pH 7. These
results indicate that a common cathodic reaction occurs but that the anodic
reaction is dependent on the saturating gas. Under oxygen-saturated
conditions, the reverse sweeps had a small hysteresis component, whereas under
hydrogen-saturated conditions, the reverse sweeps were extremely complex, with
anodic and cathodic loops occurring within the passive region. This indicates
some very unstable surface conditions.

The addition of Fe2+ or Fe3+ was found to suppress certain
characteristics and enhance others. Consequently, it may be possible to
identify and quantify those parts of the curves which are dominated by iron
redox reactions. The analysis is complicated by the presence of the as-yet
unidentified reactions for the oxidation of s|~ to SO2". An attempt will be
made to identify the contribution of this reaction to the overall
potentiostatic curve by repeating the experiments on a range of thio-sulphate
solutions.

A number of hypotheses have been developed to identify the rate-
controlling parameters for the oxidation of pyrite in waste heaps. To test
the validity of these ideas, a leach column has been constructed measuring 2 m
high by 0.3 m diameter and containing sulphidic overburden. The column is
extensively instrumented with thermocouples, potential probes, oxygen probes,
piezometers, humidity probes and sampling ports, and is being interfaced to an
Apple computer for automatic data collection. Commissioning of the rig was
delayed by about one year owing to the transfer of the rig from the Chemical
Engineering Bay in Bid.2 to the new Environmental Engineering Bay in Bld.21.
Leaching commenced in June 1982. No significant results will be obtained
until the column becomes close to saturation. The present dryness of the
column is reflected by the tendency of the piezometers to break down under the
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high capillary suction exerted by the column. It is hoped that this problem
will be overcome automatically as the column stabilises.

2.1.5 The chemistry of uranium mill tailings
(G. Khoe)

A start has been made to produce better definition of the chemistry of
uranium mill tailings by identifying those parameters which characterise the
waste. These include such physical properties as particle size and
distribution, and chemical properties of the solid, and the aqueous phases and
mineralogical changes that occur with ageing. Experiments will be designed to
investigate the geochemical processes occurring within the tailings. These
include solution/precipitation reactions, redox reactions and surface
processes. Both the equilibrium and kinetic components will be evaluated.

2.2 Ion Chromatography
(S.R. Isaacs)

The ion chromatograph has been used routinely throughout the year to
provide an analytical service for both the radium anomalies and technetium
generator projects. Analytical techniques using this instrument have been
developed for a range of environmental anion compositions which have allowed
the determination of the anion composition of natural waters sampled in the
Northern Territory and the exchange capacity of soils. The original columns
have been replaced by faster columns thus reducing the analysis time for
multiple ion samples by a factor of two. An integrator has been installed
which will permit enhanced peak analysis for those systems with overlapping
peaks, as well as a more exact determination of the peak characteristics.

The instrument has been used for the routine determination of nitrate
down to 1 mg L"1 in saline (0.1 mol L"1 NaCl).

A halide suppressor column, for use during the determination of organo-
phosphate in the presence of chloride, has been supplied by the manufacturer
of the ion chromatograph. Some initial experiments have indicated that the
suppressor column interferes with the phosphate standards and that the
technique will have to be modified.

Some work has been started on the quantitative determination of thio ions
in the presence of sulphate. The current method has unacceptably long
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residence times for the thio-sulphate moiety and the resulting thio-sulphate
peak is broad and tails badly. Ways are being sought to improve the residence
time and peak shape without sacrificing peak separation.

Z.3 Application of Track Etch Techniques
(W.R. Ellis)

In the determination and location of radium-226 by alpha track etching,
the amount of radon and daughter products present is usually unknown. If,
however, the radon were removed as soon as it formed, all the tracks
registered would be due to radium only. This technique was attempted by
subjecting the sample to a vacuum for a few hours to remove the existing radon
and allow its daughter products to decay, then placing it in contact with the
track detector, and again subjecting it to a vacuum throughout the exposure
time. Inconclusive results were obtained for radium in an inorganic
substrate, but further work is in hand using biological materials.

A method was investigated for the estimation of radium in soils by track
etching to determine the emanated radon in a closed system. The number of
tracks formed and the radium content of the soil were not well correlated
(even for similar soils), presumably because of variability in the rate of
radon emanation.

In cooperation with Dr M. Ahsanullah, fission track and delayed neutron
methods are being investigated for the determination of uranium in seawater
and marine mussels which have been exposed to uranium solutions.
Visualisation of the distribution of uranium in various mussel tissues will be
studied by means of the fission track method.

3. PHYSICS OF THE ENVIRONMENT

3.1 Rum Jungle Environmental Studies
(B.A. Beard, M.6. Blackford, J. Casteleyn, J.A. Daniel, J.R. Harries

A.I.M. Ritchie)

3.1.1 Temperature and interstitial gas composition in overburden dumps

Previous measurements of the temperature distribution within White's dump
which showed that oxidation occurs at depths as great as 14 m below the
surface at some locations, raised questions as to how the oxygen is
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transported to such depths and whether diffusion from the surface can supply
sufficient oxygen. In January 1981, nine holes were drilled in the overburden
dumps to enable the interstitial gas to be sampled deep within the dumps, and
also temperature and water content to be measured in Intermediate dump. Seven
of the holes were fitted with liners which contained up to 12 stainless steel
gas ports at various depths down to the base of the dump. Each port was
linked by a nylon tube to the surface through which gas samples could be
collected. An inner liner was also installed in each hole to enable the
temperature distribution to be measured.

Analysis of the gas samples showed, surprisingly, that marked decreases
in the oxygen concentration occurred with increasing depth in holes where
uniform temperature distribution indicated that no oxidation was occurring at
depth. Analysis also showed significant oxygen concentrations in all holes
where oxidation was known to be occurring at depth. The hottest hole in
White's dump, location A, which has a temperature exceeding 50°C at 14 m, had
oxygen concentrations exceeding 15 vol.% at depths between 10 and 15 m. In
this probe hole, the oxygen concentration decreased from the surface to a
minimum at about 5 m before increasing again to show a maximum at about 13 m.

Four of the six holes drilled in the Intermediate dump were fitted with
gas ports. At two of the locations, the temperature at depth exceeded 55°C,
and the oxygen concentration initially decreased with increasing depth, before
increasing to a maximum at 12 to 15 m depth. The increase of oxygen
concentration at depth in probe holes which also show an increase in
temperature with depth indicated that an oxygen transport mechanism, in
addition to vertical diffusion from the surface, is involved and suggests that
the oxygen is supplied horizontally, either from the side of the dumps or from
a high porosity area of the surface.

The carbon dioxide concentrations were generally high in both dumps,
exceeding 2 per cent in most holes and reaching 20 per cent at one location in
White's dump. The C02 concentration tends to be negatively correlated with
the oxygen concentration and suggests that when the oxygen concentration at
depth is high, gas transfer rates to these locations from the atmosphere
outside the dump are quite high. The carbon dioxide is produced, presumably,
by the action of sulphuric acid on dolomite or other carbonates in the dumps.

Temperature measurements in the new probe holes also confirmed the
assertion used in earlier analysis that the temperature distributions are an
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integral property of the dump and represent a large volume around the probe
hole. The holes drilled in this program were within 15 m of previously
drilled holes, and the temperature distributions in the pairs of holes agreed,
usually within 1°C, even for those holes in which high temperatures were
Measured.

3.1.2 Calculation of heat source distribution

The measured temperature distributions from White's dump have now been
used to calculate the heat source distribution through the wet season when
water percolating through the dump provides an extra heat-transport mechanism.
The net effect of downward percolating water is to displace the tenperature
distribution vertically downwards. In a real dump, the water need not
infiltrate uniformly downward and there could be considerable variation in the
temperature displacements at different locations. Within the errors estimated
for the heat source distributions from this and other causes, there appears to
be no variation in the heat source distribution in White's dump from dry
season to wet season. This implies that the oxidation process within this
dump has little, if any, dependence on the wet/dry season cycle.

The heat source probe which is being developed to determine the thermal
diffusivity of the dump material has now been used at Rum Jungle. There are
still uncertainties in the effect of convection in the probe hole and two
holes have been drilled at Lucas Heights to allow the effect of convection to
be investigated.

3.1.3 Runoff and pollution data

The data collected from the weirs on White's and Intermediate 'dumps
during the 1980-81 wet season are being analysed for indication of differences
in the behaviour of the two dumps. The analysis program has been modified to
provide cumulative runoffs and rainfalls so that the runoff coefficients and
pollution loads in sub-events can be measured.

3.1.4 Acid mine drainage

A review of acid mine drainage has been written which compares the
experience at various mine sites and shows the large range of rehabilitation
techniques used.
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3.2 Modelling the Pyritic Oxidation Process in Haste Rock Dumps
(G.B. Davis, A.I.M. Ritchie)

An earlier model of pyritic oxidation in a waste rock dump assumed the
dump to be a homogeneous slab, and the transport of oxygen to the oxidation
sites within the dump to be the rate-limiting step in the oxidation process.
Further, oxygen transport to these sites was assumed to be by gaseous
diffusion through the pore space of the dump from the air at the surface of
the dump. It followed that oxidation proceeded at a reaction front which
moved from the surface of the dump to the base with a (time) dependence.
This simple model predicted an annual SÔ  production for White's dump that was
of the order of that deduced from field measurements. The model also
predicted that heat production would be confined to the region of the reaction
front and that the temperature in the dump would be a maximum at that point.
Neither of these predictions accorded with field measurements.

A modified model has been formulated which still assumes that oxygen
transport by diffusion is the rate-limiting step, but which assumes oxygen
transport to be a two-stage process - diffusion through the pore space,
followed by diffusion into oxidation sites within the particles comprising the
dump. A pseudo-steady-state assumption was made with respect to diffusion
within the particles to assist in solving the moving boundary value problem
within the particles and the other equations were solved numerically.
Variables of interest are the spatial heat source distribution and the oxygen
concentration of the pore space.

At this juncture, these variables are evaluated, assuming just one
particle size in the dump. Some typical results are given in Figure 1 which
shows that, unlike the earlier and simpler model, the present model predicts a
distributed heat source distribution whose width depends on the particle size.
The model also predicts an oxygen concentration distribution rather different
from the effectively linear distribution predicted by the simpler model
(Figure 2). Good qualitative agreement is obtained between measurements of
the heat source distribution and distributions predicted by the model (Figure
3). Work is in hand to include the effects of a particle size distribution
typical of that of the overburden dumps under investigation.
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FIGURE 1 THE CALCULATED SPATIAL HEAT SOURCE AS A FUNCTION
OF DEPTH FOR VARIOUS PARTICLE RADII (The dashed
line is the simple model)

FIGURE 2

6
Depth (m)

14

THE CALCULATED OXYGEN CONCENTRATION AS A FUNCTION
OF DEPTH FOR VARIOUS PARTICLE RADII (The dashed
line is the simple model)
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3.3 Tritium Levels in Seawater
(J.R. Harries, G.E. Calf*)

The tritium distribution in the South Pacific has been analysed in terms
of the characteristics and circulation on the isopycnal surfaces (constant
density). The analysis was complicated by the elapsed time between the
various sets of tritium data, but most of the tritium distribution could be
explained by the horizontal mixing and advection on isopycnal surfaces. The
tritium concentrations show that the upper limit for mixing on the a. = 26
isopycnal surface for the South Pacific must be less than 20 years. Only near
the East Australian Current was there evidence of significant transport across
the isopycnal surfaces.

3.4 Airborne Pollutant Transport
(M.C.E. Petersen, G.H. Clark, E.O.K. Bendun)

3.4.1 Gamma-ray dose estimates from airborne radionuclides

Many situations necessitate estimation of the dose to an individual from
an airborne distribution of gamma emitters released from a source. Apart from
the problem of providing an adequate description of the atmospheric transport
of activity, a difficult mathematical problem arises in estimating the dose to
an individual from the instantaneous distribution of airborne activity. This
distribution of activity is usually described by a Gaussian plume. The
problem involves integration over the distribution of gamma emitters in the
plume to obtain the number of gamma-rays incident upon an individual
[Gammertsfelder 1960+].

This difficulty is usually circumvented by assuming that the
concentration of gamma emitters at the location of the individual is of
infinite extent, and to evaluate the dose to the individual on this basis.
This is called the infinite cloud approximation. Alternatively, the difficult
integral arising from the plume distribution of activity can be dealt with by
describing the plume of gamma-emitters as a sum of three-dimensional Gaussian
puffs of activity. This also permits greater realism in the description of
the atmospheric transport of the activity. A spherical approximation has been
developed in which the Gaussian puff distribution of activity is replaced by a

Isotope Division

Gammertsfelder, C.G. [I960] - hazards Calculation Notebook. Aircraft
Nuclear Propulsion Department, General Electric Co., USA (unpublished).
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FIGURE 3

x Experimental results
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COMPARISON OF MEASURED AND CALCULATED SPATIAL HEAT
SOURCE DISTRIBUTIONS
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sphere of uniform concentration of activity whose radius, Rg, is given by

Rs = (9ir/2)1/6o

where a is the variance of the Gaussian distribution. This approximation
leads to very useful analytical expressions.

In Figure 4, the infinite cloud approximation is compared with the
spherical approximation. The ordinate shows the gamma fluence rate, in gammaP i
units of mfp s since dose-rate and dose are proportional to this. The
unit mfp (mean free path) is used instead of m for mathematical convenience,
and at the gamma energy (1 MeV) considered in Figure 4, 1 mfp = 122 m. The
receptor distance, shown on the abscissa, also in mfp units, is the distance
of an individual from the centre of the Gaussian puff, and hence from the
centre of the sphere. The figures on the graph, near the cross-over points of
the two different types of curves, are the values of for the Gaussian puffs.
Although not shown in the figure, the results for the spherical approximation
when 0_<o are in close agreement with the results obtained for the exact
Gaussian distribution of activity in a puff.

The figure illustrates the deficiency of the infinite cloud approximation
relative to the spherical approximation, when is less than 10. When an
individual is close to the centre of a Gaussian puff, the infinite cloud
approximation can overestimate the gamma fluence by as much as two orders of
magnitude, whereas beyond the cross-over point for each pair of curves, the
infinite cloud approximation can underestimate the fluence by many orders of
magnitude. Again, although not shown, the spherical approximation is in close
agreement with the result for the exact Gaussian distribution of activity.
These results provide a criterion for the use of the infinite cloud
approximation in gamma-ray dosimetry and an analytical alternative when this
approximation is inadequate.

3.4.2 Improvements in meteorological instrumentation

To minimise the manual digitisation of analogue meteorological records, a
microcomputer-based data acquisition system will be used to store 20-30 minute
averaged wind, temperature and solar radiation data on floppy disks before
transferring them to the main AAEC computer. At present, an interface between
the sensors and microcomputer is being developed.
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3.5 Environmental Radon Measurements
(S. Whittlestone, B. O'Brien, K. Hears)

3.5.1 Radon calibration facility

The 8 m chamber for the radon calibration facility has been completed.
Plumbing for the water jacket temperature control and for the chamber air
supply is almost ready. Installation of the exhaust air duct should enable
radon atmospheres to be created in the chamber, and determination of the
uniformity of the radon concentration, the residence time of the radon
daughters before plate out, and other parameters relevant to the operation of
the facility.

3.5.2 Radium analysis rig

A rig for the routine analysis of radium using direct transfer of radon
from sample to scintillation cell has been completed to the stage where manual
operation is possible. Preliminary trials have demonstrated a degree of
reproducibility which is steadily improving. It is hoped to reduce errors
from the present level of about 30 per cent to better than 5 per cent.

3.5.3 Contract field measurements

The radon emanation rate has been measured at about a hundred points over
the tailings from two abandoned uranium mills - Moline and South Alligator in
the Northern Territory - to provide data relevant to the rehabilitation of the
sites. Substantially elevated radon emanation was found in areas where the
gamma dose was high, and detailed analysis of the results is in progress.

3.5.4 Radon tracer measurements

Radon can be used to indicate large-scale movement of air masses because
it is emitted from continents but not from oceans, and it decays to background
levels in about ten days. The concentration of radon is, therefore, useful
for the interpretation of measurements of atmospheric pollution levels at such
installations as the Cape Grim Baseline Air Pollution Monitoring Station, on
the west coast of Tasmania, which was established to monitor contamination of
the atmosphere as a whole to enable this to be compared with that which can be
attributed to a source, such as continental Australia.

The radon detector at Cape Grim comprises a 2 m3 chamber in which radon
daughters are allowed to build up and become attached to particles generated
by a hot wire dipped in oil. The air is drawn at 40 L min'1 through a filter
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FIGURE 5 RADON, PARTICLE COUNT AND METEOROLOGICAL PARAMETERS
AT CAPE GRIM, JUNE 1981
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upon which the radon daughters are deposited. The a-particle activity of this
filter, then, is proportional to the concentration of radon in the air. A
sensitivity of 30 counts min"1 Bq""1 nf3 has been achieved. By way of

o

comparison, the concentration of radon in Sydney air is •». 1000 Bq nf •

Some data acquired during a week when winds came from the Australian
continent (NW to NE) and from the Antarctic (S to SW) are shown in Figure 5;
meteorological data include wind speed and direction, ultra-violet radiation
and rainfall. It can be seen that during 'baseline' conditions, with the wind
from the south to south-west, radon levels are less than 1 Bq nf , whereas
during a northerly wind the levels reach 10 Bq m . The trend of the particle
concentration is much the same as that of the radon, although there are
dramatic increases not seen in the radon, such as the one just before midnight
on the 16th, when the wind came from the direction of Melbourne.

3.6 Radiation Dosimetry Physics
(O.K. Gibson, I.D. Reid*, M. Hyde)

This project is concerned with measurement of the ejection of electrons
from atoms by the impact of protons. We are attempting to measure the energy
spectra of electrons ejected at various angles in order to obtain the double
differential cross sections. In particular, we are interested in the cross
section near zero degrees (where the electrons are ejected in nearly the same
direction as the incident proton) because it is made up of two components,
namely:

(a) the electrons ejected by electromagnetic energy transfer, with
cross sections varying slowly with angle; and

(b) the electrons ejected by charge exchange into the continuum (CEC),
with cross section sharply peaked at zero degrees and electron energy
such that the electrons have the same velocity as the incident protons.

Comparison of ionisation by electrons and protons suggests that the CEC
component could contribute up to 30 per cent of the total ionisation cross
section by protons at certain energies. We have attempted to make the first
direct measurement of the CEC cross section by measuring the electron ejection
between 0 and 10° and over the energy region appropriate to the proton
velocity. Proton energies of 30, 40 and 50 keV were used. Graphical and

* AINSE
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numerical means were used to extrapolate the electromagnetic component from 10
to 0° and the results of Rudd and Madison [1976]1 used to normalise them to
absolute values. Subtracting these estimates from the total yielded the
double differential CEC cross sections, a.(e,6). To obtain the total CEC

C

cross section, a value for

oc(e,6) sine de de

was estimated by numerical integration.

Table 3 shows that our estimates of the CEC cross section are a few per
cent of the known total ionisation cross section rather than the above-
mentioned 30 per cent.

TABLE 3

Proton
Energy

(keV)

30
40
50

°CEC aion

(10~18 cm2)

1.3 48.0
1.3 63.3
2.0 74.2

Ratio

°CEC/0ion
(%)

2.7
2.1
2.7

This work cannot be described as final because of a perturbing effect
which came to light during the measurements; the detectors appeared to have
counting efficiencies which depend on the average electron flux received over
the preceding few minutes. A later study of the pulse height distribution of
the channeltron output pulses showed that the spectra distribution had
degraded so far that it was difficult to separate the signal and noise
reliably. These faults led us to suspect that the channeltrons were impaired
by an insulating layer deposited over their surfaces. The performance of the
channeltrons was so poor that a radical idea was tried, and the detectors were
cleaned with a solution of NaOH which generally removes hydrocarbon deposits.
This treatment produced a very marked improvement in the performance of the
detectors. Performances of five cleaned detectors have been compared and
shown to have efficiencies within 10 to 20 per cent of one another and no

1. Rudd, M.E. and Madison, D.H. [1976] - Phys. Rev. A, 14:128.
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apparent intensity dependence. We are awaiting delivery of two new
channeltrons to compare with the cleaned ones.

The statistical accuracy of the results has also been improved by
increasing the pumping speed in the target chamber. This was achieved by
replacing the turbomolecular pump by a fast diffusion pump with a liquid
nitrogen cold trap. An improvement of signal-to-background count rate of
about five times has been achieved.

3.7 Cost Analysis for a SYNROC Production Plant
(M.C.E. Petersen)

A computer code has been written to estimate the unit levellised capital
and operating costs of a SYNROC (or alternative) high level radioactive waste
immobilisation plant. In the US Dept. of Energy report 'Technology for
Commercial Radioactive Waste Management'*, a similar code called UNICOST was
used; however, this code has not been documented and is not generally
available.

The essential feature of the AAEC and DOE codes is that the price of the
output product or goods is estimated from the known prices of such input goods
as labour, materials and services, but also includes the cost of borrowed and
equity capital. Taxes are paid to the appropriate authorities on net profits
after taking into account both the carry-forward losses, which usually occur
during the construction and start-up phases of an operation, and the carry-
back losses, which are usually associated with decommissioning and shut-down
phases of an operation.

This type of project cost-benefit analysis differs from the conventional
one where the market price of the output goods is known and the present
discounted value (PDV) of the net cash flow and the internal rate of return
are estimated. The present computer code deals with the reverse problem; it
chooses that price for output goods at which all suppliers are paid a
competitive market price for their services and goods and where the return on
equity capital is equivalent to that from alternative types of investment.
The computer code achieves this by solving the PDV versus price (of output
goods) for price at zero PDV. This process ensures that an economically
justified price of output is determined.

* DOE/ET-0028, May 1979.
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4. ENVIRONMENTAL BIOLOGY

4.1 Marine Pollution Studies
(M. Ahsanullah)

Short-term experiments (acute toxicity tests) were carried out using
arsenic, chromium, selenium and uranium on the amphipod Hyale longicorm's,
newly hatched crab larvae Paragrapsus. and a marine copepod species (yet to be
identified). In general, the duration of the experiments was 96 hours. This
was extended to 168 hours for the amphipods and reduced to 24 hours for
copepods. At present, the data are being subjected to probit analysis.

During the investigation, FU lonqicornis exhibited aggressive behaviour,
and attacked and ate weak individuals. This cannibalistic behaviour was not
seen before in the short-term experiments with Allorchestes compressa, a
similar species belonging to the same family Hyaliidae. Further, because of
the obscure reproductive behaviour of H. longicornis it was decided to use /\.
compressa. whose reproductive biology is well known. This species will be
used for long-term (chronic toxicity) experiments on growth over multiple
generations at various temperatures and salinities.

Preliminary experiments indicated that uranium concentrations greater
than 40 mg L precipitated in seawater and, when a copepod species was
exposed to 30 mg L U for 24 hours, the survival rate was 100 per cent,
indicating that this element is not toxic even at high concentration. As a
result, the decision was made to conduct long-term experiments on accumulation
and depuration of uranium at low concentrations (including 0.1 mg L"1 U
because levels less than this present minimal risk of deleterious effects) by
the common mussel Mytilus edulis. Arrangements were made to obtain mussels of
known age from the Marine Science Laboratories of the Ministry for
Conservation, Victoria. In experiment 1, mussels were starved and in
experiment 2 they will be fed regularly with the alga Dunaliella tertiolecta.
The algal culture has already been established.

Experiment 1 has been completed. The mussels of two age groups - 8 and
20 months - were exposed to 0.1, 1 and 2 mg L'1 U plus control (seawater only)
under a continuously-flowing seawater system for eight weeks. The data have
yet to be analysed.
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4.2 Role of Aquatic Macrophytes in Radium Cycling on the Magela Floodplain
(A.R. Williams, J.R. Twining)

4.2.1 Objectives

A biogeochemical survey of the Magela floodplain has identified foliar
uptake of radium by aquatic macrophytes as a potential mechanism of radium
accumulation in soil in the region where drainage from the uranium
developments enters the floodplain.

To predict the fate and long-term cycling of effluent radium, both during
and after the completion of the mining operations, we have set up laboratory
facilities at Lucas Heights to investigate radium uptake in two major
macrophytes from the beginning of the Magela floodplain - the water lily
Nymphaea gigantea and the grass Pseudoraphis spinescens; also we have
initiated some computer-modelling studies of plant productivity and radium
cycling in the floodplain soil-piant-water system.

4.2.2 Progress

Biological uptake of radium

In animals, the distribution of radium is correlated with that of
calcium, but in plants there appears to be no such correlation, although
plants discriminate against radium, relative to calcium, in the uptake
process.

The concentration of such major ions as Ca in the ambient water can
dramatically affect the extent of radium uptake and, although this effect has
not been studied in macrophytes, Ca concentrations in the order of 10 to
10~3 .M have been found almost entirely to suppress radium uptake in fish and
mussels. Since uranium mill raffinate contains high concentrations of Ca and
Mg, this effect also needs to be investigated for macrophytes. The mechanism
of Ca interference in Ra uptake may be saturation of the membrane uptake
sites, although Ca also has a nutrient role in membrane structure and it is
active in increasing the selectivity of the membrane in plants.

Algae accumulate radium rapidly from water with a concentration factor of
-*< 440 (fresh weight) in one to three days; macrophytes accumulate radium
somewhat more slowly, with a concentration factor of % 55 in 12 to 15 days.
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This difference may be important where the macrophytes support a
significant growth of epiphytic algae. The contribution of radium from water
and sediment to macrophyte foliage was roughly equal at background
concentrations; however, in polluted waters, the contribution from water to
foliage increased, as was expected. There is some evidence to suggest that
the presence of macrophytes may increase metal uptake by sediment from
polluted waters.

Radium uptake in Nymphaea qigantea

Two static experiments on whole plants of Nymphaea qigantea and a
morphologically similar commercial species, N.. capensis, have been carried
out. Both species gave similar results and, in 400 L of water over a two-week
exposure period, 25 per cent of the radium was taken up within the first day,
with an exponential half-time of 0.5 hours, indicating adsorption onto
surfaces; a further 25 per cent was taken up, with a half-time of 2.5 days,
equivalent to the uptake rate of macrophytes, although only about 1/5 of this
was found in the plant; most of the remaining 50 per cent was still in
solution after 15 days, disappearing with a half-time of -o 40 days. Even
though a large volume of water was used in these experiments, much of the
radium was still lost very rapidly, thus indicating the need to use a
continuous flow system. This is currently under construction, and has a
planned maximum turnover rate of one complete change every three days.

To measure the radium concentrations in these experimental samples, we
have developed a solvent extraction method for counting Ra + daughters by
liquid scintillation. A specially designed (Twining) flask achieves 70 per
cent radon extraction into toluene, with exclusion of radium, and for each
radon atom, three alpha and two beta particles are detected with 90-100 per
cent efficiency. The lower limit of determination of the method lies between
1 and 10 mBq.

