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Sir
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REVIEW 1978

Two particularly significant aspects of the nuclear scene
in South Africa during 1978 were the increased tempo
of uranium exploration and recovery, and the launching
of a campaign to market radurised (radiation-preserved)
foodstuffi.
The increased price of gold and uranium gave impetus to
the search for new uranium deposits and to a
reassessment of uranium reserves in South Africa; several
areas in the Orange Free State and the Western Transvaal
assumed renewed importance as a result. The
announcement of the opening of a new mine is the
Orange Free State heralded a new era, in that this mine
will be the first in the Witwatersrand Basin to come into
production primarily as a uranium producer, with gold
as a byproduct. The ERGO and Orange Free State Joint
Metallurgical Schemes for the recovery of uranium, gold
and sulphuric acid from old slimes dams continued to
prove their economic viability.
The other highlight, namely the marketing of radurised
food, underlined the growing importance of nuclear
techniques for the preservation of food. International
cooperation in the sphere of radiation preservation of
food knows no political or ideological bounds, and is
recognised worldwide as essential for the uplifting of
poverty-stricken and hunger-ravished nations of the
world. South Africa has gone beyond the call of duty in
this regard and will continue to do its utmost to enhance
the supply of food to all in need.
Work on the Koeberg nuclear power station in the
Western Cape progressed according to schedule. A
further training course for members of the Koeberg
personnel of the Electricity Supply Commission
(ESCOM) was provided at Felindaba by the Atomic
Energy Board (AEB).

Development of the optimum flowsheet for treating any
particular ore received thorough attention, as did that of
improved technology for uranium extraction from
Witwatersrand gold and uranium ores. Work continued
on the improvement of uranium tetrafluoride
production technology, as well as on that of fluorine.

In the sphere of prospecting techniques, the 'radon on
activated charcoal' (ROAC) system for measuring radon
gas in soil air reliably and inexpensively was thoroughly
tested and subsequently patented.

The use of radioisotopes continued to expand. There are
at present 521 non-medical and 49 medical users of
radioisotopes in South Africa.
The radiation-sterilisation service at Pelindaba went
ahead by leaps and bounds. As compared with an
average throughput of sixteen tons of medical products
irradiated each week in 1977, some twenty-five tons
were irradiated weekly during 1978. Efforts have been
made to put this service on a sound economic footing in
view of the fact that it has proved its value and should
no longer be even partially subsidised. Considerable
interest was shown in the provision of a commercial
sterilisation service by certain parties in the private
sector.

The source strength of the food irradiator at Tzaneen
was increased to fifty-five kilocuries. Papayas for
marketing in South Africa were irradiated at Tzaneen,
while strawberries and potatoes for the same purpose
were irradiated in the package irradiation plant at
Pelindaba, A formal announcement by the Minister of
Health in August gave official approval to the sale of

seven different irradiated foodstuffs, namely papayas,
mangoes, strawberries, onions, garlic, poultry and
potatoes.
The routine but most important work of ensuring the
health and safety of all members of staff continued.
Various projects of a fundamental nature continued to
receive attention. The projects covered the fields of
nuclear physics, theoretical physics, plasma physics,
radiation chemistry, kinetics, physical metallurgy and
life sciences.
The computing services of the AEB entered a new era
with the establishment of a Computing Sciences Division
which will combine research with the on-going services
to the various Divisions of the AEB. The demand for
computing time on the IBM 370 computer increased by
some thirty per cent as compared with 1977.
The minicomputer-based system, PHASCINA, for the
automatic handling of 'rabbits' irradiated in the reactor
was completed and installed in the Chemistry Bunding.
A system for the collection and analysis of
mass-spectrometer/gas-chromatograph data was also
installed.
Strict control was again exercised over the disposal of
solid and liquid radioactive waste. A total of almost half
a million cubic metres of effluent was discharged to the
Crocodile River during the year. The total actual activity
of this effluent was one hundred and eleven millicuries,
which constitutes less than 5,7 % of the total discharge
activity permitted by the Department of Water Affairs.

Engineering services were provided for a widely
divergent spectrum of requirements, despite problems
regarding staff recruitment and the acquisition of certain
materials. The shift of accent in the services from those
required for research to those necessary for more
process-oriented tasks was noticeable.
Participation in five of the eight working groups of the
International Nuclear Fuel Cycle Evaluation (INFCE)
was actively pursued. It is expected that INFCE will
complete its work towards the end of 1979. A number
of scientists spent periods of time abroad in connection
with the research program and licensing matters, and
several distinguished persons were once again received at
Pelindaba. Some I 300 persons were received at
Pelindaba 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 2 164 new books and 1 817 volumes of bound
periodicals were added to the Library in the year under
review. The total bookstock is now 329 040.

Licensing Branch inspectors were constantly engaged
throughout the year in monitoring the quality of
components for the Koeberg nuclear power station. An
inspection engineer was appointed to the Koeberg site to
ensure day to day adherence to the Branch's
requirements.
The five Administrative Divisions of the AEB continued
to provide a variety of services. On 31 December 1978,
there were in all 1 846 persons in the service of the AEB,
including learner technicians and apprentices.
Two new Acts, namely the Atomic Energy Amendment
Act, 1978, and the Nadear Installations (Licensing sail
Security) Amendment Act, 1978, came into effect in the
first half of the year.
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NUCLEAR MATERIALS

Virtually all activities in South Africa which relate to the
development of resources of nuclear materials are
centred around or collated by the AEB. Six of the AEB's
Divisions are involved in the Nuclear Raw Materials
Program.
The Geology Division bears the responsibility for
establishing the extent and nature of die resources, a
responsibility exercised in collaboration with the
Geological Survey and with mining companies active in
the field of exploration.
The liotopca and Radiation Division is involved in the
radiometric analysis of uranium ores and the assessment
of radiation hazards in uranium mining and extraction.
The Extraction Metallurgy Division is responsible for all
research and development undertaken by the State in
South Africa on the processing of uranium, thorium and
zirconium ores. One of the main tasks of the Division is
the development of improved technology for uranium
extraction from Witwatersrand gold-uranium oics. Thi'
work is done in collaboration with mining groups thu
are affiliated to the Nuclear Fuels Corporation of South
Africa (NUFCOR) and in association with the National
Institute for Metallurgy (NIM). A second major task is
the pioviiion of ore-processing services and expertise to
mining companies during all the stages that arise when a
uranium deposit is discovered and brought into
production. The Division can render a comprehensive
service that starts with mineralogical examinations of
exploration samples, continues with bench-scale
ore-dressing and hydrometallurgical tests on borehole
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cores, followed (with rare exceptions) by pilot-plant
testing of bulk samples and, finally, selection and costing
of the optimum process flowsheet for treating the
particular ore in question. The Division is located within
the NIM building complex in Randburg, on the outskirts
of Johannesburg, and makes extensive use of NIM staff
and facilities, particularly in the field of mineralogy,
ore-dressing, analytical chemistry, mineral and process
chemistry, and instrumentation.

The Process Metallurgy Division is primarily engaged in
the development of the technology necessary for the
conversion of uranium concentrates, produced by the
mines, to a form suitable for enrichment by the Uranium
Enrichment Corporation of South Africa (UCOR). The
Division has also conducted and completed a
collaborative program with NUFCOR for the conversion
of ammonium diuranate (produced by various mines) to
uranium trioxide suitable for uranium tetrafluoride
production.
The Physical Metallurgy Division is responsible for the
development of methods for the manufacture of new
and improved nuclear fuels, including the study of their
properties and behaviour under irradiation. It is also
involved in the study of the irradiation behaviour of
constructional materials used in the nuclear industry.

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

Uranium resource estimates

South Africa was again represented on three occasions at
the meetings of the Steering Group and the Joint
Nuclear Energy Agency (NEA)/International Atomic
Energy Agency (IAEA) Working Party on Uranium
Reserves which publishes a report on the uranium
resources and demand of the Western World every two
years. The next edition is due to appear towards the end
of 1979 and will contain South Africa's updated
reserves.

South Africa also participated in the International
Uranium Resources Evaluation Project (IUREP). The
object of the project was to review the present body of
knowledge pertaining to uranium resources and to
identify areas favourable for their location and
exploration on a global scale. South Africa assisted 1 •
the preparation of the first phase of the report whic,'.
involved critically examining 160 countries and
categorising them according to their uranium potential.
However, it has been decided not to participate in
further IUREP studies.
Of particular concern to South Africa are the studies of
the International Nuclear Fuel C.yclj Evaluation
(INFCE) involving global uranium-resource estimates
with reference, for the first time, to high-cost/low-grade
and speculative categories. In the light of the
.recommendations by the NEA/IAEA Steering Group
and INFCE, South Africa is currently making a
re-assessment of its uranium resources in all categories,
in close collaboration with the Mining Industry and the
Government Mining Engineer.

The need for reliable estimates of the magnitude of the
exploitable uranium reserves and future production
capability of South African gold mines continued to be
an important factor in the planning of the future
development of the nuclear fuel cycle in the Republic.

6

The AEB has been involved for some years in the
development of sophisticated methods for obtaining
such estimates and for evaluating their sensitivity to
changes in gold price, uranium price, working costs,
metallurgical improvements etc. A computer model was
developed for this purpose and tested on preliminary
data provided by one mining group.

Exploration in the Republic of South Africa

During 1977 a total of 17 companies actively explored
for uranium in the Republic of South Africa and a total
of R9,7 million (R6,0 million in 1976) was spent on
prospecting operations.

Quartz-p«bbi« congjomtrttt

Prospecting in the Witwatersrand and the Dominion
Reef Groups has increased significantly due to the
increase in the price of both gold and uranium. Based on
a combined payability, a number of areas in the Orange
Free State and the Western Transvaal have assumed
renewed significance and prospecting is proceeding
apace. A mining house announced the opening of a new
mine, Beisa Mines Ltd, in the Orange Free State. The
mine is unique in that it will be the first mine in the
Witwatersrand Basin to come into production primarily
as a uranium producer, with gold as a byproduct.
Slimes-dams reclamation projects are running to
schedule and further projects are currently being
investigated.

Karoo sediments

Exploration in the Karoo Supergroup of the Southern
Cape was concentrated mainly in the area between
Sutherland and Beaufort West Results have been
sufficiently encouraging to justify in-depth feasibility
studies in at least two areas. No decision has as yet been
taken regarding the ultimate viability of the Karoo
deposit;.

Of particular interest is the discovery of uraniferous coal
in the strata of the Karoo Supergroup in the Springbok
Flats of the Northern Transvaal in the Warmbaths area.
The viability of the whole operation is currently being
investigated in collaboration with the Atomic Energy
Board.

Surficial deposits

In the northwestern Cape Province a number of calcrete
and other surficial deposits containing sporadic
concentrations of uranium mineralisation continue to be
explored. With one exception, most of the deposits
investigated to date appear to be of limited extent and
of too low a grade to justify exploitation at the current
uranium prices.

Karoo airborne survey

The airborne radiometric and magnetic survey of the
Karoo basin, which covers roughly 60 % of the Republic,
is now 40 % complete. The project is a collaborative one,.
with the flying contracted to the Geological Survey
which is also responsible for the interpretation of the
data, and the data processing being undertaken at the
AEB Computer Centre. No new significantly anomalous
areas have been detected in the blocks released to date
on open file.



instrument calibration and ore sorting

Due to the continued extensive usage of the calibration
facility, additional standard sources have been
constructed which make possible the quantitative in situ
radiometric determination of the three natural
radioelements K, U and Th, both in boreholes and on
the surface. The Pelindaba facility now comprises 10
surface pads for the calibration of hand-held
instruments, two borehole standards and three mini
dead-time sources for the calibration of logging units,
and three mini-sources for airborne-instrument
calibration.

Considerable assistance has been provided to the mining
sector through the determination of radioactive
disequilibrium between uranium and its radioactive
daughter products in numerous samples submitted to the
AEB. This information is essential in determining the
uranium content on the basis of radiometric prospecting.

At the request of a mining group, a feasibility study
aimed at investigating the possibility of automatically
sorting uranium ore according to grade was undertaken.
The method used, which is based on the natural
radioactivity of uranium, proved the viability of such a
separation process. The mining group itself has
subsequently built a system based on this method, which
appears to be working satisfactorily.

Exploration in South West Africa

In South West Africa a number of companies prospected
for source materials during 1977, spending roughly the
same amount as in the previous year.

Granitic rocks

A number of companies carried out exploration
programs in the terrain containing granitic rocks. A
number of small or low-grade deposits similar to that of
Rossing have been discovered, some of which may
become viable in time.

Karoo sediment!

Uranium has been located in strata of the Karoo
Supergroup on the Skeleton Coast and a small tonnage
delineated. However, due to the remoteness of the area
these deposits do not appear attractive at the present
time.

Surficial dtposits

Studies have indicated that the large calcrete deposit in
the vicinity of the Langer Heinrich Mountains, 100 km
east of Walvis Bay, can be turned to account. A mining
lease has been granted and metallurgical tests are
currently being carried out

A number of other small to large low-grade deposits have
also been located in a number of areas in the Namib
Desert and are currently receiving attention.

Analytical methods for uranium prospecting

The determination of uranium by delayed-neutron
counting with a view to geochemical exploration was
continued for both private and government
organisations. Because of the increasing demand for this
service, it became necessary to investigate the expansion
and improvement of the existing facilities. The analysis

of other elements by conventional activation analysis
and gamma spectrometry was, for various reasons,
restricted. Efforts are to be made to introduce service
analyses of this nature.

A comprehensive investigation showed that the selective
determination of only that uranium in ground samples
and stream sediments which is soluble in a weak leaching
medium, has definite advantages over the determination
of the total uranium content of the samples in the
detection of uranium mineralisation. Measures have
already been taken to ensure that sufficient facilities will
be available should there be a demand for this service.

A fundamental geochemical study of four selected
uranium occurrences in the Karoo is being continued in
collaboration with the Geological Survey. By the very
nature of the investigation, a great amount of analytical
work has to be completed before significant conclusions
can be drawn, but even the preliminary data appear very
encouraging; further work is soon to commence, with
complementary techniques.

The ROAC system for the measurement of radon in
uranium exploration was comprehensively investigated
and patented. The cardinal step towards commercial
exploitation of the system was achieved at the end of
the year by the award of a manufacturing and marketing
licence to a company with both national and
international capability.

A national investigation in connection with uranium in
underground water was planned in collaboration with
various Government Departments, and was initiated on a
limited scale.

Radiation hazards in the SA mining industry

Various radiation surveys were carried out inside
uranium plants at the request of the Government Mining
Engineer. An additional report on environmental
radioactivity was given to a new uranium mine. In
addition, attention was given to the possible radon
hazards which might arise in proposed uranium mines, as
well as to the environmental radioactivity resulting from
the recovery of the uranium.

The Code of Practice on Radiation Protection in the
Mining and Milling of Radioactive Ores was originally
prepared by a group of experts convened in 1965 jointly
by the international Labour Organisation (ILO) and the
IAEA, and was issued in 1968 as IAEA Safety Series
No. 26. In view of recent developments in radiation
protection and the issue of new International
Commission on Radiological Protection (ICRP)
recommendations, an IAEA/World Health Organisation
(WHO)/ILO Advisory Group, consisting of health
physicists from nine countries including South Africa,
was convened in Portoroz, Yugoslavia, in August 1978,
to revise the Code.

Continuous ion exchange for uranium recovery

The AEB has played an important role in the
introduction of the technique of continuous ion
exchange (CIX) into 'new South African uranium plants.
The CIX contactor developed by NIM, known as the
NIMCIX contactor, has been successfully proved on an
industrial scale for the recovery of uranium from
unclarified Witwatersrand acid leach liquor) by the AEB.
in collaboration with the uranium industry. Uranium
recovery plants that employ continuous ion exchange
having an aggregate installed capacity of over five million
tons of ore per year, were in operation in South Africa



during 1978. A further six million tons of ore-treatment
capacity in flowsheets embodying continuous ion
exchange is scheduled for commissioning during 1979.
Continuous ion exchange is the key to cost reduction in
the recovery of uranium from low-grade ores in a variety
of situations. This technique allows the rotary-drum
filters and precoat clarifiers, used in earlier plants, to be
replaced by less expensive methods fur solid/liquid
separation, such as continous countercurrent
decantation (CCD) in thickeners or horizontal belt
filters. Continuous ion exchange has made a substantial
contribution to the expansion in the production of
uranium by South African companies which have
proceeded with new plants in the face of increasing mine
working costs, falling uranium grades and rapid inflation
in the capital cost of . .-anium-plant equipment.

