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P.O. Box 745
CAPE TOWN
8000

Sir

I have pleasure in presenting to you the Twenty-third Annual Report of the Atomic Energy Board.
This report covers the period 1 January 1979 to 31 December 1979.

Balance sheets and statements of income and expenditure for the financial year ended 31 March
1979, certified by the Controller and Auditor General, are included.

Yours faithfully

J.W.L. de Villiers
PRESIDENT
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REVIEW 1979

The year 1979 was marked by two events of particular
significance to the Atomic Energy Board. The first was
the completion of twenty years since the nuclear research
and development program of the AEB was launched. The
second was the laying down of the mantle of President by
Dr A. J. A. Roux, who had led the Board consistently and
unremittingly throughout those twenty years, and the
taking up of that same mantle by Dr J.W.L. de Villiers.
Top ftlanagement was restructured and the newly con-
stituted Board met for the first time under the chair-
manship of the new President on 9 November.

The search for new uranium deposits continued apace,
and a further reassessment of South Africa's resources
was carried out. Total resources recoverable at a cost of
less than $130/kg U ($50/lb U3O8) amount to 530 000
tonnes U. Receipts from uranium sales for the year
totalled some R500 000 000.

The economic exploitation of very low-grade ores and
slimesi-dams residues for uranium recovery was further
pursued, the accent being laid on the development of
cheaper and simpler uranium-recovery circuits such as
the resin-in-pulp process which obviates the expensive
liquid-solid separation step after the leaching of the ore.
A new activity that was considerably expanded during
the year was the provision of ore-processing and flowsheet-
development services to mining companies engaged in
pre-feasibility studies on the viability of ore deposits in
the Karoo and the northwestern Cape Province.

Work on South Africa's first nuclear power station
(Koeberg) in the Western Cape continued on schedule,
the dome of the containment liner of the first of the two
pressurised-water reactors being placed during
November. The AEB afforded further assistance with
regard to the training of ESCOM personnel who will be
involved in the operation of Koeberg.

Radiation-preservation of food once again stole the
limelight, culminating in a very successful national
symposium on the subject. The importance of drastically
reducing food spoilage throughout the world in an effort,
to uplift poverty-stricken and hunger-ravished nations
was again undei lined. South Africa has given adequate
evidence of its preparedness to assist with the prevention
of spoilage.
A decision was taken to commission at Pelindaba a
second pool irradiation facility, similar to the one at
Tzaneen, for the irradiation of a variety of fresh produce.
The facility was practically completed during the year
and, according to preliminary calculations, it will be
possible to treat some 4 000 tons of potatoes, 1 000 tons
of mangoes and/or pawpaws and 800 tons of strawberries
in a time of 1 600 hours each year.

The use of radioisotopes continued to expand. There are
at present 554 non-medical and 47 medical users of
radioisotopes in South Africa.
There was a further entouraging increase in the demand
for radiation processing. As compared with an average
throughput of twenty-i'ive tons of medical products
irradiated each week in 1978, some thirty-four tons were
irradiated weekly during 1979. The aim of the AEB in
this field came closer to reality with the decision
that a commercial plant operated by the private sector
will be commissioned by July 1981, leaving the existing
plant free for use in further research into
radiation-processing techniques.

The routine but very important work of ensuring the
health and safety of all members of staff continued.

Several 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 rendered by the
central computer again increased considerably, with an
average monthly total of 9 535 tasks being performed.

The unrelenting demand for instrumentation continued.
A CAMAC-based minicomputer system for the collec-
tion and processing of spectra recorded in reactor
experiments was completed and delivered to the Physics
Division, and manufacture of the instrumentation for the
Tokamak was completed.

Disposal of solid and liquid radioactive waste was again
strictly controlled. Some 350 000 cubic metres of
effluent were discharged to the Crocodile River during
the year. The total actual activity of this effluent was
ninety-three millicuries, which constitutes less than 7 CA
of the total discharge activity permitted by the Depart-
ment of Water Affairs.

Engineering services were provided for widely divergent
requirements, despite problems regarding staff recruit-
ment and the acquisition of certain materials. Increased
efficiency resulted from the establishment of a quality-
assurance department to ensure greater productivity.

South Africa continued to participate in five of the eight
working groups of the International Nuclear Fuel Cycle
Evaluation (INFCE) which came closer to the completion
of its work. A final report is expected early in 1980. In
addition to a number of scientists spending periods of
time abroad in connection with the Board's research
program and licensing matters, South African expertise
was invoked on several occasions by the International
Atomic Energy Agency (IAEA) by way of the invitation of
experts to serve on advisory groups and working groups.
A number of distinguished visitors were once again
received at Pelindaba?"a total of some 1 520 persons
being received in the course of the year.

Information services on nuclear science and technology
continued to be provided by the AEB Library which is the
national depository for literature in these fields. A total of
2 130 new books and 1 799 volumes of bound periodicals
were added to the Library in the year under review. The
total bookstock is now 368 527.

Licensing Branch inspectors were again constantly
engaged in monitoring the quality of components for the
Koeberg nuclear power station, and a careful study of the
Three Mile Island situation in the USA was carried out in
relation to the Koeberg design. Licensing Branch officers
have ensured that the quality of equipment being
manufactured in France and elsewhere in the world has
been maintained at the high standard required.

The five Administrative Divisions of the AEB continued
to provide a variety of services. On 31 December 1979,
there were in all 1 955 persons in the service of the AEB,
including learner technicians and apprentices. However,
difficulty was again experienced in the recruitment of
certain categories of staff.
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NUCLEAR MATERIALS
Six of the AEB's Divisions are involved in the Nuclear
Raw Materials Program, whereby virtually all activities in
South Africa relating to the development of resources of
nuclear materials are centred around or coordinated by
the AEB.
The Geology Division is responsible for establishing the
extent and nature of uranium resources in the Republic of
South Africa and the compilation of statistics in this
connection. These are submitted to national and
international agencies. The figures are arrived at in close
cooperation with the mining industry and various
Governmental bodies.
Radiometric analysis of uranium ores and the assessment
of radiation hazards in uranium mining and extraction are
carried out by the Isotopes and Radiation Division.
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 ores. This
work is done in collaboration with mining groups that are
members of the Nuclear Fuels Corporation of South
Africa (NUFCOR) and in association with the National
Institute for Metallurgy (NIM). A second major task is
the provision of ore-processing services and expertise to
mining companies during all the stages that arise when a
uranium deposit is discovered and brought into produc-
tion. 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 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 housed in the NIM building
complex in Randburg, on the outskirts of Johannesburg,
and makes extensive use of NIM staff and facilities,
particularly in the fields of mineralogy, ore dressing,
analytical chemistry, mineral and process chemistry, and
instrumentation.

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

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

REPUBLIC OF SOUTH AFRICA
Uranium resource estimates
South Africa was again represented on a number of
occasions at meetings of the Steering Group for Nuclear
Energy and the Joint Nuclear Energy Agency (NEA)
/International Atomic Energy Agency (IAEA) Working
Party on Uranium Resources, which publishes a report
on the uranium resources, production and demand of the
Western World every two years. The most recent Joint
NEA/IAEA report appeared in December 1979.

South Africa has also actively participated in the
deliberations of the International Nuclear Fuel Cycle
Evaluation (INFCE) which has met at regular intervals in
Vienna. South Africa has been particularly concerned
with those aspects of the study involving resource
estimates, as also long-term supply and demand
forecasts. The findings of INFCE, which covers the
entire fuel cycle, are likely to have a considerable
influence on the future of nuclear power and are due to be
published early in 1980.

As a result of recommendations made by the Joint
NEA/IAEA Steering Group and INFCE, South Africa,
along with most other uranium-producing countries, has
reassessed its uranium resources according to the system
of classification recommended by the IAEA. The
assessment was carried out by the AEB in close
collaboration with mining and prospecting companies. In
conformity with the classification recommended by the
IAEA, the cost categories refer to the cost of production
and not to the selling price. In arriving at these estimates,
mining and metallurgical losses have been taken into
consideration. Values are quoted in terms of uranium
metal (U) and not the oxide (U3O8) as in the past. The
results are as follows:

ROCK TYPE

Resources Recoverable at less than $13O/kg U ($50/lb U3O8)
in tonnes U* as at 1 January 1979

(RAR)

Recoverable Recoverable
at at

< $80/kg U $80-130/kg U
(< $3O/lb U3O8) ($30-50/lb

iSOURCES

Total RAR
recoverable

at
< $130/kg U

ESTIMATED ADDITIONAL RESOURCES

Recoverable
at

< $8O/kg U
(< $30/lb U3Og)

(EAR)

Recoverable
at

S8O-130/kg U
($30-5G/lb

Total EAR
recoverable

at
< $130/kg U

TOTAL RAR +
EAR

Recoverable
at

<$130/kgU
(< $50/lb U3Og)

Quartz-pebble
conglomerate

Tailings

Karoo strata
& younger

surficial
sediments

Carbonatite

TOTALS;

214 000

28 000

2 000

3 000

247 000

u3o8)
95 000

10 000

39 000

144 000

(< S50/lb U3O8)

309 000

38 000

41000

3 000

391 000

53 000

-

1000

-

54 000

U3OS)

75 000

9 000

1000

-

85 000

(< *50/lb U3Og)

128 000

9 000

2 000

-

139 000

437 000

47 000

43 000

3 000

530 000

tonne U- 1,18 tonnes U3O8



About 9 % of South Africa's uranium resources occur
outside the greater Witwatersrand Basin, the most
important being the recently discovered uraniferous coal
deposits of the northern Transvaal, followed by the
occurrences in the southern Karoo and the surficial
deposits of the northern Cape Province. The viability of
these deposits is currently under examination.

As a result of a specific request from INFCE and the
IAEA, South Africa, together with other countries, has
carried out a survey of its 'subeconomic' resources. In
estimating resources that are recoverable at costs higher
than $130 kg/U, South Africa has decided to take only
those known resources into account which could be
recovered at costs of less than $260/kg U. Using the
above criteria, these resources are estimated as follows:

tonnes U (5 643 tonnes U3O8). This represents an
increase of 21 % over 1978 when 15 plants, fed by 18
mines, produced a total of 3 961 tonnes U (4 674 tonnes
U3O8), representing 11,4 % of the production of the
Western World. Total receipts for 1979 amounted to
R493 000 000, as compared with the 1978 figure of
R335 000 000. Planned production is expected to reach
8 200 tonnes U (9 670 tonnes U3O8) per annum by 1984.
However, should the demand arise, South Africa could,
by the mid 1980's, be in a position to produce about
11 000 tonnes U (13 000 tonnes U3O8) per annum. As a
result of investigations carried out by the AEB in close
collaboration with the Mining Industry, it would appear
that South Africa should be able to maintain an annual
production of at least 11 000 tonnes U (13 000 tonnes
U3O8) well into the next century.

Resources Recoverable at $130-260/kg U ($50-100/lb U3O8)
in tonnes U as at 1 January 1979

REASONABLY ESTIMATED
ASSURED RESOURCES ADDITIONAL RESOURCES

ROCK TYPE (RAR) (EAR)
$130-260/kg U $130-260/kg U

($50—10O/lb U3O8) (850-100/lb U3O8)

TOTAL
RAR + EAR

Quartz-pebble
conglomerate

Tailings

Karoo strata and
younger surficial
sediments

Carbonatite

TOTALS:

31000

8 000

37 000

-

76 000

110 000

20 000

9 000

-

139 000

141 000

28 000

46 000

-

215 000

It should be noted that, in making the assessment for the Uranium exploration
Witwatersrand gold/uranium ores and associated tailing
dumps, a gold price of US$200 per ounce was assumed.
As a result of the higher gold price, it may safely be
assumed that a large proportion of the resources
estimated to be recoverable at the time of the assessment
at a ^ost of between $80—130/kg U would currently be
recoverable in the lower cost category, and that a portion
of the 'subeconomic' resources would move up into the
less than $ 130/kg U cost category.

A reassessment of South Africa's uranium resources,
using various gold prices in excess of US$200/oz is under
way, and use is being made of a computer model
developed specifically for this purpose.

Uranium production
South Africa's uranium production continued its upward
trend and during 1979 two major new plants, namely
those of Chemwes Limited and Vaal Reefs South, were
commissioned. A number of new mining ventures are
under consideration and attention is also being given to
projects involving the retreatment of tailings.

As a result of these new developments there were, by the
end of 1979, a total of 18 plants in operation, fed by 21
mines. Total estimated production amounted to 4 782

During 1978 19 major mining companies spent a total of
R21 million exploring for uranium in the Republic. This
represents a substantial increase over the R9,7 million
spent during 1977. Apart from the cost of technical
assistance and advice given to the Industry, the State
spent a total of R800 000 on airborne radiometric and
magnetic surveys which covered a total of 260 000 km .̂
While not actively concerned with physical exploration,
the AEB maintains close contact with the mining and
exploration companies and, where necessary or on
request, makes its own resource estimates. The main
areas of interest are discussed below.

Quartz-pebble conglomerate
The tempo of prospecting within the Witwatersrand and
Dominion Reef Basins continues to be maintained. A
number of promising areas have been discovered and are
being subjected to detailed investigation. As a result of
the increase in the gold price, a number of low-grade reefs
on currently operating mines and accumulations of
tailings, previously considered uneconomical, are also
receiving attention.

Granitic and metamorphic rocks
It has recently been established that uranium occurs in
low concentrations either in disseminated form or
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associated with fracture zones in the granitic and
metaraorphic rocks in the northwestern Cape, in Natal,
and within the Bushveld Igneous Complex.

Exploration carried out to date has indicated the
presence of large tonnages of low-grade mineralisation in
a number of localities; however, under present
conditions, these cannot be considered viable.
Exploration is, however, continuing in an effort to locate
areas of higher grade.

Karoo sediments
Exploration in the Karoo Supergroup of the southern
Cape and in the southern and eastern Free State is
proceeding apace. Interesting discoveries continue to be
made and the AEB is keeping abreast of developments.

An experimental open-pit and an underground trial
mining operation have been established by two of the
companies most active in the area. No decision has as yet
been reached regarding the mining of the Karoo deposits.

The uraniferous coal deposits of the Springbok Flats of
the northern Transvaal continue to receive attention and
investigations are continuing.

Surficial deposits
In the northwestern Cape a number of calcrete and other
surficial deposits consisting of a carbonaceous
diatomaceous earth continue to receive attention. A
number of new discoveries have been made, some of
them by officers of the AEB, and prospecting is
proceeding apace.

Geological and allied research
Karoo airborne survey
The airborne radiometric and magnetic survey of the
Karoo basin, which covers roughly 60 % of the Republic,
is now 60 % 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,
while the data processing is undertaken at the AEB
Computing Centre. A number of anomalous areas have
been detected in the blocks released to date on open file.

Calibration facilities
The calibration facilities, which make possible the
quantitative in situ radiometric determination of the
three natural radioelements K, U and Th, both in
boreholes and on surface, at Pelindaba and Beaufort
West continue to be extensively used and the number of
registered users now totals 65. As a service to the
Industry it has been decided to establish a secondary
facility at Potchefstroom which will serve the western
Transvaal and Free State. A handbook describing the
facility is freely available to users, and the Board is
collaborating with an IAEA project involving the
exchange and dissemination of information regarding
similar facilities in various parts of the world.

Basic research
Sedimentological, geochemical, geophysical and
mineralogical and hydrochemical research is undertaken
by the Board with the specific purpose of assisting
industry in its efforts to locate additional sources of

uranium and to delineate target areas. Most of the
research effort is currently directed to the Karoo where a
special effort is being made to obtain a better
understanding of the genesis of sandstone uranium
deposits located in the Karoo Supergroup. Attention is
being given to sedimentological studies and the
classification of the various ore types, and also the
distribution of molybdenum, the concentration of which
may be of some significance in some areas. A number of
detailed geological maps covering the key prospecting
areas in the Karoo have been published by the Geological
Survey and are readily available.

A National Hydrogeochemical Proj ect has been launched
in collaboration with \he Geological Survey and the
Department of Water Affairs, which entails the analysis
for uranium of some 2 000 — 3 000 water samples per
annum derived from various state-aided water-
drilling operations.
A mineralogical investigation of the black sands
occurring along the Natal coast is under way. The
purpose of the exercise is to detect the mode of occurrence
of uranium and thorium in the minerals of the
concentrate using fission-track techniques. Monazite has
been identified as the source of the uranium which is
probably bound to the crystal lattice, thus rendering the
ore refractory and therefore not amenable to
conventional leaching processes.
Radioactive disequilibrium between uranium and its
daughter products in various ores was extensively
studied collaboratively by the Geology and Isotopes and
Radiation Divisions, and research in this field is carried
out on an ongoing basis. In addition, assistance to the
mining sector by way of determination of such dis-
equilibrium increased considerably during the year.
Some 240 samples were analysed for secular dis-
equilibrium between 238U and 226Ra, while approximately
150 samples included studies of disequilibrium between
226Ra and its daughter products. Such data are required
for adequate interpretation of instrument responses
used in radiometric prospecting.

The joint AEB/Chamber of Mines research project on
the applicability of radiometric techniques to in situ
determinations of uranium grade is nearing completion.
Results obtained to date are promising although the
instrumentation will have to be redesigned before the
technique can be put to general use.
Active and ongoing participation in various international
research projects initiated by the IAEA continues. This
commitment involves the submission of reports and
papers, and the attendance of symposia on a wide range
of topics, mainly in the field of radiometric borehole
logging, radon-detection techniques, case-history studies
and ore-reserve assessment techniques. Collaborative
projects with a number of South African universities are
also under way.

Training course
Yet another training course on radiometric prospecting
techniques was organised as a service to local mining and
exploration companies. A total of 153 geologists and
technicians attended the course. A number of lectures
were also delivered on this topic to senior students at
various universities.



Analytical methods for uranium
prospecting
The determination of uranium by delayed-neutron
counting was continued in soil samples, borehole
material, groundwater and other samples of geochemical
interest. This work is performed on a service basis to
mining companies and Government organisations, as it is
the only technique which provides the necessary
sensitivity at a reasonable cost. Approximately 32 000
such samples were handled during the year and no
noticeable decrease is as yet apparent. The analysis of
samples for other elements by the application of
conventional neutron activation analysis was performed
on a much smaller scale.

Work on the more fundamental investigations being
carried out in collaboration with the Geological Survey in
the Karoo is approaching the final stage. An investigation
of the experimental geochemical results clearly shows
that the various models applied to date to explain the
occurrences of uranium were not adequate. The
development of new models will probably have to be
undertaken with a view to satisfactorily covering the
variety of ore types.