Computer studies

A morphometric growth model of Nymphaea gigantea was developed using
field and laboratory measurements of six plant parts (laminae, petiole, fruit,
peduncle, stem and roots). The model may be used to estimate the biomass and
productivity of foliage and whole plants, from a count of the number of
floating leaves and emergent flowers, and the depth of the water; this
greatly facilitates field survey of the annual growth cycle and population
dynamics of the species. The estimated annual productivity is quite low (100

rt ,

to 500 g m ), increasing with depth of the water.
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A simple compartment model of the floodplain soil-piant-water system was
also set up, using data from the literature, to simulate the passage of water
down the floodplain and so investigate the role of the aquatic macrophytes.
Although this model is still under development, it indicates a potential for
accumulation in soil at the beginning of the floodplain, as was suggested by
the biogeochenrical survey work.

4.3 Primary Productivity of Estuarine Benthic Microalqae and Element
Concentrations in Sediment Interstitial Water and Sediment
(M.S. Giles)

Three field excursions to the Alligator Rivers region have been made
during the year. Photosynthetic productivity of benthic microalgae under
saturated light conditions was found to vary seasonally over about one order
of magnitude (0.015-0.17 mg C g"1 h"1), with the highest readings occurring at
the end of the dry season. Such a large variability probably rules out the
use of this measurement as a monitoring criterion for heavy metal pollution
studies.

Interstitial waters from estuary sediments were generally similar to free
estuary water, whereas interstitial waters from freshwater sediments were
higher than the water column above them. In estuary sediment interstitial
water, 226Ra was relatively high (270 mBq L"1) and one interstitial water
sample from the freshwater section gave anomalously high concentrations of
metals of up to two orders of magnitude higher than other freshwater sampling
sites.

Acid digests of estuary sediment particles revealed relatively high
levels of Zn, Cu, Pb and Mn, averages being 15.1, 9.9, 7.3 and 167 pg g (dry
weight) respectively. Analysis of samples and collation of data is
continuing.

4.4 Uptake and Loss of Radium-226 by Freshwater Mussels
(R.A. Jeffree)

Mussel populations inhabiting billabongs close to the Ranger uranium mine
in the Northern Territory are a source of traditional food for Aboriginals in
that region. As a result of mining operations, mussels may become exposed to
increased levels of 226Ra and to levels of other alkaline earth metals,
calcium and magnesium that vary during the mining and post-mining phases.
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Thus, the rates of uptake and loss of radium in mussel flesh and the effects
of calcium and magnesium on these rates must be known.

Previous experimental studies have demonstrated that an elevation of
calcium water concentration inhibits the uptake of radium. Further laboratory
experiments have determined the effects of elevated magnesium water
concentration on radium uptake and loss. A magnesium level increased by a
factor of 10 above background does not inhibit the uptake of radium, and the
radium accumulated is not subsequently lost when mussels are exposed to
radium-free conditions. However, an elevation of the magnesium level by a
factor of 50 does inhibit the uptake of radium, apparently by disruption to
the normal physiology of the mussel. This hypothesis is being investigated.

Field-collected and laboratory-exposed mussels are characterised by great
variation in their radium tissue concentrations. This limits the value of
such data for both the accurate determination of significant increases in
radium tissue concentration caused by mining activities, and the prediction of
tissue concentrations resulting from elevated radium water concentrations.
Current studies have aimed at explaining this variation.

It has been found that radium concentration in the tissue of field-
collected mussels increases significantly with size and age. The
concentrations of the alkaline earths, calcium and barium, but not magnesium,
also increase significantly with size and age; calcium concentration is the
best predictor of radium concentration, explaining nearly 90 per cent of the
variation amongst individuals. It is likely that the variation in radium
concentration in laboratory-exposed animals is related to short-term variation
in calcium uptake rates between individuals. Sites of accumulation of radium
within the tissues are being investigated to elucidate the mechanism of
accumulation.

The CR-39 nuclear track recorder has been used successfully to determine
the sites of accumulation of radium in field-collected mussels; exposures of
the CR-39 to 5 pm sections of mussel tissue have shown that the highest
densities and greatest number of a tracks are associated with granular
deposits, with lower densities in gills and renal tissue. Further studies
with the CR-39 have determined the sites of accumulation of radium in
laboratory-exposed mussels. Preliminary observations indicate that most of
the accumulated radium is also located in granular deposits. Particularly
high densities of o tracks are associated with granules in the edge of the
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mantle, the region that secretes the shell.

Results from the experimental studies and data gathered from field-
collected mussels all support the hypothesis that radium is treated
rnetabolically as an analogue of calcium; from these results, several
conclusions can be drawn with respect to the effects of mining effluent on
radium concentrations in mussel flesh.

During the operational phase of mining, releases of effluent are
predicted to elevate the radium and calcium levels in the receiving waters;
radium uptake will be inhibited by the elevated calcium level. However, after
the abandonment of the mine site, calcium will, in the long-term, leach from
the tailings material at a greater rate than radium. Calcium levels in the
receiving waters will revert to the low background levels; radium levels will
continue to be elevated. Under these conditions, radium will be readily taken
up in mussel flesh and retained in the granular deposits.

4.5 Toxicity of Copper to Freshwater Fauna
(N.J. Willies, K.M. Kool*)

Copper is one of the most toxic contaminants expected to enter the Magela
Creek system (Alligator Rivers region, NT), in small quantities, via seepage
from the Ranger uranium mining and milling area. The general ionic
composition of some creeks peripheral to that area is also expected to change.
Copper and other transition elements, while mainly essential at trace
concentrations or in the diet, become toxic at greater concentrations which
can profoundly alter the faunal composition of fresh waters.

Short-term toxicity experiments were run using water of the general ionic
composition predicted to result from seepage. Temperatures were set at 27°C
routinely owing to the high natural water temperatures of northern NT. The
species studied were acclimated in the laboratory to the immediately pre-
experimental conditions.

Two species of fish and one shrimp were studied which showed great
differences in susceptibility: Neosilurus sp. was less susceptible than
Melanotaenia sp. which was much less susceptible than shrimp Caridina sp.
Other species of fish were not available in sufficient numbers or of
sufficient quality. The shrimp's four day LC5Q was approximately 15 yg L

Univ. of New England
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free cupric ion at approximately 20 yg L"1 total copper.

A critical thermal maximum in nominally copper-free water at 38°C was
found for Melanotaenia which was higher than many other tropical species.
When copper was added in sub-lethal concentrations (negligible mortality at
27°C over the duration of exposure), this critical thermal maximum was reduced
to the values (32-35°C) occasionally occurring naturally in the Magela Creek
system. A short-term toxicity experiment, directly comparing toxicity at
temperatures well within the range of viable temperature, yielded a Q..Q of
approximately 2.

Melanotaenia sp. was more susceptible to copper in a naturally occurring
water type than in the modified type predicted. A possible reason for this is
that contamination by seepage (mainly Mg and S04) ameliorates the acute
effects of the toxic components, apart from any other direct or indirect
effects that the alterations in water quality will have on the composition of
the aquatic fauna in the peripheral creeks.

This project was supported by funds from the Office of the Supervising
Scientist.

5. RADIATION BIOLOGY

5.1 Effects of Phomopsin on Chinese Hamster Cells In Vitro
(J.K. Brown, M. Mountford)

In conjunction with Dr Y.A.E. Bick, University of Tasmania (AINSE Grant),
a study was carried out of changes in the cellular kinetics of a mammalian
cell line in the presence of the radiomimetic agent phomopsin (P). Because
there is some evidence that P inhibits cell proliferation by acting as a
metaphase-blocking agent, the well known spindle poison colcemid (C) was used
as a* comparative index in the present study.

Figure 6 shows that the cell count of sequentially harvested, untreated
(control) cultures showed a steady increase in cell numbers with time in
culture. In contrast, the proliferation index in cultures exposed to P and C
at 1 yg ml" was depressed and, at 10 yg ml"1, there was little or no
proliferation at all. Hence, P is an inhibitor of cell growth in vitro.
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FIGURE 6 CELL COUNTS IN TWO-DAY CULTURES OF CHINESE HAMSTER CELLS
EXPOSED FOR VARYING PERIODS OF TIMES TO PHOMOPSIN (P) AND
COLCEMID (C) COMPARED WITH UNTREATED CELLS (CONTROL)
(Panel A, 1 yg mL~J P, • ; 1 yg mL"1 C, • ; control, A .
Panel 6, 10 yg mL-1 P, o ; 10 yg mL'1 C, o ; control, A .)
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Figure 7 illustrates that, at 1 yg ml"1, P had no significant effect as a
metaphase-arresting agent, a slight effect at 5 yg ml"1 and, at 10 yg ml"1, an
approximately four to five times increase in mitosis from six hours onwards.
Comparatively, cultures exposed to C, even at 1 yg ml , showed a massive
increase of cells in mitosis. It would appear, therefore, that the inhibitory
effect of P on the cells is due, in part at least, to the blocking of cells in
mitosis.

The pattern of DNA synthesis was determined by pulse-labelling cultures
with tritiated (3H) thymidine. Liquid scintillation counting (Figure 8) on
serial cultures, harvested two-hourly over one cell cycle, showed that, while
control cultures showed a steady rate of DNA synthesis, there was a marked
uptake of ^H-thymidine in cultures exposed to P and C at 1 and 10 yg ml .
Similarly, the percentage of cells in the S phase of DNA synthesis (labelling
indices determined by autoradiography) also showed an increase in sequentially
harvested cultures exposed to 1, 5 and 10 yg ml"1 of P or C (Figure 9). An
elevated grain count was also observed, lasting four to six hours and then
decreasing at ten hours to a value below that of the control cultures. Thus,
there is evidence of increased DNA synthesis in hamster cells exposed to P,
both in the number of cells in DNA synthesis in S phase (increased labelling
index) and in the rate of DNA synthesis per cell (increased grain count).

Unscheduled DNA synthesis (UDS), i.e. cells in 61 and G2 of the cell
cycle, was undertaken by exposing density-inhibited cultures in arginine-free
medium to P at a concentration of 10 yg ml for two and a half hours.
Results obtained so far, by liquid scintillation counting and autoradicgraphy,
have been equivocal, with one experiment demonstrating a statistically
significant increase in UDS in exposed cultures, and a second identical
experiment showing no increase. Further experiments are in progress.

Cells exposed to C at 10 yg ml for ten hours showed a chromosomal
aberration rate of 0.17 breaks per cell; this value is similar to the
spontaneous aberration rate found in hamster cells routinely exposed to a
two-hour block with 0.05 yg ml"1 of C. On the other hand, cells exposed to 10
yg ml'1 of P showed an aberration rate of 0.37 and 0.43 breaks per cell at six
and ten hours, respectively, and values of 0.47 and 0.52 at similar times in
cultures exposed to 20 yg nt of P. All the aberrations observed were of the
chromatid type. Thus P is a clastogenic agent like radiation.
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FIGURE 8 UPTAKE OF TRITIATED THYMIDINE, EXPRESSED AS C.P.M. PER CELL,
IN CULTURES OF CHINESE HAMPSTER CELLS EXPOSED TO PHOMOPSIN (P)
AND COLCEMID (C) COMPARED WITH UNTREATED CELLS FOR VARYING
PERIODS OF TIME (Panel A, 1 yg mL'* P,• ; 1 pg mL'l C, • ;
control, A . panel B, 10 pg mL"1 P,o ; 10 pg mL'1 C, 0 ;
control,A .)
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FIGURE 9 PERCENTAGE OF 3H-LABELLED CELLS FOUND IN CULTURES OF CHINESE
HAMSTER CELLS EXPOSED TO PHOMOPSIN (P) AND COLCEMID (C)
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Amongst the drugs commonly used today in cancer chemotherapy are the
metaphase-blocking agents, vincristine and vinblastine. In view of the
similarity of action of P found in the present study, it may be worthwhile to
investigate the potential usefulness of P as an anti-cancer agent.

5.2 Chromosome Aberrations in Peripheral Blood Lymphocytes after Partial Body
Exposure to Radiation
(J.K. Brown, M. Mountford)

After an acute exposure to penetrating radiation, accepted practice in
biological dosimetry has been to collect a blood sample 24 hours after the
exposure. It has been assumed, but not experimentally confirmed, that by this
time the lymphocytes of the lymphoid tissue in the irradiated area and those
of the peripheral blood will be homogeneously mixed and sampling will then be
representative.

To determine the optimum sampling time, we propose to determine the
incidence of chromosome aberrations in serial blood samples taken over the
24-hour period post-irradiation (at five minutes and 1.5, 3, 6 and 24 hours).
Samples will be taken from radiotherapy patients undergoing 2 Gy daily doses
of 6 MeV electrons to four areas of the body, namely, breast, head-neck,
pelvis and sacroiliac region. Samples will be collected after the fifth dose
of radiation by which time the number of chromosome aberrations, such as
dicentrics, will be sufficiently high to give some sort of statistical
accuracy.

Figure 10 shows the results on the first three patients. Parallel blood
counts have revealed that there is considerable perturbation in the absolute
lymphocyte count during the three hours after irradiation. Consequently, it
is not surprising to find an oscillation in the frequency of dicentric
chromosome aberrations reaching a peak at three to six hours and then falling
to a 24-hour value not very different from that found at five minutes.

Confirmation of these preliminary results would indicate that samples
taken 24 hours after partial body radiation exposure will give an accurate
estimate of the biological dose.
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FIGURE 10 NUMBER OF DICENTRICS FOUND IN BLOOD SAMPLES FROM THREE MALE
SUBJECTS G.D. (•), T.N. (•) and R.B. (A) COLLECTED AT
VARIOUS TIME INTERVALS AFTER THE FIFTH DOSE OF RADIATION
(5x2 Gy) TO THE SACRO-ILIAC REGION (• ,• ) OR THE HEAD-NECK
AREA (A ). THREE HUNDRED METAPHASES SCORED EACH POINT,
48-HOUR CULTURES.
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Radiation Dose-Response of Amphibia
(H.C. Ranter, J.E. Chapman)

A species of frog (Limnodynastes tasmaniensis) which can be reared in the
laboratory is being used in radiation studies. As this frog will breed year-
round, given favourable environmental conditions, it is well suited for
experimental studies. The collaborating worker in the project, Mr M.J. Tyler
of the University of Adelaide, supplied wild-caught adults, which have been
supplemented by frogs reared at AAEC. A fibreglass breeding chamber with
recirculating water and a diurnal lighting system houses the 40 or so breeding
frogs, which are fed on mealworms (larvae of Tenebrio molitor).

The early developmental stages have been subjected to acute X- or y-rays
and survivals determined. Preliminary results indicate a steady decrease in
radiation sensitivity from the four-cell stage to the stage when gill
circulation begins. The LD5Q increase from around 50 rads at the four-cell
stage to between 1000 and 1500 rads at the gill circulation stage.
Sensitivity does not appear to change much after this stage. However,
irradiation at the gill circulation stage has produced abnormalities, such as
polydactyly and ectromely in subsequently formed digits, even though the limb
rudiments were not formed at the time of irradiation. An experiment to test
the relative effectiveness of y-rays from cobalt-60, and X-rays, is in
progress.

Two experiments have been carried out using chronic y-irradiation from a
caesium-137 source. These experiments have shown a higher than expected
effect from chronic y-irradiation, but will have to be verified by further
work.

Methods for skeletal staining (bone and cartilage) in froglets and frogs
have been developed, and techniques for preparing numbers of chromosome
spreads from irradiated and normal tadpoles and frogs are being improved.
Methods used by other workers for amphibian chromosomes have to be modified to
yield the large numbers of metaphases required for radiation studies. Cell
cultures from various organs have proved quite successful, especially those
derived from the heart.
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FOREWORD

The Division's research effort is primarily directed towards extending
the range of applications of radioisotope and radiation techniques. Priority
areas are determined by the Commission's assessment of national needs and the
requirement for R and D support of isotope production activities. The
Division has recently commenced contributing to the SYNROC project.
Specifically, research activities have been classified into four main areas:

Isotope hydrology and sedimentology (Part I) - Environmental
isotope techniques are used to investigate the dynamics of
groundwater systems and the cumulative effects of erosion and
sediment redistribution.

Industrial applications (Part II) - Artificial tracers are applied
to the investigation of a wide range of industrial and environmental
problems.

Nuclear and radiation medicine (Part III) - The principal
objectives of the project are the synthesis of new tumour-localising
radiopharmaceuticals, the investigation of new and improved methods
of manufacture and quality control of radiopharmaceuticals, and
studies on radiation dose effects in radiotherapy.

Irradiation research and technology (Part IV) - The primary aims of
the project are to investigate the microbiological aspects of
radiation processing applications and to develop appropriate
microbiological techniques for AAEC radiopharmaceuticals. Recent
international acceptance of the wholesomeness of all foods which
have been treated up to an average dose of 10 kGy, makes food
irradiation research a major growth area.

In common with other divisions within the Commission, the Division's
research effort has been affected by reduction in staffing levels. In some
areas, it is possible to offset the impact of diminishing resources by
research contracts and collaboration with outside organisations. A number of
examples are cited.



Research contracts

The Commission has recently been awarded a major contract by the US
Nuclear Regulatory Commission to study the sub-surface migration of a number
of members of the uranium series down-gradient of major deposits in the
Alligator Rivers Uranium Province.

The Nuclear Geohydrology Group received from the Australian Marine
Sciences and Technologies Advisory Committee a grant to study, using caesium-
137 techniques, the rate of progradation (i.e. the rate of build-up of
sediments in a tidal or coastal environment) of parts of the Burdekin Delta.

Cooperative research

The Division has established a number of cooperative research
arrangements with the IAEA. The Irradiation Research Section has an IAEA
contract for coordinated research on radiation sterilisation of medical
products in the Asian region. In addition, the section is involved in a
cooperative program of investigations with the OECD's Nuclear Energy Agency
and the IAEA into the radiation disinfestation of fruit and vegetables. The
Nuclear Geohydrology Group has played a major role in the introduction of
isotope hydrology facilities in the Asian region under the auspices of the NEA
Regional Cooperative Agreement. This group was also involved in a joint study
of the Great Artesian Basin with the US Geological Survey, the University of
Arizona, the Australian National University, Macquarie University and
Australia's Bureau of Mineral Resources, Geology and Geophysics which was
included within the US/Australia Scientific Exchange Program. Finally the
Radioactive Products Research Section has contributed to an IAEA program.

Many examples of cooperative and contract research with Australian
organisations are discussed in this report. By encouraging appropriate
scientific cooperation, the Division can more effectively use its resources to
contribute to programs of significance.
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PART I
ISOTOPE HYDROLOGY AND SEDIMENTOLOGY

1. INTRODUCTION

The Isotope Division has contributed to water resources research through
its long-standing involvement in the fields of isotope hydrology and
sedimentology. Over the past year, the program has responded to discernible
shift.* in emphasis in many areas. These include the following:

(i) increased interest in long-lived isotopes (such as chlorine-36
( Cl)) for studying very old groundwater systems;

(ii) the application of isotope techniques to the investigation of
groundwater dynamics as a basis for calibration or verification of
mathematical models;

(iii) the growing importance of environmental isotopes in the prediction
of the rates of contaminant transport; and

(iv) increased sophistication in the use of caesium-137 (*3'Cs) and
associated methods for the investigation of the cumulative effects
of sediment redistribution and erosion.

The inherent value of the isotope hydrology and sedimentation program has
been recognised in a number of ways. The Nuclear Geohydrology Group is
contributing to programs of national importance, including the current Murray
Basin study. Aided by a grant from the US Nuclear Regulatory Commission, it
is studying the migration of uranium and its daughter products in the vicinity
of orebod <iS in the Alligator Rivers Uranium Province. The group has been
instrumental in establishing facilities for isotope hydrology and
sedimentology in four countries in the East and South East Asian region under
the IAEA's Regional Cooperative Agreement. Finally, the IAEA has recognised
the potential value of a more recent program, involving applications of long-
lived environmental isotopes to hydrological problems, by inviting the
Commission to participate in an international coordinated research program on
the dating of very old groundwater.
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2. ISOTOPE HYDROLOGY

2.1 Experimental Procedures

2.1.1 Laboratory operations
(G.E. Calf, L.W. Smith, R.C. Stokes)

Laboratory support for the hydrological program involves the routine
assay of levels of tritium, carbon-14 and chlorine-36, and of the stable
isotopic ratios of D/H, 180/160 and 13C/12C in environmental water samples.
Between October 1980 and June 1981, 814 tritium, 115 carbon-14 and 352 D/H
measurements were made on samples collected for field studies.

The monthly survey of the tritium levels in rainfall from ten coastal and
five inland stations, which began in 1970, is continuing. In April 1981, the
AAEC was invited to participate in tritium analyses for the Australian network
stations in the IAEA World Survey of Isotope Concentration in Precipitation,
and active participation began in July 1981.

Studies of the input of tritium to intermediate depth water in the
southern Pacific Ocean are continuing in collaboration with the Environmental
Science Division.

A low-level counting facility has been established by siting a commercial
liquid scintillation spectrometer deep in the wall of Warragamba Dam.
Background has been reduced to one seventh of that recorded at Lucas Heights.
This has resulted in an increase in the maximum carbon-14 age of between 5200
and 8000 years.

2.1.2 New experimental techniques
(P.L. Airey, G.E. Calf, D. Roman)

Chlorine-36

An experimental procedure has been adapted from the literature for the
determination of environmental chlorine-36 levels using liquid scintillation
counting techniques. The Commission's principal novel contribution has been
the development of a rapid, direct procedure for converting groundwater
solutes precipitated with the silver nitrate to silicon tetrachloride, a major
component of the counting 'cocktail'.
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The low-level counting facility in the Warragamba Dam should make it
possible to count chlorine-36 levels down to 200 x 10'15 (36C1/C1). This will
be adequate for some, but not all, environmental investigations.

Thorium-230

Improvements to the experimental procedure of assaying for thorium in
environmental samples have been published.

2.2 Groundwater Hydrology

2.2.1 Regional groundwater studies
(P.L. Airey, G.E. Calf, L.W. Smith, R.C. Stokes)

Great Artesian Basin

A major study of the application of novel isotope techniques to the Great
Artesian Basin has commenced. The program has been included within the
framework of the Australian/US Scientific Exchange Agreement and involves
scientists from the University of Arizona, the US Geological Survey, the
Bureau of Mineral Resources, Geology and Geophysics (BMR) the Australian
National University (ANU) and Macquarie University. The initial aim was to
assess the validity of 36C1 (half-life 308 000 years) as a means of dating
old groundwater. However, the program has been extended to include studies of
129I, helium build-up, the isotopic composition of hydrocarbons, sulphate and
dissolved uranium. This collaboration will enable access to US accelerators
for chlorine and iodine isotope measurements. Samples of krypton-81 are being
collected for colleagues at the University of Berne (Switzerland) and at Oak
Ridge National Laboratory, even though measurement techniques have not been
fully developed. The concept of evaluating the Great Artesian Basin as a
standard aquifer for the study of the behaviour of long-lived environmental
isotopes has been discussed.

Namoi Valley

The NSW Water Resources Commission is continuing investigation of the
groundwater resources of the Namoi River Valley. During the last pumping
season, when drought conditions prevailed, a considerable drop in water levels
and pumping supplies occurred in stock and irrigation bores in some areas. It
is important to determine possible sources of recharge to the groundwater
storage so that suitable management procedures can be adopted.
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The group dated groundwater in aquifers of different depths in the Burren
Junction region of the basin, and found that the age of the water varied from
6500 years in the shallow aquifer, to 23 000 years in the deep aquifer. No
modern recharge occurs in the area.

Murray Basin

The AAEC is participating in an integrated assessment of the geology,
mineral resources and water resources of the Murray Basin. The study is being
coordinated by the BMR and involves various State water authorities and State
geological surveys. The AAEC's contribution is the measurement and
interpretation of the levels of environmental isotopes in the groundwater of
those regions of the basin nominated by the State authorities. The results
will be used in conjunction with conventional hydraulic data to provide
information on the location of areas of recharge to different aquifers, the
mechanism of infiltration and the 'ages' of groundwater samples in different
areas.

Two field excursions have already been undertaken:

(i) to the Griffith, Leeton area (in collaboration with the NSW Water
Resources Commission); and

(ii) to the Campaspe, Loddon and Goulburn River Valleys (with the State
River and Water Supply Commission, Victoria).

On the basis of the carbon-14 and D/H data, the groundwater of the NSW
study area was classified into three groupings, increasing with age in a
general south-westerly direction from a recharge area near Darlington Point.
The oldest water had an age of about 7200 years; the youngest waters were
found to have the lowest salinity.

2.2.2 Dispersion in large groundwater systems
(M.R. Davidson*, P.L. Airey)

A mathematical model which can account for the dispersion of solute in
underground water over time scales exceeding 10̂  years has been developed. In
its simplest form, it postulates a diffusion limited exchange of material
between flowing groundwater and the stationary water in the confining

* CSIRO Division of Mineral Physics
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aquiclude, leading to the spreading of the solute in the mobile water and a
consequent reduction in its concentration variability. The model has been
used to study the increasing attenuation with 'age' of the perturbations in
groundwater composition induced by palaeoclimatic oscillations in the late
Quaternary. The extreme attenuation of stable isotope ratios in Australia's
Great Artesian Basin, which cannot yet be adequately explained, may provide
the basis of a critical evaluation of different dispersion models in large
hydraulic basins.

2.3 Dilution Gauging of Rivers in Flood
(P.L. Airey, 6.E. Calf, A. Davison, J.F. Easey, A. Morley*)

Rivers in flood are normally difficult to gauge even under quiescent
conditions because of the breadth of the flood plains and the complexities of
the flow patterns. Tracer dilution methods have the advantage that they are
independent of the hydrodynamics of the systems and the cross-sections at the
observation transects, provided that complete mixing has been achieved.
Problems can arise because of the very long mixing lengths and the consequent
duration of the pulse. However, it has been shown that the dilution method is
not necessarily invalidated if the flow rate Q varies linearly during the
passage of the pulse. The time to which the estimate of Q refers is that at

ftcdt
which the first moment of the pulse integral (J ) is zero. Experimental

t

verification has been obtained from studies on the Magela flood plain,
Northern Territory.

3. APPLICATION OF CAESIUH-137 TO SEDIMENTOLOGY
(B.L. Campbell)

1 oy
A study of the Cs-soil-sediment responses at Maluna catchment at

Pokolbin, NSW, has resulted in a semi-quantitative and predictive model based
on major geomorphological units and land uses within the catchment. The
database for this model is being extended and, in conjunction with CSIRO,
studies are being undertaken of erosion in other land use systems, such as the
wood chip areas at Eden, NSW.

* Pancontinental Mining Co Ltd
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1 ?7In a joint project with the Water Resources Commission of NSW, the Cs
concentration profiles were measured in sediments at Burrinjuck and Wyangala
storage reservoirs. The geochronology of the sediments has enabled modern
sedimentation rates to be derived. This work is being extended to a survey of
sedimentation in other significant reservoirs.

