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The Hon. the Minister of Mineral and Energy Affairs
P.O. Box 745
CAPE TOWN
8000

Sir

I have pleasure in presenting to you the Twenty-Fifth Annual Report of the Atomic Energy Board. This report
covers the period 1 January 1981 to 31 December 1981.

Balance sheets and statements of income and expenditure for the financial year ended 31 March 1981, certified
by the Auditor-General, are included.

J.W.L. de Villiers
PRESIDENT
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REVIEW 1981
On 23 June 1981 the Cabinet, after due consideration of the
recommendations of the Committee of Inquiry into the
Restructuring of Nuclear Activities in the Republic of
South Africa, decided to adopt these recommendations with a
minimum of qualifications. It was decided that the nuclear
activities of the Atomic Energy Board (AEB) and the Uranium
Enrichment'Corporation of South Africa Limited (UCOR)
would in future be administered under a single corporate
structure to be constituted in due course by the Minister of
Mineral and Energy Affairs.

On 27 July the Minister announced that on 23 July the Cabinet
had approved that Dr J.W.L. de Villiers, President of the AEB,
had been designated Chairman of the proposed board of
control. The Minister also announced the appointment of an
interim Board of Directors, consisting of Dr N. Stutterheim, Mr
J. A. Stegmann and Mr S. J.P. du Plessis, to assist the Chairman
Designate in preparing legislation for the establishment of the
Atomic Energy Corporation of South Africa Limited, and to
make proposals to the Minister, for his consideration, on the
implementation of the Cabinet decision. In the meantime the
management structures of the AEB and UCOR would remain
unchanged. In accordance with the Cabinet decision of 23 June,
transfer of the Extraction Metallurgy Division to the National
Institute for Metallurgy (NIM)* at Randburg was effected on
1 August, while negotiations in respect i.f the transfer of the
Life Sciences Division to the University of Pretoria as a
Research Institute of that University were initiated. As a first
step towards the overall restructuring, parity of salaries and
conditions of service for staff of UCOR and the AEB was
introduced with effect from 1 July.

Other highlights of the year under review were manifold. On
21 April the Minister of Mineral and Energy Affairs announced
that, for the first time, locally produced and enriched uranium
fuel was being used to operate the SAFARI-1 research reactor.
In September a private company began operating a radiation
sterilisation service at the new 6-megacurie gamma irradiator at
Isando, rendering the existing package irradiation plant at
Pelindaba available for food-preservation studies. Large-scale
processing of strawberries was undertaken in this plant from
October to December. In November the French contractors for
the Koeberg nuclear power station announced that'they had
been supplied with sufficient enriched uranium to provide fuel
for the first core loading of Koeberg, thus ensuring that Unit 1
of the station can be commissioned as planned. Licensing
Branch inspectors were again constantly engaged in the
licensing process and safety analyses for the power station. On
12 March the new Isotope Production Centre was inaugurated
at Pelindaba, the continued supply of radioisotopes for use in
medicine, agriculture and industry thus being assured. There
are at present 708 non-medical and 62 medical users of
radioisotopes in South Africa.

The routine but very important work of ensuring the health and
safety of all members of staff continued. On 22 December the
AEB achieved "millionaire status" by completing one million
man-hours of work without incapacitating injury on duty.

Several projects of a fundamental nature continued to receive
attention. These projects covered the fields of nuclear physics,
theoretical physics, plasma physics, solid-state physics,
radiation chemistry and life sciences.

The efficiency of the computing services of the AEB rendered
by the central computer was improved by reduction of the
average time per job.

The demand for the development, construction and main-
tenance of electronic systems continued unabated. The
expansion of the CAMAC system, as well as of general digital
systems, is continuing successfully.

Disposal of solid and liquid radioactive waste was again strictly
controlled. Some 328 000 cubic metres of effluent were
discharged to the Crocodile River during the year. The total
actual activity of this effluent was 178 millicuries, which
constitutes less than 3,8 % of the total discharge activity
permitted by the Department of Environmental Affairs.

Engineering services were provided for widely divergent
requirements, despite problems regarding staff recruitment
and the acquisition of certain materials.

In the wake of INFCE, the International Atomic Energy Agency
(IAEA) established a Committee on Assurances of Supply
(CAS) to discuss means of ensuring a stable supply of fuel for
civil nuclear power production. Political pressures at the
Agency led to South Africa's exclusion from this Committee. In
addition to a number of scientists spending periods of time
abroad in connection with the Board's research program and
licensing matters, South African expertise was invoked on more
than one occasion by the IAEA by way of invitation to experts to
serve on advisory groups and working groups. A number of
distinguished visitors were received at Pelindaba, a total of
some 1 086 persons being received in the course of the year.

Information services on nuclear science and technology
continued to be provided by the AEB Library which is the
national depository for literature in these fields. A total of 2 674
new books and 771 volumes of bound periodicals were added to
the Librai-y in the year under review. The total bookstock is now
529 315.

A wide variety of services was provided by the five
Administrative Divisions of the AEB. On 31 December 1981
there were in all 1 852 persons in the service of the AEB,
including learner technicians and apprentices. Difficulty was
again experienced in the recruitment of certain categories
of staff.

*Council far Mineral Technology (MINTEK) with effect from I November 1981.
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NUCLEAR MATERIALS
Virtually all activities undertaken by the State in South Africa
relating to the development of resources of nuclear materials
are centred around or coordinated by the AEB. Six of the
AEB's Divisions have for a number of years been involved in
the Nuclear Raw Materials Program.

The Geology Division is responsible for establishing the
extent and nature of uranium resources in the Republic of
South Africa and the compilation of statistics in this connection.
These are submitted to the Minister and to national ar d inter-
national agencies. The work is done in close cooperation with
the mining industry and various governmental bodies.

Radiometric analysis of uranium ores and the assessment of
radiation hazards in uranium mines and extraction plants are
carried ou'. by the Isotopes and Radiation Division.

The Extraction Metallurgy Division, which hitherto was
responsible for all research and development undertaken by
the State in South Africa on the processing of uranium,
th'jrium dr.d zirconium, was, by Cabinet decision, transferred
during the year to the Council for Mineral Technology
(MINTEK), formerly the National Institute for Metallurgy.
The work in question continues to be done in collaboration
with mining groups that are members of the Nuclear Fuels
Corporation of South Africa (NUFCOR).

The development of the technology necessary for the
conversion of uranium concentrates, produced by the mines,
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r to a form suitable for enrichment by the Uranium Enrichment
Corporation of South Africa (UCOR), is the responsibility of
the Process Metallurgy Division.

The Physical Metallurgy Division is engaged in the develop-
ment on laboratory scale of methods for the manufacture of
uranium dioxide fuel from local feed material, including the
study of the properties and behaviour of such fuel under
irradiation. It is also involved in the design and establishment
of a metallurgical hot-cell complex.

The Chemistry Division is charged with the responsibility of
developing new and improved analytical techniques
(particularly neutron activation analysis) which can benefit
exploration for uranium and other nuclear raw materials. It is
also involved in the basic geochemical characterisation of
mineral deposits.

Uranium Resource Evaluation in South Africa
The Geology Division, in close cooperation with the mining
industry, carries out uranium resource evaluation on an on-
going basis. In carrying out this evaluation, the classification
recommended by the Joint Working Party of the Nuclear
Energy Agency (NEA) of the OECD and the International
Atomic Energy Agency (IAEA) on Uranium Resources is
followed in broad terms. In order to preserve company
confidentiality the details of the findings are released in
summary form only. In accordance with the classification
recommended by the IAEA, the cost categories refer to the
cost of production and not to the selling price. In arriving at
these estimates, mining and metallurgical losses have been
taken into account. About 11 % of South Africa's uranium
resources occur outside the Witwatersrand Basin, the most
important being the uraniferous coal deposits of the northern
Transvaal, followed by the sandstone occurrences in the
southern Karoo, the carbonatite at Phalaborwa, and the
surficial deposits of the northern Cape. South Africa's
uranium resources were re-evaluated by the Geology Division
during the first quarter of 1981. The results are given in the
following Table.

As illustrated in the Table below, South Africa has the second
largest uranium resources in the Western World in the less
than $13O/kg 'J ($50/lb U3O8) cost category.

r
THE WESTERN WORLDS REASONABLY

ASSURED URANIUM RESOURCES RECOVER-
ABLE AT COSTS OF LESS THAN $130/kg U

as at 1 JANUARY 1981

COUNTRY

USA

South Africa
Australia
Canada
Rest of

Western World

TOTAL

TONS U*

605 000
356 000
317 000
258 000

757 000

2 293 000

PERCENTAGE OF TOTAL

26

16

14
11

33

100

tu=i.i8tu3O8

As a consequence of the fluctuating gold price and the current
oversupply of uranium, the Board, in cooperation with the
mining industry, has re-evaluated uranium resources in the
less than $80/kg U ($30/lb U3O8) cost bracket in order to give
a more realistic estimate of the resources recoverable under
current market conditions. Altnough these figures remain
confidential, it can be stated with confidence that South Africa
will remain a major producer even under these conditions.

Uranium Production
Approximately 98 % of South Africa's uranium is produced
from the quartz-pebble conglomerate ores of the Witwatersrand
Basin, as a byproduct or co-product of gold. The remainder of

URANIUM RESOURCES RECOVERABLE AT COSTS OF LESS THAN $130/kg U
AS AT 1 JANUARY 1981

ROCK TYPE

Quartz pebble
conglomerates

Tailings

Carbonatite

Karoo strata

Younger surficial
sediments

TOTAL

TONS U*

REASONABLY ASSURED RESOURCES
(RAR)

Recoverable
at

<$80/kgU

206 000

35 000

3 000

3 000

-

247 000

Recoverable
at

$80-130/kgU

55 000

9 000

-

44 000

1000

109 000

Total
RAR

<$130/kgU

261 000

44 000

3 000

47 000

1000

356 000

ESTIMATED ADDITIONAL RESOURCES
(EAR)

Recoverable
at

<$80/kgU

81000

2 000

-

1000

-

84 000

Recoverable
at

$8O-130/kgU

80 000

5 000

-

6 000

-

91000

Total
EAR

<$13O/kg U

161 000

7 000

-

7 000

-

175 000

TOTAL
RAR + EAR

Recoverable
at

<$130/kg U

422 000

51000

3 000

54 000

1000

531 000

*1 tU = l,18tU3Og
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r South Africa's uranium comes from the Phalaborwa carbonatite
deposit, where it is extracted as a byproduct of copper.

The depressed state of the uranium market has resulted in a
marked drop in uranium revenue and has caused some
uranium producers to cut down on production, or, as is the
case with certain others, to phase out their production
entirely. In spite of this, South Africa still continues to
produce a substantial amount of the Western World's uranium,
as illustrated in the Table below.

1980 URANIUM PRODUCTION OF THE
WESTERN WORLD,

AS PUBLISHED BY THE IAEA

COUNTRY

USA

Canada

South Africa

Niger

Namibia

France

Australia

Gabon

Others

TOTAL

TONNESU

16 800

7 150

6 146

4 100

4 042

2 634

1 561

1 033

499

43 965

PERCENTAGE

38

16

14

9
9

6

4
2,5

1,5

100

During 1981 South Africa produced an estimated 6 1311U.
This represents a decrease of 0,25 % over 1980 when 6 146 t U
were produced.

Uranium Exploration
During 1980, 26 companies spentR21.5 million exploringfor
uranium in the Republic, as compared with R23 million in
1979. In addition to technical assistance and advice given
freely to industry, the follow-up of airborne surveys, and
various research projects, the State spent R577 000 on
airborne radiometric and magnetic surveys during 1980.

While not actively engaged in physical exploration, the AEB
maintains close contact with the mining and exploration
companies. It also provides technical expertise in a number of
fields. The main geological environments showing the presence
of uranium are discussed below.

Quartz-Pebble Conglomerates
Prospecting in the Witwatersrand Basin during 1981 was
carried out primarily for gold. As most of this prospecting is
being done in uranium-rich areas, it has the effect of increasing
the uranium resources as well.

Karoo Sediments
As a result of depressed market conditions exploitation plans
for the Karoo sandstone deposits were largely shelved. There
was a marked decrease in exploration activities, but two
companies continued prospecting foruranium in the southern
Cape Province and the eastern Orange Free State. Options
were exercised over a number of properties, while others were
allowed to lapse. Prospecting in the Springbok Flats
uraniferous coal deposits continued, and feasibility studies
were carried out.

Other Formations
The depressed uranium market, together with the low grade of
the mineralisation encountered in the granitic and metamorphic
rocks of the northwest Cape, Natal and the Transvaal, and in
the uraniferous surficial deposits of the northwest Cape,
resulted in a major decrease in exploration activities.

Phosphate Deposits
The uraniferous phosphorite deposits on the Agulhas Bank
continued to receive attention. New samples from the high-
grade phosphate areas were received and are being analysed
for uranium.

Geological and Allied Research
Karoo Airborne Survey
The airborne radiometric and magnetic survey of the Karoo
Basin, undertaken jointly with the Geological Survey, was
nearly completed; only 2 % is still outstanding. Several high-
grade anomalies of limited extent were detected and are
currently being followed up by the Geological Survey, but the
slump in the uranium market has considerably depressed the
interest of the mining companies involved. To date the data
from seven blocks, out of a total of 17, have been released.

Calibration Facilities
The use of the AEB gamma-ray-counter calibration facilities
at Pelindaba, Beaufort West and Potchefstroom was consider-
ably reduced, with 83 registered users as opposed to 115
during the 1980 review period. This represents the first
noteworthy reduction in the use of the calibration facilities
since they were introduced in 1973. Another goal in the
provision of calibration facilities was attained with the com-
pletion, at Lanseria Airport, of four calibration pads for the
quantitative standardisation of airborne radiometric instru-
ments. The pads, one each for background, potassium,
uranium and thorium, measure 8 m in diameter and 400 mm
in thickness, and required 801 of specially prepared concrete
spiked with uranium ore.

Basic Research
Research in the fields of sedimentology, mineralogy and
geochemistry is undertaken by the AEB with the specific
purpose of assisting industry in the delineation of target areas
for uranium prospecting.

Nuclear techniques such as fission-track micromapping, and
more recently fission-track dating, are being developed with a
view to providing data on age relationships of rocks, with
specific reference to the selection of sites for the disposal of
radioactive waste.

Interpretation of the airborne magnetic surveys over the
uranium-rich granites of the Damara Mobile Belt was improved
by the inclusion of a computer modelling program.

Grants are given to several universities to undertake geological
research on uranium-bearing formations, with particular
reference to the Witwatersrand quartz-pebble conglomerates
and the granites of the southwestern and northwestern Cape
and southern Natal.

r



r In collaboration with the Geological Survey, a geochemical
investigation of certain uranium occurrences in the Karoo is in
its final stages and a report will follow completion of additional
analysis of results. Independent investigations on other
occurrences are still in progress and results obtained to date
from these projects are encouraging.

A national long-term, hydrogeochemical project, in which
uranium in groundwater samples supplied by several State
departments and other sources is analysed, is still in progress.
Uranium analyses on similar samples received from the
Republic of Bophuthatswana were completed.

A feasibility study on the in situ determination of uranium
grade in the Witwatersrand mines has ended and the results
indicate that this technique can be successfully and
economically applied to this type of situation.

Analytical Methods for Uranium Prospecting
Methods using alpha and gamma spectrometry were further
improved, making possible a variety of analyses of uranium,
radium and other decay products in ores and related materials.
Routine analyses of equivalent uranium, thorium and radium
were performed on request.

As a contribution to the NEA/IAEA group on Research and
Development in the Measurement of Natural Gamma Radia-
tion, a portable gamma spectrometer was used in an inter-
comparative study between the AEB Pelindaba calibration
facility and similar facilities located at Borlange in Sweden
and Ris<5 in Denmark. The excellent results achieved during
this experiment substantiated the AEB's confidence in the
accuracy of the Pelindaba calibration methodology.

The determination of uranium in underground water, soil
samples and stream sediments by means of delayed-neutron
counting continued, although prospecting by mining companies
was substantially curtailed because of the current condition of
the uranium market, and the volume of work decreased
accordingly.

At the request of the NUFCOR group of companies, MINTEK
prepared a set of standard reference materials. Bulk quantities
of ten uranium-bearing materials were comminuted, tested
for homogeneity and despatched to fourteen South African
and seven overseas laboratories. Analytical data from these
twenty-one laboratories were evaluated statistically and
uranium concentrations have been assigned to each material.
The availability of these certified reference materials has
been announced. They will provide a valuable set of standards
for calibration and reference in the determination of uranium
in Witwatersrand ores, pyrite concentrates and calcine. The
suite of materials includes a Karoo ore and a calcrete material.
The AEB took part in this project.

The study of perturbation of the equilibrium between the
decay products of uranium continued. For this study methods
are being developed so that the activities of uranium, thorium,
radium, polonium and lead can be measured quantitatively
after the elements in question have been separated in a pure
form from the original sample. The method must be such that
a variety of sample types can be measured on a routine basis in
order that the technique can be made available as a service to
other organisations.