In addition, a project is being carried out in collaboration
with a private organisation in the northern portion of the
Cape Province where an extensive soil cover renders the
use of other methods impractical. Underground water
samples were analysed in order to determine whether
uranium mineralisation was present in the area. This is a
new approach and the project must be carried out on a
very large scale to ensure that important parameters are
not overlooked. The analytical parameters alone total
approximately 15 000 data points, and reasonably
sophisticated computer programs are required to handle
such a volume of data. The required programs are
developed in such a manner that they can also be used for
similar investigations and can be extended with little
difficulty. The work is progressing satisfactorily.

Radiation hazards in the SA
mining industry
A radiation survey was made on request at a uranium
plant with a view to reducing the exposure of staff. A
request was received for the regular analysis of samples
from a mining environment for radioactivity. Discussions
were held to consider on a regular basis, the radiation risk
related to uranium mining.

The final draft of the Code of Practice on Radiological
Safety in Mining and Milling of Radioactive Ore, which
followed on the meeting of experts of the International
Labour Organisation (ILO), the World Health
Organisation (WHO) and the IAEA held in Yugoslavia in
1978, was received from the IAEA and returned with the
necessary comments.

Continuous ion exchange for uranium
recovery
During the year, a second commercial uranium recovery
plant based on the continuous ion-exchange contactor
developed by NIM (known as the NIMCIX contactor),
was successfully commissioned at Chemwes Limited,
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near Stilfontein. The AEB, which has played an
important role in the introduction of the CIX technique
into South African uranium plants, collaborated very
closely with the engineering contractor and mining
company concerned in the design and commissioning of
this plant. The Chemwes NIMCIX plant and the first
NIMCIX plant, started up in July 1977 at Blyvoor-
uitzicht Gold Mining Company Limited, were both
brought into production with a minimum of teething
troubles, and are currently operating at design capacity.

Costing of uranium ore processing
flowsheets
During the year a costing engineer and a senior cost
estimator were appointed to the Extraction Metallurgy
Division and considerable progress was made in
widening the scope of the AEB's expertise in the field of
uranium-plant costing. Whereas in the past this activity
was limited to design and costing of NIMCIX plants,
costing of entire uranium ore processing flowsheets, from
crushing through to calcination of yellow cake, can now
be undertaken for both acid and alkaline
leaching circuits.

Cost information released to the AEB, while being kept
strictly confidential in the form received, is analysed and
used on specific costing exercises. While the main
objective of the AEB's costing program continues to be
the economic evaluation of new extraction techniques
and the comparison of candidate flowsheets for snecific
applications, an activity that is on the increase is the
generation of data on capital and operating costs for use
by mining companies in pre-feasibility studies. In this
regard the AEB is in a unique position, in that the
Extraction Metallurgy Division has become involved
with a very wide range of uranium ore types and
processing techniques and has built up a wider range of
design and cost information than is usually available to
individual mining companies.

Resin-evaluation studies
The advent of continuous ion exchange in industrial
uranium ore processing practice has encouraged ion-
exchange-res, n manufacturers to mount new programs in
the field of resin development. In the past resin
manufacturers were content to submit the resins
developed for water-treatment applications for use in
uranium recovery. Now there is a willingness to
undertake the research and development necessary for
the development and marketing of products, tailored to
the needs of the uranium industry.

The AEB has made a significant contribution in this area
by actively promoting the concept of tailor-made ion-
exchange resins for CIX and RIP processes. The
collaboration of all the major resin manufacturers has
been obtained and significant progress has been made in
the standardisation of resin specifications and resin-
testing procedures applicable to uranium recovery.

Because of its considerable knowhow on all aspects of the
use of ion-exchange resins for uranium recovery (fixed-
bed ion exchange, CIX and RIP processes), the AEB
continues to receive numerous requests for the
evaluation of ion-exchange resins. The work undertaken



in this area during the past year fails into three
categories. Firstly, trstwork aimed at providing mining
companies with an objective comparison of the various
commercial resiir-- offered on tender by resin
manufacturers for existing or planned uranium-recovery
plants. Secondh, examination of used ion-exchange
resins from industrial uranium plants, to establish
whether performance has been adversely affected by
maloperation of equipment, regeneration procedures
etc. Thirdly, testing and evaluation of experimental
resins submitted by resin manufacturers on a bench and
pilot-plant scale.

Development of resin-in-pulp processes
for uranium recovery
The reclamation and treatment of Witwatersrand tailings
to recover uranium and gold are being investigated to an
increasing extent by South African mining companies. In
this treatment, expensive crushing and grinding of the
tailings is not required and leaching costs are relatively
low because the uranium in the tailings is generally partly
oxidised through the action of bacteria on the residual
pyrite in the material. However, because of the ulrra-low
uranium grade of the tailings matt rial, it is necessary to
plan for very high treatment rates and as a consequence
capital equipment costs may be high relative to the
amount of uranium produced.

The possibility of recovering uranium directly from the
leached tailings by a resin-in-pulp (RIP) process, thus
avoiding expensive solid/liquid separation, is attractive,
not only in terms of capital cost reduction but also in
overall circuit simplicity.

The AEB has undertaken a survey of the RIP processes
for uranium recovery used in the USA, as well as of a
number of other designs that did not progress beyond the
pilot-plant stage. Included in the survey was the earlier
work in South Africa by Carman and Reid, and the Relix
investigation undertaken by the AEB in collaboration
with the uranium industry.

The conclusions of the RIP survey were that several RIP
processes are available but none of them is sufficiently
attractive economically to be considered for the
treatment of Witwatersrand tailings because they can
only be used for uranium recovery from pulps containing
less than 15 7c by mass of solids.

The feasibility of developing an improved RIP process
for uranium recovery from pulps of normal leach density
is being investigated as a collaborative project by the
AEB and the uranium producers who are affiliated to
NUFCOR.

Preconcentration 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 preconcentra-
tion techniques such as flotation, gravity concentration,
and wet high-intensity magnetic 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 are being explored. Research by the AEB

continues to be concentrated on the WHIMS technique
which enables between 50 and 70 Vr 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 in that the first commercially
acceptable WHIMS machine for the preconcentration of
low-grade uranium ores and residues was installed at the
Stilfontein Gold Mine towards the end of the year.

Ore-processing services to industry
During the period under review exploration activity in the
southern Karoo, the northwestern Cape Province and
elsewhere continued. A number of mining companies are
engaged in metallurgical investigations in collaboration
with the AEB, aimed at developing suitable flowsheets
for possible future processing plants. The AEB
undertook a comprehensive investigation on a sandstone
deposit for one mining group including mineralogical
work milling tests, bench-scale hydrometallurgical tests,
flowsheet development, and costing. During the year the
AEB continued its comprehensive investigation of
samples from a number of ores from the Karoo
Supergroup to complement work being undertaken by
the mining companies concerned.

Ii has become apparent that the South African uranium
industry is becoming increasingly diversified. Because of
the wide variety of uranium ores that are now being
treated, their remote location, and the limited extent of
the ore reserves under the control of any one mining
company, the AEB is broadening the scope of its uranium
ore processing expertise and is establishing additional
laboratory and pilot-plant facilities at Randburg.

International cooperation on uranium-
extraction technology
During t he year the Director of the Extraction Metallurgy
Division of the AEB chaired the second meeting of the
International Working Group on Uranium Extraction
established by the International Atomic Energy Agency
(IAEA) and the Nuclear Energy Agency (NEA) of the
Organisation for Economic Cooperation and
Development (OECD).
The meeting was held in Paris and was attended by South
Africa, USA, Canada, France, Spain, Italy, Australia,
Sweden, Japan and the United Kingdom.
The Working Group reviewed and exchanged informa-
tion on current industrial technology and new develop-
ments in uranium extraction. It also made a start with the
establishment of criteria and collection of generalised
cost data for evaluating the comparative economic
potential of various host resources of uranium, with a
view to evaluating the long-term uranium supply outlook.
The information so acquired is to be published during
1981 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 flow-
sheets for processing uranium ores" which is to be
published early in 1980 by the IAEA. The latter report
was compiled by a group of consultants under the
chairmanship of the Director of the AEB's Extraction
Metallurgy Division.

11 12



Production of uranium hexafluoride
The UF6 plant was not operationa! during 1979 due to a
shortage of UF4 feed material. As soon as the UF4 plant
has been commissioned, production in the UF6 plant will
be resumed.
Whilst the plant was off-line the opportunity was taken to
instal and test the various modifications that will be
advantageous in a larger plant.

Pilot plant for UF6 distillation
The pilot plant was tested and several minor modifica-
tions were carried out. After the plant had been tested
and cleaned with organic material it was drained and
during the latter half of 1979 the first commissioning runs
with UF6 were conducted.
The plant is operating satisfactorily and operational
problems have been minimal. The purity of the product
was within the required specifications.
An on-line mass spectrometer should be ready for
commissioning early in 1980. This will monitor the purity
of the product continuously.

UF4 production technology
The UO3 production section of the plant was
commissioned in April 1979 and has met all its
production requirements. Certain detailed modifications
were made to improve the plant performance
and availability.
Due to the delays in the receipt of equipment from
outside manufacturers and improvements made obvious
during design of the larger plant, the commissioning of

the UF4 pilot plant commenced onlv in the last quarter of
1979.

Fluorine production technology
Efforts to develop improved fluorine technology were
continued. An experimental fluorine cell with an
improved cooling system was manufactured and
experiments to determine the most suitable anode
material for a low-temperature electrolyte are under way.

Production of UgOg and UF4 standards of
high purity
A heated stripping section has been installed in the TBP
mixer-settler unit. Tests are in progress to check whether
this will provide a significant improvement over a cold
stripping section.

SOUTH WEST AFRICA/NAMIBIA
Uranium exploration and resource estimates*
In South West Africa/Namibia during 1978 a total of 26
companies held prospecting rights for source material,
and a total of R4 million (R3,2 million in 1977) was spent
on prospecting operations. In addition R227 000 was
spent by the State on airborne surveys.
Ths Rossing mine remains the only producer of uranium
in the territory. In 1978 production amounted to 2 695
tonnes U (3 182 tonnes U3O8). Production during 1979
amounted to 4 237 tonnes U (5 000 tonnes U3O8).
The uranium resources for SWA/Namibia as at 1 January
1979 are estimated as follows:

ROCK TYPE

Uranium Resources Recoverable at less than $130/kg U ($50/lb U3O8)
in tonnes U as at 1 January 1979

REASONABLY ASSURED B
(RAR)

Recoverable Recoverable
at at

< *80/kg U *80-130/kg U
(< $30/lb U3O8) <$30-50/lb

SOURCES

Total RAR
recoverable

at
< $13O/kg V

ESTIMATED ADDITIONAL RESOURCES

Recoverable
at

< $8O/kg V
« $30/lb U3Og)

(EAR)

Recoverable
at

$80— 130/kg V
($30-50/lb

Total EAR
recoverable

at
< 8130/kg U

TOTAL RAR +
EAR

Recoverable
at

<$!30/kgU
(< STJ/lb U3Og)

Granitic rocks

Karoo strata
& younger

surficial
sediments

TOTALS:

101 000

16 000

117 000

U3O8)

9 000

7 000

16 000

(< $50/lb U3O8)
110 000

23 000

133 000

15 000

15 000

30 000

u3og)
21000

2 000

23 000

(< $50/lb U3O8)
36 000

17 000

53 000

146 000

40 000

186 000

The 'subeconomic' resources are computed as follows:

Resources Recoverable at $130-260/kg U ($50-100/lb U3O8)
in tonnes U as at 1 January 1979

REASONABLY ESTIMATED
ASSURED RESOURCES ADDITIONAL RESOURCES

ROCK TYPE (RAR) (EAR)
*130-260/kg U *130-260/kg U

(S50-100/lb U3O8) ($50-10O/lb V3OS)

TOTAL
RAR + EAR

Granitic rocks

Karoo strata and
younger surficial
sediments

TOTALS : 1979

5 000

4 000

9 000

7 000

8 000

15 000

12 000

12 000

24 000

' The Administrator-General of SWA/Namibia has approved the publication of these data.
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NUCLEAR POWER
Work on the two pressurised-water reactors being built
at Koeberg for the Electricity Supply Commission
(ESCOM) continued according to schedule, with
commissioning dates planned for December 1982 and
December 198.'? respectively. The dome of the con-
tainment liner of the first unit was placed during
November, and the delivery of items of heavy equipment
is due to begin early in 1980.

The nuclear industries remained in beleaguered posi-
tions in many Western countries, with few, or no. new
orders, and cancellations in several cases. Forecasts of
nuclear-power growth rates in the future continued to
show a downward trend in comparison wiih (hose made in
the past. The accident at the Three Mile Island unit 2
plant in the USA towards the end of March received
considerable attention in the mass ijiedia all over Ihe
world. Although nobody was injured in the accident, and
the chances of delayed effects manifesting themselves in
future are very limited, it triggered a number of investiga-
tions into the assessment and regulation of nuclear power
in that country. The fact that the consequences of the
accident were so minimal was nevertheless a demonstra-
tion of the effectiveness of the safety measures against
release of radiation built into modern nuclear plants.
The International Nuclear Fuel Cycle Evaluation
(INFCE) continued through the year. The final reports of
the eight INFCE Working Groups will be published
during 1980, after the closing Plenary Session is held in
February of that year.
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Duynefontein environmental studies
A start was made with the qualitative and mathematical
analysis of the atmospheric tracer tests carried out in the
Duynefontein-Cape Town environment in 1977/78. This
analysis is required for the compilation of suitable
computer programs and other schemes to determine the
air concentrations (and other relevant data) of released
radioactive waste during the normal operation of the
power reactors as well as during possible accidental
releases. In July a series of tests was carried out in the
Duynefontein area with the aid of an anchored balloon to
study the wind and temperature structure in the lower
300 m of the atmosphere. A computer program used for
the testing of air concentrations was used for testing
similar data obtained in 1975/76 from tracer tests at
Richards Bay. Acceptable agreement between
calculated and experimental values was obtained. A
program of this type will enable the user to determine
within approximately thirty minutes the effect of air
concentrations and fallout, especially during a possible
accidental release of radioactive material to the
atmosphere, at particular points in the environment. The
accuracy of such determinations naturally depends on
such parameters as meteorological conditions, distance
from point of release, topography, etc. but results
differing by no more than one order of magnitude from
the actual values are expected.

The study of water circulation in the coastal region of
Duynefontein has continued unabated, the main findings
to date being that local currents are very wind-dependent
and that there is no residual (Benguela) current to t he
north in the region studied. In fact during periods of wind
calm the currents fall to near zero speeds and there is
evidence that they are inertial in nature It has also been
established that very localised, well-defined patches of
upwelling occur at changes of coastline orientation,
notably just north of Melkbosch Point. This upwelling
process is beneficial to the dilution and dispersion of the
thermal/radioactive effluent. Still another finding is that
during the summer season, when a well-defined
thermocline exists near the surface, the very variable
wind stress and direction pattern causes rapid fluctua-
tions of sea temperature in the area. A critical review of

the project and all data collected is under way and it is
expected that it will be rounded off during 1980.

The laboratory erected by ESCOM for measurement of
the environmental radioactivity within a radius of 50 km
from Koeberg was commissioned during the second
quarter of the year. The preoperational survey, being
conducted by the AEB at the request of ESCOM, began
in July. It involves the radiometric analysis of a wide
range of samples representative of the atmospheric,
terrestrial and marine environments. For this purpose
some 70 farms have been selected, whence specimens of
soil, milk, plant material and crops, air particulates and
fresh water are regularly collected and analysed. For the
characterisation of the marine environment, samples of
seawater, fish, shellfish and seaweed are also collected
for analysis on a regular basis. The results obtained
during comparisons of environmental radiation or
radioactivity levels will be made available.

The meteorological system, which will provide tempera-
ture and wind data at heights of 10, 45 and 79 metres,
as well as continuous recording of atmospheric
pressure, dew-point temperature and rainfall, is
nearing completion.
The study concerning the dispersion of underground
water in the vicinity of the foundations of the buildings
housing the Koeberg reactors has been completed.
Unusual distributions of concentration as a function of
time and depth led to the development of a mathematical
model which takes into account the water flow in various
layers of the aquifer and the mixing of tracer between
these layers. Dispersion coefficients and underground
water velocities for each separate layer were determined,
as well as the average of all layers together, by fitting the
model to the experimental data.

Training of ESCOM personnel
Three of ESCOM's radiochemists spent one month with
the group involved in environmental studies, where they
became familiar with t echniques and methods used in the
analysis of radioactivity in environmental samples. This
was part of a more comprehensive nine-month training
program, of which seven months were spent in the
Chemistry Division and a further month in the Chemical
Operations Division.
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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 collaborate closely with the NIM, Industry,
Government Departments, Universities and
other organisations.

Application and promotion of nuclear
techniques
At the request of the South African Railways a method
based on the absorption of the soft beta radiation of 14C
was devised for the rapid analysis of insolubles in used
locomotive oil. It is expected that a prototype instrument
will soon be designed and built.

Attention was also given to the nondestructive detection
of damage caused by termites and/or wood decay in
utility poles. A laboratory investigation has shown that a
method based on the scattering of the 60 keV gamma
rays of a 30 mCi 24iAm source permits detection of
internal damaged regions larger than 30 mm in diameter.
This figure might be reduced if the source strength is
increased and the collimating system optimised.

Although some experiments were carried out, the project
as a whole concerning the possibility of bacterial removal
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of phosphorus from sewage has been considerably
delayed as a result of difficulties with the preparation of
pure cultures and with centrifugation of bacteria
encountered by the Johannesburg City Health Depart-
ment, in collaboration with which the project is
being conducted.

A variety of radiotracer investigations requested by
industry were carried out. The aim was mainly to obtain
information on the dynamic characteristics of industrial
processes. This information, which in most cases cannot
be obtained by way of other techniques, is required for
the design and operation of new and existing plants.

Tracer techniques are eminently suitable for determining
the effective volumes (which are criteria of the mixing
efficiency) of a leaching tank. For this reason and because
this information is important for the operation of a
leaching plant, requests were received from three
different gold and uranium mines to carry out this type of
investigation. Tracers such as 198Au and 1:ilI were used
for this purpose. In one case measurements were taken
before and after modifications were introduced in a
plant, and in this way it was shown that the modifications
did bring about an improvement in the mixing. In another
case the mixing efficiencies of different mechanical
agitators were determined under different conditions
and were compared with the mixing efficiency of a
conventional air-agitated leaching tank. This information
was important in making a choice of equipment to be
imported for a new plant.