4. URANIUM SERIES MIGRATION STUDIES
(P.L. Airey, D. Roman, C. Golian, T. Nightingale, S. Short,
R. Lowson (Environmental Science Division), G.E. Calf)

A major study is under way of selected members of the uranium series near
deposits in the Alligator Rivers Uranium Province. The project is being
sponsored by the US Nuclear Regulatory Commission. The ultimate aim of this
study is to establish, through coordinated field and laboratory
investigations, the extent to which laboratory data collected over short
periods can be used to predict the migration of actinides and fission products
over the 10 to 105 year time-scale.

Work has commenced on the Ranger No.l ore body. Systematic measurements
of the 234U/238U, 230Th/234U, 231Pa/235U and 226Ra/230Th ratios have been made
on a number of samples, in both the oxidised and reduced region of the ore
body. The data have been interpreted in terms of a four-zone model. The zone
closest to the surface (I) is a region of leaching. The underlying zone (II),
a region of net uranium accumulation, is saturated with groundwater. The
transition zone (III) between the oxidised portion of the ore body and the
hard rock zone (IV), appears to be undergoing net leaching. An open-system
uranium model has been developed which has enabled estimation of

(i) the rates of leaching and precipitation in the various zones, and

(ii) the rate of advance of the weathering front and the rate of
surface erosion.

A concurrent study of the conventional and uranium isotope hydrology of
the groundwater intersecting the deposit is being undertaken, from which it is
possible to assess

(i) the average rate of groundwater movement and of uranium transport
down-gradient of the deposit,
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(ii) the contribution of leaching by rainwater infiltration to the
groundwater uranium balance, and

(iii) the extent to which the transport of uranium is retarded by
interaction with host rock.

This last item is of importance to the primary aim of the project. The
conceptual techniques developed for uranium will be extended to radium and, if
appropriate, to thorium.

As a third component to the investigation, a systematic series of
sorption/desorption experiments will be undertaken

(i) to study the distribution of uranium throughout the ore; and* if
possible,

(ii) to isolate effects such as recoil and molecular diffusion which
may be important in predicting transport over geological time
scales, but do not manifest themselves in the time-frame of
laboratory experiments.

5. THE IAEA REGIONAL COOPERATIVE AGREEMENT
(P.L. Airey, G.E. Calf, B.L. Campbell, L.W. Smith, R.C. Stokes)

The Nuclear Geohydrology Group is involved in a major project associated
with the introduction of isotope hydrology capabilities in the South East and
East Asian region. The program is being financed by the Australian
Development Assistance Bureau and managed jointly by the IAEA and the AAEC,
under the Regional Cooperative Agreement. The following countries are
participating: Bangladesh, Indonesia, Republic of Korea, Malaysia, Sri Lanka,
Thailand and the Philippines. The project officer is Or 8.R. Payne, head of
the Agency's Isotope Hydrology Section. Support is provided for three
principal activities:

(i) the provision of laboratory equipment - particularly tritium
enrichment facilities and benzene conversion lines for carbon-14;

(ii) the training of personnel; and
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(iii) the use of isotope techniques, to investigate major hydrological
and sedimentology problems.

5.1 Laboratory Equipment
Tritium enrichment facilities have been provided for Korea, Indonesia and

Malaysia, and approval has been obtained for Thailand. A benzene conversion
line has been installed in Indonesia.

5.2 Training
Scientists from Korea, Indonesia, Sri Lanka and Malaysia have spent

extended periods of training at Lucas Heights.

5.3 Major Projects
Effective use will be made of the facilities and the trained personnel

only if the isotope techniques are able to contribute to the solution of major
problems in hydrology and sedimentology. Emphasis is, therefore, on major
investigations, not only because of their inherent importance, but also to
demonstrate the capabilities of the isotope techniques. Examples follow.

5.3.1 Han River Valley, Korea

It has been shown that the mechanism of recharge to the shallow
groundwater of the Han River Valley depends on the degree of urbanisation. In
metropolitan Seoul, the recharge is mainly from the river; in the
agricultural region it is principally by infiltrating rainfall.

5.3.2 Lower Kelantan Basin, Malaysia

Stable isotope, tritium and carbon-14 techniques have been used in an
endeavour

(i) to identify the sources of recharge to the three principal
aquifers, and

(ii) to assess the degree, if any, of sea water intrusion.

5.3.3 Bangkok Basin, Thailand

The groundwater of the Bangkok Basin is of major importance to the city
and adjacent agricultural areas. The hydrology is extremely complex as the
system comprises a number of interconnected aquifers of varying salinity.
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Isotope techniques are being used to identify recharge areas and to confirm
aspects of the dynamics of groundwater flow predicted by an existing numerical
model.

5.3.4 Jakarta Basin. Indonesia

An extensive study of the isotope hydrology of the Jakarta Basin is under
way. Preliminary results indicate that metropolitan Jakarta may significantly
perturb the groundwater dynamics.
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PART II
INDUSTRIAL APPLICATIONS

1. RADIOISOTOPE TRACING IN BLAST FURNACES
(J.F. Easey, B.W.Seatonberry, K.F,
G.R. Gentle, G.F. Spelrnan)

Western,

Following initial experiments carried out in 1980 for Australian Iron and
Steel (AIS) on its no.5 blast furnace, the work has expanded to encompass
experiments on rio.3 blast furnace, as well 33 further work on no.5.
Altogether, ten tracing experiments have been carried out on both furnaces.
To extend the experimental techniques, additional tracer materials have had to
be developed and it has been shown that gold-198 and silver-HOm can both be
used for labelling the iron phase, and that lanthanum-140 and scandium-46 can
be used for labelling the slag phase.

The results of the work have been analysed and a mathematical model
developed. This model has been used predictively to indicate the relationship
between hearth conditions and model parameters. Work will continue on this
aspect since it appears that the model may lead to some form of furnace
control.

2. CLASSIFICATION OF WOOL USING A TRACER TECHNIQUE
(A Davison)

Work has been undertaken for the CSIRO Division of Textile Physics to
provide a means of standardising the assessment of wool quality. The $2
million craft wool industry which has expanded over the past 5 years is
threatening the $1400 million white wool export industry. Contamination of
white wool by beige, brown or black craft wool fibres is occurring. Measures
have been taken by the Australian Wool Corporation to eliminate contamination
of white fleeces by coloured fibres. Contamination levels are assessed by
individual classers attached to mills in various countries. Standards vary
widely regarding the number, length and shade of fibres, which is
objectionable. A reliable set of standards is required to establish whether
the control measures are effective.
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A neutron activation technique has been used to enable trial standards to
be produced which give accurately known lengths and shades of coloured wool.
These preliminary trials have been very successful and a 'round robin' series
of trials is being planned which will involve European wool classers.

3. STUDIES OF SEWAGE POLISHING PONDS USING RADIOISOTOPE TECHNIQUES
(G.L. Hanna, J.F. Easey, K.F. Western, G.F. Spelman, K. Harder)

Experiments undertaken in 1980 for the Department of Housing and
Construction (DHC) at Richmond, NSW, on the flow behaviour of sewage polishing
ponds, showed that the actual flow behaviour was different to that predicted.
It was shown that thermal stratification played a significant part in the flow
abnormalities. In 1981, further work was undertaken for the DHC, this time at
the Forrest Hill works, Wagga Wagga. Both technetium-99m and tritiated water
were used to study the short-circuiting phenomena and the long-term retention
behaviour. The experiments were undertaken in winter. It was found that the
dominant factor affecting short circuiting was wind. There was no thermal
stratification or gradient in the ponds.

The work carried out for DHC at three plants demonstrated the following
problems:

(i) Pronounced short-circuiting occurs and, for a single-lagoon,
tracer will appear in the discharge a matter of hours rather than
days after tracer injection.

(ii) In sunny weather, temperature (density) stratification occurs and
the flow path is closely associated with the region of steepest
temperature gradient (thermocline), generally at a depth of 30-
60 cm.

(iii) The thermocline acts as a barrier to downward transfer.

(iv) In cold overcast conditions, thermal stratification does not occur
and tracer disperses over the full depth of a lagoon and, indeed,
disperses quite rapidly throughout the lagoon. Retention time
tests using H have shown that under these weather conditions,
lagoons appear to act almost as true, completely mixed systems
(rapid mixing of influent followed by exponential release).
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(v) Wind can have a marked influence on the short-term dispersion
characteristics.

The experimental work on these flow problems has been expanded to other
plants. Some 320 country areas in Australia use polishing ponds for sewage
treatment. The ponds are intended to hold the secondary treated effluent for
20-30 days before discharge into an adjacent river. However, it is
acknowledged in the literature on wastewater treatment that the hydraulic
behaviour of lagoons is poorly understood and that this restricts
understanding of the complex interaction of physical, chemical and biological
processes which determine lagoon performance. Results of the first two
studies for the DHC were presented to the 9th Federal Convention of the
Australian Water and Wastewater Association (April 1981) and attracted
considerable attention. The NSW State Pollution Control Commission (SPCC) and
the Metropolitan Water Sewerage and Drainage Board (MWSDB) are now interested
in the work and permission has been given to carry out tracer studies at MWSDB
plants at Camden in parallel with a pathogen removal study being done by the
SPCC. Access to a plant at Windsor is also being sought.

Tests have commenced at plants at Camden and West Camden using Tc for
dispersion (flow path^, studies, and tritiated water for retention time
studies. As distinct from other plants studied, the West Camden lagoons are
heavily baffled and should provide an interesting indication of the
effectiveness of baffles in increasing retention times. So far, results are
available only from 99mTc tests and confirm the findings of the earlier
studies. Notable features, however, are that (a) relatively weak thermoclines
(1-2°C as compared to the 5°C encountered previously) can be equally effective
in preventing downward transfer, and (b) wind-driven surface currents can
generate sub-surface counter currents which flow along the thermocline.

Radioisotope tracing is proving to be a very effective technique (much
better than dyes) for studying the phenomena affecting the hydraulic behaviour
of wastewater treatment lagoons.

4. BUILD-UP OF FLY ASH IN A PIPELINE
(6.L. Hanna, G.F. Spelman, K. Harder)

The NSW Electricity Commission required assistance to monitor the build-
up of deposit in four pipe lines carrying fly ash slurry from the Lidell Power
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Station to the discharge area (a distance of 4 km). Two types of deposit had
occurred, one an annular crust, the other a settled deposit. A 137Cs
transmission gauge was designed to measure these two types of deposit.
Measurements were carried out at 50 m intervals along two pipelines. Analysis
of the results showed the variation in the thickness of the built-up annular
crust from the power station and also clearly demonstrated the levels of
deposited material in the pipes.

5. TRACING THE DISPERSION CHARACTERISTICS OF IRON RICH ACID WASTE DISCHARGED
INTO BASS STRAIT
(A. Davison, B.W. Seatonberry)

Radioisotope tracer techniques were used to follow the dispersion of
ferric hydroxide from waste liquor from the Tioxide Aust. Pty Ltd plant at
Burnie, Tasmania. The effluent is discharged into Bass Strait from a pipeline
3 km off-shore at a depth of 30 m. The movement of the floe, which had been
labelled with radioactive
detectors.

198Au, was monitored directly using waterproof

The direction of movement, plume dimensions and dilution factors were
measured. Lateral and vertical dispersion coefficients were calculated.

It was concluded that dispersion occurred in two modes:

(a) During periods of calm weather, a slow radial spread of the settled
floe occurred at seabed level. The tidal and wind-forced currents
were too weak to move the settled but non-cohesive floe out of the
boundary layer.

(b) During storm periods, wave-induced oscillating currents at seabed
level caused floe resuspension. Floe was lifted into the water
column where dispersion occurred in the direction of the wind-forced
current.

Although there was no evidence of long-term retention at the disposal
site, dispersion of ferric hydroxide floe was found to be intermittent or
storm-dominated. Effective dispersion occurred but in a series of low-
incidence, high volume pulses when the downstream concentration depends upon
the interval between storm events.
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From the analysis of weather, wave and current data and the calculation
of the velocities of the wave-generated oscillating currents at the seabed,
the threshold weather conditions for floe dispersal were determined.

The tracer test also indicated how the application of conservative
dispersion equations to predict the dispersal of the non-conservative
components in effluent may be inappropriate.

6. MONITORING PIPE BLOCKAGES WITH A CODALT-60 SEALED SOURCE
(J.F. Easey, G.F. Spelman)

Tubemakers (Australia) commissioned a study on two recently completed
pipelines, built in the BMP complex at Newcastle, to determine location of
obstructions preventing the movement of cleaning pigs. A small (80 HBq)
cobalt-60 source inside the cleaning pigs was used and the points of
obstruction were readily located in pipe work some 6-10 m overhead.

7. INVESTIGATION OF SAND MOVEMENT IN PORT HACKING
(A. Davison)

Work is being undertaken for the NSW Department of Public Works (DPW), on
the measurement of sediment transport in Port Hacking, NSW. A suspended
sediment gauge has been designed and used to measure suspended sediment levels
at various stages of the tidal cycle. Injections of sand labelled with 198Au
as a tracer have been made at selected locations, and the progressive
dispersion of the sand over a number of tidal cycles has been measured using a
submersible scintillation detector on a steel sledge drawn by a survey vessel.
The results of this work have been correlated with measurements by DPW of the
bed form ripples. Work is continuing to study the movement of sediment and
determine the processes causing it.

8. STUDIES ON TERMITES IN TROPICAL SEMI-ARID WOODLANDS
(J.F. Easey, G.F. Spelman)

A joint program is being undertaken with CSIRO Division of Soils on the
study of termites in semi-arid woodlands using radioisotope techniques.
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Termite mounds are a conspicuous feature of the landscape in vast areas
of tropical semi-arid Australia, occurring with densities up to 1000/hectare.
These areas, which support high densities of termite colonies, are devoted
largely to cattle or sheep production on native pastures. Although some
studies on termites in semi-arid landscapes have been conducted, there is very
little information on tha effects of harvester termites on soils and pastures
in tropical Australia. Estimates of grass-feeding termite biercass or? thr-e
woodlands are difficult to obtain, but is is not unlikely that termite biomass
is some areas is higher than the biomass of grazing ruminants. Obviously, the
net yield of pastures in these areas must be considerably reduced by the
grass-harvesting activities of termites.

Studies are currently being undertaken at 'Redlands1, a property situated
near Balfes Creek (approximately 40 km west from Charters Towers, Qld), to
determine the effects of mound-building forager and harvester termites on
soils and pastures.

Radioisotope techniques are being used to determine the termite
population levels, and data are also being accumulated on the trophaliaxis and
excretion rates. Gold-198 and iodine-131 have been used in these studies
which have been applied to three species of mound-building termites:
Tumulitermes pastimator, Drepanotermes rubriceps and Cumitermes vitiosus.
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PART III
NUCLEAR AND RADIATION MEDICINE

1. QUALITY CONTROL OF RADIOPHARMACEUTICALS

1.1 Chemical Quality Control
(K.J. Farrington, R.K. Barnes, N. Blagojevic)

Product testing procedures have been reviewed and modified to comply with
changes made in the 1980 British Pharmacopoeia. National Biological Standards
Laboratories (NBSL) requirements for additional testing of starting materials
and for the control of labels and packing material are now being met.

Specification and analytical procedures were written or revised to meet
1980 British Pharmacopoeia standards for 26 starting materials and 12
radi opharmaceut i cals.

During the period, the following investigations were carried out:

the chemical and physical characteristics of rubber stoppers from
different manufacturers;

the characteristics of the Mark IIA chromatography generator;

the uptake of radioactivity by glass and stoppers from thallous
(201T1) chloride injection;

the isotonicity of AAEC injectables;

an assay method for benzyl alcohol in thallous (201T1) chloride
injection;

the radiochemical assay of cobalt-60 contamination of sodium
chromate ( *Cr) solution;

long-lived radioactive contaminants in AAEC radiopharmaceuticals;
and



ID-20

quality control of the Mark I IB and Mark III chroma tographic
generators.

New methods of analysis were developed for stock solutions used for the
preparation of Mark III generators, and also for detecting traces of materials
in generator eluates. Methods were also developed for detecting silver,
cerium, nitrate and molybdenum ions. Ultra-violet and high pressure liquid
chromatography methods were developed for detecting organic materials from
plastic sachets of saline for injection. A sensitive method was modified for

DO
the estimation of bromide ion in sodium bromide (otBr) injection. Various
batches of chromatographic alumina were assayed for iron content, and a
differential counting technique was devised for measuring phosphorus-33 in
phosphorus-32 stock solution. The presence of radioactive iodide and iodate
in iodine-131 products was investigated together with the use of holmium-166m
sources for energy calibration of y-spectrometry systems (Technical Note: N.
Blagojevic and N.R. Wood).

The quality of Mark III generator eluates from generators prepared from
Belgian fission product Mo assessed as well as the detection, assay and
activity of sodium hypochlorite, and the use of silver-coated and cerium-

99coated alumina for the purification of fission product Mo was investigated.
A quality assessment was conducted of radiopharmaceuticals labelled with
technetium-99m produced from silver-coated alumina purified fission product

Various imported radiopharmaceuticals were investigated and some were
found to be inferior to the British Pharmacopoeia specifications.

Progress has continued on development of the quality control service and
meeting daily product control requirements. Several scientists from overseas
have been trained in the application of quality control procedures.

1.2 Microbiological Quality Control
(M. Saunders, C. Acheson, C. Drummond, M. Harrison)

1.2.1 Mark III generator project

Procedures were completed for the preparation of generator components and
sterile generator assembly. A program was established for the commissioning
and sanitation of the manufacturing facility. The program includes the
microbiological testing of the facility and its environment.



Procedures were established for microbiological testing of the aseptic
assembly by testing for sterility and pyrogenicity during its validation study
and trial manufacture. Validation of the sterilisation procedures for
manufacturing equipment and sterility testing apparatus was completed.
Validation of the compatibility of the saline negative control generator with
routine Mark III generator sterility testing was completed. Shelf-life
studies were completed for

. biological indicators,

. gamma-irradiated disinfectants,

. gamma-irradiated media pellets for use in generator sterility
testing, and

. the saline negative control generator.

Four operators were trained in aseptic manufacture, and \n the validation
of the aseptic manufacture of 200 units by sterility testing of eluates and
assembled units. Microbiological monitoring of environment, eluates and
generators during the trial manufacture of radioactive units has been
completed.

2. RADIOPHARMACEUTICAL DEVELOPMENT

2.1 Removal of Rhenium Impurity from Molybdenum Trioxide
(P. Sorby, E. Hetherington, E. Lee, R. Boyd)

Rhenium impurity in Mo03 target material leads to the production of
186Re and 188Re impurities in 99Mo/99mTc produced by the (n,y) process. A
method has been developed for the removal of this impurity before irradiation.

The levels of rhenium in the molybdenum trioxide target material have
been determined by means of differential neutron activation analysis, and
found to be 2 ppm.

The extraction of rhenium from the molybdenum trioxide is achieved by
dissolving the oxide in ammonium hydroxide and passing the resultant solution
through a column of activated charcoal. This process has been refined to the
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extent that a reduction of the rhenium content of between two and three orders
of magnitude is achieved.

The absorption of rhenium on charcoal has been studied using radio-
rhenium. It was found that absorption occurred in the first 10 cm of the
column. Similar experiments with radio-tungsten have been carried cut, and it
was found that tungsten was not absorbed in charcoal. Note that tungsten
impurities also give rise to rhenium-188 because of a double neutron capture
reaction.

Conditions for the dissolution of molybdenum trioxide crystallisation and
pyrolysis have been determined and used on a 50 kg production batch.

2.2 Efficiency of Fission Product Molybdenum-99 Production
(P. Anderson, E. Hetherington, W. Sersansie)

Preliminary investigations of the continuing low and variable yields of
99Mo for 99mTc generators indicated that losses could occur at several stages
of the process. Target heating during irradiation, loss of irradiated target
during can opening, and alumina column efficiency account for significant but
fairly constant losses. The variability of yield in the plant was subjected
to further investigation.

Measurement of 99Mo and other activities in various stages of the process
were made with a calibrated gamma spectrometer. A collimation system was used
with the spectrometer to allow the measurement of high activity samples. The
results obtained indicated that significant losses occurred as a result of a
1 1M ammonia wash of the column before elution; consequently this stage has
been eliminated. Losses of product during the 0.01 M. ammonia wash were also
significant and this stage of the process has been improved by changing the
method of wash addition. As a result of these and other minor changes, the
plant efficiency has been increased from around 30 per cent to greater than 60
per cent. With irradiation and other losses included, the overall process
efficiency is now approximately 50 per cent.

2.3 Osmium-191/Iridium-191m Generator
(E. Hetherington, P. Sorby)

A 1910s/19lmlr generator has been proposed as a source of I91mir (half-
life 4.9 s) for which a number of applications in paediatric nuclear medicine
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191have been suggested. Studie" are in progress into the production of 3iOs by
reactor irradiation and the development of a practical generator system.

191Experimental generators prepared so far have shown excessive Os
breakthrough and other radionuclidic impurities have been present in
significant amounts.

Progress in this work has been hampered by the current unavailability of
enriched 1900s target material from the sole supplier, Oak Ridge National
Laboratory. The enriched target ( >95 per cent enrichment) is required to

191produce high specific activity Os and eliminate other osmium and iridium
isotopes produced during activation.

2.4 Specific Activity of Fission Product Molybdenum-99
(R.K. Barnes, E. Hetherington, M. Ohk'jbo*)

Technetium-99m generators show elution characteristics which are affected
by the specific activity of the parent 99Mo, and generators prepared from

QQnominally 'carrier free' fission product Mo are generally superior to
generators based on 99Mo produced by (n,y) activation of molybdenum.

The specific activity of fission product 9Mo is significantly less than
the carrier free value because several stable molybdenum nuclides formed
during fission (Mo, Mo, 9°Mo and *̂ rlo) can affect generator performance.

A rapid analytical technique using differential pulse polarography was
devised to measure molybdenum concentrations and hence Mo specific activity
in material prepared for generator manufacture. Submicrogram quantities can
be measured using the catalytic reduction wave of molybdenum in a nitric
acid/ammonium nitrate based supporting electrolyte. The theoretical specific
activity of 99Mo is 4.79 x 105 Ci/g. Measured specific activities ranged from
3.1 x 104 Ci/g to 5.4 x 104 Ci/g. These values were in good agreement with
99"Mo specific activities calculated from fission yield and irradiation data.

2.5 Molybdenum-99 Extraction from Fission Products as Molybdenum Dithiol
Complex
(N. Blagojevic, E. Hetherington)

An investigation to determine the 99Mo specific activity of fission

* Japan Atomic Energy Research Institute
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product 99Mo loading solutions indicated that molybdenum could be extracted
from fission products as molybdenum dithiol complex followed by a boil-down
step to remove impurities, with a subsequent molybdenum recovery in dilute
nitric acid. This process is now being investigated as a possible alternative
to the current method of ""Mo separation using an alumina column. The raw
material for the investigation is the uranyl nitrate/fission product solution
used in the existing process. Dithiol reagent is added to this solution to
produce the green molybdenum dithiol complex which can be removed from the
solution by chromatographic column or filtration, and recovered by elution
with a suitable organic solvent such as butanol.

Investigations to date have resulted in a molybdenum extraction
efficiency of approximately 90 per cent, which compares favourably with the
equivalent stage of the present process (70-80 per cent). The radionuclidic
purity of the product does not yet meet the required standards for generator
production since antimony-127 and tellurium-132 are co-extracted. It is
expected that this problem can be overcome when the ideal chemical conditions
for extraction have been determined and a boil-down stage is introduced.

2.6 Analysis of Saline Eluants for Technetium-99m Generators
(R. Miller, J.6. Wilson)

The elution efficiency and purity of eluted 99mTc can be affected by
impurities in the saline eluant. Studies of contamination of parenteral
saline from vinyl sachets and control of it by carbon adsorption were carried
out. A high pressure liquid-chromatographic method was developed to identify
phthalates in saline and to estimate them in parts per ten million.

Locally manufactured di-iso-octyl phthalate and that found in both local
and French vinyl-packed salines all showed a cluster of five peaks with
characteristic retention times and relative heights. Other impurity peaks
which appeared have not yet been identified.

Routine procedures were developed for the evaluation of saline, activated
carbon, and the assembled carbon line filter for use with tecnnetium
generators.
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2.7 Synthesis of lodo-Benzimidazolymethyl-Iminodi acetic Acid (lodo-BIMIDA)
(J.G. Wilson)

lodo-benzimidazolymethyl-iminodi acetic acid, which has resisted synthesis
attempts by the usual method, was finally synthesised by an alternative route
that avoided the harsh conditions which previously resulted in the loss of
iodine from a key intermediate. The new route may be used for all
benzimidazoles of this series and gives products that are more easily
purified.

This series of BIMIDA ligands for complexing with 99mTc to form
hepatobiliary radiopharmaceuticals is now complete.

2.8 Synthesis of a Purine Iminodi acetic Acid
(J.G. Wilson)

A purine iminodiacetic acid derivative was synthesised as part of a
project in which the objective is the synthesis of model ligands for 99mTc to
provide tumour-localising radiopharmaceuticals. Theophylline-7-aminoethyl-
N,N-diacetic acid was made by carbonaymethylation of 7-aminoethyl theophylline
which was also made from the reaction of theophylline with ethyleneimine.

2.9 Synthesis of Bifunctional Tumour-imaging Radiopharmaceuticals
(A.B. McLaren, F.C. Hunt, D.J. Maddalena, J.G. Wilson)

The synthesis of a series of iminodiacetic acid derivatives of
sulfanil amides has now been completed and a paper describing the synthesis and
an evaluation of the compounds as 99mTc tumour-imaging agents has been
published.

2.10 Improvements in the Efficacy of the Tumour-imaging Agent Gallium-67
Citrate
(F.C. Hunt, D.J. Maddalena)

Gallium-67 citrate, as a tumour-imaging agent, suffers from the
disadvantage of prolonged blood clearance. Efforts are being directed towards
removing the plasma component of injected ga l l ium by the use of specific
chelating agents to facilitate urinary excretion.
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Phenolic aminocarboxylate chelating agent (EDDHA) was found to promote
the removal of gallium from the blood and increase the urinary output tenfold.
A concomitant fourfold increase in the tumour-to-blood ratio was observed in
tumour-bearing rats, and this allowed tumour-imaging to be performed sooner
after gallium injection than the 24 to 48 hours usually necessary.

2.11 Interaction of Iron Dextran with Skeletal Imaging Agents
(D. Maddalena, D. Choy*)

Iron dextran was found to form a complex both in vivo and In vitro with
Tc labelled pyrophosphate bone-scanning agent. The complex was isolated

and demonstrated to be the probable cause of poor scans observed in patients
pre-treated with iron dextran for anemia before skeletal imaging. The results
of this work have been submitted for publication.

The project has continued with a study of the effects of iron dextran on
another skeletal imaging agent 99mTc-methylene diphosphonate (MOP). Initial
results suggest that iron dextran forms a complex in vitro with MOP which may
be unstable in vivo.

2.12 Synthesis and Evaluation of Bifunctional Tumour-imaging
Radiopharmaceuticals
(F.C. Hunt, D.J. Maddalena, A.B. McLaren and J.G. Wilson)

A series of compounds containing both acridine as the targeting moiety
and iminodi acetic acid as the chelating group have been synthesised and found

* QQmto form stable, soluble complexes with reduced 3ymTc in alkaline pH. The
labelled compounds were tested in rats with a transplanted lymphatic leukaemia
but no specific tumour uptake was observed. The labelled compounds will be
presently screened in rats with a transplanted black pigmented melanoma.