CIX design and resin-evaluation studies

The success of the N1MCIX development program
resulted in a large volume of requests from industry for
technical services in this field.

An important aspect of the AEB's work was the
establishment of a process-design procedure which has
allowed continuous-ion-exchange units to be designed
with confidence from the results of laboratory tests
conducted on samples of plant solutions, without the
necessity of conducting pilot-plant investigations. Work
is in progress which will allow the response of commonly
known solutions to be generalised to situations in which
the concentration of other ionic species is markedly
different from those encountered to date.

The collaboration of a number of organisations has been
sought with a view to the standardisation of resin-testing
procedures applicable to uranium recovery. The qualities
sought in resin-test procedures are that the results should
be relevant to the prediction of the performance of
industrial-scale equipment, and that the methods be
amenable to rapid and, if possible, automated techniques
without loss cf accuracy and reproducibility so that
laboratory workloads can be minimised.

Alongside the ion-exchange resin testwork aimed at the
implementation of continuous ion exchange in specific
applications, there has been considerable activity in the
testing of new ion-exchange resin products. A major
project has arisen out of a decision by a South African
chemical company to undertake the development of new
ion-exchange resins for use in continuous-ion-exchange
contactors. The first resin that has been developed has a
relative density of 1,25 and chemical properties tailored
to suit the requirements of uranium-recovery processes.
The ALB has evaluated batches of this resin for possible
uranium applications on Witwatersrand acid leach
solutions at the gold mines, and for other uranium
deposits. Further testwork is planned on the resin
selected as the best candidate for commercial
production. The ultimate objective of this program is the
establishment in South Africa of a plant for the
manufacture of ion-exchange resins.

The major resin-manufacturing companies have been
stimulated to improve their products by the worldwide
revival of interest in ion exchange for uranium recovery.
A number of these experimental resins have been
submitted to the AEB for testing and evaluation.

Costing of uranium-recovery flowsheets for new
plants

Becaus ' > the very short time scale between the proving
of the l < vr uranium flowsheets incorporating CIX and

the need to finalise the designs of a number of new
commercial uranium plants, a critical need developed,
during the period under review, for CIX technology to
be rapidly transferred from members of staff of the
AEB, NIM and Rand Mines/Blyyooruitzicht to
metallurgists and design engineers of mining groups and
companies who had not been personally involved in the
NIMC1X development program. Of particular
significance has been the contribution made by the AEB
to the design and costing studies undertaken by the
various mining groups. It has been found that each
application of the NIMC1X contactor has to be carefully
evaluated because the size of the NIMCIX columns, and
consequently the capital cost of the plant, is greatly
influenced by the characteristics of the leach liquors.
Cost information released to the AEB, while being kept
strictly confidential in the form received, was used to
produce generalised cost estimates. This procedure
ensured that the economic advantages of the new
technology were brought home to all concerned in the
shortest possible time and in a uniform manner.

Development of resin-in-pulp processes for
uranium recovery

The use of ion exchange for the direct recovery of
uranium from pulps (RIP) offers the possibility of
further cost reductions in the treatment of
Witwatersrand uranium-containing material. If the
solid/liquid separation step following acid leaching can
be eliminated or simplified to a countercurrent cascade
of cyclones and followed by the treatment of the slime
fraction for uranium recovery in an RIP system, then
this flowsheet might offer an attractive method for the
treatment of very low-grade slimes-dam material.

Considerable work has been done on the investigation of
experimental cyclones in order to obtain information for
the design and optimisation of a complete hydrocyclone
washing cascade. A cyclone test rig has been set up at
Randburg where further closed-circuit tests are being
undertaken to generate additional data for the full range
of feeds of interest in the use of ths NIMCIX system for
treating pulps.

The advent of heavy anion-exchange resins with specific
gravities of about 1,25 and with a performance
comparable to that obtainable with conventional resins
has opened up the possibility of passing slime with a
solids content as high perhaps as 20 % through a CIX
absorption column.

A major reason for RIP development concerns those
uranium ores outside the Witwatersrand which, on
leaching, form a pulp that is extremely difficult to
separate into solid and liquid streams for further
processing. In addition to evaluating the treatment of
such pulps in the NIMCIX upflow column, an alternative
design, which makes use of a cascade o V agitated tanks
and incorporating a novel air-cleared internal screen, is
under investigation in collaboration with NIM and the
uranium industry. Although scale-up factors and control
of the resin distribution in this system have yel to be
established, this approach appears to hold considerable
promise.

Preooncentration of very low-grade ores to
recover additional uranium

Large resources of very low-grade ores and slimes-dam
residues could be exploited economically for uranium
recovery in South Africa provided suitable
preconcentration techniques such as flotation, gravity



concentration, and wet high-intensity magr.-tic
separation (WHIMS) can be developed to commercial
acceptability. Although these techniques have found
very little commercial application for uranium ores in
the past, new avenues for their use opened up during the
period under review. Flotation is now being used
successfully on a very large scale by the Anglo American
Corporation (ERGO and the Orange Free State
Metallurgical Schemes) for the recovery of about 20 %
of the uranium contained in very low-grade cyanide
residue dumps. Research by the AEB was concentrated
on the WHIMS technique which enables between 50 and
70 % of the uranium contained in very low-grade ores
and residues to be recovered. This program, which is
being undertaken in close collaboration with NIM,
various mining companies, and industrial manufacturers
of WHIMS machines, has reached an advanced stage.
Initially severe problems were encountered with
blockage of the matrix with wood chips and
ferromagnetics when a paot WHIMS machine was
operated at two South African gold mines under
conditions expected in commercial operation. The
development by NIM of a novel mechanical system for
the removal and washing of the matrix resulted in the
successful solution of the blockage problems and has
opened up the way to the design of a commercially
acceptable WHIMS machine for the preconcentration of
low-grade uranium ores and residues.

Ore-processing services to industry

Daring the period under review exploration activity in
the Southern Karoo, the Northwestern Cape Province
and elsewhere picked up considerably and a number of
potential uranium ore bodies were identified. A number
of mining companies commenced metallurgical
investigations in collaboration with the AEB, aimed at
developing suitable flowsheets for possible future
processing plants. The AEB undertook a variety of
investigations on a calcrete deposit for one mining
group, including mineralogicil work, autogenous milling
tests and the design of bench-scale, pilot-scale and
full-scale NIMCIX units for the alkaline carbonate leach
circuit. The AEB also undertook a substantial pilot-plant
program at Randburg on behalf of another mining group
on a carbonaceous-clay uranium ore. Two circuits were
tested — an alkaline carbonate leach flowsheet
incorporating a slime-fed NIMCIX contactor, and an
acid-leach circuit incorporating a novel resin-in-pulp
system. During the second half of the year the AEB
started a comprehensive investigation of samples from a
number of ores from the Southern Karoo to
complement work being undertaken by the mining
companies concerned.

It has become apparent that the South African uranium
industry will in future become increasingly diversified.
Because of the wide variety of uranium ores likely to be
treated, their remote location, and the limited extent of
the ore reserves under the control of any ore-mining
company, the AEB is giving urgent attention to
broadening the scope of its uranium-ore processing
expertise and is establishing additional laboratory and
pilot-plant facilities at Randburg.

Evaluation of future uranium supply

At the annual symposium of the Uranium Institute in
London, reference was made on several occasions to the
growing importance of an accurate and realistic
evaluation of the future uranium supply position to
enable policy decisions to be made, in a number of

countries, on the adoption of nuclear power as an energy
source, and on the necessity for breeder reactors and for
the recycling of spent nuclear fuel. An important
question posed was "what proportion of the total in-situ
uranium resource base in the world will, in reality,
become available, within the required timescalc and at
an acceptable cost, to the nuclear industry"?

Two senior officers of the Extraction Metallurgy
Division presented a paper at this symposium on the
results of a study undertaken by the AEB into the
significance of ore-processing technology in the
assessment of the uranium-supply outlook. The world's
uranium resource base is made up of a large number of
different ore types, each with different attendant mining
and processing problems, and in the study the technical
and economic constraints on the exploitation of each
ore type were examined.

The study concluded that "dated" uranium
ore-processing technology will not prove adequate for
new ventures in the "traditional" uranium areas of the
USA, Canada and South Africa. Any significant
expansion in the uranium'output from these areas will
depend on a much wider application of new and
improved technolosy currently under development.
Conventional uranium-extraction techniques will
probably be adequate for the high-grade deposits in the
Alligator River area in Australia and the Northern
Saskatchewan deposits in Canada, and the economics of
exploiting these ores are likely to be highly favourable.
However, environmental and political constraints will
play an important part in the time scale for the supply
of uranium from these areas.

International cooperation on uranium-extraction
technology

During the year the Director of the Extraction
Metallurgy Division was appointed Chairman of an
International Working Group on Uranium Extraction
established by the IAEA and the NEA of the
Organisation for Economic Co-operation and
Development (OECD). This appointment is further
recognition that South Africa is one of the leaders in the
world in uranium-extraction technology.

The Working Group will periodically review and
exchange information on current industrial technology
and new developments in uranium extraction, including
mining and processing. It will also establish criteria and
collect generalised cost data for evaluating the
comparative economic potential of various host
resources of uranium, with a view to evaluating the
Jong-term uranium-supply outlook.

The information so acquired will be published in a new
NEA/IAEA publication on Uranium Extraction
Technology and Economics. This publication will
initially be based on a Technical Report "The
significance of mineralogy in the development of
flowsheets for processing uranium ores" which is to be
published early in 1979 by the IAEA. The latter report
was compiled by a group of consultants under the
chairmanship of the Director of the Extraction
Metallurgy Division.

Nuclear-grade zirconium

Progress continued steadily with a collaborative project
between the AEB, NIM and an industrial company, in
which a new pyrometallurgical route for the extraction
of zirconium is being developed. The 60 kW
electron-beam furnace that was acquired in October



1977 was used extensively throughout the year under
review. The first of its kind in South Africa, the furnace
operated successfully. It has now been modified by the
addition of a constant-rate feeder, and an optical
pyrometer was fitted so that the temperature of the
metal can be measured and controlled duiing
experiments.

Production of uranium hexafluoride (UF6)

Except for downtime due to blockages, the UF5 Plant
was in production until the first week of April. The
valves which were specially manufactured for the AEB
and which, in the meantime, were installed, were taken
out during April to be inspected. It was found that they
performed satisfactorily and that no signs of corrosion
could be detected. The plant was brought on line again
until 29 April when it was shut down for routine
maintenance. The plant was in operation again from 10
May until 7 September when it had to be shut down
temporarily due to a shortage of hydrofluoric acid,
which is imported from overseas.

A controlled experiment with the objective of
establishing certain operating parameters prior to the
plant being fed with UF4 to be produced in the AEB's
own UF4 production facilities, was successfully
completed.

Plant performance has, during the past year, been
satisfactory, with plant availability w-11 up to
expectations. The standard of plant operations and
radiological-hazards control has risen appreciably. This
can be attributed mainly to the implementation and
improvement of a training program for the plant
operators.

Pilot plant for UF6 distillation

The pilot plant for UFg distillation was chemically
cleaned and mechanically prepared for commissioning.

The Safety and Operating Report was completed and
discussed by the Safety Committee. The report was
accepted and permission was granted to commission the
plant. Routine operation will commence early in 1979.

UF4 production technology

The detailed design, construction and installation of the
UF4 pilot plant was completed, and commissioning is
scheduled to commence in the first quarter of 1979.

A new laboratory Static Reactor and a mass
measurement system were installed. Bulk samples of
uranium trioxide produced from ammonium diuranate,
originating from four different mines, were reduced and
hydrofluorinated on this Static Reactor, simulating the
behaviour of a moving-bed reactor. It was possible to
produce uranium tetrafluoride from all four samples. It
was, however, found that some samples were far less
sensitive to the settings of the control variables than
others and this effect is being investigated. It is
anticipated that the current experimental program will
be completed early in 1979, whereafter the Static
Reactor will be operated as an adjunct to the UF4 pilot
plant for the characterisation of feed materials.

The experimental work on the thermobalance, aimed at
obtaining all relevant kinetic data, continues. It has been
possible to. analyse the kinetics of reduction using
Arrhenius-type equations and r'etermining activation
energies under differing conditions.
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Fluorine production technology

Efforts to develop improved fluorine technology were
continued. Three new laboratory-scale fluorine cells
were constructed, each with its own cooling system.
Tests were undertaken to establish the effect of
electrolyte temperatures and concentrations on the
operation of the cells. This investigation continues, as
also endurance and corrosion tests on various materials
to be used for the construction of e lecf .des .

Production of U3O8 and UFj standards cif high
purity

The laboratory mixer-settler was operated using a new
configuration with old solvent Tests, however, showed
that no improvement was obtained and that the
stripping section was still not functioning properly.
Subsequently tests were done on the solvent and it was
found that water could not strip the loaded solvent
completely unless the solvent had been regenerated with
sodium carbonate to remove mono- and
dibutylphosphates.

Further experiments using new solvent in the new
configuration of the laboratory mixer-settler showed
considerable improvement in stripping ability. The
scrubbing sections, however, did not perform as well as
before.

From the results obtained, a modified laboratory
mixer-settler was designed to include a solvent
regeneration section as well as an enlarged scrubbing
section. The laboratory mixer-settler was modified
according to the new design and tests will continue.

Fuel development
Solubility studies with regard to the UC-US system, as
well as studies in connection with the physical and
chemical properties of potential fuels in this system,
were completed. The results have been submitted for
publication.

Creep tests were conducted on hyperstoichiometric UC
and the 60 % US fuels. The results indicated that the
60 % US fuel exhibited considerably more resistance
towards creeping than UC under the same conditions.

The next logical step in this series of investigations is the
irradiation of the fuels in question.

The study of the compatibility of uranium carbide fuels
with stainless-steel cladding was completed. A very
sensitive technique for the study of compatibility
interactions between fuel and cladding was developed
and successfully employed to evaluate the important
parameters affecting compatibility behaviour. The
results of this work were published.

Irradiation behaviour of fuel and constructional
materials
Irradiation testing of fuel and constructional materials
has been temporarily suspended due to the unavailability
of suitable irradiation facilities arising from the
intermittent operation of the research reactor,
SAFARI-1.

However, all the mechanical testing and optical
metallography of irradiated and non-irradiated stainless
steel specimens of local and imported origin were
completed and a comprehensive report embodying the
results of this program in nearing completion.

The shielded mechanical testing and metallographic cells
have been decontaminated and put on stand-by.
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Construction work on the Electricity Supply
Commission's (ESCOM's) two pressurised-water reactors
at the Koeberg site near Cape Town progressed
according to schedule during 1978. The planned
commissioning dates of December 1982 and December
1983 respectively for the two units remain valid.

The total net electrical generating capacity of nuclear
tower plants in the world rose past 100 000 MW during
tl.e year, having reached the 10 000 MW mark in 1969
and 1 000 MW in 1960. Despite this impressive growth
rate, forecasts during 1978 of future global nuclear
capacities continued to point to growth rates lower than
those predicted in the past. The nuclear industries in
several Western countries were still plagued by setbacks
as a result of regulatory and opposition (anti-nuclear)
actions.