A geochemical project being carried out with the Geological
Survey neared completion. During the rounding off and
interpretation of experimental data it became clear that a
limited quantity of mineralogical data would be essential for
clearing up certain obscurities. This information is being
collected at present. A full investigation of a unique set of
subsurface samples will be initiated to ascertain how usable
the available geochemical models are.

Radiation Hazards in the SA Mining Industry
Although no specific investigations were requested by the
mines or the Government Mining Engineer, training was
provided to individuals on aspects of radiation monitoring and
control. Results of monitoring programs at various uranium-
processing facilities and their applicability in assessing the
exposure of workers in uranium-milling facilities were
presented at an international conference on radiation hazards
in mining.

Instruments for measuring ambient radon concentrations
were acquired and calibrated in a facility developed for this
purpose. A program for measuring radon levels in and around
the tailings dams on the Witwatersrand was initiated. Air-
borne radiometry data from the Geological Survey are being
used to determine radium concentrations in tailings dams,
from which the population dose due to radon emanating from
these dams will be calculated.

Radioactive Waste Site Selection Program
During the period under review the Radioactive Waste
Disposal Project gained momentum. Regional investigations
over a wide area commenced involving cooperation with the
mining industry, the Geological Survey and other State and
private organisations. Detailed geological and hydrological
investigations of potential target areas are currently
under way.

Mineralogy
A literature review of the occurrence of uranium in the
Witwatersrand Basin was prepared to provide a framework
within which the geological and mineralogical constraints on
the enhancement of metallurgical recovery could be identified.
This was followed by visits to all current uranium-producing
gold mines to acquire a comprehensive suite of samples. A
microscopic study of these samples has helped to define the
textural relationship between uranium minerals and gangue
materials.

Ore Dressing
Few uranium minerals are amenable to physical concentration
processes. The up-grading of uranium in association with
gold-bearing ores by wet, high-intensity magnetic separation
(WHIMS) and by flotation has met with'a measure of success
owing to the association of uranium with other minerals more
susceptible to these techniques. A WHIMS pilot plant at
Stilfontein Gold Mine has demonstrated that a gold- and
uranium-rich fraction can be recovered from current tailings
material suitable for recycle through uranium and gold
recovery plants.

~1



Equipment has been developed for the radiometric sorting of
uranium-containing ore by two local equipment vendors. The
AEB supervised the testing of material from a Karoo prospect
by this technique with a view to increasing the concentration
in the feed to a recovery plant and thus decreasing the unit
cost of production.

HydrometaKurgy
The largest source of loss in the overall process for the
extraction and recovery of uranium from Witwaters^and ores
lies in the leaching operation. An integrated program has been
initiated to investigate both the fundamentals and practice of
the acid leaching of uranium, with the objective of defining
the relationship between cost and efficiency of recovery as a
function of ore characteristics and process conditions.
Laboratory investigations have been employed to map the
response of an ore to a combination of controllable variables.
A demonstration leach on a full-scale uranium production
plant was operated by AEB staff to prove the principles
established in the laboratory and to establish the optimum
strategy with respect to reagent usage, instrumentation, and
control procedures in a production environment.

The cost of solid/liquid separation after leaching represents a
considerable proportion of the total operating costs of a plant
for the production of uranium concentrates. The extraction of
uranium directly from the leach pulp affords the opportunity
of obviating this costly process. The technique of resin-in-
pulp (RIP) represents a method for achieving this end.
However, the engineering problems associated with the
contact of ion-exchange resin beads with leach pulp in a
countercurrent mode require exploration and solution before
this process can be scaled up with confidence. A 1 t/h pilot
plant has been operated with some success, using technology
similar to that now widely applied in the extraction of gold by
the carbon-in-pulp technique.

The substitution of an existing continuous-ion-exchange
system by NEVICDC continuous-ion-exchange contactors at a
major uranium plant has required a range of services from the
AEB. The feed solution to the recovery section of this plant
was subjected to a battery of bench-scale tests to generate the
parameters necessary for the process design of the full-
scale NIMCIX contactors. Thereafter, engineering studies
were conducted in collaboration with the mine and their
chosen contractor to ensure that the NIMCIX licensed
technology was exploited to the optimum benefit of the
production plant. The new plant will come into production
during the first half of 1982.

Production of Uranium Hexafluoride (UFe)
The pilot plant was operated with the experimental feeder.
Improvements to the feeder and ancillary equipment were
made throughout the period.

The experimental secondary crystalliser with a built-in
refrigeration facility was used on-line and operated success-
fully, although minor modifications were necessary.

"1
Pilot Plant for UF6 Distillation
The pilot plant was operated satisfactorily until the end of
July. At this stage problems were encountered with the feed
vessels and it was decided to replace both the feed and the
accept vessels. The new vessels were delivered in December.

Development and test work continued on the on-line mass
spectrometer.

UF4 Production Technology
The UO3 production section completed the production
program required of it without any major problems.

The UF4 pilot plant was operated until the end of May, at
which time the plant was dismantled in order to fit a new
reactor. The new reactor was delivered and reassembly of
the pilot plant was commenced.

Fuel Development
Light-water nuclear power reactors, such as those being
erected at the Koeberg nuclear power station, employ uranium
dioxide (UO2) fuel. With a view to the possible production of
such fuel in South Africa in the future, suitable manufacturing
methods employing local feed material are being investigated
and developed on a laboratory scale.

Although the irradiation testing of UO2 and reactor construc-
tional materials has perforce had to be temporarily suspended
due to the low-power operation of the research reactor
SAFARI-1, improved irradiation facilities have been designed
with a view to the resumption of the irradiation testing
program when SAFARI-1 recommences normal full-power
operation.

Metallurgical Hot-Cell Complex
The availability of comprehensive post-irradiation examina-
tion and testing facilities is a necessary adjunct to South
Africa's nuclear power program and the AEB's irradiation
testing program. The design of a suitable metallurgical hot-cell
complex to be erected at Pelindaba was finalised. Construction
of the complex was commenced and a considerable amount of
equipment was ordered and received. When completed, the
facility will be equipped to examine and test any fuel elements
in the Koeberg reactors in which defects might arise, as well as
catering for the post-irradiation testing of samples from the
AEB'S materials irradiation program and surveillance samples
from the Koeberg reactors.
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NUCLEAR POWER
Work on the Koeberg nuclear power station at Duynefontein
continued on schedule. The civ.l engineering work on the site
was essentially completed. The primary circuit, steam
generators and reactor pressure vessel for Unit 1 were
installed. In November, the Electricity Supply Commission
(ESCOM) announced that it had succeeded in obtaining suf-
ficient fuel on the international market for the first core loading,
and that Unit 1 would be commissioned towards the end of
1982 as scheduled. The preoperational environmental study
at Duynefontein, commenced in 1978, was completed and
responsibility for the corresponding operational program was
handed over to ESCOM.

In the wake of INFCE, the IAEA constituted a Committee on
the Assurance of Supply (CAS) to discuss ways and means of
ensuring an adequate supply of fuel for civil nuclear power
undertakings. In spite of efforts on the part of South Africa to
make a positive contribution to the work of this Committee,
political pressures led to its exclusion from the Committee.

_ i Photograph on opposite page

A recent photograph of ESCOM's nuclear power plant at
Koeberg shows the good progress being made.



r The general worldwide nuclear power picture did not change
radically during the year, with pressure groups continuing to
campaign against further development. However, there were
a number of encouraging general policy statements relating to
nuclear power on the part of the US Administration. Increased
efforts on the part of the IAEA to ensure the application of
safeguards to nuclear installations have hopefully reinforced
prospects for a brighter future for nuclear power in meeting the
ever-expanding energy requirements of a developing world.

Duynefontein Environmental Studies

The preoperational environmental study started during 1978
was completed. This program was aimed at establishing an
infrastructure which included a fully equipped environmental
laboratory at the Koeberg site, acquisition and calibration of
instrumentation, development of analytical methods and
techniques, training of personnel, and the determination of
background radiation levels in various media of the Duynefon-
tein environment. The AEB scientist responsible for this

program completed his task and handed over responsibility
for the operational program to ESCOM.

The acquisition of meteorological data by means of the ten-
station telemetry system continued. This real-time data has
proved extremely valuable to other workers interested in the
ventilation potential of the Western Cape. The data are being
processed in various forms, viz. six-hourly wind roses for
correlation with synoptic forecasts by the Weather Bureau,
stick diagrams for comparisons between individual stations,
and real-time inputs for plume modelling.

Data from the main meteorological mast at Koeberg, which
include wind speed and direction at three altitudes, and the
vertical temperature profile and wind variability through
measurement of the deviation in the horizontal and vertical
planes, are being processed and correlated for use in disper-
sion predictions.

The study of coastal-water movement ueared completion. A
large data base, consisting of wind, temperature and current
data, was completed and became available for computer
modelling.

1
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RADIOISOTOPES AND RADIATION
The AEB actively encourages the use of radioisotopes and
radiation in specific applications in industry, medicine, agricul-
ture and research. These techniques are promoted directly
by the Isotopes and Radiation Division and the Chemistry
Division, which collaborate closely with MINTEK, Industry,
Government Departments, Universities and other organisations.

and Promotion of NuclearApplication
Techniques
A prototype portable instrument for the determination of
internal defects in wooden utility poles, due to wood decay or
termite infestation, was developed. Field tests carried out by
the South African Bureau of Standards (SABS) indicated that
the method involving a radioactive source and using either
transmission or backscattering of low-energy gamma rays, is
extremely promising. The instrument was patented. Pending
further tests, its physical design may be improved to facilitate
field operation.

Ore sorting is of great importance in reducing operational
costs in the mining industry. A recent development by a gold-
mining company produced an ore sorter for gold, based on the
measurement of the associated uranium content of the ore. The
need also exists for on-line measurement of the gold content in
the ore. Various nuclear techniques have been investigated in
the past, but none could give the required sensitivity. This

r
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r problem is now being studied from the point of view of new
developments in the field of particle accelerators, detectors
and data processing, in the hope that sensitivity may be
improved to a practical level.

A depth gauge to determine the depth to which Jackass
penguins dive, as well as the time they spend at various
depths, was developed. Use is made of a small bead,
containing less than 0,1 /iCi of 32P, which floats on the
meniscus of the liquid in a capillary tube calibrated to measure
depth, and of an X-ray photographic film. After proper
encapsulation, the whole assembly is harnessed to the
penguin and, after retrieval, the measured density of blacken-
ing of the film gives a measure of the time spent by the penguin
at particular depths. The instrument was axpanded to include
a velocity meter to measure speeds beween 0,5 and 9 km/h
with a precision of 0,1 km/h. The^e gauges were used
successfully in numerous field measurements with penguins
on Markus Island.

Requests w?re received from industry for a variety of investi-
gations involving the use of radioactive tracers. The following
are examples of such investigations.

Cobalt-60 slugs were embedded in the electrodes of electrical
arc furnaces in which manganese is recovered. The lengths
and rate of use of the electrodes could be determined during
operation. Both parameters are essential for optimisation of
furnace operation.

The abrasion of steel balls used in ore mills was investigated
by labelling the steel with 60Co. Balls made from labelled steel
could easily be distinguished from those of other steels, and
the behaviour and properties compared.

The efficiency of uranium recovery from various stages of
extraction plants, viz. the dissolution and liquid-ertraction
processes, were investigated by means of radiotracers. The
effective volume, which is an indication of process efficiency,
is calculated with a standard computer model by measuring
the time-dependent activity profile of the radiotracer at the
point of exit from the mixing tanks. Similarly, the behaviour of
the organic and inorganic liquid phases was studied by
labelling with 198Au and 140La, respectively. Residence times
and flow speeds were obtained, thus permitting optimisation
of the process.

Analytical Nuclear Techniques
Neutron activation analysis was carried out on a routine basis
for private as well as government organisations. The largest
single component of this service was again the determination
of uranium in underground water, soil samples and stream
sediments by means of delayed-neutron counting. The demand
for conventional neutron activation analysis showed an
encouraging improvement and a variety of requests were
handled, e.g. chlorine in various types of samples, vanadium
in soil water, cerium in ores and concentrates, platinum
metals in concentrates, selenium in biological material, rare
earths in geological material and several others.

Development and improvement of the particle-induced X-ray
emission (PDCE) system continued, including the study of the
effect of scattered protons on the energy-resolution capabil-
ities of X-ray detectors.
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The routine analysis of the monthly air-particulate samples by
means of PIXE analysis was continued. As an off-shoot, the
study of the size-distribution dependence of the Pb/Br ratio
of automobile exhaust particulates proved to be of interest.
Further air-particulate studies undertaken investigated the
effect of the group of coal-fired power stations in the eastern
Transvaal on the quality of air in the vicinity, as well as airpol-
lution in the area surrounding a refinery near Krugersdorp.

Measurements of element concentrations in biological
samples centred on a collaborative project with the
H.F. Verwoerd Hospital. This involved the characterisation
of trace elements in "normal" samples of whole blood, serum,
red cells and haemoglobin, prior to being aimed at a wide
range of blood samples associated with specific diseases.
Both the internal and external PIXE beam facilities were used
in this study.

Energy-dispersive X-ray (EDX) spectrometry is a promising
technique for on-line analyses in industrial processes. An
experimental facility for studying potential applications of the
technique to various sample materials was completed and will
be used to investigate specific problems.

Radiation Technology
The gamma sterilisation of disposable medical products was
taken over by a private company at Isando in September of the
year under review. The package irradiator of the AEB was
adapted for the irradiation of food products and the large-
scale processing of strawberries began. A temporary store for
the cool storage of products was erected, dosimetry was
carried out, procedures were standardised and special
thermally insulated cardboard containers were manufactured
for irradiation experiments at low temperatures. The Steering
Committee for the Test Marketing of Irradiated Food at present
coordinates and controls the extensive test marketing of
radurised food products. This committee acts as an advisor to
the Minister of Agriculture and Fisheries in respect of the test
marketing program. Apart from the AEB and the Department
of Agriculture and Fisheries, the following organisations are
represented on this Committee: The SA Agricultural Union,
Assocom, SA Handelsinstituut, SA Citrus Exchange, SA
Consumer Council, SA •' .isociation for Food Science and
Technology and a representative of the processors.

The pool irradiator, developed for the irradiation of relatively
large quantities of food products, was commissioned. The
facility is suitable mainly for products treated with a low total
dose. The control system and many other components were
developed and manufactured by the AEB. The limitations
experienced with the pilot plant at the Letaba Cooperative in
Tzaneen have, to a large extent, been eliminated in this
new system. Food products are packed in mobile containers
and then loaded into watertight aluminium containers, after
which they are lowered into the pool for irradiation by the
cobalt-60 source. Whereas the original pilot plant was com-
pletely dependent on an operator, the Pelindaba pool irradia-
tor is equipped with a sophisticated automatic dose-control
unit. The irradiation containers are under the control of this
system for the full period of irradiation. A fixed record of the
irradiations is also indicated on battery-driven pen registers.
Two cranes bearing irradiation containers are controlled
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r simultaneously and the system includes various processing
and safety-lock mechanisms.

Radiation Treatment of Plant Products

Due to the potential of subtropical fruits as export com-
modities, and in view of the problems associated with sea
shipment, a concerted effort was made, in cooperation with
various research groups, Cooperatives, the Mango Growers
Association and export companies, to investigate the use of
radurisation in combination with several other preservation
processes.

Several irradiation experiments were also conducted on
various fruits such as grapes, plums, dried fruit, apples, sweet
melons and tomatoes. In most cases promising results were
obtained. These ir./eitigations are carried out in close collab-
oration with Research Institutes of the Department of Agri-
culture and Fisheries.

Ames test

The Ames test is applied in the local program to investigate
the mutagenicity of irradiated fruits and fruit components. It
has already been proved that irradiated sugar solutions,
especially in oxygen-saturated conditions, are mutagenic for
tester strain TA100. It was also proved that the diuloses are
responsible for these reactions, and. several of this type of
radiation product were tested and found to be mutagenic, for
example D-en'tro-hexo-2,3-diulose and glucozone. When
glucozone was mixed with the model mango, its mutagenicity
was destroyed (and/or masked). The identity of the com-
pound^) in the model mango responsible for this was
investigated.

The organic acids were found to be responsible for the inacti-
vation of the mutagenic response of glucozone. Further investi-
gation proved that four of the organic acids, in particular, have
a role in the inactivation, viz. (in sequence of activity), citric
acid, tartaric acid, gluconic acid and ascorbic acid.

It was also proved that

(i) no mutagenic response is achieved with the supernatant
of pulp of irradiated (0,75 kGy) Kent mango;

(ii) the supernatant of pulp of unirradiated Kent mango has
an inactivation capacity similar to that of the model
mango when it is mixed with glucozone.