2.13 A Commercial Phytate Kit for Liver/Spleen Imaging
(A.B. McLaren, D.J. Maddalena)

The existing Phytec formulation consists of phytic acid and stannous
chloride in lyophilised form. When reconstituted with sodium pertechnetate
and injected, a calcium colloid is formed. Although this product gives good
liver-imaging, poor spleen images make it unsuitable as a replacement for
technetium sulphide colloid.

*Prince of Wales Hospital, Sydney
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More recent studies -have demonstrated that the spleen image is improved
when the colloid is formed before injection by the addition of calcium ions.
Molar ratios of 2:1 per calcium-to-phytate give diagnostic scintigrams
comparable to those obtained with the AAEC's sulphide colloid. In two
Australian hospitals, frozen phytate kits are now used as the sole routine
reagent for liver/spleen scintigraphy.

Various lyophilised kits have been formulated and prepared, and the
biodistribution in rats is being investigated.

2.14 A New Method for the Scintigraphic Detection of Deep Vein Thrombosis
(A.B. McLaren, R.J. Baker*)

Until now, no satisfactory agent has been available for the scintigraphic
detection of deep vein thrombosis. A new method has been devised which
capitalises on the ability of certain benzamidine/ester compounds to render
plasmin (the body's own clot-dissolving enzyme) unreactive to the body's
immune systan (which rior.T.s'!ly keeps plasmin levels low) without affecting the
blood-clot binding ability.

Several specific benzamidine/ester compounds have been prepared and their
structures validated by elemental analysis. The technique is being
investigated in rabbits bearing an experimentally induced blood clot in the
femoral vein.

3. TECHNETIUM-99m GENERATORS

3.1 The Mark III Mo1.ybdenum-99/Technetium-99m Generator
(R.E. Boyd)

The research and development program and the construction of production
facilities for the Mark III 99Mo/99mTc generator have been completed. Final
testing prior to marketing is in progress.

* Institute of Medical and Veterinary Science, Adelaide



10-28

The Mark III generator is a development of previous AAEC-produced
generators in nuclear medicine clinics. Its operation is based upon the well
known chromatographic technique for the separation of Tc from Mo. High
concentrations of Tc in small volumes of physiological saline are a
characteristic of the generator output; this is achieved by the use of
fission-produced 99Mo as the parent source.

The Mark III generator exhibits a number of improvements and innovations
on previous AAEC generators. These include sterility and freedom from
pyrogens of the eluates, consistently high elution efficiencies and low levels
of radionuclidic and chemical impurities. The generator is contained in a
strong polyethylene case which contains the saline reservoir and all
associated elution pipework (Figure 1).

Elution is achieved via an evacuated sterile vial, supplies of which are
provided in the overall package. As a safety measure the dispensing head
mechanism has been designed such that the elution vial must be contained in

QQrn
its shield pot before elution can be accomplished, i.e. Tc cannot be
withdrawn from the generator into an unshielded vial. This same mechanism
isolates the interior vessels of the generator from the external environment
except during the elution operation.

The generator bed is restricted in size to contain only 1.5 g alumina;
this facilitates a very sharp elution profile where the maximum concentration
of Tc occurs within the first 3 ml of eluant passage - elution of 99mTc is
99 per cent complete after the passage of 5 ml. Two types of evacuated vials
are provided with the generator, one with a nominal volume of 10 ml, the other
5 ml. Hence, the reduction in 99mTc output that occurs naturally as the
parent 99Mo-activity decay, can (if so desired) be compensated for in terms of
radioactive concentration without loss of efficiency by the use of the smaller
volume vial. The elution process is rapid, and adequate instructions for the
use of the generator are included on a label attached to the lid of the case.

The efficiency of the elution process is extremely consistent (80-90 per
cent) and only minimally affected by either the increasing age of the
generator or its radioactive content. This is achieved by the use of
specially prepared alumina which has been treated with the solvated-electron
scavenger cerium-IV ions and calcined at a high temperature. The detrimental
effects of plasticiser residues in the saline eluant have been eliminated by
the inclusion of an activated charcoal cartridge in the saline stream before
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the generator bed.

The special treatment given to the alumina before use is also responsibly
for reducing the levels of radionuclidic and chemical impurities present in
the eluates without causing any deterioration in radiochemical properties.
The cerium component of the bed exists as the dioxide CeĈ , which, after
calcining (650-700°C), is refractory and essentially insoluble in neutral
saline. The toxicity of cerium is slight, resembling aluminium, and the
levels found in the eluates are consistently less than 1 pg ml"*.

The Mark III generator is manufactured in clean-room facilities which
were designed after consultation with, and subsequently accepted by, the
National Biological Standards Laboratory. Generator production, autoclaving
and assembly are comprehensively monitored by a microbiological surveillance
program to ensure the sterility and apyrogenicity of the final product.

The package used to convey the generator to the hospitals has been
subjected to the rigorous tests required by the international regulatory
agencies concerned with the movement of radioactive substances and has been
shown to meet these requirements. On receipt by the nuclear medicine clinic,
the Mark III generator is ready for im.nediate use after the outer transport
packaging has been removed. To reduce the overall cost of the generator,
users will be encouraged to return expired generators when certain components
will be recovered for recycling.

3.2 The Technetium Gel Generator
(J.V. Evans, P.W. Moore, M.E. Shying, J.M. Sodeau)

A new 99mTc generetor has been developed to the stage where 1.85 TBq (50
Ci) generators have been prepared and tested. The generator uses an insoluble
zirconium molybdate gel prepared with an open structure which allows free
diffusion of the pertechnetate ion (TcÔ ) and hence milking in high yield by a
simple elution technique. The gel is prepared from molybdenum produced by
neutron activation (9*W(n,Y)99Mo) in a process that is cheaper and avoids
problems of safety, processing and waste disposal that are associated with

OOC QQ

molybdenum obtained from the fission of uranium (" U(n,f) Mo). At the same
time the problem of low activity that restricts the use of chromatography

QQgenerators prepared from (n,y) Mo has been overcome by the use of a gel that
is approximately 25 per cent molybdenum.
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TABLE 1
ELUTION EFFICIENCIES

Generator Activity Number of Mean Elution
(GBq) (Ci) Daily Elutions Efficiencies (%)

1080
640
2024
1735
1550
659
34
69
69
60
52
15

29.2
17.3
54.7
46.9
41.9
17.8
0.91
1.86
1.86
1.61
1.41
0.41

9
12
12
10
7
7
11
8
6
8
8
8

83.2
86.9
90.4
98.8
82.0
95.8
78.7
81.1
88.4
76.5
70.3
72.7

It can be seen from results in Table 1 that elution efficiencies are
typically in the range 75-90 per cent. Furthermore, no decrease in efficiency
occurs over the life of the generator. Elution profiles depend on a number of
factors including particle size, elution time, solid/liquid ratio, and bed
dimensions. Although this aspect has still to be optimised for purposes of
hospital generator design, it is of minor importance in the production of bulk
pertechnetate because the pertechnetate can be concentrated in a number of
ways.

3.2.1 Radionuclidic impurities

Molybdenum-99 is the nuclide most likely to be present in the eluates in
significant quantities via a release mechanism from the gel. Analysis of all
eluates showed that the Mo content of the 99mTc solutions was between 0.001
and 0.01 per cent of total activity, which reduced to less than 0.0001 per
cent on passage through a suitably designed zirconia bed. The British
Pharmacopoeia of 1980 quotes a limit of 0.1 per cent for 99Mo. The 99Mo
figures did not significantly increase over the life of the generator, thus
confirming the chemical stability of the gel under elution conditions. The
zirconia beds retain their adsorptive capacity when used daily for two weeks.
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Most radionuclidic impurities arise from neutron activation of impurities
in the target MoO^. Careful analysis of fresh and partly decayed samples
revealed the presence of over 20 radionuclidic impurities. Soluble nuclides,
such as 24Na, 42K, 134Cs, 186Re and 188Re, were largely eliminated in the
filtrate and washings during gel preparation. Others were fixed on the gel
and produced no soluble impurities. A few> such as 95Zr and 113Sn, produced
traces of daughter nuclides, such as 95Nb and 113mln, in some eluates. Apart
from i to, the commonest impurity in the eluat.es was ZmMb which was produced
by the reaction 92Mo(n,p) 2mNb. However, the amounts present never exceeded
5 x 10~5 per cent, and were frequently less than 1 x 10"5 per cent, the
statistical limit of detection.

3.2.2 Chemical impurities

Analysis of eluate gave the following figures for metals: Mo <1 ppm
(limit of detection) and Zr <0.5 ppm (limit of detection). These did not
increase over the life of the generator. The occluded salt in the gel was
easily removed by washing, and in early elutions the nitrate concentrations
were between <1 and 10 ppm (dependent upon degree of washing), which further
reduced in later elutions. No evidence of colloidal matter was found in the
eluates.

Present indications are that, with full development, the gel generator
will be an economic and convenient source of 99mTc for both hospital
generators and ready-to-inject pertechnetate solution. It should appeal
especially to countries that have reasonably high flux reactors and lack the
facilities for, or wish to avoid the problems of, processing uranium fission
products.

4. PUBLICATIONS

4.1 Journal and Conference Papers

Choy, 0.*, Maddalena, D.J. and Murray, I.P.C.* [1982] - The effect of iron-
dextran on the biodistribution of technetium pyrophosphate. Int. J.
Nucl. Med. Biol., 9:277-282.
(*Prince of Wales Hospital, Sydney)



Domel, R., Maddalena, D.J. and Moore, P. [1982] - Studies on the quality and
performance of MEK-derived pertechnetate. Annual Scientific Meeting
of the Australian and New Zealand Society of Nuclear Medicine,
Melbourne, 5-7 May.

Fawdry, R.M. and Hunt, F.C. [1982] - Rabbit liver kinetics of IDA
hepatobiliary agents. Ibid.

Hunt, F.C. and Maddalena, D.J. [1982] - Enhancement of gallium-67 imaging by
in vivo chelation with phenolic amino-carboxylates. Ibid.

Hunt, F.C., McLaren, A.B., Maddalena, D.J. and Wilson, J.G. [1982] - The
synthesis and evaluation of acridinyl iminodiacetic acids as
tumour-localising technetium-99m radiopharmaceuticals. Ibid.

Hunt, F.C., Maddalena, D.J., McLaren, A.B. and Wilson, J.G. [1981] -
Sulphanilamido-iminodiacetic acids - potential tumour-localising
QQrn

Tc radiopharmaceuticals. First Australian Conference on Molecule
Design and Structure-Activity Relationships, Melbourne, 18-20 May.

Hunt, F.C., McLaren, A.B., Maddalena, D.J. and Wilson, J.G. [1981] -
Iminodiacetic acid derivatives as ligands for potential
radiopharmaceuticals. Second Symp. on Organic Synthesis (under
auspices of RACI), Sydney University, 30 November.

Hunt, F.C., Maddalena, D.J., McLaren, A.B. and Wilson, J.G. [1982] -
Synthesis and evaluation of potential tumour localising
radiopharmaceuticals. Technetium-99m iminodiacetic acid derivatives
of sulphanilamides. J. Labelled Compounds Radiopharm., 10(2)203-
212.

Matthews, R.W. and Wilson, J.G. [1981] - Chemical dosimetry and less than 1000
rad - aqueous trimesic acid solutions. Internet. J. Appl. Radiat.
Isot., 32:295.

4.2 Internal Technical Reports

Domel, R.U. [1981] - The effect of pertechnetate source on the in-vitro
labelling efficiency of red blood cells with Tc using stannous
gluconate. January.



Domel, R.U. [1981] - The effect, type and origin of impurities in MEK derived
pertechnetate on the in-vitro labelling efficiency of red blood
cells with ̂ mTc using stannous gluconate. February.

Farrington, K.J., Maddalena, D., Domel, R. and Breadner, S. [1981] - Quality
assessment of radiopharmaceuticals labelled with technetium-99m from
silver-coated alumina purified fission product molybdenum-99.
October.

Maddalena, D.J. and Domel, R.U. [1981] - Biological assessment of quality of
pertechnetate from silver-coated Mark III generators versus uncoated
controls. December.

Maddalena, D.J. and Domel, R.U. [1982] - Biological studies of Mark III
generator milk. February.

Maddalena, D.J. and Domel, R.U. [1982] - Biological studies of Mark IIB
generator milk. March.



ID-35

PART IV
IRRADIATION RESEARCH AND TECHNOLOGY

1. LABORATORY ANIMAL SUPPLY AND DEVELOPMENT
(J. McNeil!)

The Laboratory Animal Resources Group is responsible for the supply of
selected inbred laboratory rodents. These are bred under barrier controlled
conditions in the protected environment production facility according to
national and international recommendations and standards of the National
Health and Medical Research Council, CSIRO and the UK Medical Research Council
(MRC).

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

Microbial characteristics of existing in use lines are consistent with
the requirements of total body-irradiation toxicity studies necessitating
specific exclusions of bacteria such as Pseudomonas sp. and Proteus sp.

Foundation stock animals should also be free from endo and ectoparasites,
certain viruses, pathogenic fungi and various other pathogenic bacteria
including Salmonella corynebacter, Citrobacter and Yersinia spp.

There is no Australian source of the required animal strains at these
standards of microflora association, so introduction of these new strains
necessitates specific bacteriological decontamination and proving programs
under isolator system conditions.

Animals are being supplied for several projects both on and off site,
including cancer research, radiation and nuclear medicine, endocrinology and
environmental studies.

Personnel are attached from external research groups which include the
Ludwig Institute for Cancer Research, the Royal Prince Alfred Hospital, the
University of New South Wales, and, in addition, collaborative work is being
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undertaken with the Prince of Wales Hospital, Sydney, and the largest bone-
marrow transplantation group in Australia at St Vincent's Hospital, Sydney, as
well as a practical feasibility study for spinal-cord radiation effect
evaluation with the M.D. Anderson Hopsital and Tumour Institute, Houston,
Texas, USA, with a protocol input by a visiting fellow from the
Radiobiological Institute of the Netherlands.

Systems development and feasibility work is a continuing process, and
many major biomedical research institutes have requested assistance or
consultation, including an IAEA sponsored mission to the PUSPATI nuclear
research project.

As far as it is reasonably possible to determine, microbiological
standards are consistent with categories 3, 4 and 5 of the MRC standards
(there are no Australian guidelines), depending on the housing source within
the facility on site.

2. RADIATION STERILISATION OF PHARMACEUTICALS AND RELATED PRODUCTS
(P.A. Wills, M.E. Izard, W. Moyle, V. McCormick)

For the past six years, the AAEC has had a research agreement with the
IAEA to participate in the IAEA coordinated research project on radiation
sterilisation practices significant to local medical supplies and conditions
for Asia and the Pacific region.

As the project proceeded, it became apparent that standardisation of
dosimetric and biological techniques was essential to evaluate results
obtained in different countries. In January 1981 the IAEA contracted with the
AAEC to carry out a comparison of the participants' Co source strengths,
using chemical and biological dosimetry. Dosimeters were prepared and
forwarded with instruction to all participants. Chemical dosimeters were
returned to the AAEC after irradiation for testing. Biological dosimeters
were irradiated and tested by both participants and the AAEC. Results were
statistically analysed and interpreted by the AAEC.

Results from chemical dosimeters gave differences between laboratories of
up to 35 per cent for the same nominal dose.
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Inter-laboratory differences were less for the dosimetric comparison
using J3. pumi 1 us spores as the biological dosimeter. Different
methodologies, media and dose rates used by different countries had little
effect on DIQ values. However, there was strong evidence of sub-lethal injury
occurring with irradiation, particularly at higher doses. Repair occurred
with incubation at 32°C, being maximal after about seven days. If this is a
general phenomenon, it would have considerable implications for sterilising
dose-setting techniques applicable in tropical countries where average ambient
temperatures are much higher than in Europe or North America. For routine
purposes, graded biological indicators would be more useful than commercially
available spore strips. One brand of spore strips tested has no advantage
over the colour-changing labels presently used to indicate when materials have
been through a radiation plant. All brands currently marketed are inadequate
for their purpose, compared with the B.. sphaericus C, A. spore dosimeter
developed by the AAEC several years ago.

2.1 Conference Papers

Wills, P.A. [1982] - Calibration of some Asian and Pacific radiation
facilities used for investigating sterilisation of medical products.
Proc. 3rd IAEA Research Coordination Meeting on Radiation
Sterilisation Practices Significant to Local Medical Supplies and
Conditions for Asia and the Pacific. Manila, Philippines, 22-26
February.

Wills, P.A. [1982] - Microbiological aspects of radiation sterilisation of
Pharmaceuticals and related products. V. Diverse topics. Ibid.

3. FOOD IRRADIATION
(P.A. Wills, M.E. Izard, W. Wiblin)

Commercial interest in radiation processing of food has been stimulated
world-wide by the World Heath Organisation's acceptance, through its Codex
Alimentarius Commission, of the toxicological safety and wholesomeness of food
treated up to an average dose of 10 kGy. The utilisation of this technology
in Australia is receiving serious consideration.

With the US Environmental Protection Agency's concern over the safe use
of the fumigant ethylene dibromide, the potential of radiation as a
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disinfestation treatment is being re-examined. Earlier investigations into
the use of radiation as a quarantine treatment against the Queensland fruit
fly, Dacus tryoni, are being extended in a collaborative project invo-lving the
Gosford Post-Harvest Horticultural Laboratory of the New South Wales
Department of Agriculture and the AAEC. No survivors have been found in
oranges or avocados infested with 7-day-old larvae (the most resistant stage),
and treated with a minimum dose of 75 Gy. Similar disinfestation trials at
this dose will be carried out on tomatoes. Phytotoxic effects of doses of 75,
150 and 225 Gy on several types of fruit and vegetable are being investigated.
The economic feasibility of radiation processing of fruit and vegetables, as
an alternative quarantine control method, is being studied.

3.1 Conference Papers

Rigney, C.J.*, Wills, P.A. [1981] - Disinfestation of fruit against Queensland
fruit fly by gamma irradiation. Proc. FAO/IAEA Seminar on Food
Irradiation for Developing Countries in Asia and the Pacific, Tokyo,
Japan, 9-13 November.
(*NSW Dept. Agriculture)

Wills, P.A. [1980] - Food irradiationn legislation in Australia. FAO/IAEA
Special Meeting on Legislative Aspects of Food Irradiation, Colombo,
Sri Lanka, 27-29 November.

Wills, P.A. [1981] - Commercial application of freezing-irradiation
combination process for pasteurisation of two specific batches of
cooked, peeled shrimps. Combination Processes in Food Irradiation.
Proc. Symp., Colombo, Sri Lanka, November 1980. IAEA, Vienna,
p.291.

Wills, P.A. [1981] - Present status of food irradiation. Proc. 3rd Aust.
Food Microbiology Conf., Melbourne, 25-26 August.

3.2 Publication

Wills, P.A. [1982] - The use of atomic energy for the irradiation of foods.
Food Technol. Aust. 34(9)420-424.
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4. RADIATION TECHNOLOGY
(P.A. Wills, H. Izard)

Radiation disinfestation studies carried out in the cobalt-60 gamma pond
facilities required extensive dosimetry, because of the low doses involved and
the need to establish accurately both the minimum dose received by the
artificially infested fruit and the maximum/minimum dose ratio. As exposure
times were very short, the transit dose absorbed by the fruit during loading
and unloading into the facilities contributed significantly to the total dose.
The maximum/minimum dose ratio of about 1.25 was within acceptable limits for
research work, and considerably lower than that expected in commercial
facilities.

The next stage of the disinfestation study will require the irradiation
of comparatively large quantities of fruit for storage trials and assessment
of the commercial acceptance of the product. As no suitable irradiation
facilities currently exist, the gamma technology research irradiator (GATRI)
is being modified for use as a batch-type pilot plant. Its cylindrical source
holder will be replaced by a 1 x 1 m plaque source, loaded with 100 kCi 60Co.
Theoretical calculations predict a throughput of about 1 tonne per hour for
very low dose treatment, such as prevention of sprouting or disinfestation.

When refurbished, GATRI will also be available for contract irradiations
for decontaminating other products, such as raw materials used in the
manufacture of Pharmaceuticals, veterinary products, cosmetics, etc., and for
marketing trials required to develop radiation processing techniques for other
food items. For example, trial irradiations of a small batch of fresh
unfrozen chickens have already shown that low doses of radiation can reduce
rnicrobial levels sufficiently to eliminate Salmonellae. Larger scale
irradiations are now required for shipping studies.

A novel application for radiation technology under investigation, in
collaboration with the Glenfield Veterinary Research Station (NSW Department
of Agriculture), is the use of gamma radiation to decontaminate bee hives
infected with bacteria which cause European and American foul brood. The
current method for controlling the spread of infection is costly as it
involves destruction of all equipment by incineration, and financial
compensation. Results with pure cultures of the organisms responsible suggest
that a radiation dose of 10 kGy would be adequate. Field trials using
infected hives irradiated at this dose are in progress. The results to date
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are encouraging. With an irradiation cost estimate of $2.00 per box, the
treatment v/ould be economically feasible.

4.1 Publication

Hornitzky, M.A.Z.* and Wills, P.A. [1982] - The use of radiation from
cobalt-60 in the control of American foul brood. (In preparation
for submission to J. Apicultural Research).
(*NSW Department of Agriculture)

5. DIVISIONAL RESEARCH

5.1 Radiation Resistant Microorganisms
(M. Izard, P. Wills, W. Moyle)

Bacterial spores are very resistant to radiation. On germination, spores
become more sensitive to radiation. This transition from a resistant to a
sensitive form is, therefore, of fundamental interest. Previous work
demonstrated a transient decrease in bacterial spore volume during the early
stages of germination. Reducing the temperature to 15°C to slow down the
germination reaction made it possible to show that packed cell volume began to
decrease at 25 seconds, with calcium release beginning 10 seconds later.
These data suggest that the initial volume changes are associated with the
mechanism that triggers germination. A possible explanation is that calcium
ions from the protoplast neutralise electro-negative charges within the
expanded spore cortex, causing its collapse and a simultaneous reduction in
volume.

5.2 Publication

Izard, M.E. and Wills, P.A. [1981] - Volume changes during germination of
Bacillus cereus T spores. Spore Newsletter, 7̂ (5)66-67.

5.3 Conference

Izard, M.E. and Wills, P.A. [1980] - Volume changes during germination of
Bacillus cereus T spores. Presented in absentia by Murrell, W.G.
(CSIRO, Division of Food Research) at the 2nd Spore Resistance
Workshop, Amherst, USA.
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6. CONSULTATIVE SERVICES

6.1 Gamma Radiation
(P.A. Wills, M.E. Izard)

Technical enquiries received by the Irradiation Research and Technology
group have concerned the following:

Radiation stability of plastics and polymers, adhesive tapes, waxes
and Pharmaceuticals.

Radiation sterilisation of emulsified creams, ophthalmic products,
antihelminthics, biological tissues, fruit juices, antibiotics,
veterinary products, disposable medical items, clean room garments,
thickening agents and water.

Radiation decontamination of sewage, sludge, animal wastes, spices,
veterinary products, or cosmetics accidentally contaminated during
manufacture.

Use of radiation as a quarantine treatment for imported goods,
particularly natural products.

Radiation plant design and economics.

Food irradiation, particularly points on legislation, wholesomeness
and disinfestation.

Radiation processing microbiology.

Disinfestation of flowers and seedlings.

A proposal for a government-funded complex of radiation research
facilities for industry is still under consideration by the Department of
Productivity. In addition, the feasibility of operating a privately financed
food or multi-purpose irradiation plant in NSW is being investigated. A
considerable amount of advice and information has been supplied to the parties
involved.
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FOREWORD

During this period, there was a major reorganisation of the AAEC.
Research projects on acoustic emission and hydrogen production and storage
were transferred to CSIRO, and research on the laser enrichment of isotopes
was taken over by the Division.

The Division's research program has centred on SYNROC research and
development, high strength steels, fusion reactor materials, and non-
destructive testing. In addition, the Division has again provided a number of
services to industry and other outside organisations and to other parts of the
AAEC.

During the year, Mr Mohd bin Harun, Mr Abdul Aziz Mohamed and Mr Pauzi
Ismail from the Tun Ismail Atomic Research Centre (Puspati, Malaysia) were
attached to the Division for training and practical experience.
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1. MATERIALS SCIENCE SECTION
(Leader: C.J. Ball)

1.1 Maraglng Steels
(J.T.A. Pollock*, R. Clissold*, E. Meller, R. Warren, K.G. Watson,
B. tybenko, C.J. Ball, R.G. Blake)

1.1.1 Thermal embrittlement

Maraging steels combine very high strength with high toughness and so are
candidate materials for the construction of centrifuge rotors. However, it
has been known for some time that they are subject to thermal embrittlement if
incorrectly heat treated. This has been attributed to the precipitation of
TiC at prior austenite grain boundaries, but the effect of varying the levels
of carbon and other residual impurities on the degree of embrittlement has not
been investigated previously.

The thermal embrittlement of two casts of fully age-hardened MAR350 with
different levels of residual elements was investigated, using fracture
toughness measurements, microstructural studies and X-ray diffraction of the
extracted precipitates. These were supplied as seamless, hot extruded and
annealed tubes of 13 mm wall thickness. Compositions are listed in Table 1.

TABLE 1
CHEMICAL COMPOSITION OF MAR350 STEELS

Type

Steel A

Steel B

C

0.0006

0.003

0.

0.

S

008

003

P

0.005

0.004

Element

Si

0.07

0.02

(wt %)

Mn

0.04

0.02

i

Ni

17.

17.

8

8

Ti

1.5

1.5

Mo

4.2

3.7

Co

11.8

12.4

After cutting and flattening the tubes in a press, single edge notch
specimens were machined from the slabs according to ASTM specifications. The
specimens were solution treated for 1 h at 1470 K, transferred jm vacuo to a
second furnace at 1175 K and held at this temperature for 2 to 200 min before
quenching in oil. Fracture toughness samples were fatigue cracked under
cyclic loading before ageing for 3 h at 760 K, since controlled cracking of
aged MAR350 is difficult. The toughness value measured is not a true KTr

Now with CSIRO
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value according to ASTM procedures since the crack was introduced before the
completion of heat treatment. Three or more KJQ measurements were made for
each heat treatment.
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FIGURE 1. VARIATION OF FRACTURE TOUGHNESS wITH
TIME AT 1175 K

The variation of fracture toughness with time at 1175 K is shown in
Figure 1, together with an average error bar for each steel. These results
illustrate the following significant features:

(i) In the unsensitised condition, fracture toughness is independent of
the amount of residual impurities, within the range investigated.

(il) After as little as five minutes at 1175 K, there is a substantial
reduction in toughness for both steels.

(iii) The reduction in toughness is greater for the steel having the
larger residual impurities.

(iv) There is some recovery of toughness in steel A if the time at 1175 K
is extended beyond 300 s.