The US Administration maintained its nuclear policy as
announced in April 1977, deferring indefinitely the
commercial reprocessing and recycling of plutonium
produced in the US nuclear power programs, and the
date when breeder reactors would be put into
commercial use. The International Nuclear Fuel Cycle
Evaluation (INFCE), which was initiated by the USA
and set in motion towariu the end of 1977, gained
momentum during 1978. It is hoped by many countries
that the INFCE findings will clarify the international
position regarding plutonium recycle, breeder reactors,
and alternative fuel cycles. The US Nuclear
Non-Proliferation Act of 1978 was signed into law,
requiring renegotiation of most Agreements for
Co-operation between the USA and foreign countries.
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Such renegotiated Agreements could have a significant
effect upon the plans of such countries, because the
USA has strong influence through its position as a
supplier of nuclear fuel, knowhow and equipment.

Radioactive-waste management

An investigation into the management of radioactive
wastes from the commercial nuclear power program in
the Republic was completed. A report setting out the
various alternatives, together with recommendations for
future action, was submitted to the Board's Management
as well as ESCOM.
The Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter was drawn up
at the Inter-Governmental Conference on the Dumping
of Wastes at Sea in October-November 1972 in London.
This convention entrusted the International Atomic
Energy Agency with 'he responsibility of defining
'high-level' radioactive wastes that are prohibited from
being dumped at sea, and of making recommendations
with respect to the considerations which the contracting
countries should take into account when issuing permits
for the dumping of authorised radioactive wastes. Based
on the results of foregoing meetings, the IAEA called an
Advisory Group Meeting in February-March in Vienna,
to review the Provisional Definition and
Recommendations. A South African health physicist
served on the Advisory Group which consisted of
experts from 23 different countries, as well as of
representatives of several international organisations.
Also, having in view the long-term impact which
uranium-milling operations may have on man and his
environment, the IAEA called another Advisory Group
meeting i.t October-November in Salt Lake City, USA,
to produce a technical document that will describe the
present state of technology available for the
management of uranium tailings so as to curtail
surveillance to a minimum on a long-term basis. The
meeting was attended by experts from six countries,
including South Africa.

Duynefontein environmental studies

As part of the research project concerning the study of
atmospheric dispersion in the area, two series of
experiments aimed mainly at obtaining experimental
data under various meteorological conditions were
carried out. In April/May six runs were performed where
the wind direction varied from SE to SW, while the
July/August series of experiments permitted a few runs
under N - NW winds. The characterisation of the wind
field under the latter conditions is particularly
important, seeing that Cape Town will then be situated
down-wind from Duynefontein. Although far from
perfect, the radio-telemetric system appears to be
working satisfactorily after the introduction of a few
modifications. The fact that the quality and quantity of

the data obtained are strongly dependent on weather
contingencies makes it difficult to define a time horizon
for the completion of the experimental phase of this
project.
As the study of water circulation in the coastal region of
Duynefontein progresses, it has become more apparent
just how sensitive is the wind/sea-temperature
relationship in the Duynefontein coastal region. With a
view to a consolidated report, a file of all the data, both
reprocessed and recently gathered, has been compiled.
Following a request by ESCOM, the expertise gathered
at the AEB over several years of monitoring the
environment for natural and man-made radioisotopes is
not only being used in the form of expert advice on the
construction and equiping of an environmental
laboratory; the AEB has also been formally requested to
conduct a pre-operational survey of the radioactivity in
the Duynefontein environment for a two-year period
prior to the first fuel being brought on site towards the
end of 1981. This laboratory is at present being erected
and equipped, and will become operational during the
second quarter of 1979.
A fourth environmental aspect where the AEB's advice
has also been sought concerns the design and selection of
the meteorological system to be installed on and about
the main mast. Sensors and data loggers are in the
process of being acquired, while the selection of data
displays will be made at a later stage.
In cooperation with the Department of Hydraulic
Engineering of the University of the Witwatersrand, a
study is being made of the dispersion of underground
water in the sediments adjacent to the foundations of
the buildings housing the Koeberg reactors. This has
involved sinking a series of boreholes and the subsequent
introduction of 1 3 1 I tracer in the form of a solution of
K131] , The main purpose of the study is to determine
the rate of buildup of salt concentration from seawater
intrusion.

Training of ESCOM personnel

During March the AEB, at the request of ESCOM, once
again provided a training course for members of the
Koeberg personnel.
A group of 16 senior persons underwent training
consisting of a series of experiments, during which the
startup and shutdown, as well as the operation of
SAFARI-1 at high and low power, were performed by
the students themselves. The accent was on safe
procedures. Determinations of various reactor
parameters were also carried out.
The course in health physics and safety covered the
principles of the use of radiation protection instruments,
radiation and contamination surveys, environmental
monitoring, personnel dosiraetry and emergency
planning.

12
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APPLICATION OF RADIOISOTOPES AND
RADIATION

The AEB is actively engaged in encouraging the use of
radioisotopes and radiation in specific applications in
industrial, medical, agricultural and research techniques.
These techniques are promoted directly by the Isotopes
and Radiation Division and the Chemistry Division,
which work in close collaboration with the NIM,
Industry, Government Departments, Universities and
other organisations.

Application and promotion of nuclear
techniques
The possibility of in situ determination of silica by
means of neutron activation analysis (NAA) was
investigated. Laboratory tests, where an AM/Be neutron
source was used, showed that concentrations lower than
1 % can easily be determined in less than five minutes.

At the request of a mining company, the possibility of
determining small emeralds of industrial grade contained
in large quantities of gar^ue material, was briefly
investigated in the laboratory. The experiments carried
out showed that the well-known method of using gamma
rays of energy higher than that required to produce
neutrons in ^Bc (emerald is a beryllium oxide), although
very effective for static conditions when long counting
times can be tolerated, is not sufficiently sensitive for
dynamic systems of fairly large ore throughput.

Preliminary measurements concerning the possibility of
bacterial removal of phosphorus from sewage were
conducted in cooperation with the Johannesburg City

13

C O N "i R O L



('• Health Department Phosphorus-32 was used as tracer.
I Should this type of removal become feasible, it may lead
h to considerable cost savings in the purification of
fj sewerage water before it is discharged into the Jukskei
;.; River.
I*- Kadictracer investigations in industrial processes
;:• continued at an increasing pace, so much so that there
;i were times when requests from industry had to be
f" postponed for some two months owing to tight
f, schedules created by other projects for industry. Most of
£ these investigations involved the determination of mean
!; residence times, as well as extraction of quantitative
p information on the dynamics of various industrial
• > processes with the help of mathematical modelling. For
!'f instance, the mean residence time and mixing
[- characteristics of manganese in a rotary furnace were
1:, investigated by using the activated ore itself as tracer.
• After interpretation and submission of the results by the

,• AEB, the firm concerned decided to request a similar
]'• type of investigation on their other furnace.
; Radioactive tracer measurements, using 131^ Were
. carried out on a massecuite crystalliser of a sugar
: factory. The purpose of the investigation was to
' determine dead volumes, mean residence times and

. mixing characteristics of the crystallisers. This
i information is of great value in the design and operation
, of crystalliser plants.

The effective volumes of contactors and the fraction of
ion-exchange resin remaining after transfers in each
contactor of a continuous-ion-exchange plant at a

I uranium mine were determined by labelling the resin
:.l with 198AU. Interpretation of the data obtained was

done by means of a mathematical model based on the
material balance of radiotracer in each contactor.
The mean residence times of the solid and liquid
components of a uranium-ore slurry passing through a
high-temperature pressurised leaching vessel were also
determined by means of radioactive tracers. While 24ffa
was used to trace the liquid, the solid component was
labelled by radioactivation of a sample of exhaustively
leached ore. This type of ore was selected so as to ensure
that no activated solids were leached away during the
measurements.
Further investigations involving mean residence-time
determinations for the mining industry, were carried out
on parallel banks of pachucas at gold and uranium
leaching plants. In these cases, "Mo and 1 4 0La,
respectively, were used as tracers.

Radiation technology
The general improvement in economic climate in South
Africa had a noticeable influence during the year on
radiation-technological activities. In certain respects, the
growth in interest in this relatively new technology was
much greater than could have been foreseen a year ago,
and there can be little doubt that it is beginning to find a
firm foothold in South African industry.
The greater acceptance enjoyed by the radiation
sterilisation of medical products is clearly reflected in
the growth in demand for this service of the AEB.
Whereas in 1977 the average weekly throughput was
16 t, this figure increased during 1978 by 56 % to 25 t.
At the end of the year it was necessary, on certain
occasions, to sterilise more than 301 of medical
products per week. This unprecedented growth in the
radiation sterilisation service meant that on two
occasions a total of 400 kCi of cobalt-60 had to be
purchased; this brought the cobalt-60 loading in the
plant to 740 kCi - more than double the value of a year
ago.
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The exceptionally favourable growth in the demand for
radiation sterilisation means that this service need no
longer be partially subsidised by the AEB, and
everything suggests that the accumulated modest loss of
the past seven years should be redeemed before this
service can be provided by the private sector. In this
connection, it warrants mention that the AEB has
received offers from a number of firms in the private
sector interested in providing a sterilisation service on a
purely commercial basis.

Another encouraging aspect of the irradiation service is
that there are at present a number of firms which use
radiation for polymer modifications, and furthermore
that this activity has grown to approximately 3 % of the
total throughput These developments are the direct
result of research carried out at Pelindaba, and it can be
expected that radiation applications of this nature will
constitute an ever-increasing portion of radiation
processing.
A pilot plant for the large-scale manufacture of polymer
wood was completed during the year, and larger volumes
of this wood should in future be able to be
manufactured with much greater ease. For the first time
in the history of this project, local architects prescribed
this material for the handrails in a new building being
erected in Pretoria. There is therefore sufficient reason
to believe that this small beginning will lead to greater
interest in the more general use of polymer wood.
The radiation alteration of a variety of polymers evoked
great interest on the part of local industry." The
crosslinking of cable insulation by means of radiation is
already being done at Pelindaba on a continuing basis for
the private sector, and the country is now much less
dependent on imports of this cable than it was a year
ago. Favourable progress was also made with
investigations into the radiation crosslinking of
polyethylene for a variety of applications, and in this
case, too, they are being used by the private sector. In
collaboration with the local manufacturers of polyvinyl
chloride, research is being done on the compounding of
this plastic for medical tubes which must be sterilised
with radiation; the success already achieved gives
sufficient reason to believe that South Africa will very
soon no longer be dependent on overseas sources for this
commodity. Towards the end of the year a start was
made with research into the radiation crosslinking of a
variety of rubbers for possible local manufacture of
articles which still have to be imported.

In collaboration with the Wool and Textile Research
Institute, research was continued into the radiation
grafting of vinyl monomers onto woollen clothing
materials. Good progress was made with the physical
testing of clothing materials treated in this way, as a
result of the basic research carried out in the past It was
further found that the radiation grafting of certain
monomers onto wool can lead to a definite improvement
in the printing of patterns on the treated cloth.

Radiation applications in agriculture

The work concerning the determination of soil moisture
content of the uppermost layer by means of gamma
attenuation led to the registration of a preliminary
patent In the meantime the possibility of commercial
exploitation of the patent is being investigated.

Field experiments on the behaviour of sulphuric acid
formed as a result of the presence of pyrites in old mine
dumps were initiated. Sulphuric acid labelled with 35s it
injected at a point on the top of a slimes dam which is
regularly irrigated, and samples of the percolating water
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are collected by means of porous candles buried under
and around the injection point. This is a collaborative
project between the AEB and the Chamber of Mines.
Also in collaboration with an external organisation, in
this case the Fruit and Fruit Technology Research
Institute (FFTRI) at Stellenbosch, several studies were
initiated. They involve the following:
(i) Establishment of correlations between the
bitter-pit disease in apples and the excess or deficiency
of certain elements. Determination of elemental
concentrations in the diseased area of the apple by
means of proton-induced X-ray emission (PIXE) has so
far revealed that for the elements P, S, K and Ci, their
concentration increases rapidly with depth to reach a
maximum in the diseased spot, while Cl displays an
opposite behaviour, i.e. it reaches a minimum
concentration in the diseased spot. Further work, where
healthy regions of the apple are investigated for trends in
the incidence of bitter pit, is in progress.
(ii) Determination of the spreading efficiency of
sprays. Introduction of a stable element such as In or
Eu, in trace quantities, into a spraying medium should
permit the determination by means of neutron
activation analysis (NAA), of how well the spray
becomes distributed in an orchard.
(in) Evaluation of 4 6Se and 67Ga as substitutes for Al
in ion-exchange equilibrium studies. The aim is to study
the exchange equilibrium in certain Al ion pairs such as
Ca-Al. Seeing that the short half-life of 28A1 precludes
its utilisation in laboratories far removed from a reactor,
it is envisaged to compare, at Pelindaba, the properties
of Al with those of Sc and Ga which are expected to
behave in a similar manner.

(W) Determination of Mo and Sc in plant material and
soil. Mo is present in trace quantities (< 1 ppm) in plant
material where it plays an important role in nitrogen
metabolism. Recent results obtained at FFTRI seem to
indicate that apple seedlings perform poorly when
nitrates are used as source of nitrogen, and this could
well be due to a shortage of Mo. Also, probably as a
result of similar chemical properties, Sc and Al produce
the same toxicity symptoms in plants. However, there is
no information on how much Sc is taken up by plants
although there are indications that it is present in plant
material The possibility of determining Mo and Sc in
plant material and soil at ppb level by means of NA*. is
therefore befog investigated.
In the course of the year, various important
developments took place with regard to the
food-irradiation program. The stage was reached where a
campaign for the marketing of irradiated vegetables and
fruits could be launched — the first time anything of the
kind had been undertaken in South Africa. This
marketing campaign was preceded by a comprehensive
advertising campaign in the press and in periodicals, and
on television and radio. The campaign was introduced
with a reception at Pelindaba, at which the press,
representatives of agricultural boards and persons in the
food industry were given the opportunity to eat the
irradiated food and to compare it with unirradiated
products. On this occasion, which was hosted by the
Minister of Mines and attended by the Ministers of
Agriculture and of Health, the Minister of Health made a
formal announcement approving the sale of seven
different kinds of irradiated foodstuffs, viz. papayas,
mangoes, strawberries, onions, garlic, poultry and
potatoes.
The announcement of the Minister was planned to
coincide with the appearance of three products, viz.
strawberries, potatoes and papayas, at four different

chain stores in Pretoria and Johannesburg. The papayas
were irradiated at the plant of the Letaba Cooperative at
Tzaneen, of which the source strength has recently been
increased to 55 kCi, while the strawberries and potatoes
were irradiated in the experimental loop of the package
irradiation plant at Pelindaba.

It is envisaged that this undertaking will be continued up
to the end of the present season, which will mean that
some 501 of potatoes, 41 of papayas and 5 t of
strawberries will have been irradiated and sold to th»
public. When the season is over, it is intended to go
ahead with the irradiation and sale of mangoes, onions
and garlic.

Even though lome problems were experienced,
particularly with regard to distribution and quality
control, the undertaking was very successful. According
to information obtained by asking consumers to report
on the quality of the products, and by making a survey
of the consumer's attitude towards irradiated food, very
meaningful conclusions could be drawn. More than 90 %
of the consumers questioned said they were willing to
buy irradiated food; of those who in fact bought this
food, 95 % were convinced that the irradiated product
manifested better preservation, with a consequent
decrease in loss, than the unirradiated product.
A considerable amount of time was devoted to the
compilation of a handbook and safety report for the
food irradiator at Tzaneen; assistance was also rendered
to the food-irradiation project by the augmentation of
the cobalt-60 in the irradiator. All irradiation of
foodstuffs irradiated at Pelindaba during the test
marketing of irradiated food was carried out in the
research loop of the sterilisation plant, and valuable
information was obtained with regard to the practical
problems associated with the large-scale irradiation of
food.