Radiation, effects on fungal pathogens

In order to confirm previous results with subtropical fruits,
laboratory experiments were conducted using various heat
and irradiation treatments on certain pathogenic fungal
isolates in culture. These included Hendersonia creberrima
(Sydow and Butler), which is the cause of mango soft-brown
rot, and Colletotrichum gloeosporioid.es Penz (cause of
anthracnose in papayas and mangoes). Results show that
shortening the period between heat and irradiation treatments
to one hour results in a significantly higher mortality than after
six hours, which in turn-was significantly more effective than
an interval of 24 h between treatments. It is clear that there is
close agreement between these studies and the larger-scale
investigations.

Mangoes

Large-scale experiments involving several hundred export
cartons of mangoes were conducted. It became clear from
these trials that the use of irradiation treatment greatly
increased the effectiveness of hot-water dip, as well as of
heated-fungicide and fungicide-in-wax treatments, with regard
to the control of post-harvest diseases in both Zill and Kent
mangoes. It was also shown that the most effective treatment
sequence was heat followed by irradiation, provided the time
interval between treatments was less than 24 hours (preferably
not longer than six hours). Irradiation treatment reduced
weevil emergence and damage in the untreated control
mangoes from 50 % to 5 % and less in several mango cultivars.

Grapes

Previous experiments have shown that irradiation combina-
tion treatments give good control of Botrya's cinerea in table
grapes. However, it was found that moisture inside the bunch
after hot-water treatment often resulted in increased infec-
tions with other pathogens e.g. Penicillium sp. This problem
was largely overcome by dipping the fruit into a 30 % ethanol
solution to facilitate the drying of the bunches immediately
after hot-water treatment. By following this treatment with
irradiation, excellent controj of Botrytis and Penicillium sp.
was achieved.

Sweet melons

Experimental fruits were inoculated with Fusarium and
Rhizopus stolonifer (well-known pathogens which attack sweet
melons) before being subjected to various heat and irradiation
treatments. A satisfactory control of both pathogens was
obtained with hot-water treatment, followed by irradiation.
The most effective treatment combinations resulted in an
almost complete elimination of R. stolonifer. Although the
control of Fusarium sp. proved more difficult, a fourfold
reduction of disease was obtained with the best heat and
irradiation combination treatments. In future trials, higher
irradiation doses and increased temperatures will be applied
in order to achieve a more effective control of the Fusarium
pathogen.

Onions

Although the local markets are usually well supplied through-
out the year, the highest onion prices are realised during the
July to September period. This means that the Cape onions
have to be stored for six to seven months if they are to be sold
during the demand peak period. However, as a result, losses
due to sprouting, disease and desiccation may amount to 25 to
50 % during storage. In recent trials, 161 of onions from the
Cape region were irradiated at the AEB and returned to the
growers for commercial storage and subsequent sale on the
local markets. The advantages of irradiation treatment can be
clearly seen when comparison is made with the non-irradiated
batches. The percentage of marketable onions after six-
months storage at room temperature increased from 42,6 % in
the untreated control to 73,3 % in the irradiation treatment. It
was also shown that by irradiating the onions and storing for
six months, the prices obtained at the end of the storage
period (August) were more than double those which would
have been realised during the normal marketing period in March.
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i r Extended Test Marketing Program

After the program was launched in September, several tons of
strawberries were irradiated as the first commodity selected,
and excellent disease control and an extended shelf life have
been achieved. The product is being traded on the Johannes-
burg market.

Various other products are at present being considered for the
test marketing program.

Radiation Treatment of Animal Products

Fresh meat, especially in the form of mincemeat, has an
extremely limited shelf life. Investigations of mincemeat from
23 retail points showed that s contaminated product is often
offered to the consumer. If a guideline of log 7 colony-forming
units per gram is taken as a norm, most samples would be unfit
for human consumption. Radurisation to a 3 kGy dose
extended the shelf life of vacuum-packed mincemeat by
several weeks (in comparison with a few days for control
samples). Spoilage-causing bacteria, such as the pseudomonads
and other gram-negative rod types, were completely elimin-
ated by a 3 kGy dose. Attention was also given to combination
treatments. Radiation in combination with lactic-acid addi-
tions had a synergistic preservation effect, with a further
extension of shelf life.

Gram-positive organisms such as the lactic-acid bacteria and,
to a lesser extent, Brochothrix termosphacta and yeasts, were
the most important surviving organisms in radurised meat.
Lactobacilli, in particular, were most prevalent in radurised
meat at the end of the storage period.

Potential pathogens and food-poisoning bacteria such as
Salmonella typhimurium and the Staphylococcus spp. which
are found in the meat, were killed off by the radurising
radiation doses.

Chemical-physical analyses perse could not be used as rapid
indicators of meat quality, but they did support the tendencies
shown by bacteriological analyses.

Radurisation of high-grade, vacuum-packed meat cuts with
radiation doses of 2 kGy resulted in a doubling of the shelf life
(stored at 4 °C). Except for odour and taste, organoleptic
evaluations demonstrated that radurised mincemeat and
meat cuts were better than the unirradiated product. Treat-
ment at temperatures between 0 and 2 °C eliminated problems
of odour and taste.

The identification of representative isolates from radurised
and control (unirradiated) mincemeat samples supported the
results obtained with the aid of selective media. The investiga-
tions indicated the lactobacilli to be the most important group
of bacteria in radurised meat, while the yeasts were also
prominent in the total microbe population.

The presence in great numbers of the lactic-acid bacteria
during low-temperature storage of irradiated meat samples
can be explained against the background of their relative
radiation resistance (Dl0 as high as 0,88 kGy) and their
strongly competitive capacity in the meat ecology in question.
It has been demonstrated that this capacity is related to low-
temperature tolerance (psychrotrophic growth), anaerobic
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metabolism (under vacuum packaging) and resistance to low
pH(pH4,0).

The fundamental investigation of the radurisation of fresh
meat was thus completed.

Nuclear Applications in Agriculture
In an effort to renew interest in the application of isotopes and
radiation among agriculturalists, a three-day course was held
at Pelindaba and 27 persons received training on theoretical
and practical aspects of radioactivity, as well as on its
application to particular agricultural problems. A biblio-
graphy of national and international applications of radiation
in agricultural studies was prepared for the occasion. Renewed
collaboration was established with various agricultural
institutes and universities in order to promote meaningful
uses of radioisotopes for solving particular agricultural
problems and obtaining relevant data for improving produc-
tion through better use of water, fertilisers and the like.

Diagnostic Investigations
The whole-body counter was used, in collaboration with the
Radioisotopes Division ot the H.F. Verwoerd Hospital, for
diagnostic examinations of patients. The number of examina-
tions was as follows:

Number of patients examined 35
Number of counts on patients 135
Number of biological samples counted 5

Radioisotope Production
General
The new Isotope Production Centre was inaugurated on
Thursday 12 March 1981. Two hundred persons attended the
official opening and two scientists from the USA, as well as
scientists from the CSIR and the AEB, delivered papers at the
symposium which preceded it.

During the commissioning of the new hot cells a considerable
amount of time was spent in adjusting and modifying the
equipment necessary for mechanical and electronic remote
control.

Radioisotopes for Industrial Use

The most important radioisotopes manufactured for industrial
use are 24Na, 41Ar, 60Co, B2Br, 85Kr, 192Ir and 198Au.

Regarding the handling of sources, the AEB carries out
transfers, installations and disposals for various organisa-
tions. The improved disposal service eliminates the earlier
tedious administrative procedure and users now prefer the
Isotope Production Centre to transfer and dispose of the
sealed iridium-192 and other sources rather than doing so
themselves.

A test batch of sealed krypton-85 sources used in smoke
detectors was exported to a company in Australia.

Radiopharmaceuticals

The use of radiopharmaceuticals is well established and
enjoys a steady growth because of an increasingly general
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r awareness of the great possibilities of application of these
agents.

The most important radiopharmaceuticals for nuclear medical
purposes are manufactured locally by the AEB and the CSIR.

The 99nlTc generator, manufactured by the Isotope Production
Centre of the AEB, is used daily in centres for nuclear
medicine in South Africa. Labelling kits for the preparation of
technetium-99m-labelled compounds such as DTPA (kidney
studies) and pyrophosphate (bone studies), iodine-131,
labelled hippuran-iodine-131 and various other products are
also manufactured by the Isotope Production Centre and
are widely used by the medical profession.

Parabutyl-IDA and tin-colloid labelling kits for use with tech-
netium-99m have already been evaluated clinically and will be
produced locally as soon as this is practically possible. The
former agent is used in liver and spleen studies, and the latter
for the study of the liver and bile ducts.

A new series of DTPA analogues of well-known liver-bile duct
agents (IDA type) were prepared, formulated and labelled
with 99mTc, followed by biodistribution tests. This work was
presented at an international symposium on radiopharma-
cology in Chicago during September.

Several follow-up studies on the tubular kidney agent N-
benzoyl 75Se methionine are envisaged once an improved
column purification method has been developed.

Quality control

The quality jontrol of radiopharmaceuticals was placed on a
firm footing with the institution of routine chemical, biological
and microbiological tests. Methods for quality control of
products were revised and rewritten in a more systematic
format, considerably simplifying their use.

The use of a gamma camera in the in vivo examination of
rabbits treated with various radiopharmaceuticals fulfils an
essential need in qualify control, since chemical analyses on
their own do not always yield unambiguous results. The facil-
ities were improved by the acquisition of equipment and
suitable accommodation for experimental animals.

During the year various new analytical equipment was taken
into use, e.g. the atomic-absorption, ultraviolet and infrared
spectrophotometers, as well as the infrared potenticgraph
and a polarograph.

Registration of radiopharmaceuticals

The Medicines Control Council is preparing the necessary
legislation and has appointed advisory committees with a view
to registering radiopharmaceuticals. Three experts of the
Isotope Production Centre were appointed by the Medicines
Control Council to serve on certain of these committees.

Application was also made to the South African Pharmacy
Board for registration as a manufacturer of radiopharma-
ceuticals.

Production of RIA Kits

Various commercial kits for the determination of total
thyroxin (T4) and tri-iodothyronine uptake (T3U) in serum by
means of radioimmunoassaying (RIA) are being evaluated at
present with a view to the large-scale importation of the
components of the kits from abroad for packaging and
distribution in South Africa. The two most popular kits in
South Africa are included for evaluation as reference kits.
One type uses a coated tube, and the other centrifugation, as
the separation method.

The first imported component which will be replaced by a
locally manufactured product is the 125I-labelleo antigen.
l25I-labelled thyroxin was prepared with chloramine-T as the
oxidant. The iodinated product was purified with "Sephadex
LH-20" column chromatography. The radioiodination yield,
radiochemical purity and stability of the tracerwere evaluated
by means of thin-layer chromatography.

.Stability investigations are being carried out. The iodinated
product is also evaluated by means of RIA and compared with
125I thyroxin from Amersham in the United Kingdom.

Manufactured Products

The number of neutron irradiations carried out by the
Isotope Production Centre totalled 351. Altogether 3 162
consignments of radioisotopes, with a total activity of
367 575 mCi were dispatched during the year. Furthermore,
916 chemical kits for labelling with 99mTc and 14 kits for
8IRb/81mKr generators were manufactured.

In addition to the radioisotopes produced and distributed by
the AEB, consignments of radioisotopes with a relatively
short half-life, which are produced in the cyclotron of the
Council for Scientific and Industrial Research (CSIR), were
sent to hospitals throughout the Republic for various medical
applications. The isotopes in question were gallium-67,
rubidium-81/krypton-81, iodine-123 and indium-Ill; their
total activity was 12 842 mCi.

Imports
Private organisations imported radioisotopes with a total
activity of 811 081 083 mCi during 1981 with the Board's
authorisation, in comparison with 525 094 600 mCi
in 1980.

Exports
Radionuclides with a total activity of 8 249 mCi were exported
in 1981. The nuclides in question were sodium-22, cadmium-
109 and cerium-139, all of which were produced in the
cyclotron of the CSIR.
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On 12 March 1981 the Isotope Production Centre was officially
inaugurated. The bottom photograph shows the face of the hot cells with
the manipulators. The top photograph is of the back of the hot cells.
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HEALTH AND SAFETY
The health and safety of all members of staff of the AEB are
the concern of the Isotopes and Radiation Division and the
Medical Services Centre.

L.

Routine Medical Examinations
The Medical Services Centre at Pelindaba attends to the
medical examinations and on-site care of staff of the AEB
and UCOR.

During the year, 458 newly appointed members of staff of the
AEB were medically examined, while 510 were re-examined.

As part of the prescribed routine examination of radiation
workers, a total of 711 chest X-ray photographs were taken
and read, and 689 blood-cell counts were carried out.

A total of 171 injuries on duty were attended to by the
Medical Services Centre.

Personnel Dosimetry
All radiation workers are provided with personal dosemeters
on a routine basis and records are kept of all doses received.
In total, beta-gamma film badges were issued to 253 persons,
neutron film badges to 154 persons, and thermoluminescent
dosemeters to 1 764 persons. In no case was the annual limit
of 5 rem (50 mSv) exceeded, and seven persons received more
than three-tenths of this value.



r Urine samples were taken regularly from uranium workers.
A total of 4 052 samples were analysed, of which 345 showed
more than 10 /ig U/l. The investigation level of 300 jag.U/1 was
exceeded in 20 cases.

During the year 564 members of staff of the AEB and UCOR
were examined on a routine basis with the whole-body counter,
and 335 with the chest counter. One hundred and seventy
persons showed detectable uptakes. No persons received
more than 30 % of the annual limit on intake.

The radionuclides most commonly detected were U, 99mTc,
" M o and 131I.

Safety and Radiation Protection
The Operational Safety Subdivision continued to render
assistance to all Divisions of the AEB. Radiation and
contamination surveys were carried out regularly, the
evaluation and design of new facilities received high priority,
and control over safety conditions was carried out as efficiently
as possible.

Radiation protection in the Isotope Production Centre
received special attention. The increasing production required
additional measures to ensure compliance with dose limits.
Operational problems in process buildings resulted in cases of
personnel contamination and UF6 releases to the environment.
These were investigated and remedial action was taken to
prevent any recurrence. The procedure for urine analyses was
improved so that the concentration of uranium in urine is now
available within a few hours after an incident. Complementary
to urine analysis, chest counts are also done to determine the
uptake in the lungs.

A shortage of decontamination workers hampered operational
control. Ventilation in some buildings will have to be improved.
In a few cases, limited controlled releases were used to test
operational scrubbers. Contamination frequently results from
damage to active drain pipes during construction work.
Corrective measures are constantly applied.

Apart from regular support for tasks on and off the site,
special assistance was also given in the transportation of
cobalt sources with activities of kilocurie order between
Pelindaba and users in the private sector.

Training
Formal training of Health Physics and Safety Personnel
continued at the Pretoria Technikon, with thecollaboration of
the AEB.

Four Safety Orientation Courses were presented during the
year and were attended by 171 persons.

Thirty-one members of the staff passed first-aid examinations
and received their first certificate, while a further 15 qualified
for second and subsequent certificates.

The usual training was provided to fire-fightitg and building
emergency teams, as well as to decontamination workers and
trainee technicians.
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Incident and Accident Statistics
In accordance with the statistics for injuries and accidents,
175 incidents were reported, 11 of which to NOS A because
they resulted in work disability. The injury frequency rate
was 2,8.

In December the AEB. achieved "millionaire status" by
completing one million man-hours of work without any inca-
pacitating injury on duty.

Environmental Radioactivity
Air-particulate, deposition and moisture samples are collected
continuously in the Pretoria and Cape Town areas for the
purpose of detecting increases in radioactivity over
South Africa from sources such as nuclear-weapon testing.
Monthly samples are analysed for gamma-emitting nuclides,
as well as for tritium and 90Sr. Samples are also collected at
Pretoria for the Environmental Measurements Laboratory of
the US Department of Energy in New York, and for the
Environmental Sciences and Medical Division of the United
Kingdom Atomic Energy Authority (UKAEA) at Harwell in
England. Low levels of 90Sr and 137Cs similar to those of the
stratospheric inventory of earlier tests are still observed. No
radioactive debris from recent Chinese tests were measured.

A survey of gross alpha and beta activity in soil and vegetation
on the Pelindaba site was carried out. The monitoring sites
were divided into four sectors and the results compared with
data from the preoperational survey conducted before 1965.
The present levels were found to be within the statistical
variations of the background and thus indicated no significant
long-term increase in environmental radioactivity on the
Pelindaba site after 16 years of operations.

The study of the environmental behaviour of radium in
tailings dams on the Witwatersrand proceeded along the
following lines: chemical speciation of radium, mobility
measurements in laboratory columns, distribution as a
function of particle size, and field measurements of radium
migration, partition function and concentration. Analytical
methods were established and valuable information was
obtained from preliminary experiments on speciation, mobility
and particle size. Further studies to investigate the influence
of certain parameters and to obtain quantitative data are
proceeding.

Field experiments allowed the in situ determination of the
distribution coefficient from which the retardation of radium
relative to water could be determined. These values confirmed
the low mobility of radium inferred from the low levels
measured in boreholes and wells around tailings dams with
seepage problems.