The first field experiments conducted in collaboration
with the Chamber of Mines to investigate the leaching out
of sulphuric acid from old mine dumps with the aid of :i5S
as tracer are practically completed. The most important
conclusions which can thus far be drawn from this first
experiment are that almost one year's irrigation was
necessary before the ;i5S moved past the 1 m level and
that a layer of soil is present at the particular place of the
experiment at a depth of 600 mm, 'retaining' the ;)SS for a
longer period than at other depths. According to this first
experiment, leaching will have to be applied for at least
one year before the harmful sulphates are washed out
down to a suitable depth.

Other work for the mining industry consisted of the
measurement of the residence time of gold ore in a milling
plant. Activated ore was used as tracer.

The flow rate of gas in a pipe at a refinery was determined
by means of ^Ar. The technique used furnished results
with an accuracy of 0,5 % and the measured rates could
therefore be applied in the calibration of existing
flow meters.

A variety of measurements were also carried out in a
SASOL pilot plant with a view to determining the
behaviour of the gas and components in the plant. 41Ar
was also used as gas tracer and asmfc as tracer.

A request was received for an investigation of the
possibility of determining the speed profile of vanadium
oxide briquettes in a furnace with the aid of a tracer
technique. Although the project appeared to be
promising, it was cancelled for reasons of safety after
certain problems were encountered.
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Tracer investigations into processes in which solid
materials are handled are possible only with a tracer
which follows the material representatively. For this
reason the preparation of tracers by the activation of
process materials remains important, and there is always
a steady demand for them. The possibility of producing
suitable radiotracers from manganese ore, quartzite,
coke, coal and cement was studied with a view to a
comprehensive investigation in an electric furnace in
which manganese is produced, a blast furnace in which
steel is produced, and in a rotary furnace in which cement
is produced.

In addition to the projects carried out by the AEB, expert
advice was given on many aspects of the application of
radioisotopes in mining and industry.

Radiation technology
The encouraging increase in the demand for radiation
processing continued in 1979. Interest in the possible
role of radiation processing also arose in numerous fields
which hold great promise for the future. The aim of the
Atomic Energy Board's activities in this field, viz. the
eventual transfer of the technology to the private sector,
is now becoming a reality, and should serve as a
further stimulus for the commercialisation of radiation
processing in South Africa.

The sterilisation service of the AEB maintained its
satisfactory growth rate as far as the radiation sterilisa-
tion of disposable medical articles is concerned. An
average of 34 t of medical products were sterilised at
Pelindaba each week for 55 firms. At times the product
throughput rose to 45 t per week, and to handle this
increased throughput the Radiation Technology
Building was enlarged. This increase in the demand for
the sterilisation service necessitated an increase in the
source loading in the sterilisation plant to more than
1 MCi (37 PBq). This means that the sterilisation
service at Peiindaba currently ranks among the four
largest in the world.

The use of radiation to improve the properties of artificial
materials was increased constantly and the radiation
crosslinking of a variety of polymers is now being
performed in the sterilisation plant on a commercial
basis. This application is the subject of intensive
research and the forecast is very promising. The
possibility of an electron accelerator being erected by the
private sector fjr this purpose becomes more and
more likely.

Although reasonably large quantities of polymer wood
wei-e manufactured for demonstration puiposes during
the year, it was decided to suspend the manufacturing of
this material temporarily so that the pool irradiator being
used for this purpose could be used for the irradiation of
foodstuffs.

Research on the radiation grafting of vinyl monomers
onto wool was continued and emphasis was placed mainly
on the possible beneficial alterations which can be
brought about in the physical properties of wool by this
technique. Extensive physical tests on the treated
woollen materials were carried out in collaboration with
the South African Wool and Textile Research Institute. It
was found that encouraging results can be obtained with



this process, especially in the field of the permanent-
press properties of fabrics. Although this is so, it would
appear that these results will not be utilised by industry
in the near future. Research in this field was completed
and results of the research over several years were
incorporated in comprehensive research reports.

The use of art ificial materials for a variety of applications
in the human body still poses problems as a result of the
unsatisfactory physiological compatibility of most of
these materials with the body. Research on the possible
radiation alteration of artificial materials as a possible
solution to this problem was commenced. In this
investigation attention is directed to the radiation
grafting of various monomers onto artificial materials to
improve the surface properties of these materials in such
a manner that they will be physiologically more accept-
able to the body. Different radiation-grafting methods
were developed during the first stage of this investigation
and the physiological compatibility of the altered
materials with the body is being determined in collabora-
tion with interested medical researchers.

Research on the radiation crosslinking of a wide variety of
artificial materials was continued at an accelerated rate
as a result of the particular interest displayed by the
privale sector. This research is carried out in close
collaboration with the private sector and is usually of a
confidential nature. Good progress was made with the
investigation of the radiation crosslinking of polyethy-
lene for heat-shrin!' applications. The stage has now been
reached where polyethylene can be correctly formulated
for these purposes and further developments will be
carried out in close collaboration with the interested
industries. Research also continued in the field of
polvvinylchloride (PVC) in an effort to augment the
existing series of PVCs which can be crosslinked by
means of radiation on the basis of new applications
requiring other product properties. Research on the
radiation crosslinking of thermoplastic rubbers was
continued and good progress was made with the radiation
enhancement of these materials.

Even though both polypropylene and PVC play an
important role with regard to disposable medical articles,
both these artificial materials have limitations as far as
radiation stability is concerned. Research on the
improvement of the radiation resistance of these two
materials was continued and encouraging progress was
made which will have p significant influence on the
radiation sterilisation of articles manufactured from
these materials.

Reseai'ch on the gas-phase radiation polymerisation of
tetrafluoroethylene was continued and the influence of
dose rate, initial gas pressure and radiation temperature
on the polymerisation was investigated. Scavenger
studies have further indicated that the polymerisation
reaction has a free-radical character. Although the gas-
phase polymerisation of tetrafluoroethylene by means of
radiation can give rise to a polymer with a molecular mass
of more than 10s, it was found that this process is strongly
dependent on the degree of purity of the monomer.

A thorough investigation was performed on the possible
use of a wide series of copolymers formed by radiation as
stationary phases in capillary gas chromatography.
Radiation copolymerisation offers a unique method for

the synthesising of perfectly alternating copolymers
where the desired polymer properties can be chosen at
will. Stationary phases with a wide spectrum of polarity
characteristics can be formed in this way, holding out
great promise for gas-chromatographic analyses.

Nuclear applications in agriculture
Nuclear techniques lend themselves admirably to many
applications in agriculture, extending from investigations
into plant metabolism and disease through to large-scale
preservation of agricultural products.

Investigations

The soil-moisture meter which utilises gamma-ray
absorption was developed into a field instrument and is
at present being tested at the Faculty of Agriculture of
the University of Pretoria under actual agricultural
conditions. Certain practical changes have already been
suggested and these are now being considered.

The following studies are in progress in collaboration
with the Fruit and Fruit Technology Research Institute
(FFTRI):
(i) Establishment of correlation between the bitter-pit

disease in apples and the excess or deficiency of
certain elements. The studies have been extended
to include the investigation of apparently healthy
areas of the apple, where bitter pit is usually
initiated. The aim is to see whether there is any
correlation between elemental deficiency or excess
in these areas and the future occurrence of
bitter pit.

(ii) Determination of the efficiency of sprays. It has
been established that the addition of In in concen-
trations of 1 ppm to the sprays does not affect the
plants, and is quite sufficient to permit the
determination of the spraying efficiency on a mass
per mass basis, of the spraying medium. Neutron
activation analysis is used.

(iii) Evaluation of ">Sc as substitute for AI in ion-
exchange equilibrium studies. A scientist of FFTRI
visited Pelindaba on two occasions to carry out a
comprehensive series of experiments in collabora-
tion with scientists of the AEB, with an eye to
investigating the exchange equilibriums of Ca-Al in
soil, using -8A1 as tracer. As the latter isotope has a
short half-life, this type of experiment must be
conducted close to a reactor. The results of the first
series of experiments indicate that it is possible to
use "'Sc instead of-ff Al. If this can be proved, it will
not be necessary to conduct this experiment close
to a reactor as ">Sc has a much longer half-life than
-8A1. The results of the second series of
experiments which were conducted to verify these
indications, are not yet known.

(iv) Determination of Mo and Sc in plant material and
soil. The aim here is to study certain aspects of
plant metabolism where these elements seem to
play a role. Ion-exchange methods for the enrich-
ment of ll!lMo formed by irradiation of leaves spiked
with stable Mo have revealed that concentrations of
the order of 0,05 ppm can be determined with a
precision of approximately 30 '/<. Although suitable
for the purpose envisaged, the method was
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abandoned in favour of a pure chemical determina-
tion, seeing that similar levels of concentration
could likewise be determined in approximately the
same time and probably with less effort. On the
other hand. Sc could easily be determined at
concentration levels of a fraction of one ppb without
the need for chemical separation.

Marketing of irradiated foodstuffs
As reported in the previous annual report, an advertising
and marketing campaign in respect of certain irradiated
foodstuffs was launched on r. limited scale. The aim of
this undertaking was twofold, namely to study the
behaviour of radiation-preserved foodstuffs in
commercial conditions and to test consumer acceptabil-
ity of irradiated foodstuffs.
The marketing campaign was launched with the sale of
potatoes, pawpaws and strawberries which were initially
sold in four and later in another three supermarket
outlets in the Johannesburg/Pretoria area. This
campaign was later extended by the sale of mangoes in a
total of 24 outlets. To date total sales account for 130 t
potatoes, 20 t pawpaws, 20 t mangoes and 7 t straw-
berries. During the first few weeks staff of the Subdivi-
sion concerned furnished consumers with relevant
information and a survey of consumer reaction was
conducted. This survey, which is on-going, confirmed the
initial reaction, namely that a positive reaction for the
four products exceeded the figure of 90 ' / .

This positive reaction relates not only to the consumer;
the marketing staff of the supermarkets concerned
reacted by requesting the AEB for larger throughputs of
irradiated products. To satisfy this demand, it was
decided to build a second pool facility, similar to that at
Tzaneen, for the irradiation of many more products. This
facility, which includes a number of improvements, is
practically completed; it will make possible an
appreciable increase of throughput. According to pre-
limininary calculations it will be possible to treat approx-
imately 4 000 t potatoes, 1 000 t mangoes and/or
pawpaws and 800 t strawberries in 1 600 h per year.

Radiation treatment of animal products
The investigation of the shelf-life extension of minced
meat by means of radurisation was completed. At the
request of a well-known meat producer a study was
commenced to extend the keeping capacity of high-grade
vacuum-packed meat cuts by means of radurisation.
Preliminary results would indicate a keeping capacity of
up to eight weeks at 4 °C for cuts irradiated with a dose of
2 kGy, while non-irradiated cuts cannot be stored under
commercial conditions for periods exceeding six weeks at
0 °C. Irradiated samples did not show any undesirable
properties. An investigation is at present being carried
out on the metabolic activity, radiation sensitivity and
other technically important properties of bacteria
isolated from radurised meat.

National symposium on food irradiation
As the irradiation process is beginning to arouse wide
interest in the Republic as well as worldwide, it was
decided to hold a symposium in order to disseminate
knowledge and future prospects with special reference to
the wide range of applications of radiation in the
food industry.
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Such a symposium was organised jointly by the Atomic-
Energy Board and the Department of Agricultural
Technical Services and took place in Pretoria during the
first week of October.
On the first day of the Symposium delegates were
afforded the opportunity of visiting Pelindaba and were
shown the various activities at the AEB including the
food-irradiation section, and were also invited to take
part in the sampling of several irradiated commodities.
The other two days were devoted to formal lectures
which included sessions on general background to
irradiation, radiation treatment of meat, agricultural
products, marketing aspects and costs and design
parameters of radiation facilities. Dr P S Elias, Director
of the International Food Irradiation Project (IFIP),
attended the Symposium as a guest speaker. Judging by
the good attendance (150 delegates) and also the positive
attitude of all present, it is clear that the future of
irradiation as a preservation process is starting to gain
acceptance by the food industry.

Radiation treatment of plant products
Strawberries
A number of experiments were conducted in which it was
shown that the shelf life of cold-stored (2 °C) untreated
strawberries was approximately 10 days as compared
with nearly 20 days for those receiving heat treatment
plus 2 kGy irradiation dose. This was confirmed in
various experiments carried out in the quality-control
laboratories of a large food-retailing company using
commercial consignments of strawberries treated at
Pelindaba.
Irradiation now offers the opportunity for producers and
retailers alike to keep their fruit in cold storage for longer
periods in order to cope with peak demands. During the
season a new disease resulted in serious losses from one
of the largest producers in the Transvaal. Isolations were
done in the laboratories at the AEB. and a fungal
pathogen, new to South Africa, was identified as Co?iiella
granati (Sacc) Petrak & Sydow. Attempts will be made to
control this disease by using combined heat plus
irradiation treatments in future trials.

Subtropical fruit
Because of the importance of the Peach mango as an
early fruit on the local market, it was decided to
investigate the effect of gamma radiation on disease
control. Excellent control was obtained with heat plus
irradiation, which resulted in 100 '/< marketable fruit
after three weeks in cold storage as compared with only
39 V< in the untreated fruit.
The stage of ripeness of fibreless mangoes in relation to
irradiation treatment was investigated. Fruits irradiated
at the commercial picking stage maintained an excellent
condition during cold storage, whereas those fruits which
were 'ripe' at the time of irradiation treatment
deteriorated rapidly under the same conditions. Perhaps
the disease development in the latter case had pro-
gressed beyond the stage where it could be curbed by
irradiation treatment. It is just as important not to
irradiate fruits when too green, as they do not colour up
normally. In future investigations emphasis will be
placed on the correct stage of picking, using the SG
method developed by the Citrus and Subtropical Fruit
Research Institute at Nelspruit, in relation to i2Tadiatio:i
treatment.



Several consignments of irradiated and untreated
papayas were sent to local markets in the Cape and Natal
for evaluation by market inspectors from the Department
of Agricultural Economics and Marketing.
As part of the studies on the potential overseas shipment
of subtropical fruits, a small trial batch of irradiated and
untreated papayas was sent to a laboratory in France for
evaluation, after being kept under simulated
shipping conditions.
The results on appearance, texture and taste were
overwhelmingly in favour of the irradiated as compared
with the untreated fruit.

Grapes
A combined treatment (hot water or fungicide plus
irradiation) gave excellent control of Botrytis. In a bad
year this disease can cause losses of several millions of
rands for export grapes. In future experiments it is
intended to utilise other heat-treatment methods in
conjunction with dip treatments in order to improve the
contro! of other fungal contaminants such as Penicillium
sp. The standard SO2 treatment, although effective for
disease control, has the main disadvantage of causing a
browning of the fruit stalks, and as such is losing favour
amongst exporters.

Potatoes
In order to facilitate a healthy planting program in South
Africa it is essential that a proportion of the seed
potatoes be kept for nearly a year in cold storage. This
becomes problematical even with optimal storage con-
ditions. It was decided to investigate the application of
very low doses of irradiation (30 — 70 Gy) in order to
delay sprouting. Because of the success in preliminary
trials further experiments were conducted with the main
cultivars. Disease-control experiments with fungicide
and irradiation combined treatments are also being
continued in conjunction with the Department of
Agricultural Technical Services.

Diagnostic investigations
Diagnostic investigations were carried out on 63 patients
at the Board's whole-body counter, in cooperation with
the Radioisotopes Division of the H.F. Verwoerd Hospital.
A total of 391 counts were done on the patients, and 42
biological samples were also counted.

Regulatory control
Expansion of the use of radioactive material in the
medical, agricultural research and industrial fields con-
tinued apace. A large increase in the use of radioisotopic
sources was experienced; this was particularly manifest
in the field of industrial radiography, mainly as a result of
the announced extensions to the SASOLII project. The
expansion is also characterised by an increased need for
sources with higher activity. A plant for industrial
radiography in which a 300 Ci e()Co source was installed
in a stationary rijj. was completed during the year and an
authority for operation was granted by the Board.

At the end of 1979 there were 554 non-medical users of
radioisotopes in South Africa. This figure does not
include the exempted use of antistatic brushes, smoke
detectors and luminous signs.

Forty-seven medical users, including hospitals, pathology
laboratories, radiotherapists in private practice, and
medical research institutions, were also authorised to use
radioactive material for therapeutic and diagnostic
purposes and for in vitro diagnostic tests.

Inspections were carried out at users of radioactive
material in the following areas: South West Africa,
Northern and Eastern Transvaal, Natal, the Eastern
Province, and the areas of the Western Cape, Pretoria,
the Witwatersrand and the Vaal Triangle. The Board's
requirements for the safe use of radioactive material are
generally adequately met, but in a few cases prosecution
was instituted against private firms who could not
satisfactorily account for their radioactive sources.

Courses
The Board continues to regard the promotion of the safe
use of radioactive material as its responsibility, and staff
of the Board rendered assistance with the presentation of
the following courses:
1. Specialised course in industrial radiography and

other nondestructive testing techniques: Pretoria
Technikon — May, July and November.

2. Short course in the safe use of radioactive material:
Witwatersrand Technikon — November.

Radioisotope production
Facilities
The staff of the Isotope Production Centre moved into
their new premises ir. February. AH the laboratories are
at present used for quality control, production and
development. The installation of the lead shielding of the
processing cells in the production hall was completed and
the various components required for remote-control
operation, transfer and transport of radioisotopes, are
currently being installed. It is expected that these
processing cells will be commissioned in March 1980,
whereafter production in the old facility will
be discontinued.

A small gamma camera obtained by way of an exchange
scheme from the Johannesburg General Hospital, is
being installed in the Isotope Production Centre and will
be used for screening tests in the quality control of radio-
pharmaceutical agents. A small number of rabbits and
mice will be kept for these tests.