Another important event was the establishment of a
Coordinating Committee consisting of members of the
AEB ana the Departments of Agriculture, Commerce,
and Agricultural Economy and Marketing. The main aim
of this committee is to promote radiation applications in
agriculture by preparing, in broad terms and at the level
of policy, a research and development program, to
determine priorities, to coordinate research and to
evaluate progress in order to promote the export of
irradiated agricultural products. The setting up of this
committee has already had various important results, viz.
the advertising and marketing campaign mentioned
above, and the evaluation of irradiated papayas in
Germany. Plans for the coming year include the
envisaged exhibition of irradiated papayas and
strawberries in Paris during the International Food Show
in November and the compilation of petitions requesting
clearance of these products in France and Holland. It is
intended to use these petitions as models for eventually
establishing international trade in irradiated agricultural
products.

Radiation traatmant of animal products

The lengthening of the shelf life of minced beef by
means of gamma irradiation was thoroughly investigated.
A study of the main groups of bacteria in meat was
completed. The pseudo monads are the main spoiling
group, and are entirely eliminated by radiation doses of
3 kCy. Lactic acid bacteria which survive the irradiation
finally form, after a period of storage at 4 °C, the main
bacterial flora in radurised meat samples. The shelf-life
extension achieved by a dose of 1 kGy is of the order of
six weeks or more.
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The problem of fungus overgrowth of radurised meat
was overcome by vacuum packing before irradiation.
Vacuum packing also prevents recontamination after
irradiation.
An investigation into the appearance of pathogens in
minced meat showed that many meat samples contain
coagulase positive Staphylococcus. Salmonella culture:;
were isolated from six meat samples during an
investigation into meat from 30 butcheries in the
Pretoria municipal area. These pathogens are killed by
3 kGy doses.
During an investigation into the organoleptic qualities of
meat irradiated with 1, 3 and 5 kGy, preference was
given by a testing panel to radurised meat samples.

Radiation treatment of plant products

Subtropical fruit

Studies on factors influencing the shelf life of
subtropical fruits were continued. In these experiments
different heat-treatment methods were compared in
combination with irradiation at 0,75 kGy for disease
control in mangoes. Results from several trials showed
that the standard hot-water-dip treatment was more
effective than a hot-shower treatment in this respect.
Preliminary studies conducted in these laboratories have
also shown that fruit fly can be effectively controlled in
mangoes (see Table) by irradiating the fruit.

TABLE Number of live Larvae and Pupae in 16 fruits

Treatments
Untreated
Irradiation
(0,75 kGy)

Larvae
140
1

Pupae
103
0

Total
243

1

This could be of importance to the mango industry in
this country since very serious outbreaks of fruit fly
have for the first time been reported during the past few
seasons in the main mango-producing areas in South
Africa.

As part of the studies on the overseas shipment of
irradiated subtropical fruits, a small consignment of
papayas and mangoes was subjected to various heat and
irradiation treatments and stored under simulated
shipping conditions prior to being air-freighted to
Germany for evaluation purposes. Assessments on
organoleptic criteria (colour, smell, taste and texture)
and disease incidence were made at a laboratory in
Germany. It was again confirmed that the combined
heat and irradiation treatment resulted in an excellent
disease control in comparison with the non-irradiated
fruit The sensory evaluation of the fruit in the
combined treatment was also satisfactory, i.e. within the
upper range of the normal marketing quality. In the case
of mangoes, those which received the combined
treatment were also vastly superior to the non-irradiated
fruit.

Potatots and garlic

The investigation into the effect of cultivar differences
on the greening of potatoes is complete. Only statistical
analyses of the results are still needed.
Studies on irradiation of garlic indicated that a dose of
0,15 kGy inhibited sprouting entirely in a three-month
storage period. There was no significant difference in the
composition of the aromatic components, the
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organoleptic qualities and moisture losses of the control
and irradiated samples. Large-scale irradiation with a
dose of 0,12 kGy prevented sprouting during eight
months of storage.

Diagnostic invtstigation:

A total of 44 diagnostic investigations were carried out
on the AEB's whole-body counter, in collaboration with
the Radioisotopes Department of the H.F. Verwoerd
Hospital. A total of 240 counts were done on patients,
and 78 on biological samples.

Regulatory control

A great increase in the use of radioactive material was
once again experienced during the year under review, as
reflected in the increase in the total number of users.

Inspections were carried out at users of radioactive
material in the following areas: Western Cape, Natal,
Orange Free State and Northern Cape, Eastern and
Western Transvaal, and the Pretoria and Witwatersrand
areas. Adherence to the AEB's Conditions was, with one
or two exceptions, found to be satisfactory.

At the end of 1978, there were 521 non-medical users of
radioisotopes in South Africa. Of these, 429 were
industries, 61 scientific and educational organisations,
12 Government Departments and 19 local authorities.
These figures do not include the exempted use of
antistatic brushes, smoke detectors and luminous signs.

Eight hospitals have a general authority to possess and
use radioactive material, while four others are authorised
to administer such material to patients. Twenty-two
pathology laboratories, plus three regional laboratories
of the South African Institute for Medical Research, are
authorised to use radionuclides for in vitro diagnostic
tests, while six medical research institutes have authority
to use radioactive material for research. Fifteen
oobalt-60 teletherapy sources, 12 at hospitals and three
at the rooms of radiotherapists in private practice, are in
use throughout the Republic. Thirteen general
practitioners in private practice are authorised by the
AEB to administer radioactive material to patients.

Courses

In order to promote the safe use of radioactive material,
the AEB continued to assist with the presentation of
courses on the subject at training institutions. Lectures
on the safe use of radioactive material were given by
staff of the AEB as part of a specialised course in
industrial radiography and other nondestructive testing
techniques at the Pretoria College for Advanced
Technical Education in July and November, and of a
course in the safe use of radioactive material at the
Witwatersrand College for Advanced Technical
Education in November, as well as of an internal training
course for industrial radiographers at Hall Longmore
(Pty) Ltd in September.

Radioisotope production

A steady growth was experienced in the sphere of
radioisptopes for medical use. With a single exception,
all tepdnetium-99m generators used in this country are
produced by the Isotope Production Centre. Since the
previous year there was a 15 % increase in production of
this generator. The local production of the chemical kits
pyrophosphate, sulphur colloid and diethylene triamine
penta-acetic acid (DTPA) for the preparation of
technetium-99m-labeled compounds increased by 35 %.
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Generator kits for the manufacture of
rubidium-81/krypton-81m generators are manufactured
by the Isotope Production Centre. Hie radioisotope
rubidium-81, with a short half-life (ty, = 4,58 h) is
manufactured in the CSIR cyclotron and supplied to
hospitals in solution. The medical users themselves then
combine the components. Krypton-81m is very useful in
lung-ventilation studies and its use is on the increase.
Two other new products, viz. human serum-albumin
macroaggregates (MAA) and N, <* (2,6-diethyl
acetanilide) iminodiacetic acid (diethyl IDA), which can
be labeled with 9 9 mTc, were successfully applied to
animals, and are now in the clinical testing phase. The
MAA is applied in lung studies, and diethyl IDA for a
study of the biliary tract.
Iridium-192 wire, which is used for therapeutic
purposes, is another new product at present regularly
manufactured.
The first part of a feasibility study into the local
manufacture of radioimmunoassay kits was completed.
Radioimmunoassaying is well established in the RSA,
and it is possible that in future the AEB will be in a
position to make a contribution in respect of the
production of certain radioimmunoassay kits.

Considerable attention is being given to quality control
and quality assurance of radiopharraaceutical products
with a view to the supply of products of high quality,
and later registration of the materials with the Medicine
Control Council. The aspect of pharmaceutical control
by the Department of Health was placed on a firm
footing by systematic development towards ultimate
total regulatory control.
In the sphere of industrial isotopes, the Isotope
Production Centre provides a variety of isotopes for
application as industrial tracers. Radioisotopes with a
short half-life, e.g.

2*Na (t%= 15,03 h); «Ar (tt/,= 1,85 h) and *2BT (»% = 35,34 h),

cannot be imported and yet they play an important role
in solving certain technical problems in industry. Small
sealed cobalt-60 sources with activities of 1 mCi to
50 mCi are playing an increasingly important role in the
steel industry where they are installed in blast-furnace
walls for the monitoring of blast-furnace wall

thicknesses. Industrial sources such as 60Co, 137cs and
192) r, which are used for various purposes in high
activities by industry, are regularly replaced by new
sources. Large lead-shielded hot cells, equipped with
manipulators for remote control, are used for the
handling of these sources. Sources are also transferred
when repair work has to be done on gamma-radiography
cameras and other apparatus containing radioisotopes.
Krypton-85 sources, used in smoke detectors, are
manufactured regularly. These smoke detectors play an
important role in the mining industry where fires cause
serious losses every year.

The new plant for the production of radioisotopes is
progressing well. It should be commissioned in the
second half of 1979.
The total number of neutron irradiations requested
through the Isotope Production Centre was 986.
Altogether 3 415 consignments of radioisotopes, with a
total activity of 303 158 mCi, were despatched during
the year.

A total of 682 chemical kits for labeling with 99mTc
were manufactured.
In addition to the radioisotopes produced and
distributed by the AEB. a total of 426 consignments of
fairly short-lived radioisotopes produced in the
cyclotron of the Council for Scientific and Industrial
Research (CSIR) were despatched to hospitals
throughout the Republic for various medical
applications. The isotopes involved were galIium-67,
rubidium-81/krypton 81m, iodine-123 and lead-203;
their total activity was 15 926 mCi.

Imports

Radioisotopes with a total activity of
421 487 313,007 mCi were imported under the Board's
authority by private undertakings during 1978,
compared with 117 330,741 mCi in 1977.

Exports

Kadionuclides totalling 950 mCi wm exported during
1978. The nuclides involved were sodium-22, iron-55,
cadmium-109 and cerium-139; they were all produced in
the CSIR cyclotron.
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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.

Routine medical examinations
The Medical Services Centre at Pelindaba sees to the
medical examinations and on-site care of staff of the
AEB and UCOR.
During the year, 529 newly appointed members of staff
of the AEB and 26 who resigned were medically
examined, while 463 were re-examined.
As part of the prescribed routine examination of
radiation workers, a total of 736 chest X-ray
photographs were taken and read, and 1 065 blood-cell
counts were carried out.
Injuries on duty attended to amounted to 204, of which
15 were serious, while 176 audiograros were recorded
and analysed.
The two casualty theatres at Pelindaba and Valindaba
continued to serve their purpose well.



Personnel dosimetry

The Isotopes and Radiation Division is responsible for
the monitoring of all radiation workers in the service of
the AEfi.
AU (lemons classified as radiation workers were provided
with the necessary personal dosimeters during the year.
Film bulges for measuring beta, gamma and neutron
exposures were obtained from the Radiation Control
Service of the SABS and issued to Class A radiation
workers, while thermoluminescent dosimeters (TLDs),
which are evaluated at Felindaba, were issued to Class B
radiation workers. The TLOs are also used as extremity
dosimeters.
With regard to beta-gamma exposure, a total of 273
persons were measured with SABS film badges, and 412
with AEB thermohtminescent dosimeters. In no instance
was a dose equivalent of more than 5 000 mrem (the
maximum acceptable level) observed, while only three
persons received a dose equivalent in excess of
1 500 mrem. A start was made during the year to
measure beta doses separately from gamma doses in
buildings where staff handle uranium. One hundred and
seven such dose measurements were carried out; in only
three instances was a dose equivalent higher than
300 mrem observed.
One hundred and seventy-one persons were measured for
neutron exposure. None of these had received a dose
equivalent in excess of 100 mrem.
Urine samples of staff involved in the handling of
uranium were taken monthly and analysed for uranium.
A total of 2 808 samples were analysed, tn 2 413 of
these, less than 10 U%l\ of uranium was observable. Only
40 samples revealed a concentration of more than
50ptg/l, whereas the maximum acceptable level is
100 fig/1-

Health-physics examinations

Five hundred and forty-four members of staff of the
AEB and UCOR underwent routine health-physics
examinations on the whole-body counter during the
year. In seventeen of these cases, internal radioactive
contamination was detected. The nuclides 60Co, 65Zn,
99raTc, H5cd, 1 3 1I and 13'Cs were observed. In no
instance was the measured activity higher than the
maximum permissible body burden.

Safety and radiation protection

To ensure the safety of all staff at Pelindaba, various
contamination and radiation surveys were carried out
during the year, some on a routine basis. Certain special
surveys were made and occasional special assistance
rendered.
Contamination and radiation incidents were also of a less
significant nature during the year than in the past.
Whole-body counts and thyroid-gland monitoring
showed no significant uptakes of 13 li.
Health-physics supervision over work done by AEB staff
for outside organisations increased greatly.
In order to ensure greater safety for staff irradiating and
packaging samples in the reactor, a revised system for
sample irradiations was successfully commissioned.
The IAEA transport regulations were also applied more
strictly. Thus, from 1 August, irradiated samples were
allowed to leave the Site only in canned or sealed
stainless steel containers. In this way irradiation doses
were once again lowered, in spite of the fact that mote
radioactive material was handled on the Site.

The UFg plant continued operation during the year.
Although contamination levels were reduced as
compared to the previous year, a consistent relationship
was observed between surface contamination, airborne
contamination and subsequent uptake in personnel, as
revealed by the urine-sampling program.
An occurrence in Swaziland was investigated on behalf
of a private industrial radiography company. A 192jr
source with an approximate strength of 70 GBq (2 Ci)
was left in an exposed position. A reconstruction of the
events revealed that no serious consequences resulted
from the incident.

Training

Four induction courses on Health Physics and Safety
were presented, being attended by 17 2 members of staff.
Sixty-six members of staff successfully completed the
annual first-aid course. This brings the number of trained
first-aiders on the Site to 152. Counes for the training of
decontamination workers were presented, as well as
introductory courses for Apprentices and Learner
Technicians.
Training was given to the Site Fire-Fighting Team and
After-Hours Emergency Directors on a regular basis.
Eighty-six Building Emergency Team members attended
a refresher course.
Various senior ESCOM officials involved in the Koeberg
power station did a practical course in health physics.

Incident and accident statistics

In accordance with the statistics for injuries and
safety-related incidents, 230 incidents were reported, 12
of which to NOSA because of work disability.
During the year, the AEB, at the biannual NOSA
Convention, received a Merit Award as a result of the
improvement of its time-lost frequency rate which, for
the period in question (1977), was calculated at 4,45. In
the year under review, this frequency rate dropped to
2,4, an improvement of 46 %. After a NOSA inspection
of the Technical Services Complex, a three-star grading
was awarded to the Complex.

Visits of the nuclear-powered ship Otto Hahn

The nuclear-powered ship, Otto Hahn, visited Port
Elizabeth three times to take on ore, and Durban twice
to take on coal. A nuclear-safety advisor was made
available on each occasion to advise the port captain
concerned throughout the visit.
The National Nuclear Emergency Team was placed on
the alert at Pelindaba during each visit. Routine
radiation surveys and environmental monitoring were
carried out at each port during the visits.

Meteorology

Meteorological data, including temperature, wind
velocity and wind direction at various observation points
at Pelindaba, are gathered continuously. The bound
computer printout in the form of graphs and tables is
available.
A report was compiled, presenting the maximum safe
releases of uranium and iodine-131 from normal as well
as accidental releases not taking place through the
Pelindaba stack.
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Nucl'jar-bomb fallout

The levels of al! fission products have decreased below
the limit of detection of the gamma spectrometer, if
direct measurements are made. Although
gamma-spectrometric analysis of air samples continues
to be done on a regular basis in order to detect any fresh
fallout, quantitative analyses are limited to chemical
separation of 9°Sr and 137Cs of quarterly bulked
samples, followed by beta counting. The same procedure
is followed for deposited fallout determined in collected
rain water.
The monthly monitoring of tritium vapour in air at
Pretoria and Cape Town was continued in collaboration
with the University of the Witwatersrand.

Environmental radium

Radium-226, one of the decay products of 2 3 8 U, has a
half-life of 1 600 years and may occur in the
environment either due to natural processes or as a result
of anthropogenic activities such as uranium-milling
operations. Some two years ago the IAEA introduced a
coordinated research program, with the participation of
various countries, of which the aim is to study the
source, distribution, movement and deposition of
radium in inland waterways and aquifers.
A coordinate)ry meeting of scientists from the nine
participating countries was held from 23 to 27 October
at Las Vegas and Albuquerque, USA, where a South
African scientist participated as an observer. South
Africa's full participation in the coordinated research
program was subsequently formalised by a contract
signed between the AEB and the IAEA.