Scanning electron microscopy of fracture surfaces in aged samples showed
that before sensitising, fracture occurred by transgranular cleavage. When
the time at 1175 K was extended, there was a subtle change in the appearance
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of the fracture surfaces. The average size of the cleavage planes was
reduced, the fracture surface assumed a 'chunkier1 appearance and the general
outline of the prior y grains began to emerge.

Changes in the appearance of fracture surfaces in unaged samples (i.e.
without the 3 hour anneal at 760 .<) was much more dramatic. After two minutes
at 1175 K, there was a transition from dimpled transgranular to severe
intercrystalline failure. The ratio of intercrystalline to transgranular
fracture increased with time at 1175 K. However, although the prior y grain
boundaries were followed, each face had fractured by a mixture of cleavage and
ductile tearing, a phenomenon best described as quasi-cleavage.

Optical microscopy showed extensive precipitation on prior y grain
boundaries. Electron microscopy of carbon extraction replicas from
overpolished surfaces showed that after short times at 1175 K, the precipitate
had a dendritic or featherlike form. The feathery precipitate was not
observed after 20 or 200 minutes at 1175 K. Kikuchi patterns from this
precipitate showed that it was cubic, with a lattice parameter of (0.4338 ±
0.0015 nm), and identifiable as TiC. Some large precipitates were also
observed in all fracture surfaces. Energy-dispersive X-ray analysis (EDX)
showed that they contained titanium and sulphur and presumably were Ti2S or
Ti4C2$2; we cannot detect carbon by EDX analysis. These particles did not
appear to contribute to grain boundary weakening.

The precipitate was extracted by the electrolytic disolution of unaged
samples and X-ray photographs were taken using a Debye-Scherrer camera.
Unfortunately, the extraction was not quantitative so only relative amounts of
the different precipitates could be determined. All specimens contained TiN
and Tî CgS;? (or Ti2S), and specimens that had been sensitised at 1175 K also
contained TiC. The proportion of TiC and, to a lesser extent, Ti^C2S2
increased with time at 1175 K, in agreement with the observation that TiC
precipitates on the y grain boundaries during sensitisation at 1175 K. The
stabilisation or recovery of fracture toughness witn prolonged holding at
1175 K, despite a continuing increase in the proportion of TiC extracted from
the sample, is presumably related to the change in morphology of the grain-
boundary precipitate.

The dependence of embrittlement on the level of residual impurities, of
which carbon is presumably the most important, together with the fact that
carbon may be bound in the form of Ti4C2S2, suggests that it may be possible
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to control susceptibility to embrittlement by heat treatment. This is being
investigated.

1.2 Martensite Crystallography
(P.M. Kelly, R.G. Blake, C.J. Ball, J.N. Winning)

Work continued on the crystallography of martensitic transformations,
using an Fe-Ni-Mn alloy. This alloy transforms isothermally at temperatures
of -V -70°C so it is possible to prepare specimens with substantial amounts of
retained austenite, thus enabling very precise measurements of the orientation
relation between austenite and martensite to be made. The results were in
good agreement with those of other alloys that transform to lath martensite;
this is explained by a lattice invariant deformation caused by shear on the
(121)[111] and (121)[111] systems in the martensite. Attempts are being made
to measure the habit plane and shape deformation to provide a further check on
the theory.

An attenpt was also made to understand an alternative theory of
martensitic transformations. It was found that this theory violates the law
of conservation of matter, and so can be discarded.

1.3 Laser Enrichment

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

The Laser Photophysics Group is studying the chemical reactions induced
on large polyatomic molecules by short, microsecond pulses of COp laser
irradiation. Part of this work involves the evolution of a technique capable
of fast, direct monitoring of the initial phases of these reactions. Present
work is based on the use of a very sensitive infrared detector and advanced
computer-based data handling techniques.

The group is also responsible for monitoring overseas developments in
laser isotopic separation (LIS) processes for uranium enrichment. It has
noted the recent major advances in copper laser development, fundamental to
the preferred atomic vapour LIS process, and major advances in the development
of 16 ym lasers for the molecular LIS, UFg process, by the use of COn lasers
and Raman shifting. Proponents of both processes claim enrichment costs of
about a quarter of that of centrifuge/diffusion plants.
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1.4 Techniques

1.4.1 Microanalysis
(R.G. Blake, R.B. Warren, C.J. Ball, G.T. Kane)

Difficulties are still being experienced with microanalysis in the JSEM-
200 electron microscope. The cause of the problem is the position of the
detector, which is in the same horizontal plane as the specimen and directed
at 45° to the axis of tilt of the specimen holder. To avoid shadowing the X--
rays emitted by the specimen, the specimen holder must be tilted to face the
detector; this requires rotations about two axes. It is also necessary not
to intercept the electron beam with the specimen holder. The main source of
extraneous X-rays was the specimen holder which has since been replaced with a
beryllium holder. Progress has generally been slow because the EDX equipment
(Tracer Northern, TM1710) must be shared with the JSM-U3 scanning electron
microscope; lately, work has come to a halt because of a leak in the window
of the solid state detector.

1.4.2 Image analysis
(J.G. Napier, P.M. Kelly)

The quantitative image analyser has been developed to the point where it
is possible to acquire, store, recover and print images using sixteen grey
levels, and to manipulate these images in a variety of ways, e.g. suppress or
enhance contrast over a specified range of levels, invert, etc. The system
aroused considerable interest at the Seventh Australian Conference on Electron
Microscopy (Canberra, February 1982), where it was on display. Software for
the analysis of images is being developed. The information sought includes
the number of particles within the field of view, in total or within a
specified range of brightness, the distribution of areas of these particles,
their shapes, etc. One problem that has arisen is that the TV camera doe not
evenly illuminate the whole of the field of view, so particles which would be
brighter than a specified level if in the centre of the field of view do not
reach this level of brightness if situated near the margins; this introduces
errors into quantitative phase analysis. We are endeavouring to obtain a
better camera.
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1.4.3 X-ray diffraction
(R.B. Warren, C. Hall, G.T. Kane, C.J. Ball)

The high temperature X-ray camera has been overhauled and the associated
horizontal X-ray tube arranged to operate from the PW1010 generator. The
control circuitry of this generator has been replaced by a solid state module
which is performing satisfactorily.

A recirculating water-cooling system was installed to eliminate problems
arising from transient drops in mains water pressure.

A technique has been developed to enable back-reflection X-ray
photographs to be taken from precisely determined areas of a specimen, using a
100 yni diameter beam.

1.4.4 Metallography
(E. Meller, C. Hall, J.N. Winning)

During the year, a precision diamond saw and improved specimen mounting
equipment were obtained.

1.5 Service Work

1.5.1 Scanning electron microscopy
(K.G. Watson, J.N. Winning)

The bulk of the scanning electron microscopy work continues to be for the
SYNROC project. Other work has included microscopy of fracture surfaces in
maraging steel, analysis of precipitates in these fracture surfaces and
assisting the Commonwealth Police with a forensic investigation.

1.5.2 Metallography
(E. Meller, C. Hall, R.B. Warren, J.N. Winning)

Routine service work and consultative failure analysis has been carried
out for the Division and CEPD. Kuch of the work has been on maraging steels
and SYNROC, but stainless steels, carbon fibre composites and asbestos-based
materials have also been examined.
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1.5.3 Data processing
(J.G. Napier)

The data processing program written for stores control has been expanded
to handle allocation of staff effort to projects as well, and has been
implemented for AM and C and Applied Physics Divisions.

2. MATERIALS PERFORMANCE
(Leader, K.U. Snowden)

2.1 Introduction

In-service, structural materials are often required to withstand long-
term steady or fluctuating stresses that occur frequently over a range of
temperatures and in corrosive environments. These types of stress and
environmental conditions are important because they are likely to restrict
severely the service life of the structure. Work on fatigue, creep and the
application of fracture mechanics to different types of failure has continued
with studies of austenitic and ferritic steels and refractory metals.

2.2 Fatigue Crack Growth and Cyclic Plastic Zone Size

A comparison was made of the fatigue crack growth rates at room
temperature in type 321 stainless steel formed into 1 mm thick SEN tension
specimens and 10 mm thick SEN bending specimens. Comparisons were also made
between the fatigue crack growth rates in 1 mm thick SEN tension specimens,
made from type 310 stainless steel and type A533B pressure vessel steel» and
the rates reported in the literature for thicker specimens of these materials.
These comparisons showed that, at low values of the stress intensity range,
AK, there was little difference between the rates in thick and thin specimens.
However, at high AK, the fatigue crack growth rates were up to an order of
magnitude lower in the thin specimens than in the thick specimens (Figure 2).

Micro-hardness measurement surveys around crack tips in specimens of type
321 stainless steel revealed that the cyclic plastic zone size was
proportional to (AK)n, where n s 2 for the SEN bending (B = 10 mm) specimens
and s 0.5 for the SEN tension (B = 1 mm) specimens. The fatigue crack growth
rate behaviour of the thick and thin specimens was also reflected in the size
of the cyclic plastic zone; at AK >. 17 MPa /m, the cyclic plastic zone size
in the thin specimens was less than that in thick specimens at the same AK.
Further, da/dN was approximately 'proportional to (cyclic plastic zone
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Figure 2 (a) Crack growth rates for type 321 stainless steel SEN tension
(B = 1 mm) specimens, open points; and SEN bending (B = 10 mm)
specimens, closed points. A dashed lina represents the equation
da/dN = (8/ir) (AK/E)2.
(b) Crack growth rates for type 310 stainless steel SEN tension
(B = 1 mm) specimens. The dashed curve represents Thompson's
data for type 309S stainless steel specimens with B = 7.5 mm, and
the dotted curve represents the composite data of Shahinian et al.
for type 300 series stainless steels with B = 12.7 mm.
(c) Crack growth rates for type A533B pressure vessel steel SEN
tension (B = 1 mm) specimens. The dashed and dotted curves are
taken from references for the same steel with B = 5.08 to 25.4 mm.
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size)3*5, a relationship which appeared to be independent of thickness.

Scanning electron microscopy of the cyclic plastic zone at the crack tip
revealed a grid of coarse slip lines which were consistent with those expected
from a shear-sliding mechanism for crack growth (Figures 3a and b). This
experiment predicted crack growth rates that were in agreement with those in
the SEN tension specimens of type 321 stainless steel at AK >̂  17 MPa /m.

The values of AK at which deviations in the da/dN - AK curves for thick
and thin specimens occurred were compared with the limitations imposed by
three different size criteria. The criterion which gave the best agreement
limited the cyclic plastic zone size to -v 3 per cent of the uncracked
ligament.

2.3 Fatigue of Refractory Metals

The fatigue life of the refractory metals tantalum, molybdenum and
niobium was measured over the temperature range 20 to 750°C. The tests were
done at a frequency of 16 Hz and a strain range of ± 0.2 per cent in
cantilever bending in vacuo. The results are shown in Figure 4.

The main points of interest are as follows:

The fatigue life at room temperature is approximately the same for
each metal.

For niobium, the fatigue life increases as the temperature is raised
above room temperature and remains approximately constant between
200 and 750°C.

For tantalum and molybdenum, the fatigue life decreases as the
temperature is raised above room temperature.

Tantalum shows a minimum in fatigue life at about 600°C; the life
then increases as the temperature is raised above 600°C.

Molybdenum shows no changes in fatigue life in the range 150 to
500°C then it decreases as the temperature increases.
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Figure 3 (a) Area around crack tip in type 321 stainless steel SEN
tension (B = 1 mm) specimens, AK = 20 MPa Jm. Area shows
grid of coarse slip lines.
(b) Geometric model of/fatigue-crack growth by shear sliding
(Laird-Smith-Neumann model), (i) Initial configuration,
(ii) Crack opened in tension with shear sliding on one slip
plane above the crack plane, (iii) Followed by shear sliding
on one slip plane below the crack plane, (iv) Crack unloaded
with reversed shear sliding on slip plane of (ii).
(v) Followed by reversed shear sliding on slip plane of (iii);
the crack as advanced, (vi) After a number of repetitions
of the mechanism; note that fatigue striations have been formed.
After Weertman
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A few two-stage tests were done on tantalum in which the specimen was
first pre-fatigued at 400 or 750°C; the temperature was then raised or
lowered to 750 or 400°C, respectively, and tested to failure. The results are
as follows:

At 400°C
Pre-fatiguing at 750°C (N/Nf = 0.5) lowered

Nf at 400°C by 53.6 per cent
Pre-fatiguing at 750°C (N/Nf = 0.25) lowered

Nf at 400°C by 89.25 per cent

At 750°C
Pre-fatiguing at 400°C (N/Nf = 0.5) raised

Nf at 750°C by 79.45 per cent
Pre-fatiguing at 400°C (N/Nf = 0.25) raised

Nf at 750°C by 118 per cent

where N is the number of cycles and Nf is the number of cycles to failure.

The following points are noteworthy:

Pre-fatiguing at 400°C followed by testing at 750°C increases the
life at 750°C.

Pre-fatiguing at 750°C followed by testing at 400°C decreases the
life at 400°C.

In both cases, the smaller the ratio N/Nf, the bigger is the effect
on the fatigue life.

2.4 Effects of Pre-ageing and Prior Fatigue on Creep Behaviour

An investigation was made of the influences of prior ageing (at 750°C)
and prior elevated-tanperature fatigue (at 750°C) on the creep behaviour of
type 321 stainless steel stressed at 200 MPa at 650°C. The prior treatments
increased the creep rate and the ductility, and decreased the time to failure.
The acceleration in the creep rate was proportional to e1 8 n where e is
the fatigue strain amplitude and tc is the duration of the fatigue test and,

fl 61in the case of pre-ageing, proportional to t^ , where t. is the duration of
ageing. Electron microscopy showed that, in the case of pre-ageing, the
increased creep rate was associated with the growth of precipitates at triple
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(a) (b)

FIGURE 5(a): SUBGRAINS AND DISLOCATIONS AFTER 6 x 10s CYCLES AT A STRAIN
AMPLITUDE OF ± 0.11% AT 750°C. (The arrow indicates where
grain boundary migration has taken place.) (X 13 500)

(b); SUBGRAINS AND DISLOCATIONS AFTER SEQUENTIAL FATIGUE AT 750°C
AND CREEP AT 650°C. (X 5 000)
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junctions, along grain boundaries and within grains; however, sub-grain
formation was not observed. Observations also revealed that in addition to
the precipitation effects, the dislocation structures produced by prior
fatigue persisted throughout the subsequent creep test. For example, after
prior fatigue at 750°C, equi-axed sub-grains were formed. This was again
evident after sequential creep at 650°C although the sub-grains were elongated
rather than equi-axed (Figure 5). A stress-aided recovery mechanism may be
responsible for these effects.

2.5 Development of Yielding Fracture Mechanics

Yielding fracture mechanics extends the aims of linear elastic fracture
mechanics, namely, a quantitative assessment of the sensitivity of structures
to defects and cracks, into the plastic region. It is used to enable
assessment of the sensitivity of structures made of relatively ductile (more
realistic) materials to cracks after widespread material yielding and some
ductile crack growth.

(i) J^c measurement

A PDP11/23 computer and two digital voltmeters have been purchased.
Programming the computer to enable Jlc testing, using the single specimen
compliance technique, is in progress. Measurements of J.. have been made on a
locally produced experimental C-Mn pressure vessel steel (BMP AB3501), using
the multi-specimen technique.

(ii) Short rod testinu

Grips have been manufactured to enable short rod testing. Material
(MAR-300) has been received from ASTM and specimens are being machined as a
contribution to an ASTM round-robin exercise to assess the short rod
techniques for Klc determination.

(iii) Klc testing

The Kic testin9 of Charpy size maraging steel specimens is complete. The
tests show that there is a marked effect of holding time on the fracture
toughness of MAR-350 at 900°C. The results were reported at the Melbourne
Fracture Conference in August 1982.
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3. SYNROC RESEARCH AND DEVELOPMENT
(Leader: K.D. Reeve)

3.1 Introduction

SYNROC is a synthetic three-phase titanate ceramic designed on the basis
of known geochemistry for the immobilisation of high level nuclear waste at a
10 to 20 weight per cent level of addition. Collectively, the three SYNROC
phases - barium hollandite (BaAl2Tig016), perovskite (CaTi03) and zirconolite
(CaZrTigOy) - can take into solid solution almost all of the components of
high level waste, and those which do not go into solid solution (for example,
Mo, Tc, Ru, Pd, etc.) become micro-encapsulated as small particles of metal
phase in the ceramic matrix. SYNROC, with or without non-radioactive
simulated radwaste, may be synthesised from the component oxide powders, or
from their nitrates or other precursors, and readily densified using well-
known ceramic fabrication techniques.

Research and development on SYNROC commenced at Lucas Heights in March
1979, in association with a complementary program at the Australian National
University. The Lucas Heights project consists of five main strands, namely:

(i) SYNROC Fabrication Development, using simulated radioactive waste
but taking into account the difficulties inherent in the eventual
use of high level waste.

(ii) Leach Testing of SYNROC, involving systematic atmospheric and
hydrothermal tests.

(iii) Accelerated Radiation Damage Testing of SYNROC. using fast neutron
irradiation to simulate actinide decay damage.

(iv) Supporting Research, including SYNROC mineral formation and
fabrication studies and measurement of relevant mechanical and
thermophysical properties of SYNROC.

(v) Heat Transfer Aspects of Underground High Level Waste Disposal,
initially involving collection and evaluation of relevant heat
transfer codes.

The project is inter-divisional, most of strands (i) and all of strands (iii)
and (iv) being centred on Materials Division, strand (ii) and part of strand
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(i) on Environmental Science Division, and strand (v) on Nuclear Technology
Division.

3.2 SYNROC Fabrication Development

3.2.1 Laboratory process

The standard laboratory process for SYNROC fabrication starts with a
ball-milled mixture of fine powders of Ti02, Zr02, A1203, CaC03 and BaC03; to
this is added sufficient nitrate solution of nine non-radioactive isotopes of
high level waste (HLW) elements to achieve 10 to 20 wt % HLW oxides (see Table
2). The resultant slurry is spray- or flash-dried and then calcined in a
stream of dry argon-3.5% hydrogen for 1 h at 750-800°C. The calcine is hot-
pressed for 1 h in graphite dies at a pressure of 7-10 MPa and a temperature
of 1150-1250°C. Densities of 98-99 per cent of the theoretical value are
readily achieved.

TABLE 2
TYPICAL SYNROC COMPOSITIONS

SYNROC

Component

Ti02
Zr02
A1203
BaOa

CaOa

B

(wt %)

59.5

11.4

6.0

7.2

15.9

SYNROC C

Component

SYNROC B

Simulated radwaste

Additional Ti02

(wt %)

85

10

5

Simulated Radwaste

Ce02

Nd203
Eu203
FeO

Mo02

9.7

28.3

4.4

9.6

16.3

Zr02
Cs20

SrO

NiO

14.3

8.4

6.2

2.8

100.0

Added as carbonates
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Routine characterisation tests on SYNROC C specimens cut from as-
fabricated blocks include bulk density (normally close to 99 per cent of the
theoretical value); open porosity (normally below 0.1 per cent); the presence
of the three desired phases (by X-ray diffraction); and a check on the
location of critical radwaste elements (by scanning electron microscopy with
EDX analysis). In a complementary program funded by NERDDC and closely
coordinated with that at Lucas Hsights, the School of Science at Griffith
University has begun to use a range of sophisticated techniques (including
transmission and scanning electron microscopy, Auger spectroscopy, ESCA and
SIMS) for more detailed characterisation of the crystalline and chemical
structures of SYNROC before and after leaching.

3.2.2 Flowsheet developrnent

The award in 1981-2 of a further NERDDC grant of $30 360 for SYNROC
fabrication development (making a total grant of $244 426) has allowed the
emphasis on the development of a realistic large-scale fabrication process to
increase. From experience gained up to February 1982, the simplified
fabrication flowsheet shown in Figure 6 was devised as a focus for further
work. This has been mainly on the three key stages, namely SYNROC powder
preparation (see Sections 3.2.3 and 3.2.4), calcination (see Sections 3.2.5,
3.2.6 and 3.2.7) and final consolidation (see Sections 3.2.8 and 3.2.9). As
experience has been gained on these stages, the basic flowsheet has been
progressively refined and plant layout constraints have been taken into
account. The objective is to freeze the flowsheet by the end of 1982 (see
also Section 3.2.10).

3.2.3 'Sandia' process studies

The standard laboratory process for SYNROC fabrication starts from oxide
and carbonate powders and usually requires a hot pressing temperature of at
least 1200°C. An alternative method of preparing SYNROC powder was
demonstrated at Sandia National Laboratory* and is being studied and developed
at Lucas Heights. The potential advantages of the 'Sandia' process are
overall simplicity, improved chemical homogeneity and a reduction of the
fabrication temperature - possibly by 50°C.

The process involves the hydrolysis of alkaline methanolic solutions of
titanium tetra-isopropoxide and zirconium tetra-n-butoxide in acetone/water
media to yield a sodium titanate/sodium zirconate powder mixture. This powder

* Dosch, R.G. and Lynch, A.M. [1980].- SAND 80-2375.



HLW Nitrate
solution

SYNROC
slurry

jOff gas treatment

Rotary calciner

(Denitrate t Calcine?—i

Possible chemical
denitration

Add Ti powder

CD

or or

Hot press
in- can

Hot press Hot press
unsupported bellows in
bellows unsupported

canister

Seal*
decontaminate

FIGURE 6. CONCEPTUAL FLOWSHEET FOR LARGE SCALE SYNROC FABRICATION

I I ; I
...



MD-19

then acts as an ion-exchanger for an aluminium, barium and calcium nitrate
solution to produce SYNROC B powder which has a high surface area and a high
adsorptive capacity for radwaste ions from nitrate solution to form SYNROC C.
The main aspects of the Lucas Heights work are as follows:

(i) Preparation, fabrication and leach testing of small batches of
non-radioactive SYNROC C, using the process originally specified
by Sandia. No difficulties were encountered. SYNROC densified to
97.4 per cent of theoretical density in 3 h at 1100°C and 13.8
MPa, whereas oxide-route SYNROC reaches only 91.7 per cent of
theoretical under the same conditions. Sandia SYNROC has
excellent leach resistance.

(ii) Studies on the effect of process variables on the surface area of
Sandia-route SYNROC B powder. These showed that the surface area
is relatively insensitive to the ratio of acetone to water used
for hydrolysis of the alkoxides but is very sensitive to
calcination temperature, decreasing rapidly between 600 and
1100°C. However, at 750°C, which is believed to be sufficiently

2 -1high for a larger-scale process, the surface area of 16 m g was
still excellent, compared with only 3 m2 g~* fcr oxide-route
powder.

(iii) Study of the exchange of Na+ in sodium titanate/sodium zirconate
for A13+, Ca2+ and Ba2+. This showed very rapid uptake of Ba2+

and slower, but still quantitative, uptake of A13+ and Ca2*.

(iv) Modification of the process towards simplification and lower
material costs. Possible improvements being studied are reduction
of the amount of acetone and avoidance of vacuum drying.

3.2.4 Large-scale powder preparation

As the scale of fabrication development work increased, the quantity of
SYNROC powder needed for hot-pressing trials also increased. To conserve on-
site technical effort, Alpha Chemicals (Aust.) Pty Ltd, of Dee Why, was
commissioned to provide the following requirements:

(i) A 100 kg batch of Sandia-route SYNROC B powder to a detailed
specification supplied by the Division as a result of laboratory
experience with the Sandia process (Section 3.2.3).
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(ii) Several batches of oxide-route SYNROC B powder totalling 400 kg,
manufactured by a conventional slurry mixing/drying route proposed
by the company.

In each case, the resultant powder was very similar to that prepared on a
smaller scale at Lucas Heights and is being used very successfully in process
and equipment development work.

3.2.5 Drying and calcination of SYNROC powder

All methods for making SYNROC involve the intimate mixing of solid SYNROC
precursors with high level liquid waste. The mixture must then be dried and
calcined to remove nitrates. There are a number of equipment choices for the
drying/calcination stage including a spray calciner, a fluidised bed or a
rotary calciner. Since the contact time in a spray calciner is short,
complete denitration does not occur and a further calcination stage is
required; this makes spray calcination unattractive for the SYNROC process.
Drying and calcination can be effectively carried out in a single stage, using
either a fluidised bed or a rotary calciner; both approaches are being
examined.

3.2.6 Fluidised bed calcination

An existing 100 mm diameter fluidised bed was modified to study the
drying/calcination of SYNROC powder. The initial charge to the bed was 5 kg
of SYNROC B that had been crushed to ̂  300 ym. A slurry comprising titanium
and zirconium oxides in an acidified solution of aluminium, barium and calcium
nitrates was sprayed onto the hot bed (450 to 600°C) through a pneumatic
nozzle. In some experiments, waste elements (caesium, strontium and
ruthenium) were added as nitrate solutions. The fluidising air was supplied
at a constant rate of -v 2.5 m h while the slurry feed rate was varied from
1.5 to 7 L h . The off-gas was passed through porous metal filters and
scrubbed with a weak acid solution in a venturi scrubber followed by caustic
potas*1 solution in a packed column.

Two operational problems were encountered. In the initial experiments,
blockage of the spray nozzle was a common occurrence. This was overcome by
fitting a larger nozzle and reducing the heating directly adjacent to it. At
high slurry feed rates, agglomeration that eventually led to loss of
fluidisation occurred on several occasions. This arose when the heat input to
the bed was momentarily insufficient for instantaneously drying the slurry.
The bed became wet, resulting in local 'balling' of the powder, leading to
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poor mixing in the bed, further agglomeration, cementation, and finally loss
of fluidisation. Onset of this phenomenon could not be anticipated but it
could be prevented by limiting the slurry feed rate to 4.5 L h .

Apart from the above problems, the equipment operated satisfactorily with
no significant increase in pressure drop across the filters and no problems in
scrubbing nitrogen oxides from the off-gas. About 15 kg of SYNROC powder was
produced at rates varying from 0.1 to 0.5 kg h"1. The final bed contained
less than two per cent of the original charge. The particle size of the
powder increased during operation, about 10 wt % having a diameter greater
than 1 mm. Ho significant build-up of small particles from attrition
processes was observed, and the particle size distribution below 1 inm did not
change significantly. Examination under the optical microscope indicated
progressive 'spheroidising' of the < 1 mm fraction whereas the > 1 mm fraction
contained a mixture of spherical particles and agglomerates. The agglomerates
appear to be weaker than the spherical particles and are readily broken by
light grinding.

Eight experiments were carried out to determine the extent of ruthenium
volatilisation. Feed slurry spiked with Ru was sprayed into the fluidised
bed. Variables studied were acid concentration (0.25 and 4 |1 HMO,) and
fluidising yas (air or 7̂3% l̂ )* As was expected, the most oxidising
conditions (air and 4 M HN03) resulted in the largest Ru volatilisation (4.0
per cent), whereas the most reducing conditions (N2/3% H2 and 0.25 fl HN03)
resulted in the smallest Ru loss (< 0.3 per cent).