Aerosol Physics
A comparison between various air samplers used during a
special program in the process buildings showed that the
routine samples can indicate air concentrations which are
orders of magnitude lower than actual concentrations, while
local air samplers, when well positioned, yield a good
measurement of air concentrations. Considerable variation
between personal air samplers was found and it was established
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that a single sample cannot be used for determining air-
contamination exposure of a number of persons in the same
environment. Analysis of the filters in breathing masks as
compared with personal air samplers showed that important
interpersonal differences exist and that, because of these
shortcomings, personal sampling is not necessarily reliable.
Analysis of the aerosols indicated two particle-size areas, viz.
3-4 /im in areas where UF4/UF6 mixtures are handled, and
7-10 /urn in areas where UF4/UO3 mixtures are handled. Low
actual uptakes of uranium by personnel in areas where larger
uptakes are expected could be correlated with the
particle sizes.

With a view to determining the efficiency of off-gas scrubbers,
specific-ion electrodes were purchased to measure fluoride-
ion concentrations in solutions, and water impingers were
purchased for the collection of air samples. The efficiencies of
the electrodes and impingers were determined and found to
be satisfactory.

The loading characteristics of Nuclepore filters with large
pores were investigated for monodispersed aerosols. The
loading history of several hundred pores is followed with a
scanning electron microscope, together with a' sequential
analysis of filter characteristics in order to establish a
connection between pore characteristics and loading mecha-
nisms. Preliminary results showed a fractional distribution of
particles in four capture zones on the filter, which change with
loading. Various computer models were tested to describe the
behaviour of these capture zones, but satisfactory results
could not be obtained with the models. A double-plate
electrical mobility analyser for measuring the electrical
mobility of aerosols was commissioned. Polystyrene aerosols
made with the spinning-disc generator showed a charge dis-
tribution of 1 — 10 electron charges per aerosol particle.

The application of the Poisson distribution to aerosol systems
was investigated and it was found that it can be used to predict
the coincidence of multiple particles and pores on surfaces.
The technique was applied to determine whether agglomera-
tion of particles in experimental assemblies can be expected.

A theoretical model, together with information from reactor
accident situations, was used to determine realistic attenua-
tion factors for aerosols which can escape from a reactor
containment during accidents.

Shielding Studies
The efficiency and precision testing of the PELSHIE program,
a general-purpose computer program used in calculating
radiation doses from y-ray sources through shields of varying
geometries, was completed and the results published as a
PEL report. Although it appears that, in the light of the
indicated faults, the results are satisfactory, it was also

determined that the largest inaccuracies arise as a result of the
manner in which the dose contributions of scattered rays are
handled with the aid of buildup factors. Furthermore, the
numerical-integration technique for volumetric sources is
problematical for measuring points within or very close to
large sources.

Much experience was gained with the use of the MORSE
Monte Carlo computer program and, although some options
of the program are currently working satisfactorily, more
sophisticated options must still be tested.

Practical shielding calculations were done on request, and,
in particular, calculations for the design of a storage facility
for radioactive waste were done for ESCOM.

Development of Health Physics
The monitoring of airborne radioactive releases continued. In
this way thorough control is maintained over releases from
stacks at Pelindaba. The cilibratiun of measuring instru-
ments is still carried out and, where necessary, radionuclides
in air and smear samples are identified.

The new remote-controlled recovery vehicle being built is
nearing completion. Its use will considerably reduce the
problems encountered in dealing with emergency situations.

The monitoring of HF in air has still not been satisfactorily
resolved. However, a laboratory model which appears to
provide promising results was developed.

Dosimetry
With regard to external dosimetry, the local thermoluminescent
dosemeter system was maintained at a satisfactory degree of
precision by means of calibration. During the Fifth Interna-
tional Comparison Study of Environmental Monitors, a
comparison was made between the values of radiation dose as
measured by various dosemeters. The values obtained in
South Africa compared favourably with those obtained in
other centres. The deviations from the estimated values were
between —2 and +17 %.

A great deal of experience was gained with the use of the chest
counter for the determination of the uranium lung burden of
personnel, and the apparatus is now used routinely. The
whole-body counter was automated by the coupling of a micro-
computer to the multichannel analyser for the processing of
results for both calibration of the apparatus and for health-
physics examinations.

In the field of nei'tron dosimetry, attention was paid mainly to
the commissioning oi a Monte Carlo computer program with
which the movement of neutrons through spherical moderators,
which form part of the neutron monitors, will be studied.
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During 1981 Iso-ster's plant was commissioned. The two photographs
show the building housing the plant and an aspect of the interior

activities.
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r FINANCE
During the financial year 1980/81, a total amount of R80 098 062 was expended jointly under the Research and Administration
Funds. The percentage expenditure of the various items to total expenditure for the year is as follows:

Capital works 30,65 %
Equipment 27,47 %
Salaries and administration 30,47 %
Other running expenses 11,41 %

On the appended statement, which is a summary of expenditure under the two funds mentioned for the past twenty-two years
ended 31 March 1981, the percentage expenditure in respect of the various items is indicated.

1

TABULAR SUMMARY
SUMMARY OF TOTAL EXPENDITURE UNDER THE RESEARCH AND ADMINISTRATIVE

FUNDS FOR THE PERIOD 1 APRIL 1959 TO 31 MARCH 1981

1959-04-01 flHfl
to BBB.

1964-03-31 ̂ B B

5135945 ^ ^ H
681311 ^ B B
443190 B B |

1 934 680 B B f l
595 053 B B B
502 394 B B B
228 054 B B B
49 391 B B B

9 570018 B A V

| H | 1969*4-01 ^ H
B B I to ^HBHJ 1974-03-31 BHJ
^ ^ | 7 7H9B3 ^ H
B B B 5 197 322 BJBJ
BBB 9 590 265 B B I
BBB 27 859 836 • •
BBB 2 364 413 B B l
BBB 281488 B B l
BBB 243261 BBa
• B B 349 083 BBV
^ ^ | 53 600 651 ^ B H

PERIOD

H H 1979-04-01 H |
BBBBBBI BBBBBI
^^M 1980-03-31 ^^Ê

^ ^ B 2 896672 ^ ^ |
B B B 14 328 363 B H B
B B B 5164 414 ^ B l
• B J 20 281015 B B S
B B B 448 633 BBB
BBJI 59 724 BBB
B B B 89500 BBB
B^H 255 127 HBH
i ^ H 43 523 448 B S

H | TOTAL
B B I EXPENDITURE

^ ^ B 58 038 056
B B B 56 372 979
B B B 48 116 187
B B | 152 897 352
B I B 6 883 484
• B 1 320 277
B B S 1173 931
H H 1 957 323

B B l 326 759 589
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CONSOLIDATED BALANCE SHEET AS AT 31 MARCH 1981

(Compiled in terms of section 18 of Act 90 of 1967, as amended)

Liabilities . Assets

Capital account
Loan from Treasury,
Sundry creditors
Funds

The above Balance Sheet has been audited in accordance with the provisions of
section 42(4) of the Exchequer and Audit Act, No. 66 of 1975, as read with section
18(6) of the Atomic Energy Act, No. 90 of 1967, and in my opinion it has been drawn
up so as to reflect a true and fair view of the financial affairs of the Atomic Energy
Board.

Fixed assets *
Equipment
Library and films
Investment
Stock
Sundry debtors
Cash at bank
Cash on hand
Sundries

T h e Uranium Enrichment Corporation of South Africa, Limited, has a right of use
in perpetuity on a building of the Atomic Energy Board which right has been
obtained at an agreed amount and in accordance with resolutions taken by both
organisations.

W.G. SCHICKERLING
A uditor- General

J.W.L. DE VILLIERS
President

T.A. VENTER
Assistant Manager: Administration (Finance)

_ J

ADMINISTRATIVE ACCOUNT
REVENUE AND EXPENDITURE ACCOUNT FOR THE FINANCIAL YEAR ENDED 31 MARCH 1981

(Compikd in terms of section 18 of Act 90 of 1967, as amended)

Expenditure Revenue

' Ik.

Salaries, wages and allowances
Subsistence and travelling expenses
Postal and telegraph services
Publications and books
Exhibitions
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
Contribution {^esear-W. fund
Sundry debtors
Revenue paid over to State Revenue Fund

J.W.L. DE VILLIERS
President

Government funds
Services rendered to UCOR
Sundry revenue
Licensing fees

3

i
T.A. VENTER

Assistant Manager-: Administration (Finance)

Salaries, wages and allowances
Subsistence and travelling expenses
Postal and telegraph services
Publications and books
Exhibitions
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
Contribution Wrfcesesr*. fund

UovL-rnmeiH ïunut-
Services rendered to UCOR.
Sundry revenue
Licensing fees
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J.W.L. DE VILLIERS
President

T.A. VENTER
Assistant Manager-: Administration (Finance)

Salaries, wages and allowances
Subsistence and travelling expenses
Postal and telegraph services
Publications and books
Exhibitions
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
Contribution W+esearHft. fund
Sundry debtors
Revenue paid over to State Revenue Fund . . . .

Services rendered to UCOR.
Sundry revenue
Licensing fees

J.W.L. DE VILLIERS
President

T.A. VENTER
Assistant Manager-: Administration (Finance)
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ATOMIC ENERGY RESEARCH ACCOUNT
REVENUE AND EXPENDITURE ACCOUNT FOR THE FINANCIAL YEAR ENDED 31 MARCH 1981

(Compiled in terms of section 18 of Act 90 of 1967, as amended)

RevenueExpenditure

Capital works
Equipment
Running expenses
Salaries, wages and allowances
Subsistence and travelling expenses
Training of personnel and bursars ..
Administration expenses
Total expenses for the year
Income over expenditure

Funds —
Government contribution
Other contributions, etc.
Balance brought forward.
Total available funds

J.W.L. DE VILLIERS
President

T.A. VENTER
Assistant Manager : Administration (Finance)



CONTRIBUTORS TO THE 1980/81 RESEARCH PROGRAM
Apart from the funds made available by the State for administration and research, financial contributions to the
Research Program 1980/81 were made by the following private organisations:

1. The Electricity Supply Commission
2. Nuclear Fuels Corporation
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FUNDAMENTAL STUDIES
A number of AEB scientists are engaged in research projects of
a fundamental nature, some of which are briefly described below.

NUCLEAR PHYSICS
Accelerator Operation
The accelerator operated satisfactorily during most of the
year, and relatively long ion-source lifetimes were p.chieved.
Alpha-particle beams were accelerated and became one of the
standard features. After running successfully for 18 years, the
accelerator cooling system had finally to be replaced. The
accelerator tube, installed in 1979, performed very well and
no damage beyond the level expected from X-rays was
detected. The fact that relatively little spark damage occurred
is due largely to the great care taken to obviate tube sparks,
and in particular to the maintenance of extremely dry
insulating-gas conditions.

On-Line Computer System
The on-line computer system was improved by the addition of
analogue-to-digital conversion (ADC) units. Data processing
was also improved by the adaptation of suitable computer
programs to the existing system.

Scattering of Fast Neutrons
A request was received to measure the neutron cross sections
for excitation of 93Nb to higher levels of accuracy than
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r currently available. This arose from the interest in 93Nb which
can be used as a fast-neutron fluence "aonitor for long-term
irradiations. For this reason a series of (n.n'y) and (n,n')
measurements was performed on 93Nb up to an incident-
neutron energy of 2 200 keV. The results thus far obtained are
being processed as a priority and have shown that better
accuracy can be achieved. For this reason the data from the
Ag(n,riy), Ag(n,n') and Au(n,n'y) studies were not completed.
Likewise, results on the level structure of 85Sr and 87Sr from
(p,n) reaction measurements were held in abeyance.

The study of 109Ag and 107Ag level schemes by means of the
beta decay of l09Pd and 107Cd was completed. This has been
written up as an M.Sc. thesis and is being prepared for
publication.

Neutron-Capture Reactions
The results on 74Ge obtained by neutron capture in 73Ge were
processed. More than 800 gamma-ray transitions must be
fitted into the level scheme. A further aim of these measure-
ments performed at the ILL at Grenoble is to set up a
consistent new set of high-energy gamma-ray standards with
respect to the Au 411 keV gamma-ray transition. The
accuracy at 8,5 MeV is estimated to be about 50 eV.

Fission Reactions
A fission chamber for the study of spontaneous as well as
neutron-induced fission was completed. Studies will com-
mence as soon as the required fission samples can be obtained.

Atomic-Physics Studies
A 1,1 m diameter scattering chamber, borrowed from the
CSIR, was installed and is being equipped to study charge-
exchange processes in heavy ions.

PLASMA PHYSICS

Tokamak Operation
In the first half of the year some equipment failures hampered
machine operations. The main vacuum circuit breaker started
to behave erratically and had to be replaced. Several other
problems such as irregular timing behaviour in the controlling
field circuitry were also noticed and eliminated. All the
improvements led to a much more stable discharge and con-
tributed toward a high degree of repeatibility observed on a
shot-to-shot basis. The reliable behaviour of the machine
made possible the exploration of operating regimes which
generally exhibited better plasma characteristics. In particular,
by slowing down the plasma-current rise time and using fairly
high gas-filling pressures, the runaway-electron component
was substantially reduced compared to earlier results.
Typically, a lower hard-X-ray flux and higher single-turn loop
voltages at constant plasma currents were interpreted as
indications of more resistive thermal plasmas. These condi-
tions were achieved after lengthy preparation of the vacuum-
chamber wall through either glow- or Taylor-type discharge
cleaning procedures. However, it was difficult to achieve such
operating conditions after the vacuum chamber had been
opened for regular servicing.
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While studying about 3 000 discharges during the year, it
became evident that some improvements are necessary in the
controlling field circuitry in order to tailor the shape of the
current pulse more accurately to that of the plasma current. At
present only very coarse preprogrammed control is possible
with the stabilising field power supply. This causes rather
large current steps which adversely affect the plasma-column
position. Moreover, the supply has a characteristic twelve-
phase ripple which renders the important diagnostic measure-
ment of loop voltage questionable. Much better plasma para-
meters are also expected at higher toroidal fields than the
present 0,9 T. Some uncertainties regarding coil stresses will
have to be cleared up before operation at a higher field can be
attempted.

Diagnostics

The machine control and data-acquisition system performed
satisfactorily. Numerous minor refinements and optimisation
of equipment helped to streamline the whole procedure.
The integration of new electronic units into the system
helped greatly to improve the data-capturing standards
and versatility.

The diagnostic systems were found to be inadequate but
improvements are constantly being effected. Expansion of the
amount of information per discharge will lead to a better
understanding of the numerous unknowns. Initially the edge
region of the plasma will be looked at in more detail to gain
some insight into energy losses at the boundary. At a later
stage it is hoped to use soft-X-ray diode and bolometer arrays
to gain space- and time-resolved information about instabil-
ities and total radiation losses. The experience gained by
scientists on overseas visits is invaluable in the enhancement
of this program. It is further anticipated that visits by foreign
experts will likewise contribute to the establishment of local
expertise in this challenging field.

THEORETICAL PHYSICS
Elementary Particles
In the framework of the spin-family solution of a unified theory
of particles, the origin of the weak decay interaction was
investigated and related to the strong interaction, the natural
condition for the stability of the fundamental particles and the
conservation of current and symmetry principles.

Theoretical Nuclear Physics, Many-Body
Problems and Solid-State Physics
Studies in nuclear physics and many-body theory provide a
microscopic starting point for the description of nuclear
models and the phenomena of superconductivity. Apart from
contributions to the formal framework of nuclear theory, it has
also been shown how the pL^nomenological interacting boson
model (IBM), which may be regarded in the same light as the
shell model, may be understood from a microscopic point
of view.

A general framework for the description of the condensed
phase of superfluids was formulated by functional techniques
and non-linear excitations were investigated.
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r The introduction of non-linear equations into quantum physics
gave rise to studies concerning the foundations of quantum
mechanics with regard to the theory of measurement and
hidden variables.

Theoretical Plasma Physics
The ideal is (i) to raise the temperature of the plasma in the
tokamak as high as possible and (ii) because the plasma
decays, to have as large as possible a containment time. The
design of Tokoloshe is such that the pressure, magnetic field,
aspect ratio and plasma current can be varied within certain
limits. The problem is therefore to create conditions that are
optimal in terms of requirements (i) and (ii).

A computer program was developed to solve the plasma-
equilibrium problem as economically as possible. Since few.of
the equilibrium configurations are stable, it is important to
find equilibrium with the minimum of computation cost.
These equilibrium configurations must be tested for MHD
instabilities. Ballooning modes, hi particular, are receiving
attention because they limit plasma pressure for a given
magnetic field. Plasma equilibrium was also investigated
analytically. The contribution of external spiral conductors,
as in a stellarator, to stability of the tokamak plasma was
studied.

The critical value of the pressure (above which the plasma is
unstable) increases along with the current in the spiral
conductors. The critical value of the plasma current is also
increased, which is beneficial for plasma heating.

The possibility of increasing the pressure above the critical
point, or of finding a second stability domain, is determined
by improvements in MHD theory.