Trace elements in air pollution

Many data were gathered on the concentration of trace
elements in air-filter samples collected over a network of
some 20 stations throughout the country. The analysis
of trends will be of considerable help in future planning
by the authorities and other organisations. Attempts
aimed at establishing the reasons for discrepancies
between results obtained by analytical techniques such
as neutron activation analysis (NAA), atomic absorption
(AA) and proton-induced X-ray emission (PIXE),
brought to light weaknesses and strengths inherent in the
various analytical methods as applied to air-filter
samples. These efforts were also aided by participation
in various interlaboratory comparisons conducted at
national and international level. The project is being
carried out in collaboration with the Air Pollution
Research Group of the CSIR, and is coordinated by the
National Program for Environmental Sciences.

Aerosol physics

Leak tests were again carried out on the clean-air filter
installations of outside organisations. A test assembly
was constructed to determine the filtration properties of
a new type of filter for UCOR, as a licensing
requirement Preliminary tests with various polydisperse
aerosols were carried out. Dioctylphtalate (DOP) was
successfully labeled with 51cr. Particle-size distributions

of DOP aerosols of various generators were determined
with the aid of this technique. Calibration tests were
done on a centrifugal spiral-canal particle separator. The
canal and inlets had, however, to be modified, and a new
canal, inlet and laminator were designed. A diffusion
battery was manufactured, whereby smaller aerosol
particles are separated from an aerosol. Various types of
personnel air samplers are being investigated in order to
determine an estimate of particle size, as well as the total
exposure of staff to aerosols. Leak tests were carried out
on the absolute filters in the ventilation system in the
Chemistry Building. Various leaks were discovered,
caused by damaged filters. The investigation into the
grafting of the decay products of radon-222 onto
polystyrene aerosols was completed. A diffusion battery
was used to remove small unidentified particles from the
spin generator so that a real grafting coefficient could be
determined. An optical particle counter was purchased
and calibrated in terms of polystyrene aerosols at various
particle sizes and concentrations.

Shielding studies

The transport programs received from the Radiation
Shielding Information Center at Oak Ridge were all
adapted to work on the local computer, and various
shielding calculations were carried out. In particular, two
group-averaged data sets were compared by doing
identical calculations with each. The greatest portion of
the year was devoted to the training of personnel in the
use of available computer programs for shielding. Several
programs were also written in order to present the
results of shielding calculations in graphic form by
means of the Calcomp 936 plotter. Finally, there was
also an increase in the demand for shielding calculations
in respect of a variety of practical operating and design
problems. In this regard, a start was recently made with
a large project to check the shielding of the Koeberg
power .nation for licensing purposes.

Development of health physics

The development program was aimed at the
improvement of operating techniques and of calibration
facilities for instruments. Various instruments were
modified in order to be usable for a particular purpose,
and a set of reference sources was manufactured
whereby contamination monitors can be tested. Progress
was made with the setting up of an in vivo uranium lung
counter. This counter is an important addition to the
series of apparatus used for health-physics investigations.
A prototype hydrogen fluoride monitor was
manufactured and tested, and gave satisfactory results. A
detector for observing neutrons with intermediate
energy was' manufactured. An investigation was initiated
with regard to air samplers and radon dosimeters for use
by staff. The remote-controlled recovery rig (ABBA) was
completed. The monitoring of airborne radioactive
releases by the ventilation systems of buildings was
continued. The radiological dangers which might be
inherent in gas mantles, both for the manufacturers and
for the public, were further investigated. The contact
dose from ceramic tiles on which natural uranium is used
as a pigment, was determined with the aid of TLDs. The
dose is overwhelmingly a beta dose.
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A sediment meter for the measuring of sediment in water streams in the catchment areas of supply dams.
Another application of isotopes in the interest of our country. The water is placed in the glass sample
holder. The source is in the small section above the holder, and the counter on the left gives *i readout of
the amount of sediment in the water.



An important highlight in the year's program
was thf exemption by the Minister of Health of
several radurised fruit and vegetable products.
On the left is a display of radurised strawberries
and pawpaws in a supermarket, while in the
picture below is shown a shopper tasting a
radurised strawberry.

f'.l.t.r. The President of the Atomic Energy Board, Dr
A.J.A. Roux; Mrs M. Botha, wife of the Minister of
Mines; Mrs H. Roux and the Hon. S.P. Botha, Minister of
Mines and of Labour, at c cocktail party to introduce
the Press to radurised fruit and vegetables.

At no time do the foodstuffs become radioactive. The advantages of radurisation for potatoe* can be seen
clearly in the lower righthand picture.



A pilot plant for testing the acid ana
alkaline circuits for the treatment of
carbonaceous-clay uranium ore was
erected by the Extraction Metallurgy
Division of the AEB at the National
Institute for Metallurgy.

Typical carbonaceous-clay uranium
ore es received from the sponsoring
mining company

Loading the leaching vessel

A view from above of the novel
resin-in-pulp system under
development

General view of the plant

Y



A highlight of the program of the Instrumentation,
Division was the completion of this
microprocessor-based process-loop controller packed in a
CAMAC module.

An instrument designed and manufactured at Pelindaba
to aid in the evaulation of chest-tissue thickness for the
determination of the lung burden of soft gamma
emitters such as uranium. It if used, together with the
•lung counter, for uranium uptake in the lungs. This is
part of the health-protection program on the site



FINANCE

During the financial year 1977/78, a total amount of R27 414 686 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:

CapitalWorks . , . . . . . . . 11,69%
Equipment . 9,42 %
Salaries and administration ?': 57,52%
Other running expenses . ; '. . -,-, . .21,37 %

On the appended statement, wliich is a summary of expenditure under the two funds mentioned for the past '*\';

nineteen yean ended 31 March 1978, the percentage expenditure in respect ofthe various items is indicated. ,

«>»", \ TABULAR SUMMARY

SUMMARY OF TOTAL EXPENDITURE UNDER THE RESEARCH AND ADMINISTRATION FUNDS
FOR THE PERIOD 1 APRIL I960 TO 31 MARCH 1978

PERIOD

NATURE OF EXPENDITURES

: • Hfl
CapitalWorks • •Equipment - - B H H
Running expenses ; B ^ H
Salaries and Administration H H
Subsidised Research • •
Training cosu - _, . , H J
Bursaries ' ^^H
library H I

H K 1964.04.01• • to
• H 1969.03.31

^ H 5 733 442
• • 4 692 882
• • J 2 71J 196
• • 9 661 518
• • 127̂ 252
D H ,325 708
• H 193 896
B H 150 678

H B J 24 748 572

1974.04.01

1975.03.31

2 44x 943
I 313 579
3 102 065
10 247 278
309 681
28 352
44180
146 534

17 633 612

1976.C4.01 ^ I H

to • •
1977.03.31 • •

2 192 192 ^ H
2 054 950 • •
4 685 575 ^ H
14 037 466 | H

369 273 ^ B
17 778 ! • •
54181 { • •

184 048 H I

23 595 463 ^ H

^ ^ | TOTAL
• • J EXPENDITURE

^^M : 28 288 441
• • ] 18 300 158
• H J 30 658 031
• • ] . 91 070 069
• • J ' 5 690 799
H i 1 180 601
H J 890 573
• • j 1204 869
^ H l 177 283 541

I 1 ,---•'
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ATOMIC ENERGY BOARD
CONSOLIDATED BALANCE SHEET
AS AT 31 MARCH 1978 ,:

LIABILITIES

Capital Account
Loan from Treasury..... .". . . \ . . , s . . .=.-•.- .- .• . . . ,
Sundry creditors . . .". ;"J~.T. : . . . . . . .
Funds

• " 4 • • " " ' • : " •**

The above balance sheet hai been audited in accordance with the'
provk^oos of section 42(4) of the Exchequer and Audit Act, No. 66 of

- 1975, is 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.

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

ASSETS

Fixed Assets* :•'..
Equipment
Library and films
Investments . . • .

-Stock
Sundry debtors . .
Cash at b a n k . . . .
Cash on h a n d . . . .
Sundries

•The "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. SCHICKERUNG
Auditor-General

A J.A. ROUX
President

7..A. VENTER
Head: Finance

ADMINISTRATION ACCOUNT

0 ' - ' \ ^ •

V

(ComfiUdin terms of section lg\»fAct 90 of 1967, as amended)

EXPENDITURE

Salaries, wages and allowances
4t Subsistence^nd travelj^nsfe

REVENUE AND EXPENDITURE ACCOUNT
for th« financial yawr «ndwl 31 March 197S

REVENUE

Government funds
LS«yic.« rendei-sd to UGCR..

f
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A.J.A. ROUX
President

Postal and telegraph icrvicei
Publications and took* .
Exhibition!
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
Royalty payment*
Contribution to Rejurch Fund
International Food Irradiation P r o j e c t " . . . . . . . .
Sundry debtors ....'. ;".••;. .• ->o • • • -

;

Revenue paid over to Cot JolicUted Revenue Fund . .

'"' . ,. • . T.A. VENTER
Head: Finance

Department Social Welfare and Pensions
Sundry revenue
Licensing feet

RESEARCH ACCOUNT

(ComptUd m terms of section JS ofActS0eofl967, as amended)

EXPENDITURE 0 ' •• -,

Capital Work> . . . . .
Equipment
Running expense*
Salariet, waga and a l lovance t . . . . . .
Subsittencc and travelling expenjet .
Training of personnel and bursars .
Administration expenses . . . . . . . .

Total expenses for the year . . . . . .
'income over expenditure

REVENUE AND EXPENDITURE ACCOUNT
for th» financial ywr ended 31 MARCH 1978

REVENUE

Funds r

Government contribution . .
Other contributions, etc. '...
Balance brought forward .'.

Total available funds

A.J.A. ROUX
" Pretident

T.A. VENTER
Head: Finance





Aijtuniber of AEB scientists are engaged/

---x",

Accelerator operation

Considerable problems were experienced with vacuum
leaks in the beam-pulsing unit and with poor focussing
a: aie beam as a result of defective sectors of the
accelerator tube. Once these were resolved, reliable
machine operation was resumed. A number of
improvements to vacuum and safety systems were
introduced, good progress was made with the modular
electronic units for the new accelerator terminal, and
work was started on the optical two-way communication
system between the terminal and base plate of the
accelerator. A flexible repetitive beam-pulsing control
unit with delayed counting during the "beam o f f
period was commissioned and used to measure the
half-life of 1?B. This is aimed at developing a rapid
technique for analysis of trace amounts of boron and
lithium.

On-line computer system

The system was used extensively for the collection and
processing of data. A variety of new programs for data
manipulation was produced, while the operating system
was improved and expanded to provide more flexibility
and better communication between the two computers
and the input-output devices.
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Scattering of fast neutrons

The investigation of the inelastic scattering of fast
neutrons from silver and of the level structure of the two
stable nuclei was continued. At neutron energies of
about 2 MeV, no fewer than 200 gamma transitions were
observed. These had to be allocated to either of the two
nuclei, and energy levels had to be postulated
accordingly. The loan of l S g of separated lO^Ag
assisted considerably in deciding to which isotope each
gamma transition belonged. Additional information was
obtained from a run at 2 MeV done at Argonne National
Laboratory with 66 g of separated 10?Ag, several runs
employing a 1 cm3 intrinsic germanium detector with
high-energy resolution and excellent sensitivity for
low-energy gamma rays, and from analysis of the gamma
spectra from the decay of radioactive 109p<j which was
produced in SAFARI-1. More than 140 of the observed
gamma transitions were finally placed in level schemes
for the silver nuclei which contained many hitherto
unknown energy levels.

Neutron-capture reactions

In an attempt to resolve some of the discrepancies
between published results for the 85Xb(n,7) reaction,
natural rubidium was exposed to thermal neutrons from
SAFARI-1, and the capture gamma rays were detected
in Ge(U) and Nal(Tl) detectors, operated in
coincidence. Because of their different neutron binding
energies, the energy levels belonging to the two rubidium
nuclei could be separated to some extent. Analysis of
the data is still under way.

Fission reactions

Measurements of neutron-neutron angular correlations
from thermal-neutron-induced fission in 235u were
continued. The experimental results were compared with
a Monte-Carlo simulation, which has been further
extended to take into account more kinematical factors-
Excitation of X-rays by charged particles
The analysis of air-pollution samples, collected at 21
sites in the South African grid by means of
proton-induced X-rays, was continued throughout the
year. The results were compared with those obtained
from atomic absorption spectrometry, as well as from
neutron activation analysis, and various refinements to
the techniques were introduced.

Plasma-physics project

All major components of the Tokamak were completed
and the final assembly of the machine was practically
finished by the end of the year. Fair progress was also
made with wiring-up the entire plant and installation of
all the busbars and water cooling lines. The main
diagnostic lines are ready for use and the major effort
during the year involved the development and
improvement of the software required for machine
control, as well as the collection and processing of data
by computer.

THEORETICAL PHYSICS

Elementary particles

The propagators of hadrons were studied in terms of
suitable global compounds of the quark fields. Meson
and baryon compounds were found with finite binding
energy and which confine the quarks. The compounds
have integral charge and the model does not require an
explicit colour degree of freedom. The solution of the
equations of motion of the quark propagators is being
further investigated.
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Various aspects of non-linear physics were studied
during the year. A specific class of solutions (solitons) of
non-linear equations of motion exhibit, remarkable
stability. These can be associated with classical problems
in, for example, plasma physics, as well as with problems
originating in the physics of elementary particles.

Theoretical nuclear physics, many-body problems and
solid-state physics

Boson excitations such as particle-hole states in nuclei
cannot propagate independently because the exclusion
principle restricts the motion of their fermion
components. Methods were developed to handle the
simultaneous propagation of such excitations. Structure
parameters such as fractional parentage coefficients
emerge in a natural way from this formalism.

Work on the properties of magnetic materials continues.

The behaviour of matter at very high densities and
temperatures depends on the equation of state, on the
neutronisation process and on stability conditions
against gravitational collapse. All these properties are, to
a greater or lesser degree, determined by the statistical
partition function. Methods have been developed to
calculate this partition function at high temperature.

Numerical analysis

Work was done on the introduction of ALGOL as a
programming language at the AEB. In addition to the
development of general numerical techniques, work was
also done on the iterative solution of the Thomas-Fermi
atomic model and on transport problems in plasma
physics.

RADIATION CHEMISTRY

In puisuance of the recommendations of the Expert
Committee of the FAO/IAEA/WHO that more radiation
chemical data c?n be of great value in assessing the
safety of irradiated foodstuffs, the International Food
Irradiation Project (IFIP) set up the so-called CORC
program (Coordinated Radiation Chemistry Program) in
Ma -ch of the year under review. The aim of this program
is t j coordinate all research in the sphere of radiation
chemistry and, where possible, to so modify existing
programs that a meaningful and integrated document
can be submitted to the IFIP at the next meeting of the
Expert Committee. South Africa was present with 12
representatives of six other countries at the first CORC
meeting, and submitted its program to the meeting.
After various discussions it was decided to concentrate
in particular on three projects, viz.:

(a) The identification of the carbonyl compounds in
irradiated mango, and the possible determination of the
compounds responsible for the in vitro mutagenic effects
found in irradiated sugar solutions.

(b) The experimental proof of the validity of a
theoretical model proposed for predicting the reactions
which take place in fruits, and which possibly lead to the
formation of toxically important compounds.

(c) The comparison between irradiation and other
accepted food-preservation methods such as heating and
freezing, with regard to the breakup of a wide range of
compounds.

Identification of carbonyl compounds in irradiated
mango
A literature study in connection with the application of
glass capillary columns tor gas chromatography in
foodstuff analysis was completed. A VARIAN 1200 gas
chromatograph was adapted to take capillary columns



and a system was developed which can be used for both
the deactivation and the packing of capillary columns.