The Experimental Animal Centre at the H.F. Verwoerd
Hospital was recently commissioned. Laboratory
space has been made available to the AEB. A fully
equipped gamma camera, was recently installed; this,
and the facilities will be used by the Life Sciences
Division. This is the only national facility equipped
to evaluate radiopharmaceutical agents thoroughly
before they are applied to human beings; it will
stimulate research and development and will ensure
that only the best products are delivered to the RSA.
Important radiopharmaceutical agents have for a number
of years been supplied by the Radioisotope Production
Centre to various Nuclear Medicine Centres; the Centre
is looking forward to the use of this new facility which
holds great promise with regard to the quality assurance
of existing products.
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Reduced production

When the reactor power was reduced in April 1977, the
local production of high-specific-activity molybdenum-
99 became impossible. The molybdenum-99 used for the
production of technetium-99m generators has since been
imported from two overseas centres. The number of
generators produced here has nevertheless increased by
an average of 12 per month, to reach an average of 95 per
month. The local production of high-specific-activity
cobalt-60 and iridium-192 sources used for teletherapy
and gamma-radiography respectively, has unfortunately
also become impossible, with a resultant loss of revenue
to the AEB. It is, however, still possible to produce the
important iodine-131 radioisotope locally, as reasonably
large quantities of tellurium dioxide target material are
being irradiated, from which iodine-131 is separated by
means of high-temperature distillation, for use in carrier-
free form.

Radiopharmaceutical agents
Radiopharmaceutical agents are produced locally by the
CSIR and the AEB and are also imported from various
overseas organisations. These agents are used in medicine
for the study of various life-sustaining organs. Dynamic-
flow studies using radioisotopes are especially of great
importance in the study of heart and kidney functions.

One of the latest agents used for studies of the hepatic
biliary tract in nuclear medicine is HIDA, i.e. 2,6-
dimethylacetanilide iminodiacetic acid. The Isotope
Production Centre was successful in synthesising five
new HIDA isomers. After the synthesis each compound
was fully characterised by means of mass-spectrometric
and nuclear magnetic resonance studies.

Suitable formulations were then worked out so that the
compounds of 99mTc could be labelled, and accompany-
ing chromatographic separation schemes were
developed. The biodistribution properties of each
compound were ultimately determined in rabbits and
compared with those of HID A. From this it would appear
that three of the five new compounds possess improved
properties as far as HIDA is concerned, viz. faster liver-
bile tract action with less kidney excretion.

A new "5Se-labelled kidney agent, viz. N-benzoyl-Se-75
methicrine (C6H5CONHCH (CH2CH2

 75SeCH3) COOH),
was developed which, in many respects, has better
properties than the existing agent hippuran-131!.
International research groups have endeavoured for a
long time to develop such an improved kidney agent.
Hippuran-131I is at present being used countrywide and
internationally in nuclear medicine for scintillography
and especially for flow studies in kidneys. Hippuran-13II
is a very sensitive, diagnostic aid for the determination of
kidney flow, for instance in kidney transplants to
establish the success of an operation. The new 75Se
kidney agent has the advantages that 75Se possesses
better radionuclidic properties than 131I and that thyroid
blocking of the patient becomes unnecessary. The new
75 Se compound is more stable and it can be produced
more easily than hippuran-131I as a result of the longer
half-life of 7SSe, i.e. 118,5 d compared with8,1 dfor'sil.
A comparative study is at present being conducted with
hippuran-13lI on rabbits. The possibility even exists of
carrying out limited clinical tests with the new agent. The
possibility of producing the 73Se analogue, which has
even better properties, is also being investigated.
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Formulations for p-butylacetanilide iminodiacetic acid
(butyl-IDA), methylenediphosphonate (MDP), calcium
glucoheptonate and tin colloid, which are used for the
study of various life-sustaining organs, were developed
and clinically tested. These agents compare exception-
ally well with their imported counterparts and will bo
produced locally as soon as possible.

Registration of radiopharmaceutical agents
The Registrar of Medicine of the Department of Health
has recently established a working committee for the
registration of radiopharmaceutical agents. The AEB is
represented on this committee. Radiopharmaceutical
agents used in the RSA have up to now been exempted
from registration. Unlike the procedure for ordinary
pharmaceutical agents, it is essential that organisations
with the necessary knowhow in respect of radioactivity
should be involved in the evaluation of radiopharma-
ceutical agents for registration. The registration of these
agents will be a great step forward in ensuring that only
the best will be made available.

Production of RIA kits
The first phase of the feasibility study in connection with
the local production of kits for radioimmunoassaying
(RIA) was completed. The investigation clearly indicates
that consumers have an urgent need for locally produced
RIA kits and that a national standardisation program is
also a necessity.

Fifty types of RIA kits, with a total turnover of more than
R600 000, are being marketed annually in the RSA. Of
this the thyroid-function tests, T3 and T4, account for
more than 50 %. The turnover of TSH (thyroid stimulat-
ing hormone) kits increased by more than 35 % as a result
of tests carried out on newborn babies.

The second, more practical phase, is being continued, in
which, inter alia RIA kits better suited to the RSA market
are being investigated. The development of antiserum-
covered plastic tubes, which can be used as a separation
system, was commenced.

Industrial radioisotopes
In the field of industrial radioisotopes an important need
is constantly being met, especially in the case of level-
gauge and thickness measurements. The 60Co sources
are for the most part installed in blast-furnaces and coke
furnaces. A number of high-activity sources were trans-
ferred in the local lead cells for various organisations.
198Au was produced for use as a tracer in uranium
processing. A variety of other radioisotopes wer*>
produced from time to time on request.

The total number of neutron irradiations requested
through the Isotope Production Centre was 1 052.
Altogether 2 693 consignments of radioisotopes, with a
total activity of 313 842 mCi, were despatched during
the year.

A total of 6 212 chemical kits for labeling with sa^Tc, and
48 kits for 81Rb/81mKr generators were produced.

In addition to the radioisotopes produced and distri-
buted by the AEB, a total of 380 consignments of fairly
short-lived radioisotopes produced in the cyclotron of
the Council for Scientific and Industrial Research (CSIR)



were despatched by the CSIR to hospitals throughout undertakings during 1979, compared with
the Republic for various medical applications. The 421 487 313,007 mCi in 1978.
isotopes involved were gallium-67, rubidium-81/krypton-
81, iodine-123 and lead-203; their total activity was Exports

Twenty-eight consignments of radionuclides totalling

Tmnnrt- 4 3 7 5 m C i w e r e e x P o r t e d b v t h e C S I R d u r i n S 1 9 7 9 - T h e

" nuclides involved were sodium-22, iron-55, cadmium-
Radioisotopes with a total activity of 656 982 549 mCi 109 and serium-139; they were all produced in the
were imported under the Board's authority by private CSIR cyclotron.
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HEALTH AND SAFETY

The health and safety of all members of staff of the AEB
ai: the concern of the Isotopes and Radiation Division
and the Medical Services Centre.

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

During the year, 533 newly appointed members of staff of
the AEB were medically examined, while 667 were re-
examined.

As part of the prescribed routine examination of radia-
tion workers, a total of 834 chest X-ray photographs wei-e
taken and read, and 803 blood-cell counts were carried
out.

Injuries on duty attended to amounted to 253, while 63
audiograms were recorded and analysed.

Personnel dosimetry
The Isotopes and Radiation Division is responsible for
the monitoring of all radiation workers in the service of
the AEB. All persons classified as radiation workers were
provided with the necessary personal dosimeters during
the year. Film badges for measuring beta, gamma and
neutron exposures were obtained from the Radiation
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Control Service of the SABS and issued to class A
radiation workers, while thermoluminescent dosimeters
(TLDs), which are evaluated at Pelindaba, were issued to
class B radiation workers. The TLDs are also used as
extremity dosimeters.

With regard to beta-gamma exposure, a total of 286
persons were measured with SABS film badges, and 499
with TLDs of the AEB. In no instance was a dose
equivalent of more than 5 000 mrem (the maximum
acceptable level) observed, while only five persons
received a dose equivalent in excess of 1 500 mrem.

A total of 164 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.
Out of the 3 715 samples analysed, less than 10 ju.g/1
uranium was observed in 3 064 of the cases. Only 13
samples revealed a concentration of more than 50 /tig/1
whereas the maximum acceptable level is 100 jug/1.

Health-physics examinations
A total of 513 members of staff of the AEB and UCOR
underwent routine health-physics examinations on the
whole-body counter during the year. In 16 of these cases,
internal radioactive contamination was detected. The
nuclides 60Co, 65Zn, "Mo/^mTc, 131I and 137Cs were
observed. In no instance was the measured activity
higher than the maximum permissible body burden.

Safety and radiation protection
Routine radiation and contamination surveys were
carried out on the site. As a result of extensions the
number of surveys has increased to such extent that
additional automatic counting apparatus had to be put
into service. Safety supervision and advice were
furnished and various new facilities were evaluated. Only
a few smaller radiation and contamination incidents
occurred. The Isotope Production Centre has not yet
been fully commissioned and intermediate classification
of the building and supervision of the activities were
furnished, with the result that good control was exercised
at all times. The uranium hexafluoride plant was sub-
stantially modified and as a result the plant was operated
for a relatively short period. Contamination levels in the
plant were also low. Problems were encountered with the
commissioning of a hexafluoride distillation plant, and
gaseous releases resulted in measurable uptakes by staff.
Special supervision was provided at a conversion plant
which was commissioned. Dispersion of contamination
and of airborne releases of uranium and ammonium
diuranate gave rise to measurable uptakes. Several
improvements were made to the system and personal
protection was provided to staff. No overexposure of
staff or excessive uptakes by staff were measured.

An ion pump contaminated with tritium was received
from an outside organisation for decontamination. This
afforded an opportunity to acquire extensive experience
of environmental and biological monitoring for tritium
and of decontamination of equipment.

The training of Health Physics and Safety personnel
continued to receive the necessary attention. Formal

courses are followed by in-service training and regular
discussions are arranged with a view to the staff acquiring
wider experience. Attention was given to the prepared-
ness of Building Emergency Teams and the availability
and control of suitable emergency apparatus.

The AEB received an honorary award from NOSA for
exceptional safety achievement in 1978. The Technical
Services Complex improved its three-star grading to a
four-star grading.

Training
Four induction courses for all new members of staff were
presented during the year and 234 persons participated.
First-aid courses were also presented and 58 members of
staff became qualified in this field.

An introductory safety course was presented to
apprentices and learner technicians, as well as training
courses to decontamination workers.

As usual, training was provided to the members of the
Site Fire-Fighting Team on a regular basis and the annual
refresher courses were also presented to Building
Emergency Team members.

Incident and accident statistics
In accordance with the statistics for injuries and
accidents, 286 incidents were reported, 18 of which to
NOSA because of work disability.

Meteorology
As in previous years, meteorological data such as
temperature, wind velocity and wind direction at various
observation points at Pelindaba, were continuously
gathered. Graphs and tables in the form of a bound
computer printout are available.

Nuclear-bomb fallout
The continued absence of nuclear tests in the southern
hemisphere has led to maintenance of the situation where
levels of all fission products have decreased below the
limit of detection of the gamma spectrometer if no
radiochemical separations are made. In spite of this,
gamma-spectrometric analysis, followed by beta count-
ing of air samples and deposited fallout collected via rain
water, continued to be done on a regular basis. Monitor-
ing of tritium in air moisture collected at Pretoria and
Cape Town was also continued in collaboration with the
University of the Witwatersrand.

Although the possibility of an atmospheric nuclear-
weapon test in the Southern Atlantic region was recently
announced by the USA, no trace whatsoever of fresh
fallout was detected.

Environmental radium
This research project, which is being carried out as part
of an international research program coordinated by the
IAEA, was initiated by a preliminary survey of surface
concentrations of 226Ra in various gold-mining areas.
Such a survey should provide sufficient information to
permit selection of a few suitable areas which will then be
studied in greater depth. Although the long presence of
most of the mines in the Witwatersrand environment has
probably resulted in a state of equilibrium between the
radium released to and that released from the environ-
ment, there are nevertheless important aspects such as
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The building for the Isotope Production Centre (below) was completed
during the year and the formidable task of building up the hot cells and

installing the equipment was commenced (top photograph).





Board members of the Atomic Energy Board photographed
during a f'trewell luncheon given in honour ofDr A.J.A. Roux
after his lost Board meeting, f.l.t.r.
Prof S.F. Oosthuizen, Mr D.A. Etheredge, Dr C.J.F. Human,
Messrs li.A. Macmillan, W.P. Viljoen, J.M. Christopher, Drr.
C.v.d.M. Brink, R.L. Straszacker, A.J.A. Roux, MrJ.J. Kitshoff,

DrJ.W.L. de Villiers, Mr C.F.G. von Hirschberg. The gamma camera which was installed in the Life Sciences
Division. This camera is used in nuclear-medical research both
in basic and clinical applications. It is also used for the
developiient of new organ- or pathology-specific radiopharma-
ceutici s. As a service it is used to evaluate the safety and
efficiency of nuclear-medical diagnostic Pharmaceuticals
manufactured by the Chemistry Division in SAFARI-I. Use is

made primarily of primates for evaluations.









CONTRIBUTORS TO THE 1978/79 RESEARCH PROGRAM

Apart from the funds made available by the State for administration and research, financial contributions to the
Research Program 1978/79 were made by the following private organisations:

1. The Electricity Supply Commission
2. Nuclear Fuels Corporation of South Africa (Pty) Ltd



An ampoule filler, in the new Isotope Production Centre, which
is used to ensure aseptic packing of radioactive iodine. This
apparatus was designed and manufactured in the Chemistry

workshop.

Bio-evaluation of radiopharmaceutical products on rabbits is
carried out with the aid of this gamma camera.
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Two more building projects neared completion and will be occupied early
in the new year—the Central Store and Receiving Depot (above) and the
Food Irradiation Plant (below). The latter is an extension of the building

housing Radiation Technology.



spatial and temporal distribution, leaching rates, effects
of vegetation of slimes dams and uptake by biological
systems which can profitably be studied. A steering
committee of the AEB, on which experts in related fields
as well as representatives of organisations with a direct
interest in the results will serve, has been established.

Trace elements in air pollution
By design and evolution, sampling for the main purposes
of this study now consists of continuous monthly samples
collected at 21 sites: 5 rural/background, 3 developing/
periurban, 6 urban and 7 industrial. In addition, sampling
at Cape Point, the southernmost tip of the Cape
Peninsula, was initiated to serve as a background
reference. Air is sampled only when the prevailing wind
direction is 120° — 240° in an attempt to eliminate
contributions from the heavily polluted Cape Town
industrial complex. 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.
Concentrations of 25 elements in air particulate material
were measured at the 22 sites by means of neutron
activation analysis (NAA), atomic absorption (AA) and
proton-induced X-ray emission (PIXE).
These various techniques are complementary in the
sense that each is applied to elements (and element
concentrations) which are not readily, if at all, handled by
another technique. Where results obtained by more than
one technique are available for a specific element, the
mean arrived at by the various techniques is used.
Generally the agreement between the NAA, AA and
PIXE results is satisfactory. Element enrichments (rela-
tive to soil-derived Sc) are employed to distinguish
between natural and anthropogenic sources of airborne
material. Br, Cd, Pb, Se and Zn have been found to be
significantly enriched but indicate no significant
exposure for the population.

Aerosol physics
In a follow-up study of the results of the attachment of
radon decay products onto aerosol particles, the effects
of various experimental factors on the attachment were
investigated. Relative moisture did not point to any
effect. Wall attachment was measured directly. The
diffusion coefficient of radon decay products was
measured. The moisture content of the air did not show
any effect on either of the latter. The measured diffusion
coefficient agrees with the reported values, which means
that the formation of ion agglomerates can be eliminated.
The possible contribution of xylene particles (where
xylene is used as solvent for the polystyrene) was
investigated by generating pure xylene particles, and by
taking measurements with the aid of a diffusion battery,
using a condensation particle counter and an optical
particle counter.
An eight-stage impactor was calibrated in terms of
aerodynamic particle size. The centrifugal spiral-channel
particle analyser was completed and put into operation.
The instrument was calibrated at a particular airflow and
turning ;speed. A low-background alpha gas counter for
the measurement of uranium aerosols was commissioned,
while a scanning electron microscope was received and
put into operation. Completion of the abovementioned
calibration tests was made possible by using this

apparatus. A test bank for breathing filters was built and
put into operation, using NaCl as test medium. The
investigation of a personal air sampler which will reflect
the exposure in terms of equivalent aerodynamic activity
diameter was completed.
The load characteristics of large-pore millipore filters
were investigated in cooperation with the Rochester
University, USA. The effect of electric charges on
particular aerosols was investigated by means of
mechanical and electrical mobility measurements to
elucidate the formation of charges during generation of
the aerosol.

Shielding studies
The shielding program PELSHIE was revised, especially
with a view to making it more suitable for calculations in
the case of large volumetric gamma sources. The data for
the various data libraries being used by the program have
been extended and replaced by fresh data.
Preliminary shielding calculations in respect of the
Koeberg power station were completed and a report on
possible problems which were evident, was forwarded to
the Licensing Branch of the AEB. Detailed design
particulars in connection with the problem areas
are awaited.
A computer program for the calculation of a fission-
product inventory for fuel was taken into service. A
variety of shielding calculations were done on request.
Calculations on various shielding materials were carried
out as part of the planning of a new metallurgical hot-cell
complex.

Development of health physics
The mechanical and electronic assembly of the in vivo
uranium lung conifer was completed. In spite of problems
with electronic oulse mixing and a high background,
experimental r M. rements were earned out on a number
of volunteers lr> .est the background reaction of the
assembly. Further refining of the electronic assembly is
necessary and further measurements will have to be
carried out.
The monitoring of possible airborne radioactive releases
from ventilation systems was continued and extended to
process plants. By using an ion pump which was con-
taminated with tritium as source, a variety of measure-
ments was made to investigate the contamination of
surfaces and the release of tritium to the atmosphei-e.
Possible interactions between the vapour and gas phases
were also investigated. Operational safety was actively
supported by means of special measurements and identi-
fication of contaminants. Various monitoring apparatuses
were adapted and improved and monitors were calibrated
on a routine basis.
Various modifications were made to the remote-con-
trolled retrieval apparatus (ABBA) to increase its
efficiency. ABBA was used in one instance to retrieve a
radioactive source. An improved television camera with
remote-controlled focus, was mounted on the vehicle.
Planning of an observation vehicle to support the
retrieval vehicle was commenced.
Two computer programs were put into operation for the
calculation of internal doses received by individual
organs, should radioactive material be inhaled
or ingested.
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FUNDAMENTAL STUDIES

A number of AEB scientists are engaged in research
projects of a fundamental nature, some of which are
briefly described below.