Stability is also improved by adding the finite Larmor radius
corrections to the ideal magnetohy drodynamic stability criteria.

RADIATION CHEMISTRY
Synthetic Fruit Model
In order to extrapolate radiation-chemical behaviour from one
fruit to another, it is necessary to prove the validity of the
"chemiclearance" approach to the wholesomeness evaluation
in fruits with a composition very different from that of the
mango on which this concept was first tested. "Chemiclearance"
is the assessment of the wholesomeness of a food product
within a specific food class, based on its chemical composition.
In the theoretical predictions which were proved experiment-
ally, the major effect of radiation on the mango is the produc-
tion of radiolytic products from the carbohydrate fraction.
With this in mind, two fruits with a very low carbohydrate
concentration were selected, viz. the tomato and the lemon.

Ascorbic acid, a radiation-sensitive vitamin, is a major
component of the lemon and was therefore included in the
constituents monitored. Substances examined after 0, 0,5,
1,0, 2,0, 5,0 and 7,0 kGy irradiation were citric acid, niacin,
ascorbic acid and total carbonyls.

Determinations of citric acid, niacin and ascorbic acid were
practically completed but the total carbonyl evaluations
remain to be done.

Preliminary results indicate that, as in the mango, the sugars
theoretically offer the most protection to the radiation-
sensitive components. This is demonstrated experimentally
although protection by the sugars is not as effective as
protection by the whole synthetic fruit.

The results of the components monitored are given below:

Citric Acid

Tomato

A neglible loss of citric acid predicted in the model tomato
(the theoretical fruit) is substantiated by evaluations of the
synthetic solutions and the real tomato.

Lemon

Lemons contain ten times more citric acid than tomatoes, so
that more of this substance should be degraded during
irradiation. In practice, no change in concentration could be
detected at any of the irradiation treatments.

Niacin

Tomato

A 27 % loss of this vitamin is predicted at 1 kGy irradiation.
Experiments completed indicate that approximately 1 % of
the niacin is degraded in the synthetic fruit at this irradiation
dose. No noticeable loss could be recorded in the real fruit.

Lemon

Results on the synthetic lemon are excellent. The low sugar
concentration (ea. 1,6 %) offers some protection to this
radiation-sensitive vitamin. Further protection is afforded in
the real fruit.

Ascorbic Acid

Tomato

The predicted degradation of ascorbic acid is very low in the
model fruit. Although the results of the synthetic fruit are
incomplete, the values of the control and irradiated samples
of the real fruit do not differ significantly.

Lemon

Unfortunately here, for the first time, the theory does not err
on the safe side. A1 % loss of ascorbic acid is predicted in the
model at 1 kGy; no loss is recorded for the synthetic lemon,
but a 20 % loss occurs in the real lemon at this irradiation dose.
At the higher irradiation treatments (5 and 7 kGy), better
protection of the vitamin eeeuri in Éhs real fruit than in the
synthetic one.

Mango

Assay of ascorbic acid we; H«*. included in the initial studies.
For the sake of completeness, it was monitored in the mango.
Insignificant losses are predicted in the model fruit and
confirmed in the synthetic and real fruit at 1 kGy irradiation.
At 7 kGy the synthetic (tuit contains less vitamin than the
real fruit.

Although these are only preliminary results, it would seem as
if the "chemiclearance" approach to the evaluation of the
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r safety of irradiated fruit may be applied to fruits other than
the mango.

Influence of Radiation on the Malic Enzyme
from the Mango
The inhibiting effect of gamma radiation on fruit biochemistry
was investigated, using the malic enzyme which has an
important role in the ripening and senescence of fruit tissue.

The in vivo effect of commercial radiation doses on the malic
enzyme levels of treated and control mango fruits was
investigated during the ripening phase. The enzyme activity
in control fruits begins to increase during the pre-climacteric
phase and reaches a peak just before the respiratory maximum.
The enzyme levels then decrease during the post-climacteric
phase. A negligible increase in the enzyme level was detected
in the irradiated fruit, but no peak was reached.

Various other aspects of fruit biochemistry and physiology
were also investigated. A reduced C02 production was
observed in the irradiated fruit and no definite respiratory
climacteric could be observed. The pH of the fruit, total
titratable acid content and physiological loss of mass showed
a clear difference between the irradiated and the control
fruits. The irradiated fruit had a lower fruit pH, a higher total
titratable acid content, and the physiological loss of mass was
less and took place more slowly. It would appear that the
radiation treatment did not have an inhibiting effect on the
ripening process, but rather distorted it completely.

The in vitro radiation deactivation of the enzyme was also
investigated. The enzyme was irradiated in the various
purification phases to determine the order of magnitude of
deactivation. In this way the protective effect of sugars and
other cellular components was clearly illustrated.

The isolation procedure of the enzyme had to be altered so
that certain radiation-protective components could be
eliminated. The enzyme is not very stable in the purified form
and problems were experienced in obtaining sufficient quanti-
ties of pure enzyme. Experiments carried out with partially
pure preparations, showed a Gvalue of ̂  0,01 forthe catalytic
activity. The regulatory activity, which is normally more
sensitive, has yet to be investigated.

In completing the first phase of the project, viz. the purifica-
tion and characterisation of the enzyme, it was ascertained
that the enzyme occurs in the cytosol of the fruit cell and that it
has an isoelectric point (pi) of 6,85.

Radiation Chemistry of Sugars

In order to continue the investigation of the mutagenic
qualities of irradiated sugar solutions, one of the two missing
possible radiation products, D-treo-hexo-2,4-diulose, was
synthesised and characterised on a small scale. This product
can now be made available for mutagenicity testing and can
also be used in a gas-chromatographic analysis to establish
the fact that it is indeed one of the two unknown substances
mentioned in the previous annual report.

The development of analytical techniques to make possible
the unambiguous identification of products was continued. In
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high-pressure liquid chromatography this included the testing
of alternative buffer systems as well as another type of column
(carbohydrate of SMM). However, the separation of sugars
with the aid of liquid chromatography still remains a world-
wide problem and no satisfactory solution has been forth-
coming. Attempts are still being made to develop a system
which will provide satisfactory separation. An investigation
was also carried out on the quantification of previous
qualitative results and this showed promise. The internal
standard used for the gas-chromatographic analyses was not
satisfactory, however, and made a system of alternative
internal standards necessary. A large quantity of sulphurous
hydrocarbons was prepared and a start can now be made with
selection of the one most suitable. The finding of a suitable
derivative for gas chromatography which will make unam-
biguous identification of sugars possible is a high priority at
the moment, a problem which is receiving attention world-
wide. The synthesis of sulphur derivatives from sugars is
being investigated and it is also possible that the boronates
could be investigated.

Development of Analytical Facilities
Development work on the manufacture of glass capillary
columns was completed. The instrument room was equipped
with two high-resolution gas chromatographs, a high-pressure
liquid chromatograph and a laboratory computer system.
Laboratories are also being equipped for comprehensive
analytical work.

Furthermore, mass spectrometry is still regarded as being
indispensable in an analytical laboratory of this nature. The
aim at present is to keep abreast of technological develop-
ments in mass-spectrometric methods at least.

RESEARCH ON LIQUID METALS AND
MOLTEN SALTS
Extractions from Molten Salts
The investigation into the use of molten cyanide as a solvent
for the separation of platinum-group metals (PGM), carried
out with the financial support of a mining company, was
completed during the year. The results demonstrated that
.rodium and iridium can be separated efficiently by means of
extractions from molten cyanide with liquid metals such as
bismuth and tin.

Good control over extractions was possible because the redox
potential of the molten solutions was measured with an
electrode system and can be controlled chemically by the
addition of carbonate or dicyanamide. According to this
laboratory investigation, the process can in principle be used
for the refining of rodium.

E sctroplating from Molten Cyanide
Molten cyanide solutions have exceptional advantages as
plating baths for PGM. The plating of a particular PGM was
investigated under contract. It included spectroscopie and
electrochemical studies of the metal ions in solution in various
conditions, as well as methods for the preparation of plating
baths and control over the redox potential during plating.
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r Ion Exchange and Matrix Phenomena
The purpose of this investigation was to resolve the parameters
which control ionic conduction in glass and molten salts. The
quasi-equicurrent resistances of a iiumber of glass samples
with various Na/Li ratios were determined during the period
under review. The project was however discontinued.

SOLID-STATE PHYSICS
Neutron Diffraction
The study of the critical magnetic behaviour close to the
magnetic transfer temperature of the ferromagnet USe was
continued. The material is especially favourable for this
investigation because the contributions of the U and Se
nuclear scattering neutralise one another for the <111> and
<311> reflections from the face-centred cubic crystal. In
this way the intensity in the ferromagnetic area is produced
almost exclusively by the scattering from the magnetic spin of
the U atoms. In carrying out measurements on the weaker
<311> reflection, it was demonstrated that the higher-
intensity values of the <111> reflection below 168 K are
subject to fading out and consequently only the <111>
intensities between 168 K and the transfer temperature (Tc =
178,9 K) were used in an analysis to determine the critical
exponent p. The value {fi = 0,24 ± 0,01) which is found,
cannot be incorporated into any existing theoretical models.

A preliminary investigation of a powder sample of zeolite was
carried out for the University of Cape Town. Preliminary
neutron measurements were also carried out on a AlFe3 single
crystal to check a possible structural phase transfer which
may be present, according to magnetostriction measurements
at 220 K.

Cryogenic Irradiation Facility
Experimental studies involving the activation-energy deter-
minations of specific kinetic defects in the recovery spectra of
fast-neutron-irradiated Pt and dilute Pt alloys were completed.

Recovery spectra of Pt and Pt-Au, Pt-Cu and Pt-Ni alloys
were obtained for both a standard fast-neutron irradiation
(4 K) and an equivalent irradiation of samples predoped with
irradiation-induced'defects (400 K). Analyses of data obtained
revealed distinct characteristics of free migration and detrap-
ping processes in a typical recovery spectrum, analogous to
irradiation of samples quenched to contain excesses of
vacancies.

Low defect concentration (1 ppm) irradiations were completed
for the above specimens for equivalent doses of fast and
thermal neutrons. Subsequent isochronal annealing spectra
(4 K to 750 K) revealed marked differences in the configura-
tion of the initial damage configuration as well as in the
recovery processes, due to the different neutron energies.
Detailed analysis of the experimental data is at present being
undertaken with a view to publication.

MEDICAL AND BIOLOGICAL
Whole-Body Counter
Examinations with the aid of the whole-body counter were
done mainly on a routine hasis and included diagnostic

determinations of contamination during incidents, and
routine examinations of radiation workers. The coupling of a
microcomputer to the multichannel analyser resulted in the
programming and automatic execution of all calibration and
linearity tests as well as routine calculations.

The diagnostic examination for the determination of vitamin
B12 absorption is at present being done with the sunultaneous
administration of 57Co and 58Co isotopes, in collaboration
with the H.F. Verwoerd Hospital. In order to correct for the
contribution of Compton scattering from the 58Co peak, the
scattering contribution was initially studied with phantoms
filled proportionately with 58Co. However, because the 58Co-
Iabelled vitamin B12 was not evenly distributed in patients,
but was initially more concentrated in the abdominal area, this
scattering contribution is now obtained by subtracting the
surface under a linear fit over the background on each side of
the 57Co peak from the peak integral.

A phantom with a complete set of organs was ordered and will
be used for calibration purposes and may also be used for the
study of internal doses resulting from the uptake of various
species of nuclear substances.

Skin-fold thicknesses on men and women were measured, and
a correlation was establised between the total body potassium,
body mass and age for a group of men. A better correlation
was obtained than when total body mass and height together
with age were used, and a new equation for the estimation of
potassium for men older than 18 years was proposed. The
number of women counted so far is not yet sufficiently
representative for a correlation to be made.

"i r

Use of RadioactivelyClinical Diagnostic
Labelled Materials
A variety of animal model studies in nuclear medicine were
performed with the gamma scintillation camera and its data-
processing facility. Cardiac studies on the baboon provided
optimal positional data for the accurate anatomical delinea-
tion of the heart and basic ejection-fraction values in dynamic
cardiac studies. Similarly, the influence of endurance and
fitness on cardiac ejection-fraction values and blood volume
was studied in patrol dogs. Initial studies on bone healing,
comparative evaluation of a fibrin seal and "bone dust" in
mastoid-bone healing, dynamic studies on the effects of beta-
adrenergic blockers on kidney function, and the use of labelled
deferoxamine for the detection of tumours and inflammatory
lesions, were completed. Many other new projects initiated
during the year promise to contribute to the rapiu advance-
ment of nuclear medicine.

Synthesis of Biologically Active Organic
Compounds
The program for the design and synthesis of possible organ-
and pathology-specific radiopharmaceuticals was continued.
The accent was on the development of newer types of
chelates, such as derivatives of diethylene triamine penta
acetic acid, ethylene diamine tetra acetic acid and cyclic
hexapeptides containing chelating N-hydroxy-N-azyl ligands.
Syntheses of specific receptor-seeking compounds were
continued; among these were compounds aimed at the
phospholipase A2 enzyme. The project is continuing.
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Radiobiology
A method which can be applied in the evaluation of mutagenic
and carcinogenic substances was developed. The method
relies on the monitoring of the activity of the DNA repair
process in various mammalian cells with the aid of neutral
sucrose-gradient centrifugation after damage to the DNA has
been caused by chemical and physical mutagens. The principle
of the centrifugation method is based on the mild disintegra-
tion of mammalian cells by which the DNA, in the form of
nucleoids, is released and then followed by centrifugation in a
vertical rotor. The amount of damage to the DNA molecule is
determined by its sedimentation distance; the smaller the
sedimentation distance, the greater the damage. Monitoring
of the nucleoid bands is carried out with the aid of Hoechst
dye 33258, in which the dye and the DNA form a fluorescent
complex which can be observed under ultraviolet light.

The effect of various radiation doses on nucleoid sedimenta-
tion was determined; the results illustrate that the dose-
reaction curve is non-linear and that the most noticeable
effects can be observed at radiation doses lower then 3 Gy
(300 rad). With these results in mind, the duration of the
repair kinetics of the radiation damage of human lymphocytes
exposed to certain selected doses was compared. The most
noticeable effects on nucleoid sedimentation were observed
immediately after irradiation, corresponding with the time
during which most radiation-induced defects appeared to be
in DNA. The kinetics of the repair of chain defects at doses of
1 Gy and higher initially demonstrated an exceptionally rapid
increase in the repair process, followed by a decrease in the
repair rate. It may be that the rapid and the slow repair
processes represent single-chain and double-chain repair
respectively. In contrast with thia, it appears that the kinetics
of the repair process at low irradiation doses, e.g. 0,5 Gy, are
almost linear, and the repair of the DNA is completed within
five hours. However, it must be stressed that the repair
process as measured by the combined fluorescence sedi-
mentation method does not show the type of repair, viz.
whether the' repair is defect-free or defect-susceptible.

Steroid Hormone Receptors
Since 1977, 543 receptor determinations have been carried
out on 295 breast-cancer samples; the results can be
summarised as follows:

(a) Approximately 77,6 % (223) of the samples contained
estrogen receptors (ER): 53,6 % (158) were intermedi-
ately positive (> 3 < 100 fmol/mg protein) while 22 %
(65) were highly positive (> 100 fmol/mg protein).

(b) Of the samples analysed, 24,7 % (73) were negative.

(c) Of the 280 patient samples on which progesterone
receptor determinations (PrR) were done, 64,8 % (182)
had PrR, while the rest (98) were negative.

A group of 63 patients out of a total of 295 are at present
registered on an international protocol of the E astern Oncology
Group (ECOG), which will facilitate and also accelerate
response evaluation in certain controlled treatment pro-
cedures. This laboratory is also taking part in ECOG's
quality-control studies with respect to standardisation of the
ER and PrR determinations in clinical laboratories.

The receptor program is being extended, and determinations
on prostate tissue and uteral tissue have already been under-
taken in cooperation with the Departments of Urology and
Gynaecology of the University of Pretoria respectively.

The investigations of the nature and properties of the
receptors of vervet-monkey uterus is continuing, and the
uterus cell as an intact model of a steroid-hormone signal cell
is being studied more closely. In time, important kinetic
studies in connection with the bonding of the hormone to the
receptor in the cellular model could be done. The effect of
y-rays on the receptor mechanism is receiving particular
attention, because relatively high radiation doses (5 000 to
7 000 rad within 72 h local) are applied in the case of uteral
carcinoma.

Up to now it has been possible to apply a radioestrogen (123I
estradiol) to indicate a breast tumour in a Sprague-Dawley
rat, with the aid of the gamma camera. The tumours are
created in young female rats with the carcinogen dimethyl
benzanthracene (DMBA). The CSIR's cyclotron group
recently succeeded in manufacturing 77Br,; this isotope will
be used to produce7' Br estradiol which will be a better ligand
for gamma camera studies.
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TECHNICAL ACTIVITIES
Research Reactor
In April the Minister of Mineral and Energy Affairs announced
that, for the first time, locally produced and enriched uranium
fuel was beingused to operate the SAFARI-1 research reactor.
The reactor, which is operated by the Research Reactor Divi-
sion, functioned satisfactorily throughout the year. Until the
end of April the reactor was operated every third week for
twenty-four hours per day, three days per week. From May to
the end of the year the reactor was operated on the basis of
twenty-four hours per day, five days per week, from Monday
morning to Friday afternoon.