A qualitative test for the determination of deoxy sugars
in irradiated mixtures was developed. However,
problems arise the moment there is an excess of glucose.
The causes of this are being investigated.

Literature studies va-.c done on the synthesis of known
radiation products of fructose in general, and in
particular of keto and deoxy derivatives of both glucose
and fructose.

The following compounds have already been prepared
with a view to Ames tests:

l,2;4,5-di-0-isopropylidene-3-keto-D-fructose
2,3;4,5-di-0-isopropylidene-l-keto-D- fructose
D-arabino-hexo-1,2-diulose
D-arabino-hexo-2,5-diulose
6-deoxy-D-arabino-hexo-2,5-diulose

The first two compounds are now ready for conversion
to deoxy derivatives. A start should be made on this
work early in the new year.

A system was developed to separate large quantities of
unaltered sugars from their keto and deoxy derivatives.
The general applicability of this method has, however,
still to be investigated.

A high-pressure liquid-chromatographic system was
developed which can separate glucose, fructose, sucrose
and commercially available radiation products from one
another.

Model study

Data on the radiation sensitivity of the components of
the model mango have been evaluated and accepted for
publication by "Food Chemistry". The components
most sensitive to irradiation damage are the
carbohydrates, which accoi nt for 99 % of the reactions
with hydroxyl radicals. Because of their reactivity, they
tend to protect all the other components from
degradative changes. Slightly reactive are starch, protein
phenol and ascorbic acid.

Investigations into the radiation characteristics of the
model mango are proceeding well. As predicted by the
radiation-sensitivity studies, the only real source of
carbonyls is the sugar fraction.

Work has commenced on the carbonyl content of actual
mangoes. A method for the isolation of these products
from the fruit is being developed.

Comparison of irradiation, freezing and preserving

No new results have been obtained since the previous
report, but it is intended to resume these studies in the
near future and to expand to a larger number of
compounds which arise in the mango.

Telomerisation

A kinetic scheme for the telomerisation process of
vinylene carbonate with bromotrichloromethane,
induced by 7-radiation, has been proposed. A series of
telomerisations has been carried out, in which the
reactant concentration and the temperature were kept
constant, and the yields were determined as a function
of dose rate. Data processing is in progress to evaluate
the results and the validity of the proposed kinetic
scheme. As soon as the results have been evaluated this
project will be terminated.

Development of analytical facilities

The mass-spectrometry laboratory was equipped and
expanded for analytical work.

Field-ionisation mass spectrometry

Field-ionisation techniques are of great value in the
identification of organic compounds because their
molecular mass can be established without the
complication of a large number of fragmentation
products.

The electronic portions of the field-ionisation source
control of the NUCLIDE mass spectrometer were
completed and functioned satisfactorily. Problems are
still being experienced with the source, but they do not
appear to be serious.

Electronic units for the computerisation of mass
determinations for the mass spectrometer were
completed and installed.

Gas chromatography-mass spectrometry

GC-MS techniques are among the most powerful aids for
the identification of organic compounds. The VARIAN
CH 7 mass spectrometer, together with the NOVA
computer, is extremely suitable for this purpose.

Attention was given during the year mainly to changes
to the CH 7 mass spectrometer with capillary columns
and a direct inlet scanner. A serious delay in the delivery
time of a diffusion pump affected the progress of the
project. However, the diffusion pump was recently
delivered and the components (chromatograph parts,
scanner, flanges, etc. which were manufactured in the
meantime) are now being installed.

Radiation synthesis of polymers

Research on the solution polymerisation of
tetrafluoroethylene in Freon-12 as solvent by using
radiation as initiator, was virtually completed. The
influence of dose rate, temperature and the monomer
concentrations as variables was investigated, and a
polymer with a molecular mass of more than a million
was successfully prepared.

A start was also made with the gas-phase radiation
polymerisation of tetrafluoroethylene, and the initial
results indicate that a polymer with a molecular mass six
times higher than that of the solution can be obtain-d.

The radiation polymerisation of chlorotrifluoroethylene
with bromotrichloromethane was investigated, and the
reaction mechanism and kinetics were studied with the
aid of a model compiled with the aid of computer
calculations. In this way especially valuable information
was obtained on certain aspects of the radiation
reactions of monomers.

RESEARCH ON LIQUID METALS AND MOLTEN
SALTS

Extraction from molten salts

Studies on the separation of platinum-group metals by
extraction from molten cyanide solutions with liquid
metals were continued. Several observations made during
the basic investigation are being followed up with the
aim of possible industrial applications. This work is done
in conjunction with and with the financial support of a
mining company.

Ion exchange and matrix phenomena

A theoretical and experimental investigation of the
parameters whereby ionic conduction phenomena in
glass and molten salts are determined, was continued. It
was found theoretically that geometric parameters (the
molar volume effect) play an important part in the ionic
conduction of molten salts, and an attempt is being
made to verify this result experimentally for molten

31



bismuth trichloride. Apparatus has been designed and
constructed for determining the ionic mobility of
bismuth by electrophoretic migration of 2O7j$i m

molten Bid 3 at different temperatures.

Impedance measurements were also carried out on
lithium Pyrcx glasses. The aim is to find a possible
mixed-alkali effect of lithium isotopes in a borosilicate
glass medium. Results obtained so far show a negligible
difference in sensitivities between *>Li and 'Li at about
525 °C. At lower temperatures the difference increases
with decreasing temperature, ?Li showing the higher
sensitivity. Mobility ratios of ^Li and 'Li in Pyrex
glasses are also measured mass-spectrometricaUy to
conclusively verify the conduction-loss effect observed
in glasses and molten salts.

SOLID-STATE PHYSICS

Neutron diffraction

By means of neutron diffraction the hydrogen-atom

positions in UO2(NH2O)2-2(NH3O).2H2O were
determined. The amphoteric arrangement of atoms of
the hydroxylamine Ugands was unexpected. An X-ray
d i f f r a c t i o n study was undertaken on
UO2(NH2O)2HOCH2CH2OH and the structure was
solved.

The omega-chi crystal orienter has been successfully
commissioned and is being used to determine the
sublattice magnetisation of UN at 4 K. A flow cryostat
for the kappa-phi orienter has been made to determine
the magnetic phase change in terbium. This work is
being done in collaboration with the Rand Afrikaans
University.

Radiation-damage studies

The small-angle neutron-scattering technique has been
used to study the agglomeration of defects in high-purity
silicon at doses where it is impossible to undertake
electron microscopy. From the variation of the scattered
intensity with the wave vector, it can be deduced that
the clusters are two-dimensional in nature (presumably
dislocation loops) and that their size is 24 nm. It was not
possible to correlate these changes with the change in
electrical resistivity.

The computer simulation of radiation damage has been
completed and written up for publication. The principal
findings are as follows:
(i) Voids arise from the coprecipitation of gas atoms
and/or vacancies.
(ii) Apart from the 'temperature factor' to correct for
variations in flux, additional 'temperature shifts' are
required for any variations in dose or gas concentration.
(in) The impurities in pure materials or minor
elements in alloys are very important and must be
specified.
(iv) The residual gas concentration must als6 be
characterised.
(v) The production of hydrogen during neutron
irradiation must not be neglected.
(vi) The only effective way to reduce void swelling is
to add an alloying element which will reduce the gas
mobility.

Magnetic properties of the U-C-S system

A number of specimens along the V-(CS) tie-line have
been investigated by small-angle scattering of neutrons.
No magnetic scattering was detected down to
temperatures of 80 K. This implies that the magnetic

scattering is either very weak or that the transition
temperature lies below 80 K.

For US the critical scattering pe?k at the Curie
temperature of 173 K has been found at large scattering
vectors. For small scattering vectors a strong magnetic
scattering, which increases with decreasing temperature,
overshadows the critical scattering. The low-temperature
magnetic scattering can be analysed by a Porod plot.

Small-angle neutron-scattering facility

The scattering chamber and collimator have been
successfully extended from 1,5 m to 3,0 m and from
2,0 m to 3,2 m, respectively. This extension has enabled
the scattering vector K to be extended from 1,3 x 10~2
A—1 down to 6,0 x 10—3 A—I for neutron wavelengths
of 7 A. For the lower K values it has now become
possible to do Guinier plots of scattered-neutron
intensity.

This relatively inexpensive neutron-scattering facility
compares favourably- in terms of available
long-wavelength neutron flux with the more expensive
facilities built overseas. This is due to optimisation of
the shielding and the careful attention given to all
aspects of the design. The documentation of the facility
has been completed.

Cryogenic irradiation facility

Several significant results have been obtained on the
study of Pt and Pt alloyed with Au. These are as follows:
1. The 120 K Stage in Pt, argued to be a stage due to
the conversion of a crowdion to a dumbbell, was shown
to be an impurity stage. The previous work by
Sonnenberg et al from KFA, Julich, was not
unambiguous about this stage.
2. With the aid of the production-rate technique, a
change in slope of the production rate near 150 K was
observed in Pt. This is predicted by the Two-Interstitial
Model as due to the configuration change of the
crowdion to the dumbbell. The data therefore appear to
support the model.
3. The effect of Au addition on the recovery of Pt
was and still is being studied from two angles, viz.

(a) for one defect concentration and different
gold concentrations and

(b) for one gold concentration but different
defect concentrations.

The former method was also previously studied by
Sonnenberg et al, using electron irradiation. Our results
confirm his data, although certain recovery stages after
thermal-neutron irradiation do not appear as clearly as in
the e-irradiated work. The results also show that, with an
increase in Au concentration, substages lj±, IR and lrj
decrease, while 11^ increases and is therefore related.
The above alloys are all examples of weak traps (i.e.
when the impurity atom is larger than the host-metal
atom). If the impurity atom size is now decreased, when
will the trap become a strong trap? (i.e. when will a
mixed dumbbell be formed?). To obtain more
information, a study was also started on Ag alloyed with
Au (approximately the same atomic size). So far the
results show that the Ag interstitial forms a mixed
dumbbell with the Au.

During the year a graduate student also completed the
experimental work for a M.Sc. degree.

The cryogenic irradiation facility has functioned
satisfactorily during the year, except for some major oil
leaks and a broken pressure gauge on the compressors.



MEDICAL AND BIOLOGICAL

Calibration of the whole-body counter

With the addition of further statistical data to those of
the previous year, obtained from healthy male and
female persons counted at the whole-body counter, a
regression curve was determined from which the normal
body potassium of a patient, based on his age, mass and
height, can be estimated.

The whole-body counter was, furthermore, calibrated
with phantoms which simulate the human body, so that
internal radioactive contamination in a person can be
determined more accurately.

Radioimmunoassays (RIA)

A column-chromatographic "pure" enzyme, where the
enzyme is contaminated with a specific fraction of
haemoglobin, was prepared from human spleen for the
development of an RIA system. Various preparative
separation techniques were applied in an effort to purify
the enzyme of the haemoglobin, but to date these
efforts have not been successful. According to available
literature, this "pure" enzyme preparation could indeed
be used as antigenic stimulant. Contaminating antibodies
(IgG) will not influence the radioimmune determination,
unless the antigenic label was also contaminated. It must
therefore be stressed that the antigenic label - in this
case iodised DNase II — should be absolutely pure if a
successful RIA is to be achieved. The immunoglobulin
G, obtained after the immunisation of rabbits with the
"pure" enzyme, will serve a dual purpose, viz. firstly
being able to be used as an antibody in the RIA, and
secondly to prepare an absolutely pure enzyme by
coupling to an affinity column. In this way, all the
requirements for a successful RIA can be met.

Prostate cancer is a pathological condition which occurs
generally in men, particularly in those over fifty years of
age. The existing monitoring method for this disease uses
an enzymatic method for the determination of prostatic
acid phosphatase (PAP) in serum. Unfortunately, the
enzymatic method based upon PAP catalytic activity is
not sufficiently sensitive for the timeous diagnosis of
prostate cancer for successful therapy to be applied, i.e.
for the detection of the disease in phases I and II, as in
phases III and IV the cancer has already spread beyond
the bounds of treatment. Shouid it be possible,
therefore, to diagnose the disease in phase I, the chances
of survival of the patient are much greater. Because no
RIA system is commercially available, and, furthermore,
because there is no RIA for PAP in the Republic of
South Africa, it was decided to develop an RIA test for
PAP.

A pure enzyme preparation was prepared from human
prostate glands with the aid of various preparative
separation methods, affinity chromatography being the
most important technique. The purified enzyme
preparation has already been administered intradermally
(15OjUg) to individual rabbits for the generation of
specific antibodies to PAP. It is envisaged that the first
results of the clinical application of these determinations
will be presented during the.next report period.

Breast-cancer research has been steadily expanded, and
2 110 carcino-embryonic antigen determinations were
carried out on 650 patients. The results of this research
evoked intense overseas interest during the recent World
Congress of Nuclear Medicine and Biology in the USA.

Radiobiology

Because of the absence of rapid, sensitive and accurate
procedures for the determination of radiation exposure

and damage, various efforts have been made to elucidate
the problem. One approach is to determine the density
of lymphocyte DNA in sucrose gradients with the aid of
a super ultracentrifuge. This is an extremely sensitive
method whereby two pjrameters may be determined,
viz.:

1. the degree of radiation damage of an individual,
and
2. the ability of an individual to repair his damaged
DNA.

Lymphocytes are among the most sensitive cells in the
body with regard to exposure to ionising rays, while the
DNA component is probably the most sensitive
molecule. The following procedure was adopted for the
determination of the first parameter mentioned above:
Lymphocytes were isolated from human blood by means
of an improved technique developed locally, and each
lymphocyte preparation was divided into two equal
parts. The first group served as a control (unirradiated),
while the other group was irradiated with various doses
of 7-rays (from a 6 0 Co source), e.g. 10, 5 and 0,1 Gy.
The 7-rays caused breaks in the DNA chains and, in so
doing, changed the density of the DNA. The greater the
radiation dose, the greater the number of breaks
detected in the DNA chains, with consequent lower
density of the DNA. After centrifugation of the
lymphocyte DNA in a sucrose gradient for 75 min at
20 °C at 290 000 x g (gravity), the gradients were
analysed in a spectrophotometer and scanned at 255 nm.
An effort is at present being made to determine a normal
value (DNA density) for unirradiated persons.

Certain persons are genetically indisposed to exposure to
ionising radiation due to their extreme susceptibility to
radiation damage, and subsequently develop cancer. In
other words, these persons are not in a position to repair
their damaged DNA. This deviation can be determined as
follows: Lymphocytes are prepared under sterile
conditions and are divided into four similar groups, viz.
two control groups and two which are irradiated with
0,1 Gy. Immediately after irradiation, a co.-.fol group
and an irradiated group are analysed with regard to DNA
density. The second control and irradiated group are
incubated under aseptic conditions overnight (16 h) at
37 °C, and thereafter the two groups are also analysed
with regard to DNA density. Normal persons manifest
no difference, seeing that their DNA repair is complete,
in contrast to cancer-prone individuals.

Furthermore, it would appear that certain lysosomal
enzymes could act as possible biochemical indicators in
radiation damage, e.g. catepsin B ] , DNase II and acid
phosphatasc. A!) three of these enzymes showed
increases in activity after single exposure to a radiation
dose of lOGy.

Of the three enzymes, acid phosphatase is the best
indicator, seeing that it is the only enzyme which was
influenced by five distinct irradiations of 2 Gy each
(2 Gy/d cumulative, total thus 10 Gy).

Because catalytic activity of acid phosphatase is not
reliable, efforts are being made to develop RIAs for this
enzyme and DNase II.