The fluidised bed feasibility study is now complete. It showed that
free-flowing, near-spherical particles can be produced with high pour (1.42 g

o o

CHI ) and tap densities (1.57 g cm ). No major operational difficulties were
encountered and, on a larger scale, even fewer problems are anticipated. A
report describing the study is in preparation and will include an engineering
assessment of the process for a full-scale plant.

3.2.7 Rotary calcination

Rotary calcination is considered to have several advantages over
fluidised bed calcination: the gas volume requirement is smaller; bed
blockage would be less likely to occur, and even if it did, it would be of
little consequence. Rotary calcination has been used successfully for flash
drying and partial denitration of radwaste nitrate solution in the French AVM
high level waste vitrification process. To develop and assess this process
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for SYNROC powder preparation on a reasonable scale, a rotary calciner was
designed and built at Lucas Heights. The calciner is an inclined, slowly

rotating stainless steel (Sandvik 253 MA) tube, 100 mm diameter by 1800 mm
long. The tube is heated by a 50 kW (3 MHz) induction coil which also foras
part of the in-can hot pressing systan (see Section 3.2.8). The furnace is
designed for a maximum temperature of 1000°C and allows a controlled reducing
atmosphere (in the reference process, Ar-3.5% Hg) to be passed over the powder
in the direction of powder flow.

Initially, the furnace was intended to re-calcine powder calcined in the
fluidised bed. However, once the advantage of combining drying and
calcination in one step became obvious, more attention was given to the
concept of flash drying/rotary calcination. This was first shown to produce

excellent SYNROC C powder using a mock-up laboratory process. The large
rotary furnace was then modified for slurry injection by the provision of a
water-cooled feed nozzle protruding into the hot zone. The first trials of
the modified furnace with SYNROC B slurry containing no nitrates were very
successful; trials with SYNROC/simulated radwaste nitrate slurry are about to
commence. These trials will be at 750-800°C, which is now considered to be a
adequate temperature range for the SYNROC process.

3.2.8 In-can hot pressing

(i) Description

The in-can hot press (Figure 7) consists of a specially designed
induction furnace, in which closed-end stainless steel tubes (115 mm o.d.) are
provided with lateral support and loaded progressively with SYNROC powder or
granules, together with a 50 tonne hydraulic pressing (top) ram and a 15 tonne
ejection (bottom) ram.

The induction coil consists of seven segments. Power from the 50 kW (3
MHz) induction coil can be switched between segments almost instantaneously at
full power. Each segment is provided with a refractory sighting tube which,
in conjunction with an infrared sensing head, allows direct measurement and
control of the surface temperature of the stainless steel. The sensing head
is manoeuvred by hand into the viewing position of each refractory tube in
turn, a change from one zone to the next taking only about five seconds. The
SYNROC powder is heated by heat transfer from the stainless steel
susceptor/canister/die.
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The pressing ram consists of a water-cooled shaft fitted with a
replaceable pressure pad and linked to two precisely aligned hydraulic
cylinders. The location of the pad face is continuously monitored and the
pressing ram is retracted hydraulically by the operator when the pad is 60 mm
above the hot zone.

The recirculating water cooling system incorporates two separate pumps,
and an emergency gravity-fed tank supply operates automatically in the event
of power failure.

(ii) Powder preparation for in-can hot pressing trials

The in-can hot press was commissioned with SYNROC B powder, but trials
v/ith simulated radwaste-doped SYNROC C have not commenced. The SYNROC B was
made as follows. Powders of Ti02, A1203, BaC03, CaC03 and Zr02 were wet-
milled with zirconia media in small batches in an attritor for 20 minutes.
The creamy aqueous slurry was air-dried in trays at 120°C and the dried cake
calcined in 15 kg batches in refractory containers in air at 950°C for 16 h.
The calcined powder was then micronised. Calcined/micronised powder batches
were blended to produce two 100 kg batches which were sealed in polythene bags
to await use.

The tap density of the powder was 0.86 g cm"3. X-ray diffraction showed
that all three expected SYNROC phases (barium hollandite, perovskite and
zirconolite) had started to form, although precursor oxide patterns were also
present. Small graphite die pressings made from this powder densified to 4.22
g cm"3 (99 per cent theoretical) in 3 h at 1250°C and 10 MPa.

(iii) Operating experience with the in-can hot press

For each trial pressing, approximately 31 kg of SYNROC B powder was
loaded into 26 mild steel cans on a simple vibrating table to a packing
density of 1.2 g cm"3 (approximately 28 per cent theoretical). Each can (98.5
mm diameter x 152 mm high x 0.24 mm wall thickness) was sealed with a press-
fitting lid. This procedure simplified powder loading to the press, minimised
dust formation during the process and prevented the extrusion of SYNROC
upwards between the ram and the canister wall during hot pressing.

The canister was prepared from Sandvik 253MA stainless steel tubing (115
mm o.d. x 100 mm i.d.). A 2 m length of tubing was closed at one end with a
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welded 7.5 mm end-cap, then positioned vertically in the press with the lower
1 m of tube in the heated length of the furnace; it was then preheated in air
at 1250°C for 30 minutes to form a protective Cr203 surface film.

Four cans, each containing 1.2 kg of SYNROC powder, were loaded into the
canister. Full power was then applied to the first (bottom) zone. The
canister wall reached the chosen control temperature of 1230°C in
approximately four minutes, whereupon a load of 9 tonnes was applied to the
four cans with the main compression ram. This pressure (9.9 MPa) was
maintained automatically by the hydraulic control system throughout the whole
pressing operation, except when the ram had to be raised to add more cans of
SYNROC.

Plastic flow commenced in the SYNROC after 20 minutes' heating, and 90
per cent densification was reached after 90 minutes. When the pressure pad
was 60 mm above the hot zone, the compression ram was withdrawn and moved
sideways hydraulically to allow two more cans of SYNROC to be added. This
procedure took 5-7 minutes, full power heating being maintained throughout.
Pressing was continued for a further 90 minutes, after which it became
apparent that no further densification was occurring. Power was then switched
to the second zone, two more cans of SYNROC were added and a similar sequence
of operations followed. In successive zones, the number of cans varied
between three and four to make 26 in all. In the seventh and last zone, a 60
mm thick refractory spacer was inserted above the top can so that when
complete densification was achieved the face of the pressure pad would still
be 60 mm above the hot zone.

The heating/pressing operation for the seven zones took 21 hours. The
hot-pressed canister was allowed to cool in situ for six hours before being
ejected vertically upwards via the bottom ram. The length of the canister
above the ceramic spacer was then cut off and a stainless steel top end-cap
welded on.

(iv) Results

Five canisters of SYNROC B were produced. Surface oxidation and scaling
were minimal. The average increase in diameter was 2 per cent, with a very
small variation (± 1 per cent) except at the seven sighting-tube positions,
where there was a local increase of up to 5 per cent in the overall diameter.
Several 10 mm diameter cores were trepanned from the canister at various
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positions and the corresponding density of the SYNROC was measured. Values of
97 to 99 per cent theoretical density were obtained. X-ray diffraction on the
same cores showed that the three expected SYNROC minerals were well-formed.
Windows for visual inspection were milled in four positions along one side of
each of four canisters. These showed that the inner cans had shortened by
forming shallow folds near the inner surface of the canister. This behaviour
was not unexpected and was not considered in any way detrimental to either the
SYNROC or the canister.

Previous laboratory experience suggests that SYNROC C will hot press
slightly more easily (e.g. at temperatures up to 50°C lower) but otherwise
will produce very similar results.

The demonstration of in-can hot pressing for the fabrication of 30 kg
canisters of SYNROC is a major milestone in the development of this advanced
high level waste form. An Australian concept named by analogy with the 'in-
can glass melting', this process has no intrinsic features which would prevent
its further scale-up and application to the incorporation of actual high level
waste. Those aspects of the present demonstration rig which require manual
operation, e.g. loading of SYNROC cans and re-positioning of the control
pyrometer for each zone, could certainly be simplified and automated for
remote operation. Another aspect requiring attention is the relatively long
cycle time; experiments have commenced on the present rig with the aim of
reducing this problem. Further improvements are possible by systematically
pre-heating the SYNROC immediately above the hot zone and by using more
sinterable SYNROC powder to reduce the time required for densification. A 100
kg batch of Sandia-route SYNROC, which has a higher surface area and is
significantly more sinterable, has been prepared and will be in-can hot
pressed as SYNROC C in the near future. Tests on the product will include the
measurement of caesium, strontium and europium leach rates on samples machined
from drilled cores.

3.2.9 Bellows hot pressing

During the construction of the in-can hot press, another uniaxial hot
pressing method was conceived which could be attractive for scale-up and
commercial operation, namely the hot pressing of SYNROC in unsupported thin-
walled bellows. This and a hybrid concept - the use of bellows-type cans
within a canister which would need no support during hot pressing - are being
assessed against the original in-can hot pressing concept. Unsupported
bellows, up to 30 cm diameter and containing 25 kg of SYNROC B, have been
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successfully hot-pressed but further work is necessary to define the optimum
bellows design and pressing conditions. A small rig has been built on which
to test the alternative 'in-can bellows' process on a 10 cm diameter scale,
using the same thick-walled outer stainless steel tubing as for the original
in-can hot pressing development.

3.2.10 Proposed SYNROC fabrication pilot plant

In March 1982, the AAEC submitted a new policy proposal to the Australian
Government to allow a fully engineered, non-radioactive fabrication pilot
plant able to demonstrate all stages of the fabrication of full-scale SYNROC
canisters to be built at Lucas Heights. Although no decision on this proposal
has been announced (as at 30 June), the SYNROC fabrication program is
proceeding on the assumption that a choice must be made between in-can hot
pressing and one of the two bellows hot pressing concepts by the end of 1982.

3.2.11 Comparison of costs for glass and SYNROC

Tentative cost estimates were made for solidifying and disposing of high
level liquid wastes in SYNROC and borosilicate glass. In each case, the
solidification plant was designed to accept wastes from a reprocessing plant
with a throughput of 2000 t U/year. This scale of operation enabled cost data
and cell layouts to be taken from the US Final Environmental Impact Statement
on Management of Commercially Generated Radioactive Waste (DOE/EIS-0046F).
The waste canisters were assumed to be 0.3 m diameter x 3 m high with a
calcine loading of 20 wt % for SYNROC and 10 wt % for glass. In keeping with
European practice, the 10 wt % waste loading in glass was chosen because of
the need to limit glass surface temperature so as to avoid excessively high
leach rates.

A number of processing alternatives were considered for SYNROC
fabrication including oxide versus Sandia routes, and hot uniaxial pressing in
cylinders or bellows versus hot isostatic pressing. The Sandia route
increased unit costs for solidification by about 30 per cent but the various
hot pressing options had little effect.

The major cost disadvantage of glass was the need for interim storage to
allow the glass to cool below 100°C. Overall, the cost estimates showed a
significant overall cost saving for SYNROC compared to glass. However, to
validate this conclusion it will be necessary to demonstrate the design
concepts for SYNROC on a full scale.
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3.2,12 Radioactive SYNROC fabrication

In March 1982, a NERDDC grant of $230 000 was awarded to allow the
construction and operation of two lines in which low levels of radioactive
waste elements can be added to SYNROC and leach test specimens produced by
hot-pressing:

(i) An actinide line, in which 237Np, 239Pu, 241Am and 244Cm will be
added separately to produce leach test discs each containing
approximately 100 yCi (3.7 MBq) of the relevant actinide.

(ii) A hot cell line, in which fission product waste from the Lucas
Heights technetium generator project can be added to SYNROC to
produce leach test discs and at the same time immobilise the site
waste that is now stored as an acid solution. The total activity
of the fission product waste is approximately 300 Ci (10 TBq);
however, this will not be useable in the SYNROC project until most
of the residual uranium has been extracted and the solution
concentrated- This is to be done by Dr J.M. Costello of
Environmental Science Division as part of the 'Waste Treatment and
Disposal1 .project.

Detailed planning for the two radioactive SYNROC lines has commenced and some
of the equipment is about to be ordered, with the objective of commissioning
both lines early in 1983.

3.3 Leach Testing of SYNROC

About 500 leach tests were carried out for routine evaluation of
developmental SYNROC specimens and for systematic comparison of the leach
resistance of SYNROC and borosilicate glass. A number of general conclusions
can be drawn from these tests:

SYNROC C is more leach resistant than borosilicate glasses over the
temperature range 45 to 300°C.

The leach rate of SYNROC does not increase greatly with temperature.
As temperature is increased from 100 to 300°C, the leach rate of
SYNROC increases by a factor of about eight whereas that of
borosilicate glass increases by a factor of about fifty.
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The leach rate of SYNROC decreases rapidly with time.

The matrix elements in SYNROC, particularly Ti, Zr and Al, are very
resistant to leaching.

Caesium is the most Teachable radwaste element in SYNROC.

Leach rates of SYNROC in deionised water and brine are similar.

The Teachability of SYNROC has been measured using a number of standard
procedures, including the ISO/IAEA long-term leach test, and static (MCC-1)
and dynamic (MCC-4) tests developed by the Materials Characterization Center
(MCC) at Batelle Pacific Northwest Laboratories (PNL), Hanford, USA. These
tests simulate the extreme environments likely to occur in a waste repository,
ranging from totally static conditions to those where the groundwater
surrounding the waste is rapidly replaced. The ISO test procedures have been
modified to the extent that the leachant is replaced daily rather than with
the decreasing frequency recommended in the test. Monolithic specimens were
leached wherever possible, but in some cases powders were used because the
leach rates of monolithic specimens were below the limits of detection.
Provided that geometric rather than BET surface areas are used, leach rates
for monolithic and powdered SYNROC are in reasonable agreement.

Figure 8 compares the leach rates of Cs and Sr from SYNROC C and
borosilicate glass (PNL 76-68). Under modified IAEA/ISO test conditions at
100°C, the glass leaches congruently at a rate of 2 g m"2 day"1. In contrast,
the leach rate of Cs and Sr from SYNROC decreases with time and, after 70
days, is l/1000th that of glass. The leach rate of Cs is initially much
higher than Sr but, after 30 days, the leach rates of both elements are
similar.

Figure 9 shows the results of MCC-1 tests carried out in demineralised
water at 90°C using SYNROC and borosilicate glass (PNL 76-68). The normalised

n I

30-day average leach rates (g m"c day ) for SYNROC matrix elements were:

Ti
Al

= 1.1 x 10"4

< 9.7 x 10'3
Zr < 4 x 10
Ba = 1.5 x

~4

Ca = 1.4 x 10,-2

The equivalent leach rates for matrix elements from PNL 76-68 were Si = 0.73,
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B = 1.12, and Ca = 6.8 x 10~2. Under MCC-1 test conditions, SYNROC is clearly
superior to borosilicate glass although not to the same extent as under ISO or
dynamic leach conditions. The reason for this is that, under static
conditions, the leach rate of glasses decreases as saturation of the solution
is approached. In addition, strontium and most heavy metals are precipitated
or adsorbed onto the siliceous layer at the high pH (>9) encountered in static
leach tests.

Dynamic leach tests (MCC-4) were carried out on SYNROC at 90°C for 28
days. A peristaltic pump was used to meter demineralised water to the
leaching vessel at a rate of 15 ml day"1. The leach results were similar to
those obtained in static leach tests (MCC-1) for the same period.

The data shown in Figures 8 and 9 are based on experiments in
demineralised water using 10 wt % simulated radwaste in SYNROC produced via
the oxide route. SYNROC prepared by the Sandia route exhibits lower leach
rates for Cs and Ca but otherwise is similar to oxide-route material. At
least 20 wt % radwaste can be incorporated in SYNROC without a significant
increase in leach rate. It should be noted that, because SYNROC has a higher
density than glass, a 20 wt % radwaste loading is equivalent, on a volume
basis, to a 30 wt % loading in glass. The fact that SYNROC will accept this
higher waste loading has important economic implications.

A systematic study has been made on the effect of fabrication conditions
on the leach resistance of SYNROC. Table 3 lists the fabrication variables in
their approximate order of importance. A reducing atmosphere during
calcination is essential to prevent the formation of soluble caesium
molybdate. Likewise, it is recommended that Ti powder be added immediately
before hot pressing to control oxidation potential during fabrication.
Initially, a calcination was carried out at 1100°C for 16 hours for complete
mineralisation, but recent studies have shown that 800°C for one hour is
sufficient to produce leach-resistant SYNROC. Use of these less stringent
conditions in a processing plant will increase calciner throughput yet reduce
losses of volatile radwaste elements. The density of leach-resistant SYNROC
can be as low as 96 to 97 per cent theoretical, provided that there is no open
porosity present. Thus the requirements and control needed to fabricate
leach-resistant SYNROC are not unduly demanding.
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TABLE 3

RELATIVE IMPORTANCE OF SYNROC FABRICATION CONDITIONS

ON LEACH RATES

Relative Importance Fabrication Variable Conditions Studied

Important Redox control during
calcination

Limited importance Homogeneity of mixing

Hot pressing
temperature

Redox control during
hot pressing

Non-critical for
conditions studied

Waste loading
Calcination
temperature
Calcination time

Air, COr?%CO, 3.5% H2

in Ar*

Mechanical blending,
ball-milling, Sandia route*

1100-12590°C (1200°C*)

Addition of Ni, Fe, Ti*

10-20* wt %
800*-1100°C

*1-17 hours
*Indicates favoured conditions

3.4 Radiation Damage Testing

3.4.1 Fast neutron irradiation

Fast neutron irradiation is being used to produce displacement damage in
SYNROC B (without waste), SYNROC C (with 10 per cent simulated waste), barium
hollandite, zirconolite and perovskite to simulate the actinide decay damage
which will accumulate during long-term disposal of SYNROC with radwaste. The
correlation of fast neutron and actinide decay damage is done by equating the
calculated displacements per atom for the two cases, on the basis of 10 and 20
wt % addition. The macroscopic, microscopic and crystal structure effects are
being measured on all five materials for SYNROC 'ages' up to 106 years,
obtained by irradiating to a fast neutron dose of 4 x 1020 neutrons cm"2 (> 1
MeV). Materials variables include the fabrication method (cold pressing and
sintering versus hot pressing) and the presence or absence of simulated
radwaste.
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Macroscopic and microscopic effects

All materials have increased in volume and correspondingly decreased in
density with longer fast neutron exposure and simulated SYNROC age. For the
same exposure, these effects increased in the order barium hollandite ~ hot-
pressed SYNROC B < perovskite = zirconolite = SYNROC C < cold-pressed and
sintered SYNROC B. The reason for the marked effect of fabrication method on
the expansion of SYNROC B (Figure 10) is being investigated. However, there
is very little effect of fabrication method on the irradiation behaviour of
SYNROC C. A tendency to saturation is evident at the longest irradiations,
i.e. equivalent to 9 x 105 years on a 10 wt % basis.

Each of the SYNROC phases has an anisotropic crystal structure which
expands differently upon irradiation. Build-up of grain boundary stresses
leading to microcracking is therefore expected. Although all S\NROC specimens
remained intact after irradiation and showed no sign of physical
deterioration, metallographie examination has revealed microcracking for
volume expansion levels above 4 per cent. No microcracking has been detected
below this level. Microcracking is accompanied by only a small increase in
the open porosity; for the greatest expansion recorded (8.6 vol. %), this
increase amounted to only 0.03 per cent of specimen volume.

In SYNROC C, the microcracking level corresponds to a SYNROC age (on a 10
wt % basis) of 2 x 105 years (Figure 10). Preliminary leach tests at 40°C on
SYNROC C, irradiated to simulated ages of 104 and 2 x 105 years, have shown no
marked change in leach rate for caesium over unirradiated control specimens.
Leach tests on more heavily irradiated specimens are planned but, as the
increase in open porosity has been small, no increase in leach rate is
anticipated.

X-ray diffraction studies

After barium hollandite has been irradiated to
-~2 (> 1 MeV), all

a dose of 6.5 x 1019

neutrons cm fc (> 1 MeV), all high-angle X-ray reflections (> 70° 28) are
eliminated and low-angle reflections are selectively broadened and attenuated.
The lattice parameter changed by +0.10 per cent in the a-direction and -0.36
per cent in the c-direction, leading to a decrease in the unit cell volume of
0.16 per cent. These results have been interpreted in terms of the production
of isolated stress centres and dislocation loops within the structure. A
paper is being prepared for publication.
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FIGURE 10. VOLUME EXPANSION OF FAST NEUTRON IRRADIATED SYNROC AS A
FUNCTION OF 'SYNROC AGE1 (cps = cold pressed and sintered;
hp = hot pressed)
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3.4.2 External alpha Irradiation

In a collaborative program started in 1980, specimens of hollandite,
perovskite and zirconolite made at Lucas Heights are being subjected to
external alpha irradiation at PNL in parallel with fast neutron irradiation of
similar specimens at Lucas Heights. Results have been received regularly from
PNL as their alpha irradiation proceeds. However, the displacements per atom
so far achieved at PNL - 0.050, 0.028. and 0.024 respectively - are still very
low compared with those from neutron irradiation at Lucas Heights - 0.7, 0.7
and 1.0 respectively.

The PNL technique is probably most relevant for the hollandite which, in
SYNROC containing actual radwaste, is subjected to a-particle damage only; in
contrast, the perovskite and zirconolite are damaged mainly by a-recoil
nuclei. The PNL results already cover a hollandite 'age' of about 10̂  years,
whereas the Lucas Heights results start at •». 10̂  years. For hollandite, it
appears that neutron irradiation is underestimating the actual a-particle
damage. This is because a-particles produce less of a thermal spike and are
therefore less self-annealing. For perovskite and zirconolite, neutrons will
be better than a-particles for simulating the dominant actinide recoil damage.

A joint PNL-AAEC paper on this collaborative project is foreshadowed for
drafting towards the end of 1982.

3.4.3 Actim'de doping of zirconolite

Zirconolite has been doped for radiation damage assessment with Cm at
PNL and "°Pu at Los Alamos National Laboratory. These studies are
complementary to the Lucas Heights neutron irradiation study on the same
material, and results have been exchanged between the three laboratories.
These results, correlated on a displacements per atom basis, are in
surprisingly good agreement and an inter-laboratory research paper is
foreshadowed.

3.5 Supporting Research

3.5.1 Thermophysical properties

The thermal diffusivity, specific heat and thermal conductivity of
perovskite, hollandite, zirconolite, SYNROC B and SYNROC C, each made by hot
pressing (HP) and cold pressing and sintering (CPS), have been measured
against temperature using the laser flash technique. The results are shown in
Table 4.
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TABLE 4
THERMAL DIFFUSIVITY VALUES (x 106 m2 s"1)

Material CPS HP al"°2

Perovskite
Hollandite
Zirconolite
SYNROC B
SYNROC C

1.595
1.11
0.88
1.07
0.92

1.653
1.298
1.003
1.212
1.113

1.619
1.229
0.968
1.138
0.951

2.1
5.6
3.6
6.5
17.0

â  = a at right angles to HP direction
<*2 - o parallel to HP direction

The property values obtained for SYNROC and its mineral phases fall in
the broad range for titanates and decrease in the order perovskite >
hollandite > zirconolite. Values for SYNROC B are close to those for
hollandite, whereas the values for SYNROC C are closer to those for
zirconolite. The thermal diffusivity curves pass through a minimum at 400 to
500°C with a slight increase at 650°C. The specific heat increases with
temperature. The thermal conductivity of perovskite decreases slightly with
increasing temperature, whereas the other materials exhibit a slight increase.

Since all the constituent mineral phases of SYNROC have non-cubic crystal
symmetry, their single crystals are expected to be anisotropic with respect to
thermal conductivity. In CPS polycrystalline ceramics, the anisotropic
crystals are randomly oriented, and properties show no net directionality;
however, preferred orientation can occur in HP and extruded ceramics and
property values can be dependent on direction. Consequently, the thermal
diffusivity of the HP materials was measured in two directions, with the heat
flow parallel or at right angles to the hot pressing direction. Table 3 shows
that the directional effect is small but real in the individual HP mineral
phases. The directional effect in SYNROC B is perhaps slightly higher than
expected for a mixture of these phases but, surprisingly, it is much higher in
SYNROC C. Preliminary microscopy of polished sections indicated a minor phase
of rod-shaped particles aligned at right angles to the hot pressing direction
in SYNROC C; no alignment was evident in the other directions. This phase
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was not found in SYNROC B nor in the individual minerals; its nature and the
effects are being investigated.

3.5.2 Fatigue behaviour

In an informal collaborative program with Materials Division, Dr B.R.
Lawn, formerly of the Department of Applied Physics at the University of New
South Wales and now a member of Fracture and Deformation Division, National
Bureau of Standards, is studying the dynamic fatigue response of SYNROC B and
borosilicate glass specimens in water, using an indentation flaw technique.
SYNROC appears to be intrinsically stronger than borosilicate glass but it has
a similar susceptibility to fatigue. A joint paper on this work is in press.

3.6 Heat Transfer Aspects

A literature survey on high level waste disposal in underground
repositories is in progress. Available heat transfer codes applicable to the
calculation of space- and time-dependent temperatures for SYNROC disposal have
been surveyed and the code HEATING 5 has been ordered.

4. METALLURGY AND ASSESSMENT
(Leader: R.J. Mil ditch)

4.1 Non-destructive Testing

4.1.1 Neutron radiography
(R.J. Hilditch, N.W.D. Chrimes, P.A. Gillespie)

The routine radiography of door opening thrusters has continued. A
preliminary examination has been made for Qantas of a jet engine component
that had been repaired by brazing. Neutron radiography was feasible since the
brazing alloy contained boron, a neutron absorbing material.

As an aid to research by AINSE fellows, neutron radiographic techniques
have been used to monitor the root growth of soya beans. This work has been
extended to an examination of the root growth of pinus radiata seedlings.

A contract with Aeronautical Research Laboratories for the neutron
radiography of aluminium alloy samples to detect corrosion damage has
continued.
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4.2 Ultrasonics
(R.J. Hilditch, N.W.D. Chrimes, D.S. Bloser)

4.2.1 General development work

An ultrasonic phototechnique for imaging composite materials has been
developed. Reflected ultrasound signals are used to modulate a flying light
spot and the resulting amplitude variations produce scanning patterns which
are recorded on Polaroid film.

An autoplot manual scanning system is being developed to enable manual
scanning in any direction. The resulting data are plotted on a visual display
unit in real time. Such data can be stored for analysis when required, and
hard copy is also available from the printer.

An Apple II Plus computer has been interfaced to the ultrasonic test tank
via a slave microprocessor to handle routine functions. This enables the
computer to perform the analysis and image plotting quickly and efficiently.

Computer programs have been written for a number of applications:

Isometric C scan projections
Zoomplot spectral analysis
A/D canister control program
Synchronous signal processing and timing
Data handling and control
Three-dimensional image projection

4.2.2 Liaison with outside organisations

Work has been carried out for the following organisations:

BMP, Clayton. Victoria Detection of sulphides and oxides in rail
steels using ultrasonic spectroscopy.

Hawker de Havi 11 and, Bankstown, NSW Advice 6'n the design and
manufacture of a test tank for immersion testing, and associated
electronics.