The core configuration remained unchanged; it consists of
twenty-eight fuel elements and six control rods. Eleven cores
were loaded during the year.

Seven fuel elements with a uranium-235 content of 225 g and

four control rods with a uranium-235 content of 152 g, were

manufactured locally and loaded into the core.

The fuel inventory at the end of the year consisted of 5,0 kg
of uranium-235 in the reactor core, 0,37 kg in new elements in
the vault, and 7,2 kg in depleted and partially depleted
elements in the storage pool. Forty-two spent fuel elements
were shipped to the USA for reprocessing.

Significant operating data for the year appear below:
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r PERIOD 1 JANUARY TO 31 DECEMBER 1981

Average power (MW) 5
Accumulated energy (MWd) 693,9
Number of capsules irradiated 1 692
Number of unscheduled shutdowns 8
Number of major experiments operated 2

In-core thermal-neutron-flux distribution measurements were
done on a regular basis, the results being used for calculating
burnup and maximum fuel-plate temperatures, and for the
prediction of new core loadings.

Control-rod calibrations and gamma-heating measurements
were carried out as and when required.

Two major semi-permanent rigs continued to operate intermit-
tently. These were the neutron-diffraction rig in beam tube
No. 5 and the neutron-beam facility in beam tube No. 1. The
out-of-pile neutron-radiography facility in beam tube No. 4
was installed and commissioned during the year.

Electronic Engineering
The Electronic Engineering Division is responsible for the
development, assembly and maintenance of electronic systems.

Since 1 April 1981 the Division has been operated on a self-
financing basis, and an advanced projects management system
has been introduced. Approximately 300 quotations for work
were accepted, varying from smaller construction tasks to the
implementation of large multicomputer electronic systems.

The Nuclear and Process Instrumentation Subdivision made
good progress with the development of nuclear instrumentation.
A calibration facility for nuclear instrumentation is at present
being installed in SAFARI-1. An environmental test facility
and calibration equipment for process instrumentation were
also commissioned. The instrumentation forthe reception cells,
technetium cells and iodine cells of the Isotope Production
Centre was completed. The development of the control-room
instrumentation for the Centre also progressed well. Various
other systems for nuclear-chemical process control were com-
pleted. A thorough study of the measurement of process para-
meters in nuclear-chemical process plants was carried out. A new
automatic control channel for the control of neutron flux in the
reactor is being developed and this is progressing well.

The Specialised Electronics Subdivision continued with work
on the tokamak. Voltage ripples on certain of the power sources
caused inaccurate measurements of the plasma-loop voltage.
A power filter is being designed to solve the problem. Experi-
ments for determining the effect of hydrogen gas on plasma
density were done, as well as investigations into improved
methods of cleaning the vacuum chamber. A remote-controlled
observation vehicle for the Isotopes and Radiation Division,
as well as a system for the automatic sampling of air for pollution
experiments, is nearing completion.

The Digital Systems Subdivision completed an improved
system for computerised data acquisition at the Van de Graaff
accelerator. It is a CAMAC system and contains, inter alia, a
new flexible Direct Memory Increment module which, by
means of pre-processing of data from experiments, saves a
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great deal of central-processor time. A microprocessor-based
CAMAC stepping-motor pulser and various other specialised
CAMAC modules were developed. The development and
assembly of two new computer systems, also based on CAMAC,
were commenced. A number of microcomputer applications
are being implemented and are progressing well.

The Electronic Maintenance Group repaired and calibrated
about 1 000 electronic instruments during the year. After
operation on a self-financing basis commenced, the amount of
work of the Group decreased considerably. However, by the
end of the year it had increased to about 80 % of the normal
work load. The Process Maintenance Group maintained the
process instrumentation and general equipment on the site,
such as intercom and radio-communication systems. During
the year approximately 3 500 calibrations, testing and con-
struction tasks were carried out.

Manpower utilisation in the Drawing Office was investigated,
and improved work methods were introduced in order to
accommodate the total work load. The system for the semi-
automatic layout of printed circuits is producing good results.
The through-hole plating process for the production of printed
circuits was successfully commissioned and the quality of the
products is good.

r

Waste Treatment and Disposal
The Chemical Operations Division is responsible for the
treatment and disposal of all radioactive waste and other
waste of a chemical and toxic nature.

The liquid waste produced on the Site contained a total actual
activity of 665 mCi (a and /?).

A volume of 327 370 m3 of effluent was discharged into the
Crocodile River. This effluent contained an actual activity of
178 mCi, which constitutes less than 3,8 % of the total activity
which may be discharged annually to the Crocodile River in
terms of the permit issued by the Department of Water Affairs,
Forestry and Environmental Conservation.

All eight newly constructed trade-waste basins were com-
missioned during March.

The Polcon Helixor aeration system inside trade-waste basin
No. 6 was completed and subsequently commissioned.

The construction work on the evaporation-pond complex was
completed and the ponds were commissioned.

A total of 248 m3 of medium-active (MA) waste was chemically
treated and subsequently evaporated in the MA-waste
evaporator.

A total of 28,2 m3 of liquid waste was evaporated in the HA-
waste evaporator.

The resulting evaporator concentrate was solidified by means
of the "vacuum-intrusion" technique.

Eighty-one units were processed and the net mass of the
solidified concentrate amounted to 5 8 t.

A mass of 15,2 t of solid waste was compressed in the baling
press and a volume-reduction factor of 4,5 was achieved.
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r A volume of approximately 12 m3 of solid radioactive waste,
including decayed sources, was received from outside
organisations for disposal.

One thousand three hundred and fifty-eight drums containing
solidified, incompressible and compressed waste, together
with a large quantity of incompressible low-level waste,
wrapped in polythene, were buried in the disposal trenches
on Radiation Hill.

Decontamination Services
Three hundred and fifty-four items were successfully decon-
taminated, while site-decontamination work was also undertaken.

The active laundry continued to operate satisfactorily and
62 108 items were handled. Repairs were carried out where
necessary.

Supply Services
Production figures are

Domestic and process
Drinking water
Demineralised water
Liquid nitrogen
Compressed air

as follows:

1980

water 1 097 Ml
60,6 Ml

10,44 Ml
1 039,3 t

12 m3/min

1981

803 Ml
57,2 Ml
8,97 Ml
962,0 t

15 nrVmin

The recently completed sludge-bed complex which serves the
flocculator at the Water Purification Plant was commissioned.

A separate 220 m3 reservoir was built to feed the site critical
cooling-water supply system. This unit was erected just below
the existing reservoirs which provide the system with water.

The second 500-unit Bio-Pac was commissioned during May.
This unit waB installed to cope with increased sewage arisings.

Analyses
A large number of analyses were carried out during the year.

These analyses can be divided into two main groups, viz:

(a) monitoring analyses in respect of water provision; and

(b) analytical services to other Divisions of the AEB
and UCOR.

An emission spectrograph is used for alloy specification
analyses. In the past year the old spectrograph was equipped
with new electronic parts, and with a computer which makes
possible a much more rapid and accurate analysis of the
material.

A treatment plant for liquid waste, whicl i will be used in future
for the chemical treatment of liquid waste, is being investigated
at laboratory level.

A large number of borehole-water samples were analysed for
macrocomponents on behalf of the Geology Division.

Monitoring of urine for traces of uranium is done regularly.

Altogether 17 835 samples were analysed during the year,
consisting of the following types of analysis:

Type of analysis

Alloy specifications
Atomic absorption
Wet-chemical analysis
Radioactive waste
Water
Uranium
Urine

TOTAL

Number of samples

1980

1 600
664
383

3 618
7 207

602
6 882

20 956

analysed

1981

1026
244
563

3 236
6 350

368
6 048

17 835

Engineering Services
The Division continued to render a variety of services to all
Divisions of the AEB. In April it changed to a self-financing
basis of operation.

To keep pace with the steadily increasing requirements set in
respect of the whole production process, Quality Assurance
was divided into two main groups, viz. Quality Control and
Quality Coordination, and a number of persons attended
various courses to augment their knowledge and learn better
techniques for the application of more effective inspection
methods. The result is that more and more Divisions are
realising the value of the inspection service. A great deal of
high-quality inspection equipment was also acquired, and it
became necessary to establish a standard for "Control of
Measuring and Test Instruments", which enhanced the
effectiveness of the inspection process.

A new catalogue for the Store was also drawn up in collabora-
tion with the Finance Division, as well as a raw-material chart
(RM chart) which will place the ordering and inspection of
materials on a professional footing. A quality-assurance
manual, in which all procedures are standardised, was also
drawn up with the assistance of an outside firm.

The self-financing concept necessitated further rationalisa-
tion in respect of the Production Planning Department and
the Technical Information Group.

The Production Control Department was formed from the
Planning, Task Control and Information, and Material Provi-
sion Groups.

The Design Department completed 204 tasks, including four
pressure-vessel designs. The majority of the tasks were for the
Physical Metallurgy Division, in particular the Hot-Cell
Complex.

A campaign to recruit personnel abroad appears to have got
3ff to a fairly successful start.

The Manufacturing Department also made an effort to recruit
personnel abroad and two instrumentmakers have already
been appointed. Apprentices are also being utilised. However,
since there is still a great shortage of skilled artisans,
consideration is being given to changing over to numerically
controlled machines for the mechanical workshop. In the
welding workshop a more sophisticated welding method has
already been introduced. New equipment purchased includes
a large sheet roller, a plane and a small lathe for the Physics
Division auxiliary workshop.
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r The Construction and Maintenance Subdivision, with its
three Departments of Mechanical Works, Electrical Works
and Civil Works, made a considerable contribution to the
entire development process on the Site as a whole. Large
projects included construction work in the Nuclear Engineer-
ing and Process Metallurgy Buildings, an office block for
Technical Training, the high-tension power supply, and
replacement of all the pipes in boiler 284 in the UF6 plant,
followed by hydraulic testing and re-commissioning.

Computing Sciences
The self-financing of the Computing Sciences Division and
other Divisions of the Board since 1 April of the year under
review necessitated extensive alterations to the financial data
base. Monthly statements reflecting the income/expenditure
account are made available >;o the Directors concerned.

The number of computer jobs executed remained virtually
constant but there was a decrease in the average time per job,
which means that the utilisation of the computing facility
eased slightly. This tendency is probably just temporary.

A stores data base was successfully developed and imple-
mented on 1 September. It was endeavoured to do most of this
work programmatically in order to ease the work load of the
Finance Division.

The first phase of the geological data base for the collection of
borehole data was completed with the publication of a report.
Because of a shortage of trained personnel, the leave program
could not be commissioned in its entirety.

The training of system programmers, application program-
mers and operators received a great deal of attention and
audio-visual techniques were used.

A word-processing system which is integrated with the central
computing facility was installed.

A complete calculation of the reactor-physical properties of
the SAFARI-1 reactor was carried out and served as a
valuable test for caiculational techniques and neutron data
libraries applicable to light-water reactors.

The AMPX computer program used in the preparation of
neutron data was commissioned and the system is undergoing
thorough evaluation.
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EXTERNAL RELATIONS
The External Relations Division is responsible for international
relations, library and information services, liaison, and language
and reprographic services.

International Liaison and Cooperation

The AEB noted with regret the retirement of Dr Sigvard
Eklund, Director-General of the IAEA, who for twenty years
had led the Agency with diligence and efficiency and had
always given sympathetic consideration to problems relating
to South Africa. The Board's congratulations were conveyed
to the new Director-General, Mr Hans Blix of Sweden.

South African expertise was once again invoked by the IAEA
by way of invitations to scientists to participate in a variety of
advisory group meetings and working groups. Representatives
of the Geology Division, in particular, were involved in
such gatherings.

Officers of the AEB paid visits to various overseas countries,
thus maintaining contact with international developments in
their spheres of work. Distinguished representatives of
overseas countries also came to Pelindaba for discussions and
exchange of views.

IAEA Safeguards

Negotiations with the IAEA regarding the updating of the
subsidiary arrangements for the application of IAEA safe-
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r guards under the USA/South Africa/IAEA agreement were
satisfactorily concluded.

Subsidiary arrangements to the France/South Africa/IAEA
safeguards agreement concerning the Koeberg nuclear power
station were also concluded.

Visits to Pelindaba
Public interest in the activities of the National Nuclear
Research Centre continued. Some 1086 persons were
received during the year, and various visits were arranged not
only for local scientific groups, but also for numerous overseas
visitors including press representatives and television teams.

Scientific Gatherings
The following scientific gatherings were attended by officers of the Board, At those marked
with an asterisk, papers by officers of the Board were presented.

* OECD(NEA)/IAEA Workshop on Methodologies for Forecasting Uranium Availability.
Grand Junction, Colorado (February 1980}

* CONTRON1CS SA Electron Beam Processing Symposium, Pretoria (September 1980)

* Clean Air Conference, Pretoria (November 1980)

Second Conference on Biochemistry in Clinical Medicine, Innsbruck (January/Fehruary)

* South African Association of Physicists in Medicine and Biology. Twenty-First Annual
Congress, Bloemfontein (March)

* Symposium on Isotope Production and Applications, Pelindaba (March)

• Short Course on the Use of Radioactive Isotopes in Agriculture, Pelindaba (April)

* SACAC Symposium on Distributed Systems, Durban (April)

IAEA Working Group on Surficial Deposits. Vienna (May)

* Academy of Pharmaceutical Sciences, Second Annual Congress, Durban (May)

OECD(NEA)/IAE A Steering Group and Working Party Meetings on Uranium Resources,
Paris (May)

Framatome Symposium on Underclad Cracking. Paris (May)

International Symposium on Quality Assurance for Nuclear Power Plants, Paris (May)

• Spring College on Fusion Energy. Trieste (May/June)

* International Congress on Applied Mineralogy in the Mineral Industry, Johannesburg
(June)

* Symposium on Post-Harvest Problems on Mangoes, Nelspruit (June)

0ECD(NE A)/IAE A Joint Group of Experts on R& D in Uranium Exploration Techniques,
Uppaala/Luleo, Sweden (June)

Fifth Computational Fluid Dynamics Conference, Palo Alto (June)

" Modern Trends Conference, Chicago (June)

" Hydrometallurgy 81, Manchester (June/July)

* AIESEC Winter School, Stellenbosch (July)

' SAIMM Vacation School on Uranium Ore Proteasing, Randburg (July)

* Sixteenth Annual Seminar on Theoretical Physics, Port Elizabeth (.J'uy)

* Geocongress 81, Pretoria (July)

* IAEA Symposium on Lang-Lived Radiomiclides intheTerrestrfcJ Environment. Knoxville
(July)

* South African Institute of Physics, Twenty-Sixth Annual Congress, Part Elizabeth (July)

Sixth International Conference on Structural Mechanics in Reactor Technology, Paris
(August)

* South African Chemical Institute Symposium, Johannesburg (AugUBt)

* Symposium on the Use nf Computers in Chemical Engineering, Johannesburg (August)

Eight Argentine Geological Congress, Buenos Aires (September)

OECD(NEA)/IAEA Steering Group on Gondwana Geology, Buenos Aires (September)

" Second International Symposium on Pharmacology, Chicago (September)

* OECD(NEA)/IAEA Steering Group and Working Party Meetings on Uranium Resources,
Vienna (October)

OECD(NEA)/IAEA Workshop an Uranium Ore Processing. Fort Collins (October)

* South African Association for Food Science and Technology, Sixth Biennial Conference,
Cape Town (October)

* International Conference on Neutron Irradiation Effects, Argonne (November)

" Biochemical Congress, Hunter'B Best (November)

Library and Information Services
As the national centre for information and nuclear science and
technology, the Library of the AEB caters for the literature
and information needs of staff of the AEB and UCOR. The
literature needs include the supply of the following: conference
and symposia proceedings, patents, standards, research
reports, press clippings, books, periodicals and other non-
conventional literature.

The information needs are either of a bibliographic or factual
nature. Scientists, engineers and technicians are kept informed
on a daily basis of the latest bibliographic references of all
relevant literature. Services to the users include, interaUa, the
following: a Current Awareness service, a computerised
Selective Dissemination of Information service (SDI), a
computerised retrospective retrieval of information on any
relevant aspect of science or engineering, an interlibrary loan
service and all other standard library services.

General liaison is maintained with the library profession in
South Africa, especially in the field of library cooperation.
Liaison is also maintained with IAEA member countries
participating in the International Nuclear Information System
(INIS), and with the INIS Head Office in Vienna. The
activities ox the INIS Liaison Office also include the indexing
and bibliographic description of all conventional and non-
conventional nuclear science literature published in
South Africa. This information is placed on magnetic tape for
eventual distribution in the System by the INIS Head Office
in Vienna.