Steroid hormone receptors

Altogether, 54 radiohormone-receptor determinations
were performed on specimens from 45 patients with
mammary carcinomas. Initial technical problems were
eliminated by making use of control material (ape uteri)
kindly supplied by the National Institute of Virology.
The evaluation of the mass of data obtained from each
receptor determination w;is carried out arithmetically
with the aid of computer programs. Apart from the fact
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that many man-hours were saved, the end result is
independent of subjective interpretation and therefore
more reliable. From the work so far completed the
following inferences can be drawn: Estrogen receptors
can be detected in 69 % (31) of the tumours, of which
(a) 38 % (17) can be classified as negative (>0 - 2,9
fmol per mg protein),
(b) 40 % (18) as intermediary, positive ( 3 - 1 0 0 fmol
per mg protein), and
(c) 22 % (10) as strongly positive (>100 fmol per mg
protein).
In 31 % (14) of the tumour samples, no estrogen
receptors could be detected.
Of the 44 progesterone-receptor determinations
performed, it could be shown that 43 % (19) of the
tumour specimens contained receptors for progesterone
(4 — 240 fmol per mg protein). Both estrogen and
progesterone receptors were detected in 33 % (15) of the
tumours. In two instances (5 %) it was found that the
tumour samples did indeed contain progesterone
receptors (31 & 25 fmol per mg protein respectively),
although no estrogen receptors could be traced. Only
one similar case has, to date, been described in
international publications.
All the patients are at present under chemotherapeutic
treatment at the H.F. Venvoerd Hospital where their
respective treatment protocols are established in the
light, inter alia, of the receptor profiles. The response of
the patient will be known only after treatment, when it
can be established as to how the receptor determinations
correlate with the clinical progress of the patient. In the
case of one patient (495 fmol per mg protein estrogen
receptor with no progesterone receptor) it was found
that she reacted very well to ablative hormone therapy
(oophorectomy). This holds out the prospect that 70 %
of the patients with estrogen-dependent tumours
(positive estrogen-receptor values) will indeed react
positively (less pain, tumourstasis or tumour regression,
and longer life expectancy) on hormone therapy. Where
both estrogen and progesterone receptors are present in
the tumour samples, a positive response can be expected
in 90 % of the cases.

Synthesis of radiofolates for in vivo and in vitro studies
A research group at the University of the OFS has been
engaged for a number of years in research on the
metabolic course of physiologically active folates in
pregnant women and, at the experimental level, in dogs.
For these investigations three folate derivatives, in
particular, were necessary, and these had to be labeled
with either tritium (3H) or carbon-14 (14C). The three
folate derivatives are the following:

(a) 5N methyl tetrahydrofolate (3B)
(b) 5N formyl tetrahydrofolate (̂ H)
(c) 1 0N formyl tetrahydrofolate (!4c)

As these compounds are very unstable, they have to be
manufactured on special demand by overseas companies,
and are therefore also extremely expensive. After
determining a clear circumscription of research
requirements with regard to radiofolates, steps were
taken to initiate the local production of radiofolates.
Various known methods were investigated, and it was
decided to use one standard reaction for the synthesis of
all three folate derivatives. Seeing that the
tetrahydrofolates oxidise very easily, special safeguards
had to be taken to exclude light and oxygen during the
synthetic procedure, fractionation of reaction products
on DEAL cellulose columns, and freeze-drying of the
large volumes of buffer in which the pure end products
occur.

In order to be in a position to identify the reaction
products on thin-layer plates and columns, each
compound was first of all synthesised separately on a
large scale and purified from cold unlabeled folic acid to
serve as labels. The radioactive folates were then
synthetised separately. At present, two of the three
compounds (̂ N methyl tetrahydrofolate and !>N formyl
tetrahydrofolate) are successfully synthesised.

There are prospects that these compounds will be
evaluated biologically at the experimental level within
the next six months.
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TECHNICAL ACTIVITIES

Research reactor

The SAFARI-1 reactor, which is operated by the
Research Reactor Division, functioned satisfactorily
throughout the year. The reactor was operated every
alternate week on the basis of twenty-four hours five
days per week, from Monday morning to Saturday
morning.

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

The fuel inventory at the end of the year consisted of
4,6 kg of uranium-235 in the reactor core, 2,1 kg in new
elements in the vault, and 10,7 kg in depleted and
partially depleted elements in the storage pool.

Significant operating data for the year appear below:
Period 1 January to 31 December 1978

Average power (MW) 5
Accumulated energy (MVV.d) 647
Uranium-235 burnup (g) 820
Number of days reactor at power 157
Number of capsules irradiated 3 404
Number of unscheduled shutdowns 7
Number of major experiments operated 4

In-core thcrmal-ncutron-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.
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The four major semi-permanent rigs continued to
operate intermittently. These were the cryogenic
irradiation facility, the neutron-diffraction rig in beam
tube No.5, the neutron-beam facility in beam tube No.l,
and the small-angle scattering experiment in the lower
east tangential beam tube.

Instrumentation

The Instrumentation Division is responsible for all
electronic-instrumentation matters on the Site. This
includes the development, assembly and manufacture of
electronic systems, as well as the maintenance of
electronic and process instrumentation on the AEB Site.

Some of the larger projects undertaken for other
Divisions are discussed below. The minicomputer-based
system, PHASCINA, for the automatic handling of
"rabbits" activated in the reactor, was completed and
installed in the Chemistry Division. Likewise, a system
for t h e c o l l e c t i o n and analysis of
mass-spectrometric/gas-chromatographic data was
completed and installed. The electronic control system
for a remote-controlled emergency recovery vehicle for
handling radioactive material was completed and
delivered to the Isotopes and Radiation Division.
Microprocessor-based instrumentation for
meteorological-data collection by the Isotopes and
Radiation Division at the Koebcrg power station, was
developed and manufactured. Progress was made with
the construction and installation of the high-current
switching circuits of the Tokomak, as well as with the
associated diagnostic instrumentation. A CAMAC-based
minicomputer system for the collection and processing
of spectra recorded in reactor experiments is nearing
completion. A microprocessor-based system for mass
measurements and material-flow control was developed
and completed for the Process Metallurgy Division.

In the latter half of the year the engineers and
development technicians were reorganised into three
Subdivisions, viz. Digital Systems, Nuclear end Process
Instrumentation, and Specialised Electronics. This
reorganisation was necessary in order to increase
productivity and, in particular, to prevent duplication of
developmental effort. A system of liaison engineers,
which will promote communication with other
Divisions, was also brought into effect. Mainly as a result
of resignations, the available manpower for the handling
of projects dropped to 56 % of the available posts, and
problems are being experienced in recruiting suitable
staff.

With regard to internal instrumentation activities, work
was continued in the Digital Systems Subdivision on the
further expansion of microprocessor-based systems, as
well as on CAMAC systems. A highlight was the
completion of a microprocessor-based process-loop
controller, packed in a CAMAC module. This unit,
which will replace conventional analogue controllers
and, at the same time, is much more adaptable in terms
of the various types of process-control algorithms which
can be implemented thereby, can aho be used as a
free-standing unit without computer support. The first
application of this unit (for the Process Metallurgy
Division) is at present being implemented. The general
microprocessor-based programmable instrument, which
had previously been developed, also proved that it was a
valuable development. Four units were built for various
Divisions for widely varying applications, and
organisations outside the AEB also showed interest.
Because this unit is microprocessor-based, it means that,
with relatively little effort, it can, by way of
rcprogramming, be adapted to various applications. The
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newly established Nuclear and Process Instrumentation
Subdivision began to give attention to the specification
of and investigation into standard process-control
instrumentation for future use.
The Electronic Maintenance Group provides rep^r, test
and calibration services; it completed some 1 000 tasks
in the course of the year. Most of these tasks were on
repair of equipment. The Process Instrumentation Group
provides maintenance and calibration service; on process
instrumentation, as well as on general site equipment.
More than 3 400 test, calibration and repair tasks were
completed by this Group. The Group also handle a
widely divergent variety of installation and construction
tasks. A new radio emergency call system with wide
cover, installed during the year, deserves special mention
in this regard.

The Manufacturing and Documentation Groups
succeeded in catching up with all outstanding work, and
at present have a fair measure of excess work capacity.
This manpower was used to carry out several
manufacturing tasks for outside organisations such as
UCOR, the CSIR and UNISA. A new improved packing
standard, based on the EURO card standard, was
investigated and implemented.

Waste disposal

The Chemical Operations Division is responsible for
disposal of all radioactive and chemical waste.

The liquid waste produced on the Site contained a total
actual activity of 693 mCi (a and (3).

A volume of 433 643 m^ of effluent was discharged into
the Crocodile River. This effluent contained an actual
activity of 115 mCi, which constitutes less than 5,7 % of
the total activity which may be discharged to the
Crocodile River in terms of the permit issued by the
Department of Water Affairs.

A total of 333,8 m3 of medium-active (MA) waste was
chemically treated and subsequently evaporated in the
MA-waste evaporator.

A total of 5 m^ of liquid waste was evaporated in the
HA-waste evaporator. The resulting evaporator
concentrate was solidified by means of the
"vacuum-intrusion" technique. Ninety-six units were
processed and the net mass of the solidified concentrate
amounted to 7,4 t.

A mass of 13,2 t of solid waste was compressed in the
baling press and a volume-reduction factor of 4,5 was
achieved.

Approximately 6,6 m' of solid radioactive waste,
including decayed sources, was received from outside
organisations for disposal.

Seven hundred and seventy-two drums containing
solidified, incompressible and compressed waste,
together with a large quantity of incompressible
low-level waste, were buried in the disposal trenches on
Radiation Hill.

Seventeen cropped fuel-element ends were transferred
from the reactor storage pool to the long-term
underground disposal facility on Radiation Hill.

Three hundred and fifty-one items were successfully
decontaminated; a considerable amount of
site-decontamination work was also undertaken.

The laundry continued to operate satisfactorily and
68 541 items were handled. Repairs were carried out
where necessary.
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A new disposal facility, consisting of four vertical
parallel concrete pipes embedded in high-density
concrete, was constructed on Radiation Hill.

Diameter of pipes: 1 of 55 cm, 3 of 45 cm. Pipe length:
2,44 m. The facility was provided with pipe plugs and
aluminium roofing.

The concrete CaF2 sludge/CaF2-tnagnesite slag-disposal
facility, situated on Radiation Hill, was successfully
commissioned.

Other site services

1977 1978
1140 Ml 1016M!
51,0 Ml 46,6 Ml
7.3tMI 7,38 Ml
873,01 960;81

3 3

Production figures are as follows:

Domestic and process water
Drinking water
Demioeraiited water
Liquid nitrogen
CompresMd air

Analyt ical services

New projects at the Board and UCOR resulted in an
increased demand for specification analyses of stainless
steel, low-alloy steel and aluminium alloys.

It also necessitated more frequent reversion to
wet-chemical analysis because the established
instrumental methods were not suited to these specific
requirements.

It is hoped to acquire more analytical equipment for
those particular determinations that will become
routine.

As more and more people work with uranium on site,
the monitoring of urine for traces of uranium has
increased considerably.

However, most analyses were done to control the quality
of the water supplies and the classification and
purification of liquid radioactive waste.

SAMPLES ANALYSED
1977 1978

649
507
249

2442
5691

224
4144

13 906

679
389
492

3107
8315

369
5972

17 323

TYPE OF ANALYSIS

Alloy specification analyses
Atomic absorption
Specification analyses
Radioactive waste
Water

,. Uranium
Urine ;

Total

Engineering services

A shift in emphasis of work necessitated a reorganisation
of part of the Engineering Services Division. The
Planning Department was subdivided into two groups :
the Planning Group and the Purchasing and Materials
Acquisition Group. These, together with the Project
Group and the Technical Information Group, were then
consolidated into the Subdivision named Planning and
Control. Furthermore, the erstwhile Inspection
Department was re-christened the Quality Control
Department to cater for the expansion of its activities.
Finally the group which had been actively engaged on
development work for some years was weaned from the
erstwhile Project Section, and given improved

recognition in the Research and Development
Department. Even though a number of personnel have
still to be employed, the reorganisation has already
shown high promise of enhanced effectiveness.

The interaction between the Planning Group and the
various workshops has been placed on a healthier basis,
again with considerable promise of mcrea*»d efficiency.
Aspects deserving special mention are materials
acquisition and the planning function in respect of
preventive maintenance and erection work. The
increased introduction of chemical plant has brought
these activities into greater prominence and the
reorganisation has already proved to be of considerable
benefit.

The Design Department was predominantly occupied
with work associated with the chemical plant referred to
above. Resignation of some of the personnel, together
with the difficulty of acquiring suitable designers and
draughtsmen, constituted a setback.

The shift of accent to chemical plant has not been
without effect in the various workshops of the
Manufacturing Department With the gradual reduction
in manufacture of sophisticated, high-precision
apparatus and equipment generally required for research
work, and an increased demand for simple machining of
'unsophisticated* components such as pipe and other
fittings typically needed on chemical plant, suitable
adaptations and adjustments had to be instituted. A
further effect has been the increased demand for plastic
components such as tanks, glove boxes and fume
cupboards. This need will ultimately require a special
facility. As in the past, considerable recourse had to be
had to private firms to help with the manufacturing.
This proved especially beneficial in respect of heavy
equipment such as steel frameworks and large
containers. An important acquisition in the sheetmetal
shop was a vacuum chamber, wholly designed and built
within the Division, which will enable high-integrity
welding to be done on stainless steel and aluminium
components.

Activities of the Construction and Maintenance
Department abated somewhat in intensity with regard to
the Process Metallurgy Division, and spread
concomitantly to other Divisions on site. This trend is,
however, regarded to be short-lived and is expected to be
reversed next year. Generally, construction work
continues to be of such volume as to make it difficult to
keep up to date with the planned preventive
maintenance program.

For the Works Department the year under review was
characterised by an exceptionally large number of
construction projects. Of the 1 362 worksorders
received, over 1 200 were completed. Typical of the
larger construction works were extensions to the Process
Metallurgy Building, a new cooling-water network for
Physical Metallurgy, extension of shoulders and
provision of extensive storm-water drains and a new tar
surface to the tarred road leading to the Water Intake
Works. The total value of construction work, had it been
carried out by a private undertaking, would have
amounted to more than R150 000.

Recent developments have made it clear that inspection
services per se are no longer adequate, and that the
concept of inspection should be expanded to full
'quality control'. To cater for this, as mentioned above,
the Inspection Department was renamed the Quality
Control Department. Again, as in other disciplines, the
major stumbling block in developing the Department
into an effectively operating unit was the recruiting of
suitable personnel. The effect of personnel shortage was,
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however, alleviated to a limited extent through the
employment of female staff to handle metrological and

-radiographic tasks.

Computing services

The Computing Sciences Division, which was established
during the year, offers an efficient and comprehensive
computing and program development service to all the
scientists of the Board, as required by the different
research projects.

The workload of the computer has shown an increase of
approximately 30 %. According to the statistics the
monthly average number of tasks was 8 189 with an
average computing time of 114 s, compared to 8 840
tasks of 96 s each during 1977.

The use of the time-sharing option also increased and
further equipment was acquired.

A fire-detection and protection system was installed in
the computer room. The system is interlocked to
prevent release of CO2 gas whilst personnel are in the
room.

The programming of retrospective searches on the INIS
data base progressed satisfactorily and it is now possible
to do retrospective searches on it on an annual basis
from 1972 to 1977. Considerable performance
improvements were made to the programs.

Good progress was made with the implementation of v
budget-control system. All the Divisions of the Board
will link up with this system. All records pertaining to
staff are at present consolidated onto a data base.

About 15 % of the Karoo was charted on the
incremental drum plotter from data which, became
available from the airborne radiometric survey by the
Geological Survey.

Considerable progress was made with the compilation of
neutron cross-section libraries, and a number of
techniques were put into operation to evaluate and
improve these data.

A few one- and two-dimensional diffusion computer
programs, dating back to the PEL1NDUNA project, have
been put into use again. These programs can be used for
light-water reactor calculations and are currently being
tested.



EXTERNAL RELATIONS
The External Relations Division is responsible for
international relations, liaison, information services,
language services and reprographic services.