NUCLEAR PHYSICS
~ Accelerator operation

Beam focussing at high energies became so poor as a
result of damaged accelerator tube sectors that a new
tube had to be ordered. Pressure leaks in the home-made
ion sources were largely responsible for lost time. Apart
from these factors the accelerator performance was
reasonable considering the fact that it has now been in
use for sixteen years. The main turbomolecular pump
finally broke down and was replaced, as planned in
advance, by a diffusion pump. The locally designed
system for optical data transmission between the high-
voltage terminal of the accelerator and its control console
was thoroughly tested. Good progress was made with the
construction oi' the new terminal.

On-line computer system
This facility, which has gradually become more powerful
and flexible, was again used intensively for the proces-
sing of data from all the accelerator projects. Consider-
able effort was once again devoted to the continuous
process of refinement and expansion of the software.
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Scattering of fast neutrons
The investigation of nuclear energy levels in i9"Au by
means of the (n,n'y) reaction which was conducted in this
laboratory several years ago, could be expanded con-
siderably by means of the higher available accelerator
energy. Incident neutron energies up to 2 MeV were
employed to excite a large number of hitherto unknown
energy levels in the nucleus of 1!)"Au.

These results, as well as those obtained from (n.n'y)
studies on the stable silver nuclei, are still being
analysed. A detailed investigation of the (n,n'y) reaction
in s:'Rb and 87Rb was completed. Six new energy levels
below 2 MeV were discovered in 8r>Rb and twenty gamma
transitions were observed for the first time.

Neutron-capture reactions
Coincidence measurements between high- and low-
energy gamma rays from 85Rb(n,y)86Rb were performed
at SAFARI-1. The observed gamma-transition
intensities are not internally consistent and the possible
existence of additional intermediate energy levels in seRb
is being investigated by means of a computer program
which optimises intensity balances in the level scheme.

Fission reactions
Model calculations indicate that useful additional
information on the mechanism of fission should be
obtained from the measurement of angular correlations
between fission fragments and prompt neutrons near the
fission axis. A suitable fission chamber, in which spon-
taneous as well as neutron-induced fission can be investi-
gated, was constructed.

Neutron-producing reactions
In an attempt to contribute further to the knowledge of
energy level schemes for nuclei with mass numbers
between 85 and 90, the 8-'«"Rb(p,ny)S58'Sr reactions
were studied for proton energies between 2,2 and
3,8 MeV. The data are being analysed but preliminary
results already suggest a good deal of new information.

Excitation of X-rays by charged particles
The analysis of air-pollution samples from 22 stations in
the South African grid by means of proton-induced X-
rays was continued on a regular basis. A device for the
size fractionation of air particulate samples was con-
structed. Good progress was made with the creation of an
external mini-beam facility for the analysis of samples
which cannot be conveniently handled in a vacuum.

PLASMA PHYSICS
The mechanical and electrical construction of the
Tokamak was completed and commissioning tests were
started. In the process it was discovered that the electrical
insulation between adjacent toroidal field coils was
insufficient. Improvements to one of the large electrical
power supplies were also necessary. The equipment to be
used for the collection and processing of data from the
various diagnostic facilities is almost ready for use. The
software required for machine control, data collection
and processing by the computer was improved and
expanded. The plasma equilibrium in the Tokamak was
investigated theoretically by means of a large computer
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program. Programs for the analysis of experimental
results expected from the Tokamak have been developed.

THEORETICAL PHYSICS
Elementary Particles
Certain aspects of principle were investigated in connec-
tion with a particle model, viz. equivalent forms of the
quark propagator function, the natural containment of
quark fields, the analytical properties of the spectral
function of the quark fields, the consequences of charge
conservation, the details of the solution of the field
equation of motion and of the weak interaction, and the
determination of the quantum numbers of the quarks.
Equations were formulated for the two-point function of
non-linear self-interacting theories, and methods were
developed for the solutions of the non-linear equations
and classes of solutions of the equations deduced.

Theoretical nuclear physics, many-body problems
and solid-state physics
A study of finite and infinite boson expansions for
collective excitations in nuclei was undertaken. Further-
more, a formalism was developed in which it becomes
possible to maintain ideal fermions in addition to the
bosons introduced to describe nuclear states. In this
theory, the descriptions of even and odd mass nuclei
appear on an equal footing.
The study of the influence of the magnetic properties of a
ferromagnetic crystal on its elastic properties was con-
tinued. The most important result obtained is that the
temperature dependence of the velocity of longitudinally
polarised sound waves in the crystal show two distinct
anomalies. One anomaly is situated at the magnetic
transition temperature Tc between the ferromagnetic
and paramagnetic phases. The second occurs at a
temperature lower than Tc. These calculations are being
repeated for an antiferromagnetic crystal.

Theoretical plasma physics
The generation and growth of instabilities which arise as
a result of the injection of neutral particles in a Tokamak
were investigated. The hydrodynamical equations for the
case of a shock wave were investigated behind the
shockfront by an analytical method.
An electromagnetic parametric instability was investi-
gated. The effect of short-wavelength turbulence on
certain particle orbits in the Tokamak was investigated.

Numerical analysis
A generalised form of the method of Douglas for the
numerical solution of a parabolic differential equation
was used to solve systems of such equations and suitable
software was compiled for this purpose.
A computer program for equilibrium and stability
calculations in a Tokamak by means of a variation
principle is at present being adapted for the computer.

RADIATION CHEMISTRY
Synthetic fruit model
Investigations on the effects of radiation on foods high in
carbohydrate content were continued. As basis for the
investigations, use is made of a synthetic aqueous fruit
model based on the chemical constitution of the mango.



The investigations revealed the following:
In the competition-kinetic treatment of the components
of the model mango it was predicted that the only
components which would undergo significant modifica-
tion would be the four sugars, and that the other
components do not compete effectively with the sugars
for the primary radiolytic species derived from water. In
order to substantiate this theoretical prediction, a group
of radiolysis products of the sugars was monitored to
ascertain whether the condition of the other components
of the model mango in any way influenced the yield of
these radiolysis products. The carbonyl yield for an
irradiated aqueous solution of the four sugars was
determined and then redetermined after the addition of
the other components of the model mango in a stepwise
fashion. In the initial experiments a significant decrease
in carbonyl concentration was obtained after the addition
of phenol, starch, protein and fat. Improved techniques
and repeated analyses failed to confirm this. Given the
poor reproducibility of the method, there seems to be a
gradual but systematic decrease in carbonyl yield with
increasing complexity of the mixture. There is no indica-
tion of a consistent effect due to competition. The
general decrease cannot be related to reactivity or
concentration of any component or components. The
effect could be due to thermal reactions of the radiolysis
products with the components of the model mango after
reaction, or to pH changes. For this reason the possibility
of thermal reactions and the role of pH were sub-
sequently investigated. Detailed investigations revealed
that the decrease in the carbonyl yield could not be
correlated with the pH of the solution and that although a
fast thermal reaction between some of the carbonyls and
other compounds in the model solution does take place,
the decrease in the total carbonyl concentration could
not be due to a competition reaction. In order to prove the
validity of the model from a toxicological viewpoint it is
necessary to monitor the fate of the actual components of
the synthetic mango. As an approximation two compo-
nents of the mango, namely citric acid and nicotinic acid,
and one radiolysis product, formic acid, are currently
being determined in the solution of the four sugars and in
the model mango at different irradiation doses.

Influence of radiation on the malate dehydrogenase
enzyme in the mango
The NADP+-dependent malate dehydrogenase (decar-
boxylating) was isolated from the mango and purified
to homogeneity.

The isolation consists of extraction in a buffered aqueous
medium and treatment with pectinase. Purification was
obtained by means of gel chromatography in Sephadex
G-200 and anion-exchange chromatography on
DEA Sephacell.

Homogeneity was determinded with electrophoretic
techniques, isoelectric focussing, gel chromatography
and analytical ultracentrifugation. The physicochemical
and catalytic properties of the enzyme are being
determined at present.

carbonyl compounds. It has also been suggested that
some of these carbonyl compounds may be responsible
for the biological activity observed in irradiated sugar
solutions. Due to the complexity of real fruit it was
decided to simplify the investigation initially by con-
centrating on the major radiolysis products of the four
main sugars present, first individually, then in a mixture
of sugars and later on in the real fruit.

The main aim of this investigation is to establish whether
compounds which may have cytotoxic and/or mutagenic
properties are formed in real fruit. Although much is
known about the cytotoxic effects of irradiated sugar
solutions, very little work has been done on the muta-
genicity of these solutions. It was therefore decided to
obtain more information on the possible mutagenic
effects of irradiated sugar solutions.

In order to unequivocally establish whether the a,p-
unsaturated carbonyls are indeed responsible for the
observed biological activity, a series of compounds which
are radiolytic products of fructose and glucose were
synthesised. These are

(i) D-arabino-Hexo-2-ulose
(ii) D-threo-Hexo-2,5-diulose
(iii) 6-deoxy-C-threo-Hexo-2,5-diulose
(iv) D-erythro-Hexo-2,3-diulose
(v) D-ribo-Hexo-3-ulose

All the compounds synthesised, as well as the four sugars
glucose, fructose, sucrose and ribose in deoxygenated
aqueous solutions, were tested by means of the Ames
mutagenicity test.

The following results were obtained:

Identification and quantitative determination of
carbonyls in irradiated subtropical fruits
It has already been shown that many of the major
radiolysis products of aqueous sugar solutions are

(i) All four sugars were found to be mutagenic in the
order sucrose > glucose > fructose > ribose.

(ii) 6-deoxy-D-threo-Hexo-2,5-diulose was weakly
mutagenic.

(iii) D-erythro-Hexo-2,3-diulose proved to be highly
mutagenic to a frameshift mutant by increasing the
reverse mutation frequency more than twenty times.

(iv) D-arabino-Hexo-2-ulose was mutagenic at high
concentrations to frameshift as well as base-pair
substitution mutants.

(v) D-ribo-Hexo-3-ulose, D-threo-Hexo-2,5-diulose,
2-deoxy glucose and rib- «. J were found to be non-
mutagenic.

(vi) Our results for D-erythro-Hexo-2,3-diulose and 6-
deoxy-D-threo-Hexo-2,5-diulose suggest that these
compounds are mutagenic at low concentrations.
While it appears that these compounds are more
cytotoxic at higher concentrations, these conclu-
sions must still be verified by cytotoxicity tests.

The effect of rat-liver enzymes on the mutagenic
properties of these compounds is currently being
investigated to establish whether activation or
detoxification occurs.

Development of analytical facilities

Gas chromatography-mass spectrometry
Further development work was executed during the year
with an eye to installing glass capillary columns on the
existing VARIAN CH7 mass spectrometer for GC/MS
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analyses. To achieve this, it was necessary to manufac-
ture a new furnace for capillary columns. Appreciable
time was spent on the manufacture of an interface with
direct inlet between the gas chromatographic column and
the mass spectrometer. The coupling of all components
was completed and the GC-MS rig is being tested as a
unit.

Gas-chromatographic techniques for analyses of
food components
The existing gas chromatograph was converted for
capillary column work. A deactivation-coating apparatus
was designed and constructed, which was based on the
principle of the static method of coating. The initial gas-
chromatographic work has been carried out utilising
glass and metal capillary columns with the purpose of
evaluating some parameters of significance for the
evaluation and comparison of columns.

RESEARCH ON LIQUID METALS AND
MOLTEN SALTS
Extraction from molten salts
The use of molten cyanide as solvent for the separation of
platinum-group metals was further investigated. Parti-
cular attention was given to methods whereby the redox
potential of such melts can be regulated. It was found
that this could be achieved chemically as well as electro-
chemically. Chemical separations of certain platinum-
group metals carried out under controlled conditions
showed a significant improvement of the separation
power of the system. At present an attempt is being made
to deveiop electrodes which can be used for the quantita-
tive measurement of the redox potential of molten-
cyanide solutions. This would be essential for establish-
ing a quantitative relationship between the redox poten-
tial and the chemical behaviour of an element in a molten-
cyanide/liquid-metal system.
This investigation is financially supported by a
mining company.

Ion exchange and matrix phenomena
A theoretical and experimental investigation of the
parameters governing ionic conductivities in glass and
molten salts was continued.

The electrical field during ionic conductance is a function
of the ionic mass, ionic radius, ionic mobility and the
viscosity of a particular molten salt. It was found that the
Stokes-Einstein equation should be modified to include
the interactions of the ion. Following this approach the
isotope-separation factor for 6Li and 7Li in molten LiCl
could be calculated from the ionic radii, viscosity and
ionic mass only. The investigation of the molar volume
effect by paper electrophoresis of 207Bi in bismuth
chloride could not be carried out in practice. The
experiments will now be conducted in a packed capillary
tube. Due to the high vapour pressure of BiCl3 it was also
necessary to construct a pressure vessel for determining
tiif ionic mobilities up to 530 °C and 2 000 kPa.

Impedance-measurement data collected so far on lithium
Pyrex glass do not exclude the possibility of a small
mixed-alkali effect at 400 °C. More measurements and a
thorough statistical analysis of the data are necessary
before a final conclusion can be drawn.
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SOLID-STATE PHYSICS
Neutron diffraction
Measurements on the sublattice magnetisation of UN
have shown that the correction due to the half-wave-
length contamination is of the same order of magnitude
as the measurement. Therefore these measurements will
be repeated when the \/2-contamination has
been eliminated.
The sublattice magnetisation in the helical range (220 to
229 K) of a terbium single crystal was successfully
investigated and will be compared with the theoretical
predictions. This work is being undertaken in collabora-
tion with the Rand Afrikaans University.
A scientist of this group spent six months at Argonne
National Laboratories, USA, where neutron diffraction
was done on a number of uranium compounds to investi-
gate their magnetic structure.
Progress was made in commissioning a second diffracto-
meter and improvements were made on the crystal-
growing facility to obtain larger single crystals.

Cry tenic irradiation facility
The experimental studies involving thermal-neutron
damage in Pt and three different Pt-Au alloys were
successfully completed and the following further conclu-
sions regarding the recovery spectra of the alloys were
reached:
(a) Using three different concentrations of gold in

platinum, recovery substages in stage II were
observed as due to weak impurity/interstitial reac-
tions at 29 K (HA), 42 K (IIB), 97 K (He) and 150 K
(Ilrj). HA was found to be possibly related to the
close-pair substages IA, IB and Ic- HD was due to
rearrangement and detrapping of an interstitial
from a gold doublet.

(b) By observing the effects of different defect doses on
the above alloys, further confirmation of the
interpretations presented was obtained.

In order to be able to obtain greater insight into more
complex damage patterns in fee metals, a series of fast-
neutron irradiation spectra were obtained for the above
Pt and Pt-Au alloys. Different defect doses were
measured and were used for comparison with previous
thermal-neutron spectra. Immediate results show good
agreement, with a noticeable absence of the close-pair
substages IA, IB and Ic as well as marked reduction in
substage IE.
A similar set of experiments to obtain fast-neutron
spectra has been completed for Cu and a Cu-Au alloy;
these results will be used for comparison with this
group's earlier thermal-neutron work on a similar alloy.

In an attempt to gain more information on the stage II
controversy in pure platinum, a series of dilute Pt-Cu
alloys was prepared. By observing the spectra of
different concentrations of Pt-Cu alloys, the exact
position of stage III should be observable.
The two major helium compressors supplying the
cryogenic facility gave troubte-free operation and have
now achieved a combined running time of 13 000 h. A
major overhaul was completed on the heat-exchanger
and expansion engines of the helium liquefier. An
improved high-pressure oil filter designed by the



Engineering Services Division was installed to prevent
oil contamination of the heal-exchanger system.

The NOYA-2 computei complex was connected on-line
/<II-automatic dam selection and processing, and prelimi-
nary automatic data selection and processing, and
preliminary automatic low-potential measurements using
a Xanovolt amplification system, have been successfully
complel ed. The serial data link involved was designed by
the Instrumentation Division.

MEDICAL AND BIOLOGICAL
Whole-body counter
Modifications were made to the suspension of the
detector in the whole-body counter to enable counts to be
made with this apparatus in the scanning position. A start
was made with the determination 01 the effect of the
movements of radionuclides in the body during diagnos-
tic investigations on Ihe results ol' the investigation.

Clinical diagnostic use of radioactively labelled
materials

The gamma camera of the AKB was installed in the
H A drove Experimental Animal Centre during the
last quarter of the year. A stall was made on the
calibration of the apparatus and on simple organ
surveys. Depending on the progress made, specific
research projects will commence in clue course.

In view of the availability of this sophisticated
equipment, a course was attended at the Department
of Nuclear Medicine and the Animal Research
Centre of the Hospital for Sick Children at St
Michael's Hospital in Toronto. Canada. This was an
extremely successful visit both with regard to the
execution of the relevant clinical research projects
as well as the establishment of good relations
between the Nile Sciences Division and the world-
renowned centre.

Synthesis of biologically active organic compounds
The synthesis of possible organ-specific radiopharma-
ceuticals was commenced. As design starting point, basic
structures of ligands with existing receptors in the target
organ are modified to contain a chelating group on a side-
chain. The final compound will therefore contain a
grouping of functional groups allowing binding to the
specific receptor and a side-chain which will be able to
complex technetium-99m. This starting point was used
to design a number of potential agents for the study of
ischaemic heart lesions. The compounds are aimed
either at the high calcium content of the damaged heart
tissue or at the high content of the enzyme phospholipase
A\>. The synthesis of these compounds progressed well,
hut is not yet complete.

Radioimmunoassays (RIA)
Prostate cancer is a pathological condition which often
occurs in men. part icularly in those over fifty years of age.
The only reliable test for the timeous diagnosis of this
cancel' is the RIA, specifically for prostatie acid
phosphatase (PAP). Consequently PAP was isolated
from the-human prostate, purified and characterised.

For the inducement of anti-PAP serum, pure PAP was
injected intradermally into male rabbits but unfortunate-

ly the immune response was very pool'. It was con-
sequently not possible to develop an RIA kit fur PAP
locally. The immunisation process was repeated with
female rabbits in the hope of obtaining a better immune
response, but no results are yet available.
In the meantime two PAP RIA kits are commercially
available and an effort is being marie to determine and
compare the specific parameters of the two kits, i.e.
sensitivity, accuracy, etc. Blood samples of normal
persons, patients with prostate hypertrophy and patients
with prostate cancer (various stages of cancer develop-
ment), were collected in collaboration with the Depart-
ments of Urology and Chemical Pathology of the
University of Pretoria for the abovemenlioned analyses.
Preliminary results indicate that both kits are sensitive
but that one is of a higher precision than the other. This
particular kit can be of great value in the diagnosis of
prostate cancer before metastasis has taken place.