In the year under review, 99333 reports were received. A total
of 470 248 reports are now available in the Library. During
the year, 2 674 new books and 771 volumes of bound
periodicals were added to the collection. Bound periodicals
now total 29 477 volumes. The total book stock of the Library
now stands at 529 315. Publications loaned to other organisa-
tions totalled 3 262 and 32 415 were loaned to members of
staff. Of these latter, 5 100 were borrowed from other
libraries. Altogether 419 740 photocopies and 16 432 print-
outs from microfiches were made.

1
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LICENSING
The Licensing Branch of the Atomic Energy Board
is responsible for ensuring implementation of the Nuclear
Installations (Licensing and Security) Act No. 43 of 1963, as
amended, and for the regulatory functions associated there-
with, and also for establishing and monitoring a national
system of accounting for and control of nuclear material. In
addition the Branch is responsible for regulatory control of
fabricated radioisotopes for medical, scientific, agricultural,
commercial or industrial uses.

Licensing activities in connection with Units 1 and 2 of
ESCOM's Koeberg nuclear power station and the uranium
enrichment plant at UCOR are currently the major projects
within the Branch. The Branch also handles licensing require-
ments for nuclear-powered ships and ships carrying nuclear-
hazard material, whenever these enter South African waters
and harbours and, in addition, a number of smaller projects
are handled.

Safety Standards
Recently published data have indicated refinements in dose-
conversion factors, metabolic transfer coefficients and con-
centration factors in environmental media for various radio-
nuclides. A comprehensive updating of the main libraries of
the GALE code has been undertaken to take account of these
refinements. Alterations have been made to the programs for
both gaseous and liquid releases in order to accommodate this
extended amount of numerical data.
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r Additionally, a more refined dose assessment based on
methodology currently utilised by the ICRP has been incor-
porated in the GALE code. In order to achieve this, new
routines had to be linked with the existing code and another
large body of tabulated data had to be included in the
libraries.

Use is being made of recently published methods of weather
classification on the basis of a combination of wind and lapse-
rate data.

Investigations are afoot concerning the establishment of
emergency reference levels which, since the Three Mile Island
incident, have been subjected to extensive international
review. Current investigations involve the establishment of
the basis for such levels and the rationale for the implementa-
tion of subsequent actions.

Licensing Branch Guides on requirements for commissioning
a nuclear power station in the Republic of South Africa, and
on requirements for the reception, handling and storage of
new nuclear fuel on sites used for nuclear installations in the
Republic of South Africa, were issued during the year.

Koeberg
Studies to investigate the behaviour of the plant under
seismic loading conditions have continued with reference to
both normal incident seismic waves and spatially distributed
incident seismic waves. These studies are being performed to
ascertain both the absolute values of response of the plant and
the comparison of the response to that of a plant having a
"conventional" foundation system. Further work has been
performed on the basic parameters involved in the determina-
tion of seismic risk. Studies are in progress regarding the
behaviour of structures and equipment under extreme seismic
and accident loading conditions and also to determine the
stability of the essential cooling-water system galleries under
the design seismic loading.

Studies were performed on the effect of a fuel-cask drop
within the fuel-handling area, and established that there
would be little transference of shock loading to the surrounding
concrete walls 01 the fuel pool.

Independent engineering and probabilistic analyses carried
out by the Branch are continuing on all safety systems, and
these analyses are being compared in detail with ESCOM's
safety submissions. A major effort is being made to obtain all
information not yet supplied in this area so as to avoid delay in
the project program.

The ALMONA computer code is now available and is being
used to check the results of fault-tree analysis being carried
out on the safety systems.

A new prop /sal for storing fuel at higher densities than
previously proposed is currently being studied.

Large quantities of testing and commissioning documentation
are now becoming available and are being examined in detail
in order to establish that the results can give the required
degree of confidence in the "as built" plant.

Quality assurance provisions for the design and manufacture
of fuel were reviewed and complemented by a visit to the
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fuel-production factory in France where detailed discussions
were held regarding operating experience and manufacturing
and testing specifications.

Studies are still continuing regarding the integrity and
reliability of the Koeberg reactor pressure vessels. ESCOM's
preliminary proposals regarding the pre-service inspection of
the reactor pressure- vessels and the primary-pressure
boundary were reviewed.

Civil engineering work on site is essentially complete. The
primary circuit, steam generators and reactor pressure vessel
for Unit 1 have been installed, with work on Unit 2
following at a scheduled interval of one year, and the Branch's
three resident inspectors have continued to monitor the
construction and commissioning activities and to pay close
attention to ESCOM's quality assurance program. ESCOM's
QA activities covering the design and manufacture of equip-
ment overseas have also been monitored by the Branch's
inspectors and its consultant.

The training of ESCOM staff has been monitored and
preparations are in hand for licensing examinations to be set
for the operators and other key staff.

The meteorological mast installed by E SCOM at the Koeberg
site has now become operational and further site-specific data
are becoming available. Meteorological information used as
input to the various computer programs calculating conse-
quences of releases of radionuclides is being revised on the
basis of these additional site-specific data.

Studies have been made of the amount and types of radio-
active effluent that will be discharged from Koeberg during
normal operation. The objective of these studies is to
establish authorised levels of discharge which will ensure that
dose limits laid down for individual members of the public will
not be exceeded and, furthermore, that discharges will result
in doses which are as low as reasonably achievable.

A review has been made of the proposals for controlling and
monitoring the discharge of radioactive effluents from
Koeberg. This topic is currently under consideration and will,
upon satisfactory completion, ensure that under normal
circumstances radioactive effluents discharged from the plant
will not exceed the authorised levels.

The preoperational environmental monitoring program
previously approved was implemented during the year and
results have recently been received. Review of the operational
program continued throughout the year and final agreement
has almost been reached on this program which will be phased
in prior to Koeberg becoming operational.

Continued review of the proposed installed plant radiation
monitoring system has resulted in considerable modifications
to the original design. The modified system provides for a
greater number of monitoring channels than had previously
been proposed. These will provide a more comprehensive
picture of radiological conditions on the plant and a greater
capability to assess any accidental release of radionuclides in
excess of operational norms.

All aspects of the Emergency Plan currently being drawn up
by ESCOM for use in the event of accidents at Koeberg ere
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r being closely reviewed. ESCOM's proposed Radiological
Safety Rules, which set out the procedures to be implemented
in order to ensure that occupational exposure of employees is
kept within acceptable limits, are also currently under review.
Consideration is being given to all aspects of operational
radiological protection, especially ESCOM's commitment to
keep occupational exposures as low as reasonably achievable.

The Intermediate Safety Report has been received and is
being studied.

UCOR
Inspectors of the Branch conducted a detailed review of
quality assurance provisions covering the design and manu-
facture of major safety-related plant components, with the
object of identifying at an early stage any factors which might
lead to subsequent delays in the licensing of the extensions to
the pilot plant.
Inspections of the pilot plant were conducted to verify its
operation in compliance with licensing requirements.

Information Systems and IAEA Safeguards
Records of nuclear material continued to be compiled in the
National System of Accounting for and Control of Nuclear
Material.

The Branch was actively involved in the negotiations regarding
the subsidiary arrangements for the application of IAEA safe-
guards under the USA/South Africa/IAEA agreement and
thoseunderthe France/South Africa/IAEA safeguards agree-
ment concerning Koeberg nuclear power station and in
administering the requirements arising from these arrangements.

IAEA inspectors paid three visits to the SAFARI-1 reactor
during the course of the year. In each case their report to the
Agency stated that the inspection had disclosed no departure
from the terms of the safeguards agreement covering the
facility pjid the material in question.

The inspectors also paid one visit to the Koeberg nuclear
power station as a facility under construction.

Generic Activities
A comprehensive research program on fracture mechanics,
concerned with the integrity of reactor pressure-vessel steels,
was commenced in conjunction with the University of the
Witwatersrand. The main objective of the research is to reveal
the effects of variations in microstructure on materials'
strength and wet-crack growth during fatigue in unirradiated
and irradiated reactor steels.

A firm basis is being established for understanding the
generic problems of human reliability, and in this respect
several topics are being researched, including analysis of the
human factor in the application of quality assurance pro-
cedures, psychometric test batteries and high-stress indi-
cators for use in human reliability assessment of nuclear-plant
operators. Feasibility studies in the use of nuclear simulators
for training and examination purposes are being investigated.

Pursuant to negotiations with the Rand Afrikaans University,
a study of perceived risk in respect of energy sources was
commenced, from which it is hoped a criterion for perceived
risk will evolve.

In October a further two-week Safety and Reliability Assess-
ment Course was held by the Licensing Branch at the CSIR
Conference Centre, primarily for the benefit of organisations
involved in safety analyses of nuclear installations. The next
course has been arranged for October 1982.

Control of Radionuclides
The use of radionuclides, especially in industry, again
increased sharply during the year. Authorisation was granted
to a private organisation to use 1 MCi of 60Co in a radiation
sterilisation plant, mainly for the sterilisation of medical
products.

At the end of 1981 there were 708 non-medical users of
radioisotopes in South Africa. This figure does not include the
exempted use of antistatic brushes, smoke detectors and
luminous signs.

Sixty-two medical users, including hospitals, pathology
laboratories, radiotherapists in private practice, and medical
research institutions, were also authorised to use radio-
isotopes for therapeutic and diagnostic purposes and for
in vitro diagnostic tests.

Inspections were carried out at the premises of users of radio-
nuclides in the following areas: Northern, Eastern and
Western Transvaal,Western Province, Natal, Eastern Cape and
South West Africa/Namibia, as well as the areas of Pretoria,
Johannesburg, the Witwatersrand and the Vaal Triangle.

Personnel of the Board also assisted in presenting specialised
courses in industrial radiography at the Pretoria and Vaal
Triangle Technikons during March, August, September and
October, as well as a short course on the safe handling of
radioactive material at the Witwatersrand Technikon during
November.

General
The Licensing Branch now has its own computer terminal in
order to facilitate access to the Board's computer system.

The Branch was heavily involved in proposing amendments to
the Nuclear Installations (Licensing and Security) Act, No. 43
of 1963, as amended, necessitated by the re-organisation of
the State's nuclear interests.

Staffing and Use of Consultants
Members of the Branch's staff spent periods overseas
receiving training in aspects of nuclear power plant commis-
sioning and operator licensing.

To assist in overcoming staff shortages, use was made of
international consultants to monitor the quality of safety-
related components being manufactured in Europe.

Consultants were also used to assist in formulating operator
licensing examinations and in systems analysis and other
work. Further extensive use of consultancy services is
envisaged in order to avoid delays in the Koeberg licensing
program.

Campaigns to recruit suitably experienced personnel have
been, and continue to be, held in order to alleviate the
shortage of qualified and experienced specialists required to
cover the broad range of work undertaken by the Branch.

1

41



}. ~:-JP]

r-s V

Atnmic Energy Hoard Top Management, Directors and Diuisian Heads, as at .ï! July 19H1.
HACK J. I.n'wcr, KI'. Cnllmrn. J.M. I'rcltirius. D.W. Hnydvll, E. van dorSpuy. S. \'Wit,r. HU. Lautirhach, AM IVjidr. T.A. Vrntrr.
J.J. van der Watt, C.M. van der Walt, WJ. de Wet, A.J. Lnubscher, (!. Crevbe.
MIDDLE H. W. Niehuhr, A.R. Ncwhy-Frascr. J.F.M. Slabber. /'.!). Tunis. J.J. Huffman, I) van As. H <'. Winklcr. H.J. ma der West-
huizen. h'.T. H.nnvn, H.L Hreedt, W.E. Stumpf, F. Taylor, KI). LuRtenburH, W.l'. Certenbiirh.
FRONT •).(). Tattersnll. J C.W. van Zyl, N.l'. l'ienaar, J I'. Hun», J.W.I, de YtUiers, H van der Walt, J K. Hasson. C. Móller



1

ADMINISTRATION
The AEB's administrative and related matters are the
responsibility of the following Divisions: Services, Finance,
Personnel Administration, Central Administration, Legal
Matters and Security.

Meetings of the Board and its Committees
The Board met three times during the year, while its various
committees met 16 times.

It was decided not to fill, as yet, the vacancy on the Board
y:\ caused by the death, on 8 August 1980, of Dr J.P. Coetzee.

Prospecting for Sovirce Material and Regulatory
Control
During the year the Minister of Mineral and Energy Affairs, in
terms of Section 5 of the Atomic Energy Act, 1967, approved
26 applications to prospect for source material.

Inventions and Patents
A portable instrument for the determination of internal defects
in wooden utility poles was patented during the year. Altogether
66 applications for patents under Section 21 of the Atomic
Energy Act were submitted to the AEB for evaluation.

Legal Matters
Certain amendments to the Atomic Energy Act came into
force on 6 February 1981, under which
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(a) the expression "Minister" was redefined and certain
official designations and the names of certain Government
Departments were substituted;

(b) the delegation of powers, duties and functions of the
Atomic Energy Board were regulated afresh, and the
provision for consultation with the Minister, in connection
with certain consents which the Atomic Energy Board
may grant, was abolished;

(c) the delegation of powers by the Atomic Energy Board to
its officials was regulated afresh and the principle of
redelegation established.

Finance
During the year the Finance Division was directly involved in
the changeover of the Engineering Services, Electronic
Engineering and Computing Services Divisions to self-financing
Divisions. As a result, not only were problem areas in these
Divisions identified and the necessary corrective measures
taken, but the users of these service Divisions also became
more cost-conscious. This means that, in future, projects will
be better evaluated on the basis of actual costs.

A very effective program for reporting to Top Management, as
well as to the Managements of the service Divisions and to the
users of the service, was developed in conjunction with the
Computing Sciences Division.

The financial statements of the Board were approved without
comment-by the Auditor-General.

Personnel
As a result of a shortage of programmers in the Board's
Computing Centre, the computerisation of the leave program
could not be implemented.

Positions for scientists and technicians in the Licensing
Branch were again advertised in the United Kingdom, where
posts for artisans, designers, draughtsmen, physicists and a
polymer chemist were also advertised. These recruitment
campaigns were particularly successful. However, the fact
that suitable housing in Pretoria is scarce and expensive is
hampering the Board's recruitment campaigns.

Sixty-five new undergraduate bursaries were allocated for
1982, in order to satisfy the steadily increasing staff require-
ments, which means that 120 bursars will study under the
Board's bursary scheme in 1982.

The Extraction Metallurgy Division with its personnel was
transferred to the Council for Mineral Technology (MINTEK)
on 1 August 1981. The following Table shows that on
31 December 1981 there were 1 852 persons in the service of
the AEB, as against 1 788 last year.

Administrative staff 59
Scientific staff 242
Technical staff 509
Experimental officers 198
Miscellaneous staff 555
Learner technicians 222
Apprentices 67

TOTAL 1 852

Retirement
At the end of the year, four permanent officers of the AEB
reached the retirement age of 65.

Services
Security, transport, gardening, cafeteria, cleaning and
telephone services were again maintained at a satisfactory level.

r
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r LIST OF PUBLICATIONS BY STAFF
MEMBERS AND BURSARS* OF THE
BOARD
*The names of staff members and bursars of the Board
appear in bold type throughout.

I. PELINDABA REPORTS
PEL-273 : Prinsloo. L.; De Jesus, A.S.M. Environmental radioactivity at the National Nuclear

Research Centre. Pelmdaha: report for the year 1979. Jun 1980. 14 p.

ISBN 0-86960-721-9.

PEL-274 : Vleggaar, CM.: Van At, D.; Watkini, J.L.; Mingay, D.W.; Wells. R.B.; Briggs. A.B.;
Louw, C\W. Trace elements in airborne partieulales in South Africa. Oct I960. 68 p.
ISBN 0-86960-722-7.

PEL-275 : Kruger, P. J.; Feather. J.I. In vim measurement of uranium in the human cheat under
high background conditions. Aug 1980. 12 p. ISBN 0-869(50-727-8.

PEL-276 : Brits, R.J.N.; Primloo, L.; De Jeius, A.S.M. Environmental radioactivity at the
National Nuclear Research Centre, PeKndaba: report for the year 1980. Jul 1981.

15 p. ISBN 0-8696(1-728-6.

PEL-277 : Mingay. D.W.; Stadier, E. The effect of elastically scattered protons oo the energy
resolution of X-ray detectors in P1XE measurements. Aug 1BB1. i:i p.

ISBN 0-86960-729-4.

PF.L-278 : Language, A.E.; Sartori, D.E.; De Beer, G.P. Testing of the PELSHIE shielding
code using Benchmark pmhlems and other special shielding models. Aug 1981.116 p.

ISBN 0-86960-730-8.

PEL-279 : Basson, J.K.: Hanekom, A.P.; Coetzee. F.C.: Lloyd. D.C. Health physics evaluation of
an accident involving Hcute overexposure to a radiography source. Oct 1981. 8 p.
ISBN 0-86960-7:12-4.

PER-47 : Hayzen, A. J . Soft X-ray Bremsstrahlung and recombination radiation. Feb 1980.36 p.
ISBN 0-86960-705-7.