Omark Ltd, Lansdale, SA Development of test procedures for the
examination of railway sleepers with electrically-resistant welded
attachments.
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Aeronautical Research Laboratories, Melbourne Investigation of the use
of ultrasonic testing or examining corroded aluminium samples (this
work is complementary to the ARL neutron radiography contract).

4.3 Metals Fabrication

4.3.1 Investigations related to commercial bulk analyser unit
(R.J. Hilditch, A. Ridal, B. Cooper)

(a)

Silica ampoule compatability tests

With Znlo Compatibility tests, carried out at 1000°C for 10 000 h,
showed no visual difference between silica ampoules with and without ZnI2.
Absence of a reaction was confirmed by scanning electron microscopy but there
was an increase in size which was attributable to the greater atmospheric
pressure (12 atomospheres instead of 1).

(b) Uith Co/A1/Bro This compound was investigated because of problems
encountered with the diffusion of cobalt in silica. Two ampoules containing
Co/Al/Br2 and one containing bromine were tested for 1600 h at 550°C and a
pressure of % 8 atmospheres; there was no dimensional or chemical change.
The test is continuing up to 10 000 h.

Reported failure of Greenvale source

A bulk analyser source installed at Queensland Nickel Pty Ltd, Greenvale
containing 60Co iodide was reported to have failed after 1172 h at 860°C
(reputedly 990°C as explained below) with cycling to ambient .temperature on
108 occasions over 8 months. The stainless steel capsule showed no
appreciable corrosion and the silica ampoule only a small surface cavity of
indeterminate depth. No cracking or Co diffusion was noted although the
inside surface was coated with crystalline Col«.

Thus the ampoule appeared to be satisfactory apart from a possible 'pin-
hole' cavity which had not allowed all the CoI2 to escape. The fact that no
reaction had occurred on the inside of the silica suggests that the true
operating temperature was in fact nearer 860°C than 990°C.
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4.3.2 Investigations involving maraging steels
(R.J. Hi!ditch, A. Ridal, R. Hemphill)

Assessment of fabrication history

Three groups of cold-formed 350 grade maraging steels from CEPD were
examined to determine the fabrication route and compliance with the
specification. The results of chemical analysis, metallography, micro
hardness and texture indicated that all specimens complied with the maker's
specification for the amount of cold work carried out.

Effect of heat treatment on density of 350 grade
maraging steels

Two materials, designated Sandvik 350 and German 350, were examined.
After solution treatment for 1 h at 900°C and reheating at 50 degree steps in
the range 200 to 400°C without resolution treatment, the maximum density
changes were 1.4 per cent for Sandvik 350 at 700°C and 1.5 per cent for German
350 at 710°C.

4.3.3 Service work
(A. Ridal, S.E. Rowling, B.C. Cooper, F. Atkins)

The principal activities were as follows:

Melting and casting

Fabrication
(pressing/rolling)

Heat treatment
Machining

External services

6 uranium castings (EFCO furnace), 2 uranium castings
(10 kg induction furnace); 2 iron titanium manganese
alloys.

Maraging steels, stainless steels, titanium alloys,
platinum.
Annealing, hardening, tempering.
SYNROC machining including exhibits for the World
Fair held at Knoxville, USA. (This was approximately
90 per cent of the effort.) 28 miscellaneous jobs
including uranium, maraging steels iron nickel
alloys, alumina, porcelain, glass, beryllium oxide.
5 kg of depleted uranium turnings for CSIRO.
Depleted U mouthguard (Sydney Hospital). Uranium
penetrators for Defence Standards Laboratory,
Melbourne.
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4.4 High Activity Handling Cells

4.4.1 No.l block
(G. Mitchell, R.J. Hilditch)

Principal activities

SYNROC - examination, dimensioning, density determination,
metallography, leaching.
Moata fuel element inspection
HIFAR maintenance
Indium isotope sources
Gold-labelled sands (isotopes)
Uranium-doped glass
Can welding (isotopes)
Examination of 60Co source
Loading 252Cf source

. Monitoring 60Co
Handling nickel hardener spheres

4.4.2 No.2 block
(R.Starling, R.J. Hilditch)

HIFAR flow splitter

A mock-up of a HIFAR flow splitter is being heated to 70°C to simulate
reactor conditions with inspections at 1000 h intervals.

Isotope support

The major activity was target transfer, and solid and liquid waste
removal manipulator changing in support of Mo production.
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FOREWORD

This report covers the work of Nuclear Technology Division, from its
establishment in September 1980 to the end of June 1982. The Division was one
of two new research divisions formed by amalgamation of the former Engineering
Research, Physics, and Instrumentation and Control Divisions. Its broad
objective was to investigate appropriate technologies for the conversion of
the energy available from natural resources into forms which meet the energy
needs of mankind. More specifically, the Division was to model and analyse
the behaviour and performance of nuclear fission and solar energy devices, and
to carry out selected experimental and theoretical scientific/engineering
research and development activities aimed at the improvement of such systems.

Soon after the formation of the Division, the Commonwealth Government
directed that work within AAEC not related specifically to nuclear activities
should be transferred to CSIRO. This decision substantially reduced the staff
of the Division, necessitating a complete review of its proposed activities.

In consequence, major areas of research and development in the Division
have been reduced to two:

Fission Technology; This includes neutronics and fluid heat transfer.
Although primarily dedicated to the support of HIFAR reactor operation,
a sound fundamental research component and the successful participation
in selected international problem studies are essential to developing
and maintaining state-of-the-art expertise.

Fusion Technology; A small experimental program has been established
to investigate the neutronics of fusion reactor blanket configurations.
In parallel, the methods and data libraries developed for fission
reactor core analysis have been modified and extended to allow their
effective use in fusion reactor blanket problems. Comparisons of
initial test results against a limited range of published experimental
and calculated data have been encouraging. It is anticipated that
eventually some effort will be directed to heat transfer problems in
fusion reactors.

Some sections of this report refer to projects begun before the change of
program. Others reflect the Division's first stages in the redirection of



existing knowledge and skills to new activities, and give assurance that
achievements for new programs will match those of previous programs, after a
reasonable period of adjustment.
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1. FISSION TECHNOLOGY

1.1 HIFAR Physics

1.1.1 Computational models for HIFAR neutronics
(B. Harrington)

A standard set of calculational HIFAR models has been developed to meet
the recurring need for reactor physics calculations on HIFAR. These models
involve procedures for calculating quantities of interest for reactor
operation, safety studies, etc.; input to codes is in the form of card image
data sets on disk.

HIFAR models used earlier produced an almost flat flux across the core
and very high excess reactivities, hence they could not be used with any
degree of confidence. Extensive investigations showed that there was no
single explanation for the inadequacies of these models but that, for
satisfactory results, it was necessary to represent in some detail many
features of the reactor, including all the reflector D20 facilities.

The existence of both the UNED interactive editor [1] and the AUS modular
scheme for reactor calculations [2] has made it feasible to have these
detailed HIFAR models readily available 'at call'. The models are based on
HIFAR operation program 251 (OP251) which was typical of the low-rig-burden
HIFAR operations of 1978-79.

The following standard models have been developed and are available on
the UNED data set BVH.HIFAR as the members:

(a) BVHIFXS - This is a five-group smeared cross-section preparation
model. Fuel cross sections are produced as a function of burn-up
for use in the models BVHIFRZ, BVHFXYA2 and BVHFXYE2.

(b) BVHIFRZ - This is a cylindrical diffusion HIFAR model. Region-
and energy-dependent axial bucklings are produced for use in the
models BVHFXYA2 and BVHFXYE2.

1. Cawley, R. AAEC/E580 [in press]

2. Robinson, G.S. [1975] - AAEC/E369



NTD-2

(c) BVHFXYA2 - This is a two-dimensional XY geometry, diffusion model
of HIFAR, with average end-of-OP251 burn-up throughout the core.

(d) BVHFXYE2 - This is a two-dimensional XY geometry, diffusion model
of HIFAR with the explicit end-of-OP251 fuel loadings for each fuel
element.

(e) BVHIFCEL - This is an 'average' fuel cell calculation. The
composition of the fuel is that of average fuel at the end-of-OP251
and includes fission products.

Representations of horizontal and vertical heavy-water facilities, voided
safety-rod thimbles and rigs have been included in the models BVHFXYA2 and
BVHFXYE2. The rig representation (accounting for 4.23 per cent in reactivity)
was tuned to direct reactivity measurements, but all other reflector detail
(accounting for 3.52 per cent in reactivity) was calculated. The calculated
end-of-program reactivities of 0.09 per cent and 0.69 per cent for the models
BVHFXYA2 and BVHFXYE2, respectively, compare well with the shut-down
reactivity of 1.43 per cent observed in OP251. Limited comparisons with
experimental fluxes indicate agreement to within 10 per cent. Even though
these models have been developed for a specific operation program, they should
be useful, with little or no change, for any current or future operating
program.

1.1.2 Reduced enrichment studies
(G.S. Robinson)

Several studies related to the neutronic performance of HIFAR on lower
enrichment fuel have been completed, and the AAEC has participated in the
preparation of an IAEA guidebook on the conversion of D20 research reactors to
use low enrichment uranium.

A methodical benchmark calculation, based on a DIDO class reactor, is
included in the IAEA guidebook. Comparison of preliminary results from
various countries showed wide variation. The AAEC's results, based on the
methods and models described in Section 1.1.1, have remained unchanged and
satisfactory agreement has finally been achieved, largely because other
laboratories adopted similar methods. Results for the key quantity, Ak ff
(the difference in the effective multiplication factor, k ff, between 93 and
20 per cent enrichment) are:
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AAEC Japan Denmark ANL AERE
Akeff 0.0174 0.0219 0.0163 0.0207 0.0080

Neutronic calculations of the effect of lower enrichment fuel on HIFAR
have also been submitted for inclusion in the guidebook. These calculations
compare the performance of HIFAR, using 45 per cent and 20 per cent
enrichment, with the current 80 per cent enrichment. Results encompass the
required 235U loading to match the cycle length, and the changes in neutron
fluxes and safety-related parareters. The general conclusions, from the
viewpoint of reactor physics considerations, were that 45 per cent enrichment
would present no great difficulty, but 20 per cent enrichment (for which
irradiation performance, etc. and commercial fabrication of fuel of the
required uranium density have yet to be demonstrated) will require about 10

OOC

per cent increase in U loading, with a significant degradation in
performance through a reduction of about 15 per cent in the thermal neutron
flux in the core irradiation positions.

1*1.3 Consequences of a loss of coarse control arm accident
(J.W. Connolly)

Reactivity control in DIDO class reactors is obtained by the operation of
six 'signal arm' type, neutron absorbing blades. The angular position of
these coarse control arms (CCAs) is varied by linear motion of a connecting
rod between the drive mechanism and a point on the blade, thus inducing a
torque about the pivot point of the blade. The position of maximum reactivity
control of the CCA bank is at 34° from the vertical, and the normal range of
operation is about 44° to 64°.

A consequence of this design is that the system is not fail-safe; if a
connecting rod fractured, the blade would swing from its operational position
to the vertical where its reactivity control would be almost zero. Such a
loss of a CCA is the most demanding reactivity-addition accident which the
protective system of DIDO class reactors must be designed to terminate safely.
Protection against the consequences of connecting rod failure is provided,
first by a halving time trip (since the initial movement of the affected arm
decreases core reactivity), second by a doubling time trip, and third by an
excess power level trip.

The reactivity gained by the core on the loss of a CCA blade depends on
the reactivity controlled by the complete bank at the angular position when
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the blade fails. Analyses have shown that, unless this reactivity control is
small, i.e. failure occurs at high critical angles, the excess power level
trip cannot prevent core damage. Furthermore, under conditions of very low
reactor power (low neutron source strength) and low critical angle, the
halving time trip is too slow to arrest the transient that follows loss of a
CCA blade. Administrative control of core reactivity and neutron source
strength is thus relied on to prohibit operation with values of these
parameters which would make the core vulnerable to a loss of CCA accident.

However, the above analyses have neglected the negative reactivity
feedback response of the reactor to the energy released in the core during a
transient. An extensive series of experiments in the USA during the 1960s,
known as the SPERT program, clearly demonstrated that reactors can safely
terminate excursions produced by deliberate reactivity additions above prompt
critical. One such reactor investigated, SPERT BD22/24, had a core which was
a close replica of the DIDO type and was demonstrated to withstand safely a
reactivity injection of 0.02 (6k/k).

It was apparent that the ability to calculate the course of transients
measured in BD22/24 would engender great confidence in the application of the
same methods to postulated HIFAR reactivity accidents. Elucidation of the
neutronics of core BD22/24 using the AUS code proved difficult, largely due to
the lack of precise information on the core composition. Details which were
unimportant in earlier studies on SPERT light water cores assumed considerable
significance in the DgO-moderated BD22/24.

These problems were, however, solved and reactivity feedback coefficients
were obtained and used in conjunction with the previously developed nucleate
boiling heat transfer model and a new representation of steam void formation.
This allowed calculation of all the BD22/24 transients to reproduce the
experimental results with considerable fidelity.

The satiie methods have now been used to study the consequences of the loss
of a CCA blade in HIFAR, taking into account the angular dynamics of the
broken arm and the manner in which it produces reactivity changes in the core.
These reactivity changes were used in the reactor transient code ZAPP,
together with reactivity feedback coefficients obtained from the AUS suite of
neutronics codes, to calculate the time-dependent power following the breaking
of a CCA blade. This power history was then converted to the corresponding
reactor ion chamber current history by analogue computer tehniques and this
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was fed into actual reactor period meters and shutdown power amplifiers to
obtain the times at which these units would open the reactor protection system
guard-lines.

The results of these calculations show that for any initial condition
within the limits permitted for HIFAR operational parameters, the self-
shutdown characteristics of the reactor would safely terminate the initial
power burst following loss of a central CCA blade, thus allowing a less
demanding time response from the reactor protection system. It was also found
that, contrary to prior belief, the shutdown amplifiers would produce a
reactor trip before the period meters.

Power and temperature histories calculated for a particular set
conditions at the time of CCA failure are shown in Figures 1 and 2.

1.2 Verification of Reactor Codes

of

1.2.1 Group cross-section library
(6.S. Robinson)

The data for moderators and fission products in the main AUS library have
been replaced by ENDF/B IV data processed using the AAEC version of the ORNL
code XLACS2. With this code, temperature-dependent thermal data for the three
important moderators (H20, D20 and graphite) which joined smoothly on to the
epithermal data were obtained. A copy of the modified XLACS2 code has been
sent to Oak Ridge National Laboratory.

Cross-section data were generated for 155 individual fission products
before reduction to 'pseudo-fission-products1 schemes. Two such schemes were
developed. For thermal reactors, a scheme with 45 individual nuclides and one
pseudo-nuclide was adopted, but for fast reactors one pseudo-nuclide sufficed
to represent reactivity effects.

The pseudo-nuclide group cross sections were formed from individual
nuclide data weighted by typical atom densities obtained from simple
pressurised water and liquid metal-cooled fast breeder reactor (PWR, LMFBR)
models. The pseudo-fission-product yields from each fissile nuclide were
adjusted individually to match the capture rates obtained with the full
fission-product set. The resulting schemes differed from the full set by less
than 2 per cent in total fission-product captures for reasonable ranges of
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time, power density and nuclide composition.

1.2.2 OECD-NEA/CRP benchmark problem on LMFBR burn-up
(G.S. Robinson)

A solution to the OECD-NEA's Committee on Reactor Physics (OECD-NEA/CRP)
benchmark problem on LKFBR burn-up was submitted. This benchmark problem
involved calculation of changes of reactivity, breeding ratio, power
distribution and void coefficient which occur in a large LMFBR during the
first year of operation, and followed on from an earlier comparison for the
initial core*. The calculations are for a precise specification of an RZ
diffusion theory model of the reactor, so that differences between solutions
are due to cross-section data and group data generation methods only. The
AAEC calculations used ENDF/B IV data within the AUS code system.

The AAEC did not participate in the earlier exercise but, in the
following table, AAEC results for the initial core are compared with those
published:

Parameter AAEC Average of 'Best' Method
ENDF/B IV All Participants using ENDF/B IV

keff
Breeding ratio
Sodium- void of

0.9943
1.403

0.0230

1.0051 ± 0.0129
1.392 ± 0.048

0.0212 ± 0.0025

0.9930
1.395

0.0236
inner core (6k/k)

Central control -0.0036 -0.0036 ± 0.0005 -0.0034
rod worth (Sk/k)

Preliminary results for some of the major burn-up parameters are compared
in the table below. It can be seen that the AAEC results are in good
agreement with the mean of all submitted results. The final results for this
benchmark problem were presented and discussed at the OECD-NEA/CRP
specialists' meeting in April 1982.

* Proceedings of OECD-NEA/CRP Specialists' Meeting on the International
Comparison Calculation of a Large Sodium-cooled Fast Reactor, Argonne
National Laboratory, USA, February 1978.
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Parameter

Total reactivity loss per cycle
Reactivity loss due to fission products
Breeding ratio at end of cycle
Sodium- void worth at end of cycle

Mean ± s.d.

0.0115 ± 0.0050
0.0183 ± 0.0030

1.330 ± 0.014

0.0286 ± 0.0024

AAEC

0.0054
0.0169

1.339

0.0284

1.2.3 OECD-NEA/CRP shielding benchmark problem
(B.J. McGregor)

A calculation was submitted to the OECD-NEA/CRP shielding benchmark
exercise on a PWR shield. The comparison of results from workers at a number
of laboratories is valuable, both as a check on our ability to calculate such
a shield, and also as a test of our recently produced 200 neutron-37 gamma-ray
group cross-section library to be used for fusion neutronics work.

Results were submitted for the Fe activation in the core barrel and
pressure vessel cladding, the neutron damage production rate in the pressure
vessel and the neutron and gamma-ray doses at the outside of the 195 cm thick
concrete shield.

Results were obtained from six laboratories. Our neutron results were
well within the range of values found by other workers. The gamma-ray dose at
the outside of our shield was higher by 15 per cent than the next highest
value. Overall, the agreement with workers from other laboratories is most
encouraging.

An important outcome of this work was the realisation that the use of the
old 128-group library over-estimated the fast neutron dose at the outside of a
thick concrete shield, especially in the important 1-3 MeV energy range.

Another data check was performed on the ENDF2006 library by calculating
the neutron and secondary gamma-ray dose due to a neutron source at normal
incidence to slabs of concrete 100 and 200 cm thick for both a fission and
fusion neutron source. The calculations were in good agreement with previous
results.
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1.2.4 OECD-NEA/CSNI containment safety studies
(J. Marshall, P.G. Holland, W.B. Woodman)

The AAEC participated in containment analysis standard problem no.2
(CASP2) organised by the OECD-NEA's Committee on the Safety of Nuclear
Installations (OECD-NEA/CSNI). An experiment was again performed on the large
containment model at the Battelle-Institut, Frankfurt, but with an arrangement
of the six compartments which was different from that in CASPi. The
participants had to calculate the pressure and temperature transient
distribution throughout the system; these calculations were then compared with
each other and with the experimental results.

As previously, the AAEC used the computer code ZOCO V for the main study
but also included a partial analysis using ZOCO VI, which had recently been
received and commissioned. The most pertinent difference between these is in
the calculation of heat transfer coefficient. ZOCO V appears to give the
better result. A report on the results was distributed to all participants
and the data sent to the 'lead1 organisation GRS, Garching, Federal Republic
of Germany. The AAEC was not represented at the workshop meeting at which the
overall study was summarised and discussed. The AAEC analysis provided a
reasonable representation of the measured transients, the pressure peak
calculated for the blowdown receiving compartment being about 5 per cent
higher than the peak measured (see Figure 3).

In 1980, all CASP participants were requested to report on the
containment studies in their respective countries. As a consequence of this,
the AAEC was further requested to submit details of the next proposed
experiment for consideration as CASP3. On the basis of this information, the
AAEC was then invited to be the lead organisation for CASP3, to perform the
experiment, report on the results and then carry out the comparison of
participants' analyses. This was agreed and the blowdown/containment rig was
modified to improve the measurement of the blowdown flow and to divide the
containment vessel into two compartments having an interconnecting flow path
with flow measurement. The experiment was completed and a report on the
results sent out by the end of 1981. The comparison study is in progress; six
countries are expected to provide analyses.

The AAEC is also contributing an analysis of CASP3 using the code ZOCO V.
It ws necessary to amend the code to permit reasonable representation of the
experimental results. The method used for estimating the heat transfer
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coefficient was inadequate for this situation, where heat transfer is a very
important part of the pressure response because of the relatively small size
of the compartments and the presence of steel rather than concrete walls.
Based on the previous work, a method for evaluating heat transfer coeffic'ent
has been devised, containing functions of inflow power and the air-to-steam
ratio in the compartment, which has greatly improved the analysis. A further •
modification,which enabled the sweeping of air out of the chamber ahead of the
inflowing steam to be modelled, has given quite close agreement with the
measured pressure transients. A report on this is being distributed to all
members of the working group.

1.3 Reactor Thermohydraulics

1.3.1 Subchannel coolant flow in reactor fuel rod assemblies
(W.J. Green, J.D. Hooper, W.J. Crawford)

Further experimental studies of turbulence in developed single-phase flow
through a square-pitch rod array, in which the rod pitch/diameter ratio was
1.107, were made at four Reynolds numbers: 22.6 x 103, 46.3 x 103, 133 x 103

O
and 207.6 x 10°. For the three highest Reynolds numbers, there was little
effect of Reynolds number on the scaling of the wall shear stress, on the mean
velocity distribution, or on the Reynolds stresses. However, for the lowest
Reynolds number, ( i ) there was a slight decrease in the magnitude of the
Reynolds stresses, normalised to the local wall friction velocity, and ( i i )
mean velocity profiles were slightly below the logarithmic law of the wall
distribution, indicating that the Patel calibration of the Preston tube used
to measure the wall shear stress could be in error.

With a plate covering one half of the test-section flow area to create a
complete blockage of one sub-channel in the two-sub-channel test section, flow
recovery was investigated in the blocked sub-channel. The aims of this
experiment were to measure the structure of the recovering flow downstream of
the blockage, and to determine which parameters could be useful in diagnosing
the presence of upstream blockage. Measurements were made •». 3.9,, 5.0 and 7.0
m (91 diameters) downstream of the blockage.

All Reynolds stress terms, wall shear stress distribitions, mean velocity
profiles and secondary velocity components were measured in the unblocked and
blocked sub-channels. High turbulence prevented reliable measurements closer
than % 4 m from the blockage.
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Measurements of static pressure in the axial and azimuthal planes showed
that the pressure distribution recovered relatively quickly. The mean
velocity distribution was scaled in each case by the law of the wall (using
the Pate! constants). Thic, was not expected, since (i) turbulence intensity
was still high 3.9 m (50 diameters) from the blockage, and (ii) the flow
structure was markedly different from that in Patel's calibration studies. At
the 50-diameters position, the azimuthal turbulent mixing in the gap between
rods was about twice that for the unperturbed flow. Some evidence of skew-
induced secondary flows was provided by a rotated inclined hot-wire anemometer
probe. This contrasts with the case for developed flow, which showed no
evidence of secondary flow for the whole Reynolds number range.

Wall shear-stress distribution was the most sensitive indication of the
blockage. At the maximum downstream position (91 diameters), Reynolds
stresses and turbulent intensities reached levels typical of unperturbed flow,
but the wall shear stress still showed marked asymmetry.

1.3.2 Non-equilibrium transient thermohydraulics
(A.M. Dalton)

Development of a computer code, for the calculation of power transients
in a water-cooled nuclear reactor, was begun in 1979 and culminated in the
code NAIADQ. This code was developed from the code, NAIAD, which is based on
a coupled neutron-kinetics/hydrodynamics/heat transfer model, with point
kinetics and one-dimensional thermohydraulics equations. Particular attention
has been given to heat transfer from the fuel during rapid power transients.
The model includes rapid propagation of a superheated temperature point into
the coolant, and the assumption that vapour is generated within the growing
superheated layer at a non-equilibrium rate.

Calculations from this code have been compared with available information
on transients in experiments on the US SPERT II facility. These transients
covered a wide range of conditions of pressure, flow and heat transfer. The
code was able to provide good estimates of these transients and appears to be
a promising means of investigating thermodynamic non-equilibrium in two-phase
flow transients.
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1.3.3 HIFAR emergency core cooling system
(J.W. Connolly, J.R.T. Rodd, V.W. Cornford)

A detailed assessment has been completed of the experimental work
performed by J. Wolters (Julich) on the emergency core cooling system (ECCS)
developed for the DIDO class FRJ-2 reactor. Basically, the same system is
used for the ECCS of HIFAR. An independent assessment of Wolters' work and
the effect of design differences between the ECCSs of HIFAR and FRJ-2 was
required for a submission to the Regulatory Bureau.

As designed, the ECCS collects D20 (lost from the primary circuit in the
event of a circuit rupture) by means of a sump in the plant room floor. This
DgO is returned to the reactor aluminium tank by two pumps. The pumping
capacity of each pump is sufficient to maintain the water level in the reactor
tank above the arrays of holes in the fuel element shrouds. (A shroud is an
unheated flow-tube surrounding an assembly of fuel tubes.) During emergency
core cooling, jets of water from these holes strike the upper edges of the
fuel tubes and form a cooling water film falling down the outer surfaces of
the tubes.

The aim of this assessment was to identify factors which could impair or
negate the heat removal capabilities of the system. It was possible to
identify the coolant channel at greatest risk and provide quantitative values
for the following critical factors:

(i) The minimum water level required in the reactor tank for the
system to function.

(ii) The maximum allowable wave height on the free surface of the
water.

(iii) The shutdown power to be removed from HIFAR as a function of leak
rate.

(iv) The time delay before activation of the ECCS as a function of leak
rate.

(v) The effect of departure from film flow of coolant falling over the
fuel tube surfaces.
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The major design weakness identified in the HIFAR ECCS was the method of
delivering scavenged D20 back to the reactor tank. Since the D20 falls from
above the free surface of the water, surface waves are generated. If only one
pump were operational there is a definite probability that the height of these
waves would exceed a critical value and that the emergency core coolant flow
would be inadequate. With two pumps in operation and a higher water level, a
greater wave height could be tolerated. We believe that the falling return
flow must not generate waves of amplitude exceeding the critical value.
However, to depend upon the availability of two pumps negates the redundancy
principle intended in the present design. It may, therefore, be necessary
either to modify the method of returning D20 to the reactor tank (e.g. return
below the surface) or to provide extra pumps.

1.3.4 Maximum permissible heat flux in HIFAR irradiation rigs
(A.G. Chapman, N.D. Hargreaves)

In the production of molybdenum-99 by the irradiation of uranium oxide in
HIFAR, estimated heat fluxes at the surfaces of the irradiation cans exceed
those permitted by the HIFAR Safety Document and Operating Manual. There is,
however, no factual basis for the limits set. At the request of HIFAR
Operations Section, the safe limit of the rate of heat generation in an
irradiation rig was investigated.