Series determinations for plasma carcino-embryonic
antigen (CEA) are still being carried out on patients
receiving chemotherapy for breast cancer. To date :i 1 :!2
determinations have been performed on H.'i.'! patients
and a positive correlation between the plasma-CEA
levels and disease states was indicated in a high percent-
age of t he cases.

By the end of the year it was possible to evaluate patients
suffering from primary breast tumors with regard to their
hormone receptor status and their CEA levels. In this
way a particularly valuable contribution will be made to
the early diagnosis ol secondary disease slates, as well as
to the determination of the most discerning methods of
treatment.

Radiobiology
As a result of the exposure hazards ol ionising radiation
and the lack of fast, sensitive and accurate monitoring
systems for the determination '' radiation damage.
various methods are applied to solve the problem, vi/.

!. Physic;)] method — density-gradient centrif'ugation:
2. Biological method -- chromosome studies:
:!. Enzymatic method - incorporation of ;-'P.
More progress was made with the physical method, as the
biological and enzymatic methods have been put into
practice only recently. The physical method comprises
the speed-zonal density-gradient centrifugal ion of lym-
phocyte nucleoids in sucrose gradients. An appreciable
number of interfering factors were eliminated and all
determinations are performed under strictly defined
conditions, e.g. a constant temperature (20 °C). a sterile
environment, fresh solutions and a constant-voltage
supply to analytical apparatus.

The experiments were divided into two groups, namely
lymphocyte and whole-blood irradiation: these are called
the in vitro and in cicn methods respectively,
(a) In vitro method

Lymphocytes weiv. in certain circumstances,
isolated from heparinised human blood, purified
and irradiated with various radiation doses, viz.
()..•>() and KKIrad ('"Co rays). The sedimentation
rate (S rale) of the lymphocyte-nucleoid fraction
was then determined with sucrose-gradient centri-
fugatioii and a linear dose-response relationship
was found with the following equation:
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dose dad) =
- X

0.12

rate of the nucleoid fraction inwhere X = S
cm/unit time.

Lymphocyte irradiation experiments can therefore
now play an important role as a screening test for
potential radiation workers and also to confirm
ataxia telangiectasis patients. These experiments
are very sensitive and accurate but are unfortunate-
ly expensive and time-r ,suming. Therefore, a
faster, less sensitive method, will have to be
developed as a mass-screening test so that the HI
Him method can be used for more specific cases,
such as borderline cases.

(bl In riro method
To determine the possibility of the recovery of
damaged DNA I after in civn exposure of a patient)
during lymphocyte isolation, whole-blood was
irradiated with a dose of 100 rad. The lymphocytes
were then isolated, purified la process of four
hours) and analysed by means of sucrose-gradient
centrifugal ion.

The following interesting results were obtained:

lil Practically no difference between the S rate of
normal and irradiated necleoids was observed.

:l The small difference in S rate can perhaps be
attributed to the fast recovery of single- and
double-chain breaks in the DNA molecule and/or
the inhibition of single- and double-chain breaks by
a specific material(s); the hitter is. however,
improbable.

liiil The S rate of irradiated nucleoids of certain
persons was much lower than the average S rate,
which indicates that those persons probably have a
poor DNA recovery ability and will therefore not be
suitable as radiation workers. This means that this
specific-gradient centrifugation method can poss-
ibly be a handy screening test for a fast and
reasonably accurate indication of potentially over-
sensitive radiation workers. Asa follow-up, border-
line cases (i.e. potential ataxia patients) may then
be analysed wit hi he more sensitive HI vitrn method.

livl There is a difference in the protein composition of
normal and irradiated nucleoids.

It would thus appear that the lymphocytes of irradiated
whole-blood are able to restore the damaged DNA within
a period of 4 — ii h at 20 "( ' . This assumption can be
proved by isolating the lymphocytes with solutions
containing specific inhibitors of the recovery mechanism,
such as disodium pyrophosphate.

Steroid-hormone receptors
Since 1977 a total of 27.'5 hormone receptor determina-

tions have been performed on samples from VM) patients.
The following results have been obtained.
(a) Kstrogon (KK) determinations were performed on

109 tumour samples (mainly primary tumours), and
in 75.2'.' (791 of the cases KK was positively
indicated:
2").7 'i 127) — positive (>l()0 fmol/mg protein).
49..")'; \h'.\) — intermediate-positive (3-99 fmol/mg

proteinl.
27.fi '< (291 — negative (>•'! fmol/mg protein).

Ib) Progesteron iPrlil was determined on the same
tumours parallel to KK when the size of the sample
made such a determination possible (>400 ing).
52.7 'i (49 out of f?') were positive.
47.',\ 'i (44 out of 9.'!) were negative.

In 14.7 '< (Kilofthecasesthcsamplesweretoo small and
therefore no progestemn determinations could be
carried out.

The significance of the results can be explained as
follows: .'i9.4 '/ of the tumours were positive for both KK
and PrR. This means that "i4.4 ' < of the KR( + ) Himours
were at the same time also PrK( + ). a result agreeing very
closely with findings of international groups. It is
expected that. <>i all KK( + I tumours, only this "14.4 ',
may possibly react positively on endocrine manipulation.
Within the group the expected positive response is.
however. 8(1 — 9 0 ' , . because a PrR( + l value implies
that the KK is biologically active.

Of nil the patients in respect of whom KK and PrK
determinations were performed on tumours, only a very
small group has to date been placed on treatment
protocols after the receptor status of the tumour was.
inttr alia, taken into account. No significant report can
therefore be made at this stage wherein receptor status
and patient response can be correlated with each other. It
can be said, however, thai it would appear at present that
the distribution in the receptor status of the small
random test of breast tumours of the female population
investigated locally, agrees very well with, for instance,
the American women on whom conclusive information is
available. The same correlation between receptor status
and patient response can therefore be expected.

Another gladdening deduction that can be made from the
information already obtained is that the technology
applied in this department is essentially and experi-
mentally reliable.

This statement is strongly supported by the results
obtained with primate uteri as control material. This
laboratory is in the very favourable position that it can
obtain a source of KK containing primate tissue for
controlling the technology used in the evaluation of the
receptor status in samples of patients.

Primate uteri are further also used for obtaining more
information on the physical (kineticand thermodynamic)
and chemical properties of receptor molecules.
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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 until the end of September on the basis of
twenty-four hours five days per week, from Monday
morning to Saturday morning. From October to
December the reactor was operated every third week on
the same basis.

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

The fuel inventory at the end of the year consisted of
4,6 kg of uranium-235 in the reactor core, 1,7 kg in new
elements in the vault, and 10,.') 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 1979
Average power (MW) o
Accumulated energy (MW.d) 626
Uranium-2,'35 bumup (g) 793
Number of capsules irradiated 2 079
Number of unscheduled shutdowns 1
Number of major experiments operated 4
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In-core thermal-neutron-flux distribution measurements
were done on a regular basis, the results being used for
calculating burnup and maximum fuel-plate temperatures,
and for the prediction of new core loadings. Control-rod
calibrations and gamma-heating measurements were
carried out as and when required.

The four major semi-permanent rigs continued to
operate intermittently. These were the cryogenic irradia-
tion facility, the neutron-diffraction rig in beam tube No.
5, the neutron-beam facility in beam tube No. 1 and the
small-angle scattering experiment in the lower east
tangential beam tube.

Instrumentation
The Instrumentation Division is responsible for all
electronic instrumentation matters. This includes the
development, assembly and manufacture of electronic
apparatus and 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. A microprocessor-based
count-rate recorder which is to be used for tracer
experiments in industry was developed for the Isotopes
and Radiation Division. The instrument can process
signals from four detectors and do a fair amount of data
processing. A microprocessor system for the control and
data collection of an experiment by the Chemistry
Division was completed and delivered. The development
of this class of small-scale data-collecting and data-
proc.'ssing systems has now reached an advanced stage,
also as far as the software is concerned. Twelve such
systems were delivered. The original purpose was thus
fulfilled, viz. to develop a reasonably general programm-
able instrument which can be adapted rapidly and
efficiently to a wide variety of applications.' The
instrumentation for the Isotope Production Centre
progressed well and some of the cells, as far as
instrumentation is concerned, were ready for operation
at the end of the year. A CAMAC-based minicomputer
system for the collection and processing of spectra
recorded in reactor experiments was completed and
delivered to the Physics Division.

The construction work on the Tokamak was completed.
A few very serious problems arose during the commis-
sioning of the machine. This will delay the start of the
experimental program considerably.
With regard to internal instrumentation activities, work
was continued in the Digital Systems Subdivision on the
further expansion of microprocessor-based systems and
on CAMAC systems. A microprocessor-development
system became operative and was applied with great
benefit in the software development "*' +he above-
mentioned system for the Isotopes and Radiation
Division. The development of a CAMAC micropro-
cessor-based general-purpose data logger was
completed. This system was designed as a mobile unit for
the collection of process data, as well as experimental
data, in order to develop process-control strategies.
Software was developed for effective operator
communication. Sophisticated driver software for the
type-U CAMAC system which facilitates high-speed data
collection from various apparatus simultaneously, was
developed and successfully used in a nuclear physics
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data-collection system for the CSIR. A new sophisticated
CAMAC module for the registration of fast transients in
Tokamak experiments was completed. The unit has a 32k
word memory and a 1 fts analogue-to-digital converter, as
well as a sophisticated trigger module. Sophisticated
software, which enables the user to carry out his data
collection and processing comfortably and without
detailed knowledge of the internal functioning of the
computer or CAMAC apparatus, was developed to drive
the module. A number of new and more effective
CAMAC modules were developed which make use of the
latest electronic components.
The Nuclear and Process Instrumentation Subdivision
made good progress with the development of standard
nuclear and process instrumentation. Because detector
signals are of a stochastic nature, development of
stochastic measuring techniques was started. The
development of extensive calibration facilities for
nuclear instrumentation was also begun.

The Electronic Maintenance Group provides a repair,
testing and calibration service; it completed some 1 000
tests in the course of the year. The activities of this group
were extended in the year under review to concentrate on
the extension of computer maintenance and CAMAC
systems maintenance. The Process Instrumentation
Group carried out calibration and maintenance work on
process instrumentation and general site equipment
such as radio communication systems. During the year
3 000 calibration, maintenance and construction tasks
were handled. This group was reorganised into more
effective smaller subgroups with proper task definition.

A surplus of manpower existed in the Production
Section. This was attributed to the fact that the
development subdivisions were occupied with the
documentation of systems which were completed, as well
as with project studies and theoretical investigations into
new projects.

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

The liquid waste produced on the Site contained a total
actual activity of 358 mCi (a and /3).
A volume of 326 540 m^ of effluent was discharged into
the Crocodile River. This effluei.t contained an actual
activity of 9.'! mCi, which constitutes less than 7,0 '< 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 195 nv' of medium-active (MA) waste was
chemically treated and subsequently evaporated in the
MA-waste evaporator.
A total of 57 m"' of liquid waste was evaporated in the
HA-waste evaporator.
The resulting evaporator concentrate was solidified by
means of the "vacuum-intrusion" technique. Forty-
seven units were processed and the net mass of the
solidified concentrate amounted to 3,7 t.

A mass of 14.9 t of solid waste was compressed in the
baling press and a volume-reduction factor of 4,8
was achieved.



Approximately 9.S nv' of solid radioactive waste,
including decayed souices. was received from outside
organisations for disposal.

Seven hundred and forty-six drums containing solidified,
incompressible and compressed waste, together with a
laige quantity of incompressible low-level waste,
wrapped in polythene, were buried in the disposal
trenches on Radiation Hill.

Foiu1 hundred .ind ninety-four items were successfully
decontaminated: site-decontamination work was also
undertaken.
The laundry continued to operate satisfactorily and
71 3(i4 items were handled. Repairs were cariied out
where necessary.
The assembly of the general-purpose high-activity
handling cell, situated in the Decontamination Hall, was
completed by personnel of the Isotope Production
Centre. The cell is being readied for commissioning.
The pre-filtration system I mainly of local manufacture!
of the ultra-filtration plant, which is used lor the
processing of uranium-contaminated oil emulsions, was
completed and commissioned during December.

Other site services
Production figures are as follows:

lil7S 107!)

1 I) Hi Ml 1 1 13 Ml
•Ni.li Ml .")!).() Ml
7.3(i Ml 10. 1 1 Ml

OliO.S 1 l()(il ,(i t
0 nrVmin i) nv'/min

Domestic and process water
Drinking water
1 )emineralised va 'er
Liquid nitrogen
Compressed air

The two new sludge beds, which serve ihe flocculator at
the Water Purification Plant, were fitted with permanent
drainage systems in order to increase the dewalering rale
of the sludge, and were subsequently siiccesslully
commissioned.

The installation of the Hoard's own cryogenic storage
vessels and vaporisers, which replaced the proprietary
equipment provided by the previous supplier of liquid
nitrogen, commenced on 30 April and was successfully
completed on 2 May.

A 1 3<S0 nvVh oilless rotary compressor installation,
complete with after-cooler and air drier, was ordered in
order to meet the ever-increasing Site demand for
compressed air. It will be delivered shortly.

Analytical services
New projects at the A KB and ('COR resulted in many
more uranium samples being analysed.

As a result of more water being used on site the analyses
of liquid radioactive waste I'oi purification or for
discharge into the Crocodile River increased consider-
ably. In orderto fulfil this increasingdemand for analyses,
certain ne.w analytical apparatus was purchased.
Frequent use of wet-chemical analysis is still made where
the established instrumental methods are not suited to
the specific requirements.

Analyses done to control the quality of the water supplied
to the Board, as well as the monitoring of urine for traces
of uranium, constituted a large part of the total of IS O'JO
samples analysed.

Type of analysis

Alloy specification analyses
Atomic absorption
Wet-chemical analyses-
Radioactive waste
Water
I'ranium
I Vine

TOTAL

Samples
1978

679
389
492

3 107
6 315

369
5 972

17 323

analvsed
1979

655
413
208

3 418
7 207

591
5 528

18 020

Engineering services
The reorganised structure of the Engineering Services
Division, decided upon towards the end of the previous
year, . mid unfortunately not be implemented fully as
some of the key personnel could not be obtained. This
forced the Division to modify its organisation, and to
place increased reliance on existing personnel. This, in
turn, highlighted the need for additional training and self-
improvement. Key personnel attended special courses,
symposia and specialised training programs. Results to
date have been most gratifying, and the Division
considers itself increasingly competent to meet the ever-
increasing demands and challenges of the future.

A rule calling for special mention is that played by the
Quality Assurance Department. Although its activities
are still limited and have only just got moving, it has
already begun to prove its value and brought about the
realisation that, as a means towards ensuring the highest
probability of delivering a product satisfactorily with
regard to both quality and time, it is indeed a worthwhile
and sound investment.

Despite only a slight increase in personnel, the Planning
and Control Department has been able to extend its
acti\ ities to include the electrical and civil disciplines so
that, with mechanical, all construction and maintenance
work is now controlled by a centralised planning system.
This Department, perhaps more than any other, has been
the first to feel the impact of the activities of the Quality
Assurance Department, and with its help has made a
conceit ed drive towards enhanced efficiency. One aspect
through which this Department continues to remain
hamstrung, however, is that of acquiring materials and
components which have of necessity to be purchased
overseas. Deliveries, generally, are poor and in most
cases there is very little, if anything, that can be done to
expedite matters.

Perhaps even more than in previous years, the Design
Department has had difficulty in acquiring adequate
competent staff. Despite a brightening of prospects
dining the last quarter of the year, the production
potential of this Department remains below strength
when compared with other departments of the Division,
and constitutes a matter of grave concern for the
immediate future.

The activities ofthe Manufacturing Department followed
much the same pattern as in the previous year, with
relatively little effort spent on experimental apparatus,
and with the preponderant effort directed towards
process equipment required by the Process Metallurgy
Division. An aspect which came to the fore very clearly
during t he year was that an increasing number of machine
tools are beginning to reach the end of their economic life.
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With the persistent shortage of artisans, coupled with
increasing pressure for enhanced operating efficiency,
very serious consideration will have to be devoted to
replacing ageing equipment with 'new-generation'
machines. This will make possible a substantial increase
in output with existing staff, but would entail considerable
capital expenditure. The year was further characterised
by the fact that, due to improved conditions of service,
the Board was able to retain the services of more of its
own trained apprentices.

As in the previous year the Construction and
Maintenance Subdivision was confronted with a volume
of construction work which more often than not was
carried out at the expense of maintenance work and
frequently even necessitated overtime. Where the latter
is intended to be conducted on a planned, preventive
basis, the disruption caused was inordinate. As expected,
the Process Metallurgy Division took the lion's share of
construction work. As in the case of machine tools, the
future of a great deal of equipment will have to be
evaluated in terms of replacement rather than continued
maintenance, and it is intended to compile next year's
budget with this approach.

One of the greatest problems repeatedly facing the
Division is being able to anticipate and predict correctly
the scope and nature of services which future projects
will impose on it, so that a timeous start can be made on
preparatory work. The constant drive to improve the
effectiveness of the Division has led to the growing
realisation that the most important single task of the
Division's management, especially when viewed against
the shortage of manpower, is to make maximum use of
existing human resources by making increasing use of
modern, labour-saving equipment, fostering an awareness
of efficiency, training in areas where efficiency is below
standard and, above all, identifying latent talent with the
object of developing it and leading it into positions of
leadership and future management.

Computing services
The Computing Sciences Division offers an efficient and
comprehensive computing and program-development
service to all the scientists of the Board, as required by
the various research projects.

The workload of the computer once again increased, the
average number of tasks per month being 9 535. During
August 1979 a total of 11 215 tasks were executed. The
use of the time-sharing option also showed an increase.

The programming for the processing of the INIS data
base in batch mode was completed and shows an
improvement of 36 times in the use of computer time.

The budget-control system was completed and
implemented a month ahead of the target date. All
financial transactions, with the exception of labour, are
processed on a daily basis. On-line enquiries regarding
expenditure can also now be handled.

A number of computer programs were successfully
completed for the Chemistry and Isotopes and Radiation
Divisions. A data base in which borehole data for
the Geology Division is to be stored is currently
under development.

The implementation and testing of one- and two-
dimensional diffusion computer programs applicable to
light-water reactors progressed satisfactorily.

The one-dimensional computer programs are mainly
applied to parametric studies and to the compilation data
on neutron cross sections, which serve as input to the
two-dimensional computer programs.

A study of the temperature distribution in a light-water
reactor was undertaken and a computer program capable
of modeling this effect in one, two or three dimensions is
now being implemented.