In spite of the fact that South Africa no longer has a seat
on the Board of Governors of the International Atomic
Energy Agency, interest in this world body continues
undiminished. The twenty-first annual General
Conference, which was held in Vienna during
September, was attended by the following delegation:
Mr K.R.S. von Schirnding Sour/? African Ambassador in the

German Federal Republic (Leader!
Mr AW. Kuhn Counsellor, South African

Embassy. Vienna

The Minister of Mines and of Labour, the Honourable
S.P. Botha, accompanied by the Secretary for Mines, Mr
W.P. Viljoen and the Mining and Labour Group of
Parliament, visited Pelindaba in October.

International liaison and cooperation

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

South Africa continued its formal participation in the
International Nuclear Fuel Cycle Evaluation (INFCE)
and was actively involved in five working groups. A
particular contribution is being made to the activities of
Working Group 3, in respect of which the South African
participant is undertaking the drafting of Chapter II of
the Group's final report.
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Once again, South Africa received international
recognition, this time in the sphere of uranium
extraction technology, with the appointment of Mr H.E.
James, Director: Extraction Metallurgy as chairman of
the International Working Group for Uranium
Extraction established by the IAEA and the Nuclear
Energy Agency (NEA) of the Organisation for Economic
Cooperation and Development (OECD). In addition, Dr
P.D. Toens, Director: Geology, attended the IAEA
Symposium on "The Permo-Triassic Uranium Deposits
of Southern Africa within the Gondwana Framework"
in Lima, Peru, in December, and presented a paper at the
official invitation of the Agency, while Dr J.K. Basson,
Director: Isotopes and Radiation, attended a Joint
IAEA/ILO/WHO Advisory Group Meeting on
"Radiation Protection in Mining and Milling of
Radioactive Ores" in Portoroz, Yugoslavia, in August.

Visits to Pelindaba
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Public interest in the activities of the National Nuclear
Research Centre continued unabated. Some 1 300
members of the general public and senior scholars were
received on four visiting days 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
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Publications
With the recruitment of staff in mind, the AEB
published another brochure during the y-ar, entitled
" Focus on Pelindaba", which surveys the activities at the
National Nuclear Research Centre and describes
employment opportunities.
The biannual prestige publication of the AEB, "Nuclear
Active", has now been in existence for ten years and is
widely recognised internationally for its high quality.
New requests to be included in the distribution list are
constantly received, and it is especially sought after by
the mining and uranium industry.

Library and information services
The Library of the Atomic Energy Board acts, as far as
South Africa is concerned, as the national centre for
information on nuclear science and technology.
The Library Services cater for the literature and
information needs of staff members 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, inter alia, the following: a Current Awareness
service, a computerised Selective Dissemination of
Information service (SD1), 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 of the INIS Liaison
Office also include the indexing <uid bibliographic
description of all conventional and non-conventional
nuclear science literature published in South Africa. This
information is put on to magnetic tape for eventual
distribution in the System by the INIS Head Office in
Vienna.

In the year under review, 34 252 reports were received.
A total of 281 251 reports are now available in the
Library. During the year, 2 164 new books and 1 817
volumes of bound periodicals were added to the
collection. Bound periodicals now total 25 666 volumes.
The total book stock of the Library now stands at
329 040. Publications loaned to other organisations
totalled 2 147 and 33 542 were loaned to members of
staff. Of these latter, 5 365 were borrowed from other
libraries. Altogether 450 965 photocopies and 19 934
printouts from microfiches were made.
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LICENSING
The Licensing Branch of the AEB is responsible for the
implementation of the Board's regulatory functions in
terms of the Nuclear Installations (Licensing and
Security) Act, 1963, and for the implementation of a
national system of accounting for and control of nuclear
material.
Major project work in which the Branch is currently
involved includes licensing activities in connection with
ESCOM's Koeberg nuclear power station (units 1 and 2)
and UCOR. The Branch also deals with the licensing
requirements for nuclear-powered vessels which
periodically enter South African waters and harbours,
and a variety of smaller projects.

Safety standards
The modification of the GALE Program to make it more
suitable for Licensing Branch requirements was
concluded. The modifications involved reductions in
computer main-storage demands and the provision of
linkage programs to effect a reduction in input-data
volume and an increase in adaptability of the program.
The development and incorporation of a subroutine for
improved methods of weather classification was
completed and the series of programs was successfully
tested.

A guide document on the medical control of
nuclear-licensed-sitc personnel was finalised and issued.
Draft guide documents on the licensing of operators and
senior operators for nuclear power plant and on
emergency procedures were issued for initial comment.
Further draft guide documents on the requirements for
the transportation of nuclear-hazard material, staffing,
recruitment and training of operating personnel and the
licensing of health physicists are in various stages of
preparation or review before issue.
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Koeberg
The seismic studies relating to thj dynamic plant
behaviour have continued, particular attention having
been concentrated on surface waves which are likely to
occur in the event of seismic activity of design-basis
magnitude in the vicinity of Koeberg.
The Licensing Branch has also required that a study be
undertaken to identify the degree of damage to the plant
at seismic ground accelerations somewhat higher than
the design basis. Preliminary indications are that under
such conditions damage to the containment will be of a
limited nature.
At the site extensive civil engineering works are being
carried out; for example, the upper and lower rafts have
been placed, the aseismic bearings are in position
between the rafts, construction of the two containment
buildings has commenced and the foundation has been
placed for the fuel building.
Considerable attention has been given to the
arrangements made by ESCOM to implement quality
assurance practices across the complete spectrum of
activities related to safety. The presence of a resident
Licensing Branch inspection engineer at the Koeberg site
enables the Branch's interests to be covered on a day to
day basis. Close monitoring of the civil and structural
engineering activities at the site continued to ensure that
the appropriate standard of quality was maintained.
Licensing Branch inspectors have monitored the quality
of heavy fabricated components, such as the reactor
pressure vessels, being manufactured in France, and
information emanating from their visits to the
manufacturers' works confirmed the very high standard
of fabrication being achieved by Framatome with regard
to primary-circuit components. The progress of the
training of Koeberg management and operations staff,
which is being undertaken in France, has also been
closely followed.

fignificant progress has been made on the requirements
.or environmental monitoring around the Ouynefontein
site. Information concerning radiological protection to
supplement that provided in the Preliminary Safety
Analysis Report has been received and assessed,

lembers of the Licensing Branch and ESCOM have
worked closely with each other on a number of joint
committees in order to monitor the progress of a wide
range of licensing activities and to ensure the
implementation of the necessary provisions.

UCOR
Further developments concerning the commissioning of
the UCOR pilot enrichment plant at Valindaba led to
the issue of two further variations of the relevant
licences. Licensing Branch inspectors have visited the
plant on several occasions to undertake routine
inspections to verify compliance with safety procedures.

Nuclear ship Otto Hahn
The vessel has made six entries into South African ports
this year. Prior to each entry, Licensing Branch
inspections were conducted to establish the safe working
condition of the vessel's plant and the adequacy of the
shore-based emergency facilities and arrangements.

Information systems
The large volume of project information necessary for
the licensing process is being stored and retrieved with
the help of the Branch's Miracode data logging and
retrieval equipment . More mmprehensive
information-handling systems are being investigated to
cater for the wide range of generic information which is
rapidly accumulating and to provide a functional
logistical capability to meet the Branch's future
requirements.

Records of nuclear-hazard material in the Republic of
South Africa are being compiled in connection with the
National System of Accounting for and Control of
Nuclear Material.

Generic activities
The Licensing Branch has conducted investigations on
probabilistic fracture mechanics, common-mode failures
in complex systems, failure-data collection and
interpretation, and human behaviour.
In the field of fracture mechanics attention bas focussed
on two phenomena, viz. crack arrest and stable crack
growth. Work on crack arrest has involved participation,
in collaboration with the Department of Metallurgy and
Materials Science of the University of Cape Town, in a
multinational study, under the auspices of the American
Society for Testing Materials (ASTM), to determine a
standard test procedure for evaluating crack-arrest
properties. Stable crack growth work is continuing and
consists of analysis of crack-tip behaviour to determine
the effect of slowly growing cracks on stress-intensity
loads.
A new activity is involvement in human-error
contributions to system failure. This work is aimed at
quantifying the effect of human error and, by this
means, calculating the influence on reliability exercised
by quality control procedures.
Expertise in probabilistic analysis continues to be built
up within the Branch. The special problems of rare-event
statistics and dependent (or common-mode) failures are
being examined using Bayesian statistical methods.
The Licensing Branch organised a Course on Safety and
Reliability Assessment, held at the CSIR in Pretoria. A
large number of industrial organisations were
represented at the Course and it is to be repeated in the
near future.

Staffing, training and use of consultants
There was a continuing problem in the recruiting of staff
having the necessary degree of experience and
qualifications for the work carried out by the Licensing
Branch. The resultant manpower shortage, together with
the high workload and the complexity of many of the
problems involved, placed heavy demands on the staff
and necessitated the use of consultants in certain areas.
Notwithstanding this problem, several new staff
members were appointed during the year and they,
together with other members of the Branch, attended
in-house training courses on radiological protection and
an introduction to PWR nuclear systems. The Licensing
Branch has retained the services of an American
consultant to investigate surface waves which may arise
from seismic disturbances.
Work is continuing on studies being carried out by
consultants to determine the relationship between the
reliability of components and the quality provisions
applied during their design, manufacture and testing.
The attachment of one staff member to the joint
1AEA/IIASA project on risk assessment in Vienna was
extended by six months to allow for the completion of a
particular part of the project Another member was sent
to Europe on an extensive training visit of some seven
months to gain further practical knowledge of
radiological protection practices at nuclear power plants,
and to attend an advanced training course in radiological
protection and two symposia on related matters. Other
members have made visits overseas to gain familiarity
with manufacturing, commissioning and operating
procedures in connection with nuclear power plants.
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The AEB's administrative and related matters are
performed by the following Divisions: Administrative
Auxiliary Services, Finance, Personnel Administration,
Centra] Administration, Legal Matters and Security.

Meetings of the Board and its Committees

The Board met three times, and its Executive Committee
once, during the year, while its various committees met
17 times.

Prospecting for source material and regulatory
control

During the year the Minister of Mines approved 45
applications to prospect for source material.

In accordance with section 8 of the Atomic Energy Act,
1967,

730 authorities to possess and to use, to import
and to export radionuclides, were issued, while
certificates of recognition for the safe use of
radioactive material were issued to 30
radiographers and 17 medical practitioners.

revised Conditions in Connection with the
Possession, Acquisition and Disposal of, Use and
Conveyance of Radioactive Nuclides were approved by
the AEB and will be promulgated in the Government
Gazette early in 1979.
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Inventions and patents Personnel

Preliminary patents were taken out for three inventions,
and one application for a model and one for a trade
mark were lodged. In addition, 49 patent applications
were submitted to the AEB for evaluation, in terms of
section 21 of the Atomic Energy Act.

Legal matters

The Atomic Energy Amendment Act, 1978 came into
operation on 12 April 1978. These amendments provide,
inter alia, for stricter control over the disclosure of
information concerning source material, actions and
transactions in regard thereto, and investigations,
discoveries or inventions in connection with source or
special nuclear material or nuclear energy. Information
regarding past uranium transactions, as well as
investigations or negotiations about the acquisition of
nuclear site licences and matters connected therewith, is
controlled.

The Nuclear Installations (Licensing and Security)
Amendment Act, 1978 came into operation on 15
March 1978. Penalties for contraventions of the secrecy
provisions contained in the Act have been brought into
line with the penalties provided for in the Atomic
Energy Act for similar contraventions.

Finance

The financial statements were
comment by the Auditor General.

approved without

Generally speaking, the turnover of staff did not give
cause for alarm, although in certain areas the AEB still
has difficulty in recruiting suitable staff.

Thirty pre-graduate bursaries were awarded for 1979,
bringing the grand total to 58. In addition, two
post-graduate bursars were still engaged in their studies.

The following Table shows that on 31 December 1978
there were 1 846 persons in the service of the AEB:

Administrative staff 56
Scientific staff ! 232
Technical staff 450
Experimental Officers 183
Micellaneous staff 582
Learner Technicians 171
Apprentices 172
Total 1846

Retirement

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

Auxiliary services

Security, transport, garderning, cafeteria, cleaning and
telephone services were maintained at a satisfactory
level.



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. PF LINDABA REPORTS

PEL-259 : Mingay. D.W.; Jonkcr, W.D.; Smith, BJ. HXE-PURC
(particle-induced .\-ray emission pile-up rejection circuit): A
dynamic beam-pulsing technique for pile-up rejection in
charged-particle-induced X-ray emission analytical studies. Mar
1978.15 p. ISBN 0 86960 674 3.

PLL-260 : Corner, B.; Henthorn, D.I. Results of a paiacomagnetic
survey undertaken in the Damara Mobile Belt, South West
Africa, with special reference to the magnetisation of the
uranifcrous pcgmatitic granitrs. Oct 1978. 26 p.
ISBN 0 86960 676 X.

Pfc.L-261 : Hofmcyr, C; Mayer, R.M.; Starlccy, J.R.; TillwicJt, D.L. The
small-angle neutron scattering facility at Pclindaba. May 1978.
22 p. ISBN 0 86960 677 8.

Pt.L-262 : Goodwin, B.; I)c Villkrs, U; Dc Jesus. A.S.M. Environmental
radioactivity at the National Nuclear Research Centre,
Pelindaba, 1977. Apr 1978. 18 p. ISBN 0 86960 678 6.

PM.263 : Van der Wcslhuuen, M.; Van der Bank, D.J.; Meulkc, M. The
measurement of moisture content and dry bulk-density of the
top layer of agricultural soils, with minimum calibration, using
a gamma-ray attenuation method. Juti 1978. 12 p.
ISBN 0 86960 679 4.

Pl.H-11 : SchnauU. N.C.; Lustig, A.; Rocsch, H. Radiation
polymerisation of finylene carbonate. May 1978. 17 p.
ISBN 0 86960 655 7.

PhR-23 : Adrian, H.W.W. The determination of the crystal structures
of some uranium compounds by means of X-ray and neutron
diffraction. Oct 1977. 108 p. ISBN 0 8696C 671 9.

Pr.R-24 : Du Plcssis, T.A.; Entwistlc, B.; Gawn, P.D. Handbook for (he
experimental open-pool irradiation facility of the Lctaba
Co-operative Limited, at Tianeen. Mar 1978. 12 p.
ISBN 0 86960 673 5.

PKR-25 • Van der Spuy, E. Global hadron compounding - is colon:
superfluous? Apr 1978, 66 p. JSBN 0 86960 675 1.

PtR-36 : locns, P.D. The recovery of uranium, gold and sulphur from
residues from South African mines. Oct 1978. 4 p.
ISBN 0 86960 681 6.

II. PUBLICATIONS

Adrian, H.W.W.; Van TcU, A. Bis(hydroxylamido)bis(hydroxylamine}-
dioxouranium(Vl)dihydrate. Ada Crystallogr. (1978) v. B34
p. 652-653.

Adrian, H.W.W.; Van Teu, A. Bis(hydraxylamido)(1.2-«han«liol-0,D)-
dioxouraniuin(IV). Acta Crystattogr. (1978) v. B34 p. 2632-2634.

Adrian, H.W.W.; Van lets, A. A low-temperature neutron and X-ray
diffraction study of UO2 (NH2O)2-31)2O. Acta Crystallogr. (1977) v.
B33 p. 2997-3000.

Adrian, H.W.W.; Van Tets, A. A low-temperature neutron diffraction
study of allO^ (NH2O)2.4H2O. Acta Crystallogr. (1978) v. B34
p. 88-90.

Aspeling, J.; Piani, C.S.B. The recovery of thermal-neutron-irradiatcd
• platinum. Phys. Lett (1978) v. 6BA(1) p. 101-104.

Barnard, E.; Reitmann, D. Scattering of fast ncutions from 103Rh.iVud.
Phys. (1978) v. A303 p. 27-30.

Ba&son, R. V; Beyers, M.; Thomas, A.C, An assessment of the toxicity of
irradiated fruiti using radiation chemical principles. International
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