PER-60 : Brynard, H. J . A rmneralogical investigation of a uranium-bearing phosphatic siltstnne
from Tsongnapan, Northwestern Cape Province. Feh 1981. 7 p. ISBN 0-86960-724-3.

PER-61 : Grant, M.A.; Maritz, F.I. 'n Gerekenariseerde inligtingstelsel vir die pmsessering van
boorgatdata ten opsigte van uraanbronne in die Republiek van Sutd-Afrika. Jan 1981.

88 p. ISBN 0-86960-725-1.

PER-62 : Van der Westhuizen, M.; Van der Bank, D.J.; Van der Berg, G.W.J., Uys, A.
Survey nf literature on the use of radioactive isotopes in agriculture, pu Wished between
197.1 and 1980. Apr 1980. SO p. ISBN 0-869G0-726-X.

II. PUBLICATIONS
Batton, J.K.: Hanekom, A.P.; Coetzee, F.C.; Lloyd, D.C. Health physics evaluation of an acute

overexpasure to a radiography source. Fifth International IRPA Congress, Jerusalem. Mar 1980.

Beyers, M. Voedsaamheidsaspekte van vnedselbestraling. Journal ofDietics and Home Economics

11981) v. 9(1).

Bomer. H.G.; Barreau. G.: Brissot. R.; Daniel. H.; Von Egidy, T.; Hofmeyr, C ; Krusche, B.;
Lieb, K.P. The reaction 35C1 (n.^i as an energy calibration standard. Verb. Dlsch. Phys. Ges VI
(1981) v. 16 p. 661.

Boydeil, D.1V. Continuous ion exchange for uranium recovery! on assessment of the achievements
over the last five years. Hydrometallurgy '81. University of Manchester Institute of
Science and Technology, Jun/Jul 1981.

BoydelL D.W. Impurities in uranium process solutions. IAEA Advisory Group Meeting on the
Production of Yellow Cake and Uranium Fluorides. Paris. Jun 1979. Vienna: IAEA. 1980.
ISBN 92-0-041080-4.

Brodrick, H.T.; Van der Linde. H.J. Technological feasibility studies on combination treatments
for subtropical fruits. International Simposium on Combination Processes in Food Irradiation,
Colombo, Sri Lanka. Nov 1980.

Camisani-Calzolari, F.A.G.M.; Toet», P.D. South African uranium resource and production
capability estimates. OECD(NEA]/IAEA Workshop on Methodologies for Forecasting Uranium
Availability, Grand Junction, Colorado, Feb 1980.

Colborn, R.P.: Bayne, D.L.G.; Slabber, M.N. Uranium refining in South Africa: the production
of uranium trioxide, considering raw material properties and nuclear purity requirements.
IAEA Advisory Group Meetingon the Production of Yellow Cake and Uranium Fluorides, Paris,
Jun 1979. Vienna: IAEA. 1980. ISBN 92-0-041080-4.

De Beer, G.P. Statistiek van radioaktiewe waameminga. Kortkursus oor die Gebruik van
Radioakliewe Isotope in die Landhou, Pretoria, Apr 1981.

De Beer, G.P.; Feather, J.I.; De Oude, A.; Language. A.E. Estimation of the done distribution
within, and total done to, the body of an acutely overexposed person. Health Phys. (Jul 1981)
v. 41 p. 77-81.

De Jesus, A.S.M. Radiation detectors and counting instrumentation. Kortkursus oar die Gebruik
van Radioaktiewe Isotope in die Landbau, Pretoria. Apr 1981.

De VUIien, J.A.M. Tokoloshe goes operational. NucL Act <Jan 1981) p. 16.

De VilIIen. J.A.M.; Fletcher. J.D.; Hayzen. A.J.; O'Mafaoay. J.R.: Roberti, D.E.;
Sherwell, D. Tnkaloshe: a low aspect ratio tokaroak. Spring College on Fusion Energy, Trieste,
May/Jun 1981.

De Wet, W.J. The introduction of radioisotopic and radiation technology in SA. Pulse {Apr 1981)
p. 59-63.

De Wet, W.J. Isotope sophisticates. NucL Act (Jul 1981) p. 21-25.

Donnehl, I.C.; Cooaen. D.J.; Jordaan, J.H.; Lange. N.J.; Maree. M. Detection of abscesses and
Iymphosarcoma with 1I1ln-deferoxaminemesylate.MicL Me± (Feb 1981) v. 20(1).

Engelbrecht, CA.; Geyer, H.B.; Hafane, F.J.W. Multiple collective excitations via boson
expansions. International Conference on Nuclear Physics, Berkeley, California. Aug 1980.

EvangelidU, E.A. Angular momentum coupling in differentially rotating galactic systems.
Asbvphys. Space ScL (1981) v. 74 p. 207-210.

Evangelidia, E.A. Equilibrium of space plasma torus. Astrophys. Spaa' Sci (19811 v. 75

p. 316-127.

Evangelidia, E.A. Equilibrium of toroidal confirmations. Astrophys. Space Sci. (1981) v. 77
p.479-491.

Feather, J.I.; De Beer, G.P. Time dependence nf dose delivered tn organs following the inhalation
of radionuclides. Htatth Phys. (Aug 19811 v. 41 p. 385-387.

Fourie, P .J . The role of the chemist in the development and production of radioisotope
preparations. Symposium on Isotope Production and Applications, Pelindaba, Mar 1981.

Gertenbacb, W.P. Multi-computer control of industrial and scientific processes: an overview
of systems design. SACAC Symposium on Distributed Systems. Durban. Apr 1981.

Geyer, H.B.; Hahne, F.J.W. Bosonuitbreidings vir onewe sisteme. Fifteenth Annual Seminar
on Theoretical Physics, .Johannesburg, Jul 1980.

Geyer, H.B.; Hahne, F.J.W. Pairing and surface bosons and the group Spl-1). Phys Lett^ B
(Dec 1980) v. 97B(2> p. 173-176.

Geyer, H.B.; Hahne, F.J.W. Proppgators and boson expansions for multiple elementary excita-
tions. Fifteenth Annual Seminar on Theoretical Physics, Johannesburg, Jul 1980.

Geyer, H.B.; Hahne, F.J.W. Unveiling s and d-bosons in even- and odd-A nuclei. Nud Phys., A
(1981) v. A363 p. 45-59.

Goosen, D.J.; Dormehl, I,; Maree, M.: Van der Watt, J.J, In vivo nuclear techniques in veterinary
medicine. J.S.Afr. VetAssoc. (Dec 1980) v. 51(4) p. 209-212.

Hahne, F.J.W. Finite and infinite boson expansions. Phys. Rev., C (May 1981) v. 23(5) p. 2305-2314.

Hayzen, A. J.; Overskei, D.O.; Moreno, J. Probe measurements of the boundary plasma in ulcalor
C. Plasma Fusion Centre report no. JA-81-10 (1981).

Henntng, J . J . T h e transport equation for charged particles in the solar wind. Antrnphys J. (1981)

v. 247 p. 312.

Henning, J , J.; Moraal, H. Transpon van kosmiese strale. Fifteenth Annual Seminar on Theoretical
Physics, Johannesburg, Jul 1980.

Hugo, N. Biologiese effekte van straling. Kortkursus oor die Gebruik van Radioaktiewe Isotope
in die Landbou, Pretoria, Apr 1981.

Human, G.P.; Dormehl, I. Die diagnose van isgemiese hartsiekte met tallium-201. S, Afr. Med J.
(Apr 1981) v. 59(15) p. 529-532.

Klevay, L.M.; Mendelsohn, D.; Van der Watt, J.J.; Davidson, L.M.; Kritchevsky, D. Aortic
sudanophilia and zinc-copper ratios in the liverof vervet monkeys fed different types of dietary
fibre. 5 Afr, Med. J. (Apr 1981) v. MM") p. 605-606.

Kritchevsky, D.: Davidson. L.M.; Krendel, D.A.; Van der Watt, J.J.; Russell, U.; Friedland, S.;
Mendelsohn, D. Influence of dietary fibre on aortic sudanaphiUa in vervet monkeys. Ann Nulr.
Metab. (1980 v. 25 p. 125-136.

Kruger. J. Basiese stralingsbeskermingsmaatreëls. Kortkursus oor die Gebruik van Radioaktiewe
Isotope in die Landbou, Pretoria, Apr 1981.

McCulIoch, H.W. Cumpuler effectiveness in the estimation of the economics of an extraction
metallurgy process, with special reference to the acid extraction of UgOn. Symposium on the
Use of Computers in Chemical Engineering, Johannesburg. Aug 1981.

Metcalf. P.E.; Winkler, B.C. Risk ratios for use in establishing dose limits for occupational
exposure to radiation. Fifth International IRPA Congress, Jerusalem, Mar 1980.

Meyer, B.R. Spoorelementanalise: neutronaktivering, PLXE en X-straal fluoremetrie. Kortkursus
oor die Gebruik van Radioaktiewe Isotope in die Landbou. Pretoria, Apr 1981.

Meyer, B.R.; Bain, C.A.R.; De Jeiui , A.S.M.; Stephenson, D. Radiotracer evaluation of
groundwater dispersion in a multi-layered aquifer. J. HydroL (1981) v. 50 p. 259.

Mingay, D.W.; Vleggaar, CM.; Watkjns, J.L. The measurement of large-volume air-particulate
samples by PIXE analysis. NucL Instrum. Methods (1981) v. 181 p. 487-492.

Neethling, J.D. Iterative solution of the Poisaon equation for the Thomas-Fermi atom. S. Afr. J.
Phys. (1981) v. -1(1) p. 16-19.

Niemand, J .G. Meat for keeps. NucL Act (Jan 1981) p. 28-32.

Niemand, J.G. Veiligheidsaspekte van hestraalde voedsel. Journal of Dietks and Home
Economics (1981) v. 9(2).

Niemand, J .G. X-ray treatment extends meat shelf life. Food ItuL S. Afr. (May 1981) v. 34(5)
p. 19.

of prime beef cuts. J. FoodNiemand, J.G.; Van der Linde, H.J.; Holzapfel, W.H. Raduri
Protection (1381) v. 44 p. 677-681.

Roberts, D.E. Effect of runaway electrons on the ionisation equilibria and radiation of tokamak
impurities. J. Quant Spectrosc. Radial Transfer (1981) v. 26(3) p. 259-272.

i steady-state tokamak plasmas.Roberts, D.E. Total impurity radiation power losses fro
NucL Fusion (19BI) v. 21(2) p. 215-231.

Schmidt, H.H.; Hungerford, P.; Daniel, H-; Von Egidv, T.; Brissot, R.; Barreau, G.; Bomer, H.G.:
Kerr. S.; Hofmeyr, C ; Lieb. K.P. Nuclear spectroscopie study of Z8AI. Verft. Dlsch. Phys.
Ces. V7(1981)v,16p.660.

Selzer, A. Regulatory control of radioisotopea. Kortkursus oor die Gebruik van Radioaktiewe
Isotope in die Landbou, Pretoria, Apr 1981.

Sherwell, D.; Cairns, R.A. Parametric instability driven by density modulation in velocity space.
J. Plasma Phys. (Aug 1980) v. 24(pt. I) p. 25-37.

Simonsen. H.A. Energy bedfellows. NucL Act (Jul 1981} p. 12-18.

Simonsen, H.A.; Boydell, D.W.: Jamei, H.E. The impact of new technology on the economics
of uranium production from low-grade ores. Londom The Uranium Institute, 1981.

Smith, M.E. Facilities for the production of radioisotopes at Pelindaha. Symposium on
Isotope Production and Applications, Pelindaba. Mar 1981.

Toetu. P.D. A guide to the lower limit - combination of size and grade - of deposit* of interest
for uranium resources. International Symposium on Uranium Evaluation and Mining
Techniques, Buenos Aires, Oct 1979. Vienna: IAEA. 1980. ISBN 92-0-040280-1.

Toens. P.D. The Southern Karoo uranium deposit. South Africa. OECD(NEA)/IAEA Advisory
Group Meeting on Case Histories of Uranium Exploration, Vienna, Nov 1979. Vienna:
IAEA, 1981. ISBN 92-0-141081-6.

Van Al, D. Consideration of the overall impact of an emission when setting standards Tor pollution
control. Clean Air J. (Jul 1981) v. 5 p. 37-41.

Van AP, P . Industrial end research applications of radioisotopes and radiation sources. Symposium
on Isotope Production and Applications, Pelindaba, Mar 1981.
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V u Aa, D. Settini standarda for trivüd concentrations of radioactivity. Fifth International
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V m Am. D-; Korden, C.E.; Botha, P.S. Who knows whera the weaterliea blow? NucL AeL
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Van der l inde , H.J . Radiation processing uaing intenie Uotopic radiation aourcei. Symposium
on Itotope Production and Applications, Peündaba, Mar 1981.
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Van der Merwe, P . do T. Broken symmetry, boson-condensates and superfluidity. Fifteenth
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Van der Merwe, P . da T. Non-lfceex phonon diipersion of condensed matter. Phya. Lett, A
(Apr 1981) v. B2A(8) p . 415-417.

Van der Merwe, P . du T. On the nonlinear propagator. Nuovo Cim.. A (Oct 1980) v. 59A{3)
p. 344-350.

Van der Merwe, P . du T. Space-time symmetries and nonlinear field theory. Nuovo Cim., A
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Van der Spuy, E . The Nobel prizes for 1980. Melons, conservation end time reversal. S. Afr.
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Van de r Spuy, E . Rationale for plasma research. NucL Act. (Jan 1981) p. 13-15.
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III. THESES
Louw, W.K.A. Isolasie en karakterisering van toksiese bestanddele uit die sade van Encephalarto»

AlttruUinü (LEHM). Thesis (Ph.D.). University of Port Elizabeth. 1981.
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(M.Eng.(Elec)), University of Pretoria, 1981.
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University of Pretoria, 1981.
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Thesis <M.Sc), University of the Orange Free State, 1980.
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r COMMITTEES OF THE BOARD DURING 1981
r

The Board expresses its very sincere appreciation to all members of its Committees for their valuable contribution to the work and progrt .s of the
Committees throughout the year.

NATIONAL COMMITTEE FOR
TECHNOLOGY AND RADIATION
Chairman Dr J.K. Basson
Vice-Chairman Dr W.J. de Wet
Members Dr M.G.M. Atmore

Mr D.C. Farquharson
Dr P. Haupt
Dr P.R. le Roux
Dr P.G. Marais
Dr W.R. McMurray
Prof. J.P.F. Sellschop
Dr L.H. Stein
Dr J.S. Steyn
Dr D. van As
Dr J.J. van der Watt
Mr H.J. van der Westhuizen
Dr J.P.A. Venter
Mr J. Walmsley
Mr B.C. Winkler

LIFE SCffiNCES COMMITTEE
Chairman Prof. J. Metz
Vice-Chairman Dr J.J. van der Watt
Members Prof. J.D. Anderson

Dr J.K. Basson
Prof. T.H. Bothwell
Dr W.J. de Wet
Prof. W. Gevers
Prof. M. Iturralde
Prof. B.C. Jansen
Dr P.G. Marais
Prof. A.G. Sandison
Prof. S.J. Saunders
Prof. I.W. Simson
Prof. P.D.R. van Heerden
Dr G.I. van Rooyen
Prof. Nancy van Schaik
Mr B.C. Winkler
Mr A. Selzer (ex officio)

MARKETING COMMITTEE
Chairman Mr T.L. Gibbs
Members Dr D.W. Boydell (up to 81-07-31)

Mr J.G. Kirchner (up to 81-09-30)
Mr G. Pretorius
Mr N.R. Shutt
Mr H.A. Simonsen (from 81-08-01)
Dr P.D. Toens
Mr C.F.G. von Hirschberg
Mr R.E. Worroll

NUCLEAR PATENTS COMMITTEE
Chairman
Members

Dr J.P. Hugo
Dr D.W. Boydell
Adv. H.L. Breedt
Dr R.P. Colborn
Dr N.P. Pienaar

RESEARCH GRANTS COMMITTEE
Chairman Dr J.K. Basson
Members Dr A.P. Burger (up to 81-10-30)

Prof. R.W. Charlton
Dr C.G. Coetzee (from 81-11-01)
Dr L.J. Dry
Dr G. Heymann
Prof. C.J.H. Schutte
Prof. P.H. Stoker
Dr J. J. van der Watt
Prof. I. van Heerden
Prof. G.T. van Rooyen

NUCLEAR SAFETY ADVISORY COMMITTEE
Chairman Mr S.L. Craib
Members Mr G.P. Croeser

Mr M.T. de Waal
Mr M. du Toit
Mr A.T. Gouws
Prof. R.G. Harley
Mr L.D. Hobbs
Dr J.F. Kemp
Dr P.R. le Roux
Mr H.J. van N. Louw
Mr H.B. Malan
Prof. J.B. Martin
Mr H.J. Matthysen
Mr R.F.J. Teichmann
Mr J.O. Tattersall (ex officio)
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