The evaluation and compilation of neutron cross section
libraries catering for the needs of this Division is being
continued. A number of computer programs were received
from overseas program libraries for this purpose.

The Computing Sciences Division was also involved in
the successful implementation of a Monte Carlo computer
program which could be used for licensing purposes.
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EXTERNAL RELATIONS
The External Relations Division is responsible for
international relations, library and information services,
liaison, and language and reprographic services.

International liaison and cooperation
Once again, South African expertise was invoked by the
IAEA by way of invitations to scientists to participate in a
variety of advisory group meetings and working groups.
The Director: Geology was again invited to present
papers at several IAEA symposia. After attending such a
symposium in Buenos Aires in October, he undertook an
extensive visit to several South American countries, in
particular to Chile by special invitation of the nuclear
authorities there.

The twenty-third Annual General Conference of the
International Atomic Energy Agency, which was held in
New Delhi, India, during December, was attended by the
following delegation:
Dr J.W.L. de Villiers President, Atomic Energy

Board (Leader)

Mr K.R.S. von Schimding South African Ambassador to
the Federal Republic of
Germany

Mr J.L. Viljoen Acting Resident Representative
for South Africa at the IAEA

Mr A.S. Mare Undersecretary, Department
of Foreign Affairs
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Following the rejection of its credentials, a politically s'""1' •"'"•'" •*""••'•>•""• ••! i'.nh.,i.,c,,,-. \,,,,,,.,i i ..us...... r , i ,n .- iwn I-IUM

inspired act which was in violation of the Agency's • i » » « - « > »i >h»- \\m>.m-i.umi imu.ii i . , n » ... in,- smc,™,. ..i iiu- nipininn m

Statute and Rules of Procedure, the South African

delegation withdrew from the Conference. ' V^v^""""'""*""" ' """A~ """""' " """ - " " ^

South Africa continued its formal participation in the • irui-.n,iu..ii.1i i ..m. .....m DI.I.-K-I Mc-iimn.-. r.ip.-Tc,<ui iAm.ti.ti

International Nuclear Fuel Cycle Evaluation (INFCE), ' *««\>.\ i in-rum,-..< < i,,.,,m.,iK,,t™,.,.,.. viWi rnnnBi.- nmm-ii.s.1.,,n,1.,,MAiii:ii.ti

and was actively involved in five working groups. Chapter • i<nn<i Aiiik..™.1 im<-i.n\. i-,,n.,q.imni. j"h.uiiii-.iuiiS IAUSU-.II

II of Working Group 3's final report was drafted by the • M , , , , , , ! , , , , .,„ >>,„>, ,„ T.-,in,,,i.,^. >vi.,ji>mS IAHSU.II

South African participant. . M,11|),,,im,,,,,,Sh.i,»iiK.,.,, Km,,,.,™.,,,, p,,-,,,,,., ,.\,,Sn.n

Officers o f the A E B paid visits to various overseas ' iKKnTi. immsr. .ui . l . ..„ K,,.,.I i n . i .m w.ia,.i,mS™. N,im-iiim<i-isi.|>i™.i>ni

countries, thus maintaining contact with international • *,„ „ , ,,,,i;.,-,-. .m.i t..,...,.,„, ,B. .i.,ii.iiiiiv.i.iirBi.sv|,ivinWti

developments in their spheres of work. Distinguished s u , , >.i,,-i.-,,,M,.,i,1in,..s,.M.,,i,-.-m>i \nnuaiM....iin,:.iim.i,nick.A,,sin.iis..!,i,.nii,..ii

representatives of overseas countries also came to - <;.,iii , . , inB <.n H.nhan.m I ' , , , ! ,— .m S ••! •>• >i..ii Kn.ii. si-upum IO.-I..II.TI
P e l i n d a b a for d i s c u s s i o n s a n d a n e x c h a n g e of views. . i,,,,.,,,,,,,,,,,.,!,-,̂ .,.,,.,,,,. „„ Xll |.,,n,m,m p,,-!,.,,,((>t-i..i..-n

IT- -J. i. T. ! • 1 1 • \.iii..n,il Sunp...um, CIIILIC .n. l'ivl..r ><-I..IIMI

Visits to Pelmdaba . s Alnk XLi(i,.nm. iu Wi.ii.n,k „ Kim>_ nnc
Public interest in the activities of the National Nuclear i^«••• <••->M • <>«-i-.t.fi•
Resea rch Cent re increased apace . Some 1 520 member s ' '*''' '"'"' " '" ' 7'' H l r lm l l l""1»"
of the general public and senior scholars were received on ••••mi, i •.,„,.. I-:.,,K H,,,,., «• , ,,i n, ,,,Bn»,.,,.. ,>,.,.„.,.. K,,,,. s,,ii, i\,,,mi,,-,,
four visiting days during the year, and various visits were

arranged not only for local scientific groups, but also for Publications

numerous overseas visitors including press repre- j n addition to the regular six-monthly issue of Nuclear

sentatives and television teams. Active, and a number of scientific and technical reports, a

c . . _ . . book entitled "Chain Reaction" was specially written

scientific gatherings a n c j published to commemorate the twentieth year of the

."T.n"tT>P«^ ' A"'"'"''"''"k'"hvl"' research and development program of the AEB.

• Annii.li ii.- »% >Mi.|K..iiim (.„ DiMti,. snwiii-i . . M..U.-III.I.MII i.i.im- niTsi T h e book, which w a s d i s t r ibuted free o f charge, g ives a
• spi.Miih.vii sh.nl i ..in,.- m iniiu ii K»cii.ii!i.i|.in ihi-i N..H CI.-.II,I,IIM- IV s comprehensive review of nuclear developments in South

i vchniiiuv.. I>IVI..II.I IOMCIIVI i ! i » Africa from the early years , a n d d e s c r i b e s the m a n y
• u",liu"k,̂ 7M' *ul|1""'-%" «'vfn.k..,>v>iKu,,..( i.v,,...i» i),M.,..i<(i.,ih,,,,,B.i-,.. a s p e c t s of nuc lear research b e i n g u n d e r t a k e n in S o u t h

• *v »• s w „„, .,„ K.,,i-r,,n,. s..,,..,,,. ,Kii.-.i,.,i A I',., , A f r i c a - lt w a s P r o d u c e d and pr inted at Pe l indaba .

i V c n v m l i v r l i l T i l

• sh...i .-.... .1..- Si.i.. i... ..I K.. .,M- M.II.-,,..I.. .i..il.nm..i»,rB i\.,M-mi.,, p.PTsi Twentieth-anniversary celebrations

' Mllip'i.iiiin mi Clt-.ni \n. Hi-.illd .iiliMmfd.fn. -liifi.iiilu-.llill^ (\i>\iuilwi HI7SI T i , . „ - . . * r-* n I I J ^I A * . ' * . ! r -A

In 1979 the A E B celebrated t he twent ie th year of its

• SM,,I,,,.,,,,,,,,,,N,,,-I,,,,T..,I,,,,,,,, ,iiivi.,i.-s.,v,,.....siM1v»v,ni»-, HIT*. research and development program. Various functions

• i im..i..iiciiA,,.»v!p. n,-iCMimiiiMi.-iii....-ui,,-i,,ii),-sin Am»wii i\..vc-mii,, hiTo were held to mark the event. At a formal dinner for some

• IAKA Aii\i..ii_v i; p M,.,-i.,ii: .,., i , „ „ „ „ „ (i,-,,i,,s% ,,i i.ii, ,i \m..ii.-.i. Limn. 1'viu three hundred distinguished guests at Pelindaba in
1 '''"''""'' •'' ' O c t o b e r , D r A . J . A . R o u x p r e s e n t e d c o p i e s of t h e b o o k

' - " " " ' "' '"• ' s "•'"«"".•.•'"•«••'""•"»"-'•"«-"•' • • • » ' "Chain Reaction" to the Prime Minister and to the

' s "M l [""' ''••"•'"•"""<' *•<•"•»• |-'"""h \™""1 <'••<<»'•"• l"""-"1"" '•'•'" ^ Minister of Mines, who were special guests of honour and
' Sl 'A l l i l i l" '•'••••"•••••i ii...it"iv. r». . i .n sMi. r,,,^,,,,,.,,, i'.,,i i-:i,/.,i»-ni ,.1.,,,,,.,,-M t n e m a i n S p e a k e r s a t the function. Guests at the function
' |» i i j ih A I M I . i n • • " K - i i - u . i i i ' i n i i i i i . i i h . . i . . p . i i i i i M i i i . . i i m i . . p . s i - i i - m i . i - n i i i < c n i u i r . . . i i i i ih .n i also received copies of the book, as well as a memento in

the form of a paperweight.
' Srnilh Alnriili A mien ..I l'li\.u-i.l> in Mi-ilinnv and Umlosv. Anniiiil r..naiv...

' " " '••'"•ll"'11'l*1'1"'111 ^ [ t ^ g b e g i n n i n g of t h e y e a r a c o m m e m o r a t i v e c a l e n d e r

' p;l",',™l™i"",-,V'""''"""" "•"""'"''""""•""••Sl"•""••l'1'" <••">• i ' • " " " • • " • • B - w a s i s s u e d f a r a n d w i d e . " S p e c i a l o p e n - d a y a r r a n g e m e n t s

• M,i, „ ,„,,- „.„, A,,..n in....,.,. .•,.,..„., i.M.,.1,1 w e l ' e m a d e t 0 S ' v e t h l ? general pub l i ca be t t e r oppor tuni ty

, , , , . , . . . . „ ,, , to see some of the work being done at Pelindaba. A
I imi-i.in >.l I'lvicii.i, Di.p.n-i in ul \lciluniv. l-illli h.i.-nltv Il.i\. Pii'inii.i iMiinhi 1 . 1 . 1

kinedia program illustrating salient aspects of this work
' Ccnli'li'llii' (HI HJIICIII ll.iiisllli-ll'l.il 11 I'hvm 11,1. I ili.iii.i(h.iiiipai|;n l-\pnll ' " . . . . , " , c , .„

was prepared for the open days and proved verv effective.

' s "' '•••"•''"••'•'••' I I«' 1"" '"" '•'"•"•-" '•••* - "->•""'•K-"-'"'-lA""" The South African Broadcasting Corporation, with the

' T^hntuliirHl.inuxf;,;1;:,,!]':!1:,',';'..''''111"lll"s""lln •""'"""" Xnn ' ' '•""" lh" T ' -"" s collaboration of the A E B , p roduced a documentary film

•s,v,i,i,,,.,.,,i,,i,,,,,,i (•„„„,...„„,,- ,,,,,,,,,H,..,,,..I,.T. M.,U o n nuclear developments in South Africa which was

• s h A.,,,,,,, A..,,,- ,„ N,,,, „,- T...,,,,B M,-,,,,,.. -i ,»...„, l M m , "Weened on the SABC television service during the year.
1 Sviu|iri-iiuti mi Aulouiiili'iri 111 Cliiimi««ti'v. I'lcKiiin 1M11M T ••• jt • n J_» •

Library and information services
• Ti.niiim: I..111.1' MII K.,,1,.,,,,,.1,,, I 'm.pr, , , , , ; : IVrlin .-.. IVIinil.ilm 1M.1M J

• < c.in.v ..11 wi-iiimi! •iv.imciic,B\. incin 1 i<iiiiiiil!iii|iin. .icihiiim.'.inin! 1 j..u-i A s the national centre for information o n nuc lear s c i e n c e

• iAK\A(M...n(;..,iipMv,.ii,i|!.,i,thvi',,.1in,-.m,i..nvii.,«(iiki.,,ncii-h,,»i.iv..i'in,.i.i,,,ivi and t e c h n o l o g y , t h e Library o f t h e A E B ca ters for t h e

• c..in.v..iis,iii.n nmi iii-iiiiiiiiiivA......nivni.rM-i..nii i-inKi literature and information needs of staff of the AEB

• K ,,,1, A,, -s,.,n,,,.i n, u.,,i I'!,.,,.. <• ,-„(!„,,univ, a n d U C 0 R - T h e l i terature needs include the supply of

• ,,,,,.,-n »i !•„ , (•I,.,,,II.WI,,,I,, s A,,,™,, (•„,,„„„„-,.. iv ,.,,,,1, t h e following: conference and symposia proceedings,
I'rvMiiiicmr.iiihu M.-c-imi;. I'mi Kii/iihnii 1.111M p a t e n t s , s tandards , research reports , p r e s s c l ippings ,

• smith Afii.iin iii.inuiv ..I i-in.iis. Tu.-nn-i-- h Aiinnni ('i.iiBi-.-,.. muni in i. iuKi books, periodicals and other non-conventional literature.
46



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 (SDI), a computerised retrospective
retrieval of information on any relevant aspect of science
or engineering, an interlibrary loan service and all other
standard library services.

General liaison is maintained with the library profession
in South Africa, especially in the field of library
cooperation. Liaison is also maintained with IAEA
member countries participating in the International
Nuclear Information System (INIS), and with the INIS
Head Office in Vienna. The activities of the INIS Liaison
Office also include the indexing and bibliographic

description of all conventional and non-conventional
nuclear science literature published in South Africa. This
information is placed on magnetic tape for eventual
distribution in the System by the INIS Head Office
in Vienna.

In the year under review, 35 558 reports were received. A
total of 316 809 reports are now available in the Library.
During the year. 2 130 new books and 1 799 volumes of
bound periodicals were added to the collection. Bound
periodicals now total 27 302 volumes. The total book
stock of the Library now stands at 368 527. Publications
loaned to other organisations totalled 2 434 and 33 476
were loaned to members of staff. Of these latter, 5 394
were borrowed from other libraries. Altogether .390 285
photocopies and 15 659 printouts from microfiches
were made.
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f- *

LICENSING

The Licensing Branch of the Atomic Energy Board is
j'esponsible for ensuring implementation of the Nuclear
Installations (Licensing and Security) Act, 1963, and the
regulatory functions associated therewith, in addition to
establishing and maintaining a national system of
accounting for and control of nuclear material.

Licensing activities in connection with Units 1 and 2 of
ESCOM's Koeberg nuclear power station and the pilot
uranium enrichment plant at UCOR are currently the
major projects within the Branch. In addition the Branch
handles licensing requirements for nuclear-powered
ships which periodically enter South African waters and
harbours, and a variety of smaller projects.

Safety standards
Work was initiated to improve the existing computer
programs to estimate the environmental impact of
normal operational and accidental releases of radioactive
material by the addition of a plotter routine that will
augment the tabular data output by a graphic output.

Further changes were made to the program G-FACTOR
to improve its versatility and to incorporate improved
input' data. The program was furthermore expanded to
facilitate calculation of site-specific magnitude-frequency
criteria in terms of nuclides other than radioiodine.
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Furthermore, the basis for the application of magnitude-
frequency criteria in cases where the physicochemical
form of nuclear-hazard material on site varies widely, was
studied in depth. The data base available to the Branch
on radiological aspects of the processing of nuclear-
hazard material was expanded considerably.

Significant progress has been made in the preparation
and review of guide documents which are constantly
being developed to assist potential licensees in their
understanding of licensing requirements. Guide
documents on the preliminary requirements of the
Licensing Branch to establish safety criteria for the
particular nuclear installation under consideration and
on the licensing of operators and senior operators for
nuclear power plant, were finalised and issued. The guide
document on the medical control of nuclear-licensed site
personnel, originally issued in December 1977, was
reviewed. Additional draft guide documents on
monitoring, evaluating and recording of radioactive
waste discharges from nuclear installations, on require-
ments for the transportation of nuclear-hazard material,
on requirements for emergency procedures, on require-
ments for testing and commissioning, and on require-
ments for minimum qualification, experience and train-
ing required by personnel for the staffing of a nuclear
power station in the Republic of South Africa, were in
various stages of preparation or review before issue.

Koeberg
Seismic studies were continued with particular reference
to dynamic plant behaviour and the effect of surface
waves. Studies were commenced to compare the
behaviour of a 'conventional' foundation and contain-
ment with that of Koeberg.

Assessment work proceeded on the integrity of the
containment; design studies indicated that, following an
earthquake somewhat larger than the design basis, the
containment would not suffer significant damage.

Mathematical models and computer programs are being
developed to determine the degree of containment
damage under accident conditions such as primary
circuit rupture and fuel failure, and to quantify any
subsequent release of radioactivity.
All the engineered safety systems have been identified
and their functional capability established. Preliminary
probabilities of failure have been defined, and by
examination of a range of accident sequences approxi-
mately thirty sequences requiring extensive further
examination have been established.

Studies were conducted with regard to the maintenance
of the integrity of essential cooling-water supplies. The
implications of the Three Mile Island accident were
studied as related to the Koeberg design.
At the site major civil engineering work continued on the
essential service-water pumphouse, the fuel building, the
nuclear auxiliary building and both containment
building's, in addition to the non-nuclear turbine and
generator structures. Good progress was also made
regarding fabrication in France of primary-circuit
components prior to their anticipated delivery to the site
early in 1980. ESCOM's quality assurance activities on
site have been monitored on a day-to-day basis by the

Licensing Branch resident staff, consisting of two
inspectors. In addition, Licensing Branch officers have
ensured that the quality of equipment being manufactured
in France and elsewhere in the world has been maintained
at the high standard required.
The radiological protection aspects of the Koeberg
project have been under constant review in two distinct
areas, viz. the design and equipment of the plant and the
operational health-physics considerations. The health-
physics organisation, its staffing and qualifications and
training of personnel were also considered. The evalua-
tion of the Koeberg shielding design was continued with
the assistance of a consultant.
In-depth consideration was given to the type and scope of
information that will have to be submitted in the Koeberg
Intermediate Safety Report.

UCOR
Licensing activities continued in connection with the
further commissioning of the UCOR Pilot Enrichment
Plant at Valindaba. Several amendments to the relevant
licences were agreed to and studies of additional sub-
missions relating to licence variations have continued. An
application has been received for a nuclear-site licence to
cover the extension to the pilot uranium-enrichment
plant at UCOR and an intensive study of the associated
documents was commenced.
Licensing Branch inspectors established that operation
of the licensed premises has been undertaken in
compliance with licence requirements.

Nuclear ship Otto Hahn
Following the decision of her German owners not to
replace the depleted reactor core, the vessel was taken
out of service at the end of 1978 and is to be
decommissioned. Accordingly no further visits were
made to South Africa during 1979.