The FLEX computer program was used to calculate that the existing burnout
and flow stability margins for coolant flow through the reactor fuel element
surrounding an irradiation rig were not affected by heat generation in the rig
at the maximum contemplated heat generation rate. Calculated estimates of the
rate and distribution of coolant flow around the cans were used with an
empirical burnout correlation to predict the power level at which burnout
would occur at the can surface. We then assessed the degree of uncertainty in
the calculations, applied appropriate safety margins, and made a
recommendation of maximum permissible heat generation rates, according to the
number of cans loaded. Because of the complex form of the coolant flow
passage, it is recommended that these estimates be regarded as provisional,
until experimental work has been completed to measure burnout powers in a
simulated irradiation rig.

This experimental work is in progress. The proportion of the reactor
channel coolant flow diverted to a hollow fuel element irradiation rig with a
perforated liner has been determined in a dummy fuel element assembly mounted
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in a water flow rig. Electrically-heated simulations of an irradiation can
have been designed and manufactured, and burnout experiments with heated cans
are proceeding. So far, the 'burnouts' that have been produced have been
abnormal, the point of burnout being substantially upstream of the coolant
outlet end of the can, indicating that flow disturbances are having an
important influence, and casting doubt on the predicted can burnout powers.

1.3.5 Critical heat flux and post-dryout heat transfer
(W.J. Green, J.R. Stevens, D. Wassink)

The pressurised Freon-12 facility, was used to obtain experimental data
on the thermal transient characteristics of uniformly heated tubes subjected
to fast electrical power ramp inputs and internally cooled at low flowrates by
Freon-12 in a two-phase state.

Analysis of the experimental data with the transient heat transfer code
THETRAN has shown that the heat transfer concepts developed for uniformly
heated tubes are also applicable to non-uniform heating conditions

An investigation is being made of heat transfer processes under slow
dryout and rewetting conditions using high thermal capacity test sections.

Because of the sensitivity which has been found in post-dryout heat
transfer analysis to the predicted value of the surface heat flux at which
dryout will initiate, and since available critical heat flux (CHF)
correlations are not reliable for Freon-12 over the range of conditions of
interest, experiments have been performed to assist in the development of a
CHF correlation which is more accurate than those currently available.
Extensive overseas data have also been examined and utilised in the
development of a general CHF correlation which is suitable for coolants in
uniformly heated tubes.

A dimensional analysis approach was used with attention being paid to the
concept that dimensionless groups may be interrelated, not only in a simple
product relationship, but also as power functions of one another. Only a
relatively small number of experimental Freon-12 data (a few hundred) were
used to develop the correlation but, when tested extensively against many
other Freon-12 data, it was accurate over a wide range of coolant conditions.
With only very minor modifications, the correlation also compared well with
over 7000 sets of water data. Excellent agreement between calculated and
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experimental CHF values was found for nearly all the water data in the
pressure range 3.4 to 18 MPa. At higher pressures, agreement was less good.
This was attributed to the surface tension and latent heat approaching zero as
the critical pressure is approached; we therefore emphasise the need for
precise knowledge of the local coolant conditions at high pressures. The
correlation has also been favourably tested against nitrogen data
demonstrating that it has a considerable degree of generality.

Very low flow CHF data (mass fluxes less than 300 kg s"1 nf2) were used
to indicate the presence of two distinct flow regimes analogous to single-
phase flow, and to show that although the proposed CHF correlation is
applicable to the vast majority of data, a different correlation is required
for very low flow rates. The same analytical techniques have been applied to
develop such a correlation, and to determine a means of delineating between
the high and low flow regimes.

1.3.6 Two-phase flow characteristics
(D.R.H. Beattie)

In this project, established single-phase flow turbulence concepts are
being extended to two-phase flows. Major developments during this period were
as follows:

(a) Turbulence stability concepts were used to derive a criterion for
the liquid film thickness of annular flows.

(b) The hydrodynamics of nucleating bubbles in boiling flow were
examined in terms of shear and surface tension acting on bubbles.
These concepts were extended to predict wall shear and average
void fraction for boiling flows.

(c) Some 'anomalous' features of heat transfer crisis characteristics,
namely, upstream crises and 'limiting quality' crises, were
explained in terms of discontinuities in crisis characteristics
caused by flow regime transition. A consequence of the
explanation is that the flow qualities at the onset of 'anomalous'
crises can be predicted from shear stress characteristics.

(d) For flow conditions where equations previously developed in the
project were not supported by data, these concepts were applied to
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the annular flow situation in which the liquid film is confined to
the viscous-dominated region near the wall.

(e) The two-phase concepts described above were applied to single-
phase flows in roughened tubes. Although the analysis led to some
conclusions which contradict accepted views on the influence of
roughness, it provided a theoretical basis for the hitherto purely
empirical 'Colebrook1 equation for the characteristics of
roughened tubes.

(f) A method of predicting wall shear in two-phase flow was developed,
based on a homogeneous model in which the 'homogeneous1 viscosity
is replaced by a simple expression which approximates bubbly
viscosity at low gas contents and annular flow viscosity at high
gas contents. The method thus partially allows for flow pattern
effects.

1.3.7 Neutron methods, for two-phase flow measurements
(J. Marshall, H.J. Woodley, R.J. Blevins)

Work on neutron techniques for the measurement of void patterns in two-
phase flow continued until mid-1981 when it was stopped because the effort was
required for other work. Flow patterns in which polythene sections simulated
the 1 liquid water phase and air the vapour phase were used. The type of flow
pattern could be selected, e.g. annular, stratified, or core (inverted
annular) flow.

A suitable shielding and collimating container was designed and
manufactured for tests on steam/water flows in a 5 cm bore pipe connected to
the HIPPOCRENE rig.

1.4 Other Topics

1.4.1 Reliability studies
(E.R. Corran, H.H. Witt)

Reliability analysis work at AAEC falls into two categories - development
of techniques and analysis of actual systems. In the current period, most of
the available effort has been directed to a reliability analysis of the HIFAR
ECCS. In 1980, a preliminary analysis had examined three possible ECCS
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configurations which were under consideration, and found that one had major
reliability advantages. This finding influenced the subsequent design
concept.

An extended analysis has been completed of the ECCS design submitted to
the Regulatory Bureau for second-stage approval. Unlike the preliminary
analysis, which examined only the parts of the ECCS which were the subject of
modification, the extended analysis examined all parts of the ECCS barrier,
such as the primary and secondary coolant loops and the power supplies, and
considered possible human error in operation and maintenance, as well as
hardware failures. Very careful evaluation was made of the data used and,
wherever appropriate, HIFAR records were used as the basis for analysis.

The extended analysis revealed that the final design had potential
shortcomings, which were eliminated from the design before construction. The
extended analysis shows that the final design complies with the reliability
goal required by the Regulatory Bureau.

An important aspect of study is the development of simple techniques for
reliability analysis, suitable for use by non-specialist staff. As a general
principle, the most suitable staff to carry out a reliability analysis are the
engineers and senior technicians within the design team. Thc<y will be far
more conversant with the system components than a lately arrived reliability
specialist can hope to be. The most fruitful method of reliability analysis,
therefore, would be for the specialist to provide suitable training for
members of the design team, for those members to perform the initial analysis,
and for the specialist to review their findings and advise on areas likely to
cause problems. However, for this approach to succeed, the techniques used
must be easily and quickly learnt and easy to apply. To this end, existing
analysis techniques are reviewed, with the objective of selecting and
developing methods that can be taught and applied simply. Although by no
means complete, the techniques were used for part of the ECCS analysis.

1.4.2 Fundamental analysis of stresses in pipe bends
(J.F. Whatham)

A rigorous analytical treatment, using thin shell theory, was developed
for calculating stresses in bends in circular pipes under in-plane and out-
of-plane loading, and in non-circular pipes under presssurisation and in-plane
bending. Derivation of exact solutions is of significant value for
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(i) providing design data for flange-ended pipe bends under various
loading conditions;

(ii) providing fundamental benchmark solutions for checking out
numerical methods such as finite elements for practical
situations; and

(ill) providing information on eigenvalues to assist (a) in developing
approximate energy methods, and (b) in choosing finite-element
patterns to reproduce essential features of the problem.

Following reports of this work in the literature, two overseas
institutions requested relevant computer codes. The AAEC supplied a program
package BENDPAC, containing all the codes, to the National Energy Software
Center, Argonne; it is expected to be included in its list of available
computer codes soon.

The programs were applied to the analysis of pipe bends in the HIFAR
primary cooling circuit. The technique could also be applied to primary
cooling circuits in power reactors.

2. FUSION TECHNOLOGY

2.1 Calculations for Magnetically Confined Plasmas

2.1.1 Antenna excitation of radiofrequency waves in plasmas
(B.E. Clancy, I.P. Donnelly (Applied Physics Division))

The excitation, propagation and damping of electromagnetic waves at
frequencies around the plasma ion-cyclotron frequency are being investigated
experimentally with the Sydney University TORTUS tokamak. The waves are
excited by an oscillating current loop antenna surrounding the plasma. The
motives for these experiments include the desire to provide efficient
radiofrequency heating of plasmas in a fusion reactor regime. We therefore
wish to be in a position to predict the energy deposition without experiment
by simulating the experiments numerically.

To this end a set of computer programs is being developed to calculate
the wave fields excited within a cylindrical vessel containing a cylindrical
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plasma and with a cylindrical conductor (to carry the current) placed at some
position between the edge of the plasma and the perfectly conducting vessel
walls. All fields and currents are taken to have a z-dependence given by the
expression exp(ikz) for integral values of kR, where R is the major radius of
the tokamak. The fields and currents thus found wil l then be terms in a
Fourier series which w i l l represent the situation in a toroidal vessel with a
loop antenna. The dielectric tensor used at points in the plasma takes
account of the toroidal magnetic field, the electron number density,
temperature and collision frequency.

The numerical simulation in these circumstances reduces to a solution of
Maxwell 's electromagnetic field equations within the cylindrical vessel using
appropriate boundary conditions at the vessel walls and at the current sheet.
If 0 is the poloidal variable, z the axial variable and t the time variable,
the electric field and magnetic induction vectors have the forms

E exp [ i(kz + me - wt)]
and B exp [i(kz + m0 - wt)]

respectively, the two (complex) vectors having components in the r, 6, z
directions. The Maxwell equations then reduce to four ordinary differential
equations of the form

dEe/dr = f1[Ee,Ez,Be,Bz,r,w]

dBe/dr = f2[Ee,Ez,B0,Bz,r,w]

dEz/dr = f3[Ee,Ez,B0,Bz,T,w;i

dBz/dr = f4CEe,Ez,Be,BzJ,w]

where f̂  fg, f3» f4 are appropriate functions which depend linearly on their
first four arguments. The components Ef, Br are related to the other field
components by simple analytic formulae.

Within the plasma, these differential equations admit of two linearly
independent solutions which are finite at the origin; a computer program is
being developed to find these solutions numerically as well as the simpler
(analytic) solutions in the vacuum. Suitable matching of the boundary
conditions then provides the required final solution.



For many frequencies and temperatures the numerical procedure is fraught
with difficulties arising from the fact that one of the independent plasma
solutions - probably associated with the 'electrostatic wave1 - can exhibit a
very rapid growth rate as the radial coordinate changes. This means that the
two solutions developed numerically will not be truly independent and the
solution method fails to produce sensible results.

A simpler (approximate) solution method has been developed which is not
subject to these problems. In this method the electric field component E is
taken as zero and two of the differential equations can then be ignored. The
wave fields developed by this method (akin to those denoted as transverse
electric waves in standard cavity resonator theory) produce results very
similar to those developed from the complete solution where it applies - at
least for frequencies above the ion-cyclotron frequency and for low
frequencies at which the Alfven wave resonance position is not in the plasma
proper.

Work aimed at developing a satisfactory solution to the complete problem
is continuing.

2.1.2 Numerical modelling of toroidal plasmas
(B.E. Clancy)

The particle and energy balance within magnetically confined toroidal
plasmas is being studied by numerical simulation. A computer code SCORCH (for
the AAEC's IBM3033S central computer) is being developed for this purpose.

The program calculates the losses and gains of energy and of particles,
according to theoretical rules which describe the transport coefficients in
the plasma (i.e. diffusion coefficients and thermal conductivities). Energy
balance arguments then enable the code to calculate the rates at which ion and
electron temperatures will change as a function of time. The plasma is
assumed to be quiescent and the development of gross instabilities is ignored.
The analysis is limited to the determination of volume-averaged electron and
ion densities and temperatures. However, the analysis can be applied to
specific geometrical shapes (e.g. toroidal) by assuming that the variation of
plasma densities and temperatures with distance from the magnetic axis of the
system can be described by simple algebraic functions, e.g. a parabolic
distribution.



Collision and ionisation rates needed for the analysis can be de'arnrined
from a comprehensive data library (compiled in collaboration with Applied
Physics Division). This library can also provide data for line-radiation
energy losses from partially ionised impurity ions which may be present in the
plasma.

The original formulation of the work was based on neo-classical theory,
but it is planned to modify the analysis to embody the empirical laws known as
'Alcator scaling'. These laws have been developed elsewhere from analysis and
from the results of various tokamak experiments.

The code has been used to predict values for the various energy-loss
terms in the Sydney University TORTUS machine during the plasma heating phase.
The theoretical predictions will be compared with experimental findings when
they become available.

The analysis has also been applied in a preliminary fashion to the
Rotamak concept. This cannot be expected to be satisfactory until a version
of the analysis can be developed which is not limited to magnetic field
configurations appropriate to tokamak machines. This development is in hand.

The code is expected to have longer-term application to scoping studies
of possible power reactor systems.

2.2 Fusion Blanket Neutronic Studies

2.2.1 Development of AUS modules and data library for fusion blanket
calculations
(G.S. Robinson)

A new group cross-section library for fusion blankets has been prepared
for use within the AUS code system. Previous AUS libraries have contained
only neutron cross-section data but the new library, AUS.ENDF200G, also
contains photon production and photon interaction data as well as kerma factor
data for energy deposition calculations. The number of neutron groups has
been increased from 128 to 200 by extending the energy range to 15.5 MeV and
using lethargy divisions as fine as 1/32 at high energies. The number of
photon groups is 37. The library currently contains the nuclides used in
fusion blanket designs, plus some of the more important nuclides for general
shielding calculations and fission reactor cores. Uranium isotope data are



included but not plutonium. The fission and shielding data have been included
to assist in data listing, but it is intended that this library alone will
eventually be used for all neutronic calculations.

The library has been prepared from ENDF/B-IV using a number of locally
written programs and programs obtained from the Radiation Shielding
Information Center (RSIC) at Oak Ridge National Laboratory. Treatment of
neutron data has been previously described. The AMPX module SMUG was used for
photon interaction data and the MACK. IV code for photon production and neutron
kerma data. The AMPX module LAPHNGAS, which has been used in a standard
method of generating photon production data, was tried initially, but proved
unsatisfactory for the weighting spectrum and the large number of thermal
groups used. The use of MACK IV for photon production data enabled the
generation of consistent photon production and neutron kerma data. A number
of modifications to MACK IV were required. In particular, provision was made
for various reactions to be kept separate to allow the output to be
renormalised to XLACS cross sections, and to allow for resonance shielding.

The AUS cross-section data pool structure was generalised to allow the
inclusion of photon data. Major modifications to the MIRANDA module were
required to process these data. Because it is expected that other modules
will work with cross-section data pools in which no distinction is made
between neutron and photon data, they required little modification.

2.2.2 Fusion blanket neutronics experiments
(G.W.K. Ford, J. Marshall, A.M. Dalton, H.J. Woodley,
W.J. Crawford, R.J. Blevins, C. Evans)

An essential part of a fusion power reactor is the surrounding blanket
which provides shielding, a means for extracting heat from the system, and
also the breeding of tritium through neutron interactions, e.g. with lithium.
The last of these, tritium production, is the main topic of this project.

The fusion reactor blanket neutronics study became a substantial project
of the Division in mid-1981 when it was agreed that the work should move to
Building 53 (Critical Facility). Up to that time, the experimental work had
been confined to commissioning an accelerator but, because of safety
considerations, it could not be used to produce neutrons. Building 53 has a
heavily shielded chamber which permits the neutron generator to be used with
minimal safety restrictions.



In the subsequent period the following activities have been undertaken:

(a) the commissioning of a 14 MeV neutron generator;

(b) the acquisition, commissioning and calibration of neutronic
measuring equipment;

(c) the selection of suitable techniques for measuring small amounts of
tritium produced in a proposed blanket material; and

(d) fusion blanket experiments.

Neutron generator

A 14 MeV Activatron accelerator generating neutrons by a deuterium-
tritium (D-T) reaction was available and considerable effort was spent in
bringing it into operation. Various parts had to be replaced or modified. By
the end of the period it could be operated at near to full rating in voltage
and ion current. There are still problems in achieving the i-ated neutron
output and these are being investigated.

Neutronics measuring equipment

The measurement of neutron flux is an essential part of most fusion
neutronics experiments and work has been in progress, in cooperation with
Applied Physics Division, to assemble and test equipment for this purpose.
Adequate discrimination between neutron and gamma radiation has been achieved
to enable neutron flux levels to be measured. The system depends upon
detection by an encapsulated organic liquid scintillator and a discriminator
system sensitive to the shape of the signal pulses. This system has been
calibrated against established equipment, using the Applied Physics Division's
neutron generator, and used to confirm and measure the suspected low neutron
production from the Activatron generator.

Tritium measurement
Another essential measurement is that of the tritium production in

lithium from neutron bombardment. A method has been developed, in conjunction
with Materials Division, for the manufacture of pellets of lithium carbonate
powdur enclosed in aluminium containers (tritium detection samples). These
will be us-ed to obtain an indication of tritium production distribution
throughout an experimental blanket assembly. Test samples have been
irradiated snd analysed by Isotope Division.
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Fusion blanket experiments
So far, only preliminary experiments have been carried out on tritium

production. An assembly of sacks filled with lithium carbonate was built to
form a one metre cube into which the accelerator target was inserted; the
accelerator was then run for several hours to generate neutrons and to
irradiate the stack, which also included several of the tritium detection
samples. Subsequently, some of these were analysed for tritium content. At
the present time, the tritium production has been found to be very low, owing
to low neutron production from the accelerator target. The reason for the low
neutron output is being investigated.

2.2.3 Calculations for fusion blanket neutronics experiments
(B.J. McGregor)

Calculations were made for comparison with an analysis, carried out by
Moshin and colleagues at Julich in 1980, of tritium production measurements in
a lithium aluminate assembly.

The experimental arrangement consisted of a cubic (20 cm) central source
region cm with an opening for an accelerator tube on one side. The source
region was surrounded by a lead zone of side 40 cm, then a lithium aluminate
zone of side 40 cm and a polythene zone of side 120 cm. Calculations were
first done on a one-dimensional (spherical) geometry with ANAUSN and then with
ANISN. A study was then undertaken with the Monte Carlo code MORSE using the
correct experimental (cubic) geometry to assess the effect of the spherical
approximation.

Calculated tritium production results are in good agreement with the
analysis of Moshin and co-workers, though there are substantial differences
between the calculations outside the tritium producing region. The MORSE
results with a cubic geometry gave a tritium production rate from 6Li that was
lower than that for the spherical assumption near the source, and greater when
remote from the source. The tritium production from Li was similar in cubic
or spherical geometry. For this well reflected system, production from 6Li is
the main source of tritium. These methods should be suitable for analysis of
the blanket neutronics experiments now being undertaken at Lucas Heights. In
this regard, preliminary calculations were made to estimate the tritium
production and sodium activation rates to be expected in a bar-e lithium
carbonate assembly.
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An investigation was made of practical methods for using point detector
estimation in the MORSE Monte Carlo code for fusion neutronics calculations,
since the use of the standard routines requires extremely long computer runs
to obtain reasonable statistical errors. A simple importance-sampling method
of choosing whether to include the effects on a detector of any collision in
the assembly substantially improved this application. The contribution of a
collision to a detector is included with probability varying inversely as the
square of the distance from the detector to the collision point. The weight
of a chosen colliding particle is altered to compensate for the collisions
that are not chosen. A number of methods were investigated for handling the
effects of collisions very near the detector which make the estimate
unbounded.

3. PUBLICATIONS AND CONFERENCE PRESENTATIONS

3.1 Journal Papers

Beattie, D.R.H. and Lawther, K.R. [1981] - Two-phase hydrodynamic experiments
with axial flow through seven-rod clusters. Int. J. Multiphase
Flow, 7:423-427.

Beattie, D.R.H. and Whalley, P.B. [1982] - A simple two-phase frictional
pressure drop calculation method. Int. J. Multiphase Flow, 8:83-87.

Corran, E.R. and Witt, H.H. [1982] - Reliability analysis techniques for the
design engineer. Reliability Eng., 3(1)47-57.

Green, W.J. and Lawther, K.R. [1981] - A flow boiling burnout correlation for
water and Freon-12. Nucl. Eng. Des., 67:13-25.

Hooper, J.D. [1980] - Developed single-phase turbulent flow through a square-
pitch rod cluster. Nucl. Eng. Des., 60:365-379.

Whatham, J.F. [1981] - Thin shell analysis of circular pipe bends. Trans.
Inst. Eng., Aust., CE23:234-245.

Whatham, J.F. [1981] - Thin shell analysis of non-circular pipe bends. Nucl.
Eng. Des., 67:287-296.



NTD-27

3.2 Reports

Seattle, D.R.H. [1981] - A smooth tube analogue of roughened wall
thermohydraulics. AERE-R10194.

Chapman, A.6. and Carrard, G. [1981] - Compilation of experimental burnout
data for axial flow of water in rod bundles. AAEC/E500.

Green, W.J. [1981] - Adaptation of a Freon-12 critical heat flux correlation
to correlate water data from uniformly heated vertical tubes. Part
I: Based on critical heat flux data for water at pressures of 3 to
14 MPa. AAEC/E532.

Green, W.J. [1982] - Adaptation of a Freon-12 CHF correlation to apply for
water in uniformly heated vertical tubes. Part II: Based on CHF
data for water pressures in the range 6-20 MPa. AAEC/E536.

Green, W.J. [1982] - An investigation of critical heat fluxes in vertical
tubes internally cooled by Freon-12. Part II: The development of a
critical heat flux correlation for uniformly heated tubes.
AAEC/E528.

Green, W.J. and Jacobs, W.S. [1981] - THETRAN - A two-dimensional heat
transport code for analysing power transients. AAEC/E507.

Green, W.J. and Stevens, J.R. [1981] - An investigaton of critical heat fluxes
in vertical tubes internally cooled by Freon-12. Part I: Critical
heat flux experiments with axially uniform and non-uniform heating
and comparison of data with selected correlation. AAEC/E517.

Holland, P.G. and Marshall, J. [1981] - The use of ZOCO. V in analysing the
OECD/CSNI numerical benchmark problem. OECD/CSNI SINDOC(81)10.

Hooper, J.D. and Harris, R.W. [1982] - Hot wire anemometry technique for an
automated turbulence measurement rig. AAEC/E516.

Marshall, J. [1980] - Containment safety research at the AAEC's Research
Establishment, Lucas Heights. OECD/CSNI SJNDOC(80)105.



N'lD-28

Marshall, J. [1980] - AAEC: Proposed two-compartment containment experiment. i
OECD/CSNI SINOOC(80)219.

4

Marshall, 0. and Holland, P.G. [1981] - AAEC containment experiment proposed
for OECD/CSNI containment analysis standard problem. OECD/CSNI
SINDOC(81)12.

Marshall, J., Holland, P.G. and Woodman, W.B. [1981] - OECD/CSNI containment
analysis standard problem No.3. Experimental results. OECD/CSNI
CASP3-1.

Turner, W.J. [1982] - MOVIES, plotting and printing of output from serial
calculations. AAEC/E529.

Whatham, J.F. [1981] - The use of computer codes BENDEF and PRESEF. AAEC/M98.
Amended June 1982.

Whatham, J.F. [1982] - The use of computer codes FLEXIN and FLEXOT. AAEC/M99.

Whatham, J.F. [1982] - The use of computer codes SHEREF, COILEF and TURNEF.
AAEC/M100. »

3.3 Internal Reports

Corran, E.R. and Witt, H.H. [1982] - A reliability study of the HIFAR ECCS.
NT/TN426,

Woodley, H.J. and Blevins, R.J. [1981] - Measurement of voidage and flow using
neutrons. ER/TN421.

3.4 Conference Papers

Beattie, D.R.H. [1980] - A point of inflection criterion for annular two-phase
flow. European Two-phase Flow Group Meeting, Univ. of Strathclyde,
Glasgow, Scotland, June.

Beattie, D.R.H. [1980] - An evaluation of two bubble-detachment models for
two-phase flow. ANS-ASME Int. Topical Meeting on Nuclear Reactor ,
Thermohydraulics, Saratoga, Wyoming, USA, October. NUREG/CP-0014,
p.1343. *



NTD-29

Seattle, D.R.H. [1981] - Hydrodynamic regime change effects on critical heat
flux characteristics. European Two-phase Flow Group Meeting, Univ.
of Technology, Eindhoven, The Netherlands, June.

Beattie, D.R.H. and Hanna, G.L. [1980] - The accurate measurement of flow
rates in gas and wet steam systems using a radio-tracer technique.
Proc. 8th National Chemical Engineering Cont., CHEMECA 80, August.

Beattie, D.R.H. and Lawther, K.R. [1980] - Experiments on air-water flows in
an eccentric annular channel. Proc. 7th Australasian Hydraulics and
Fluid Mechanics Conf., Brisbane, August.

Corran, E.R. [1981] - Reliability theory. Inst. Eng., Aust. Risk Engineering
Symposium, Melbourne, October.

Corran, E.R. [1981] - Design of reliable control and protective systems.
Inst. Eng., Aust. Risk Engineering Symposium, Melbourne, October.

Green, W.J. and Lawther, K.R. [1980] - An experimental study of dryout heat
transfer in tubes by a temperature transient method. ANS-ASME Int.
Topical Meeting on Nuclear Reactor Thermohydraulics, Saratoga,
Wyoming, USA, October. NUREG/CP-0014, p.1092.

Green, W.J. and Lawther, K.R. [1981] - An investigation of flow boiling dryout
transients. Proc. Third OECD-NEA/CSNI Specialists' Meeting on
Transient Two-phase Flow, Pasadena, California, USA, March.

Green, W.J. and Lawther, K.R. [1982] - Application of a general critical heat
flux correlation for coolant flows in uniformly heated tubes to high
pressure water and liquid nitrogen. Seventh Int. Heat Transfer
Conf., Munich, FRG, 6-10 September.

Hooper, J.D. [1980] - Measurement of secondary flows in rod cluster geometry.
Proc. 7th Australasian Hydraulics and Fluid Mechanics. Conf.,
Brisbane, August.

Hooper, J.D., Crawford, W.J. and Hincksman, M.J. [1980] - Turbulent momentum
interchange between connected flow passages. Proc. 7th Australasian
Hydraulics and Fluid Mechanics Conf., Brisbane, August.



NTD-30

Ilic, V., Marshall, J. and Woodley, H.J. [1980] - Application of neutron
techniques to the measurement of two-phase flow parameters. Proc.
7th Australasian Hydraulics and Fluid Mechanics Conf., Brisbane,
August.