Information systems
The Branch's information handling system, using
Miracode data logging and retrieval equipment, has
continued to expand to accommodate the increasing
volume of licensing-project information which is received.
Records of nuclear-hazard material continued to be
compiled in the National System for Accounting for and
Control of Nuclear Materials. During the year members
of the Branch's staff attended an IAEA workshop
seminar on nuclear materials accounting, reporting and
control with special reference to national systems.

Generic activities
In August 1979 a two-week course entitled 'Safety and
Reliability Assessment' was held by the Licensing
Branch, primarily for the benefit of organisations involved
in safety analysis of nuclear installations. This course is
now a regular event and increasing interest is being
shown in it by both the nuclear industry and other
industries.
Research on further development of techniques for
measurement and evaluation of risk has continued.
Negotiations took place in Vienna, aimed at continuing
formal cooperation with the Joint IAEA/IIASA Project
on Risk Research.
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A firm grounding is being established for understanding
the generic problems of human reliability, and progress
has been made in assessing the contribution to failure
probability of errors made during manufacture. Work
within the Branch on fracture has continued and
centred mainly around prediction of catastrophic failure
due to brittle fracture. The Branch also participated in
the ASTM Crack Arrest study.

Staffing, training and use of consultants
To supplement the work of the Branch in monitoring the

quality of safety-related components being manufac-
tured in Europe, use has been made of consultants in this
area. In addition, consultancy and external advice were
used in defining the significance of plate-out of iodine on
metal surfaces in the event of an accident, for seismic
analyses and in assessing the reliability of electrical
supplies.

Further use of consultancy is envisaged as a temporary
means of partially overcoming the problem of the high
workload and the continuing manpower shortage.
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ADMINISTRATION

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

Meetings of the Board ar.d its Committees
The Board met three times, and its Executive Committee
once, during the year, while its various committees met
20 times.

Prospecting for source material and
regulatory control
During the year the Minister of Mines, in accordance with
Section 5 of the Atomic Energy Act, 1967, approved 48
applications to prospect for source material.

In accordance with Section 8 of the Act,
(a) 776 authorities (new and amended) to possess and

to use, to import and to export radionuclides, were
issued, while

:(b) certificates of recognition for the safe use of
radioactive material were issued to 51 industrial
radiographers and 2 medical practitioners.
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Three companies were prosecuted for contravention of
the Board's control measures, while two further cases are
being investigated.

As a result of unavoidable circumstances it was not
possible to promulgate the revised Conditions in
Connection with the Possession, Acquisition and
Disposal, Use and Conveyance of Radioactive Nuclides
in the Government Gazette. It is expected that these
Conditions will be promulgated in 1980.

Inventions and patents
No new inventions were patented. Forty-eight applica-
tions for patents under Section 21 of the Atomic Energy
Act were submitted to the AEB for evaluation.

Legal matters
The Atomic Energy Amendment Act, 1979, came into
effect on 11 May 1979. These amendments provide for
the recovery of losses and damage suffered by the Atomic
Energy Board. The Amendment Act stipulates who is
responsible for reporting such damage and losses on
behalf of the Board, the manner in which such losses and
damage are to be recovered, and the authority, duties and
powers of the Board and its pertinent accounting officer.

Finance
The financial statements were
comment by the Auditor-General.

approved without

Personnel
The turnover of staff reflected a slight increase in
comparison with the previous year. Despite two overseas
recruiting campaigns, besides on-going recruiting efforts
in the Republic, the Board was unable to recruit, in
particular, trained engineers and technicians who are
urgently required.
Twenty six pre-graduate bursaries were awarded for
1979, bringing the grand total to 68. In addition, two
post-graduate bursars were still engaged in their studies.

The following Table shows that on 31 December 1979
there were 1 955 persons in the service of the AEB.

Administrative staff 60
Scientific staff 225
Technical staff 494
Experimental Officers 192
Micellaneous staff 649
Learner Technicians 201
Apprentices 134
Total 1 955

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

Auxiliary services
Security, transport, gardening, cafeteria, cleaning and
telephone services were maintained at a satisfactory level.
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LIST OF PUBLICATIONS BY
STAFF MEMBERS AND BURSARS*
OF THE BOARD
*The names of staff members and bursars of the Board
appear in bold type throughout.

I. PELINDABA REPORTS
CKI-Jtir.. .Jensen van Rensburg, E. Die effek san -T-metieldiasobenseen gainmastiale op

die si>nimvlak van deok-inbonuklease II van die rot en die isola-ie van
deoksuibomiklea.se II van mensmilt. Jan 1979. 40 p. ISBN 0 869(50 68:1 2.

1'KI. -'66 Dal ton, J.H. The effects of neutron radiation on some South African-produced
:it)0 seiies aiisienttic stainless steels Oct 1978. 101 p. ISBN 0 86960 684 0.

PHI. 267 Jakob, W.R.O.; Murphy. (J.C ; Smit, M.C.B. Comparison of-total and cold-
I'Xtractabk' uranium in -triMm sediments of the southwestern Karoo Supergroup,
South Aincii. Jan 1979 21 p. ISBN 0 8(5960 687 5.

PKL-i(»K : Corner, B.; Toens, P.D.; Richards. D.J.; Van As. I).; VIeggaar, CM. The
Pelindaba facilitv for calibrating ladiometric field instruments. Apr 1979. 2H p.
ISBN 0 869(50 68!) 1

PEL _l6l> Toens, P.D.; On-thuyren. E.J.:-Jacob. R.E.; Brits, R.J.N.; Hambleton-Joncs, B.B.;
Smit, M.C.B. A mineralogical. pen.logical and geochemical study ofasuiteof rocks
from the Damani Orogemc Belt. South West Africa. -Jim 1979. 31 p
ISBN (I 8(59(50 (593 X.

PEL-270 : Prinsloo, L.; Goodwin, B ; De Jesus, A.S.M. Environmental radioactivity at the
National Nudcai Research Centre. Pelindaba: Report foi the year 1978. .lul 1979.
1-1 p. JSBNl>8(v>(5<)699 9

PKH-2ii : Wright, R.S. The prediction of concentration profile* for a NIMCIX column
absoibing uranium from aqueous solution. Mav 1979. 16 p. ISBN 0 H6960 6S8 :t.

PER-.17 • Levin, M. rraniiim occurrences in t he GordnniaandKurumauDislncl.s: Aieporton
the fieldwork conducted during June 1978. Nov 1978. 24 p. ISBN 0 8(59611 685 9.

PER W Schnautz.X.G.; Thompson, J.C. Radiation polymerization oftetrafluoroelhylene in
freon-22 Feb 1979 HI p. ISBN 0 8(5960 68(5 7.

I'KR-'til . Piani, C.S.B. The effect- of thermal-neutron irradiation on platinum and dilute
platinum-gold alloys. Dec 1978. .18 p. ISBN 0 86960 (i90 5.

PER -4d : Van derSpuy.E. The natur.illy confined quark solutions of a I undamenlal equation
o. motion. Ju'n 1979 54 p ISBN 0 869(50 692 1.

PER 41 Schnaut/.N.G.; Thompson, J.C. Radiation polymerisation of tetrafluoroethylene
infreo:iILv J'd 1979 8 p. ISBN 0 86960 694 8.'

PER-12 " Le Roux. J.P. Classification of palaeoriver tvpes in the Karoo and their significance
with tegard to uranium mineralisation Jun 1979. 5p. ISBN 0 86960 695 6.

PI'R 4-1 : Dormehl, I.C Repoi on nuclear medicine and radiobiology resi'aich in Europe
Jul 1979. 13 p. ISBN ') 86960 (598 0.

II. PUBLICATIONS
Adrian, H.W.W.; Van Tets, A. Neutron diffraction study of bislhvdioxylamidolbis-

(hvdiosvlamine)dioxouranii:m^'I)dihvdrate./lc((jCn-s'«"'W'-'Sf''"' '* H979H-. :i.")p. 15 . -

Aspeling, J.; Go-ele. I'.: Piani, 'I'.S.B. The recovery between :)<> K and 400 K of coppei
all.ived with gold after thernnl neutron irradiation.'Radial. Eff I1978| v. :)S p 175 -189.

Aspeling, J,; Piani, C.S.B. The recovery of Ag and the formation of mixed dumbbells in
Ag alloyed with Ati after thermal neutron inadiation./'/iy.v/,c«. A 119791 v 71Al4)p.:i6:i —

Bain, C.A.R. Repori on radioactive tiacer dispersion test inSaldanha Bav.Sl'NI report no 54
Jun 197H.

Bain, C.A.R.; Hani-. T.F W. Coastal water movement study. Sl'NI teport no. (i. Jan 1978.
Barnard, E.; Mingay, D.W.; Reitmann, D.; White, J. The eneigylevelsof • "7Agand ''"'Ag

tioin the in.n'y) leaction, International conference on neutron physics anil nuclear data foi
rea< tnrs nnd other applied purpose-. Harwell. Sep 1978.

Hasson. J.K. Rash- physics of natural r<idioactivil>. Training course on radiomct ric prospecting
techiuijiies. Pclindaha. Mav 1979

Bnsson, J.K. Die nil van die gesondheidsfi-ikus in die hekamping van luggedrae radio
aktiwiU'itsgevaie Clean Air J. (Oct 1979) v. 5 p. 41-4(5.

Kit—on, H A.: Beyers, M.; Thomas, A.C. A radiation-chemical approach to the evahi'ition of
l he pos-ible toxicity of in adiated fruits. Part 1. The effect ol protection by carbohydrates.
Fond C hem H979)v.4p. \'.\\ —142.

Beyers, C.J.E. Quantification of human error in man-machine s> stems Course on safety and
reliability a-si's-mcnl, Pietoiia. Jul 1979.

Beyers. M.; Thomas. A.C. y irradiation of subtropical fruits. 4: Changes in certain nutrients
pie-ent in mangoes, papayas, and litchis during canning, freezing, and y irradiation. J Afiric
FnndChem. (1979) v. 27(11 p. 48-51.

Beyers, M.; Thomas, A.C.; Van Tonder. A.J. y irradiation of subtropical fruits 1:
Compositional tables of mango, papa.va. strawberry, and litchi fruits at the edible-ripe stage.
•J Agm FoodCh-m 119791 v 27(11 p. .'17-42.

Boydell, D.W. L'lamum-pioduclion forecasting: the simulation of a South African goldmine.
IAEA ad visoiy group meeting on the evaluation of uranium resources, Rome. Nov/Dec 1976.
Vienna. IAEA. 1979

Bovdell. D.W.: Lixen. P.A.: Bosch. D.W.. Craig. W.M. The new uranium recover. <ircuit at
'BlvvooruiUichl VIM (Can Mm Metal! I Hull. (19791 v 72(HO5)V 127—134.

Bfits. K.J.N. A nniMne inethrnl lor the determination of the ~tA\ 7-'isC ratio in natural water.
(Viiw (ien! (19791 v. 25 p. :i47 -tt.VI.

Rrodrick, H.T. Methods for fungicicjal control of fnut diseases ol avocado. Metfmtls for
evaluating plant fungividv\ m'mativides and bavtvrividvn Am. Phytopathnl, Sot1., 1978.

It rod rick, H.T. Methods for fungicidal control of anthiacnose and other diseases of mango.
Methods for evaluating plant fungicides, ntmaticidvs and bactvrividct<. Am Phytopathol.
Soc.1978

Brown, 1. A CAM AC microprocessor-based single loop controller. Renl-timc data "79 Betlin,
Oct 1979.

Brown, K.T. Nuclear pow er today and U>nv»mw. Energy Emtrtin (1979) v. 5(41 ji. 11,15.17 —
18.

Churchill, A.R. Ptobability and statistics. Course mi safety and reliability assessment.
Pretoria. .lul 1979.

Churchill,-A.R. Techniques for risk and hazard analysis. Course on safety and reliability
assessment. Pretoria. Jill 1979

Corner, B. Quantitative gamma scintillomi'try mid spectromelry in uranium exploration.
Training cnur e on radiometric prospecting techniques. Pelindnba. May 1979.

Corner, B.: Toers, P.D. Hommg-in on
Corner, B.; Toens, P.D. rranium exploration- reaching foi

Cold Ba*v Mmvr. South Afr l-lun 19791 v 27<li> p ti.V 6

i. ,Vui7 .4c/ (Jan 19791 p. 3:t-:i<>
. standaids in the field. Coal.
1 -72. 75.

Cresswell, A. The staffing, organisation and training fora nuclear pnwer plant project. Cour-e
on safety and reliability assessment, Pretoria. Jul 1979.

De Jesus, A.S.M.; Goodwin, B.L. Measurements of liquid drop dynamic- in a liquid medium
bv nuclear technique. Inl J Appl Radtat hnt (1978) v. 29 p. 6-15 — 6(8

De Jesus, A.S.M.; Van der Berg. G.W.J. Delermination of low-hoion concentrations in
vmtoils matrices with a neutron source Radiochem Radumnal. Lett. 11978) v.36i2/3l
p. 183-192.

De Villiers. J.A.M.; Hay/en, A.J.; O'Mahony, J.K.; Roberts, D.E.; Sherwell, D.
Toknloshe: the South African Tokamak. .S' Afr J Sri (Api 1979) v. 75 p. Ion—157.

DD Wet, W.J. Routing pests with radiation. Nucl A(t (Jan 1979) p. 20—21.
De Wet, W.J.; lar.sen, A.A.; Van Niekerk, W.C.A. Ionic conduction in glasses and molten

salts: condi'. 'i.m-Ioss and mnlar-voliime effects. S Afr J. Chcm. (197KI v. :iU3) p. 85—90.
Du Plessis, T.A. The place of radiation processing in polymer technology Plant S. Afr

(Apr 1978) v. 7 p 19. 21. 23, 31.
Du Plessis, T.A. Industrial processing with radiation. IRERvvuc 7'yc/s (1978) v. :ti41 p. 22—29.
Du Plessis, T. A.; DeHollain.G. Electron-beam curing of coatings.,J. Oil ColourChem ,4.ssw

11979) v. (52 p. 239—245.
Kls. J.M.: Thomas, A.C.; De Villiers. W.M.; Matthee. J.J. The lethal effect of gamma radiation

on Lasinderma scrricorne iF.I Phytophylactica 11978) v. 10141 p. 127 — 128.

Engelbrecht, C.A. Supernovas en die stabiliteil van sterre. Thirteenth annual seminar on
theoretical physics. Pretoria. Jul 1978.

Evans, T. Safety principles in design, construction and operation — operational procedures.
Course on safety and reliability assessment. Pretoria. Jul 1979.

Falkson. H.C.; VanderWatt, J. J.; Portugal. M.A.: Schoeman. H.S.: Falkson.G. Role of plasma
Ciircinoemhryonic antigen in evaluating patients with breast cancer treated with adjuvant
chemotherapy. Cancer Treatment Rep (19791 v. 6:118) p. i:U)3 — 1309.

Franklyn, C.B.; Hofmeyer, C; Mingay, D.W. Angular correlation of neutrons from thermal-
neutron fission of '- UV. Phys Lett. H (1978) v. 78B(5) p. 564—567.

Fianz. R C ; Ziady. F.; Coetzee. W.J.C.: Hugo.N. A possible causal relationship between
defective fibiinoly-is and pulmonary hypertension. 5. Afr Mvd.J (1979) v. 5515) p. 170—

Gertenbach, W.P. A hierarchical organisation of real-time multicomputer process-control
systems. Real-time data "79. Berlin. Oct 1979

Geyer, H.B. Modelberekeninge vir drie deeltjies buite 'n geslole skil met behulp van
(Ireenfunksies en die Dyson-hosonuitbreiding. Fourteenth annual seminar on theoretical
physics, Golden (late. Jul 1979.

Geyer, H.B.; Geldenhuvs. J. Spindigtheid-sgolwe in chroom en chroomallooie. Thirteenth
annual seminar on theoretical physics. Pretoria. Jul 1978.

Gih-mi. W.M: Maniyama. M.: Hashimoto. Y.: Kanter. E.P.: Temmei. G M.: Keddy. R.J.
Mingay, D.W.; Sell-chop. .J.P. F. Application of the crystal blocking technique to the studv
of the highlv exciled nucleur continuum. Nuct Phyv.. A (1979) v. A317(2.31 p. 313—334*.

(rosele. t*.: Aspeling, J. Dose dependence of impurity detrappmg stages in in-adiated metals. J
Nucl Mater. (1978) v. 7:i(ll p. 118 —120.

(Irobbelaar. ''.J.: Du Plessis, T.A. Radiation in the joints. Nucl Art (Jan 1979) p. 2—4.
Haag, D.E. Micrographics ami libraries. IMC Journal ,1979) v. 2(7) p. 26—28.
Haag, D.E. Oorsig om- fotokopieerders. S Afr Libr (1979) v. 46 p. 137—143.
Hahne. F.J.W. Boson expansion-. Fourteenth annual seminar on theoretical piiv-ics. Golden

Gate. Jul 1979.
llahne, F.J.W. Propagators for elementary excitations Thirteenth annual seminar on

theoretical physics. Pretoria. Jul 1978.
Hahne, F.J.W.; Gever, H.B. Propagation bv pairing excitations in open shells.-/ Phvs.fP(trn>t

Lett (1978) %. :1H p. L-179-481.
Hamb let on- Jones, B.B.; Jakob, W.R.O.; Smit, M.C.B. Geochenncal techniques for the

prospecting (ifuranium rue deposits, Training course on radiometric prospecting techniques,
Pelindaba. Mav 1979.

llambleton-Jones, B.B.; Smit, M.C.B. Principles of radon emunometry. Training course on
ladiometric prospecting techniques. Pelindabfi. May 1979.

Hambleton-Jones, B.B.; Jakob, W.R.O,; Smit, M.C.B. I'ranium geochemistry and its
lelalionship to in aniumexplorat ion. Trainingcour.se on radiometric prospecting techniques.
Pelindaba. May 1979.

Hanke-s, L.V.: De Bruin, E.J.j Jansen, C.R.; Schmaeler. M. Influence of vitamin and amino
acid supplements on tryptophan-kynurenine metabolism tn South African Bantu. Acta
Vitamin Emymol (19781 v. 32 p. 176—187.

Henning, J.J. Energie- en entropieheginsels in plasmastabiliteitsteorie. Fourteenth annual
seminar on theoretical physics, Golden Gate. Jill 1979.

Henning, J.J.; Lemmer, R.H. Lokale termodmamiese ewewig en straling.stransport.
Thirteenth annual seminar on theoretical physics, Pretoria. Jul 1978.

Hofmeyr, C; Mayer, R.M.; Tillwick, D.L. The -mall-angle neutron scattering facilitv at the
SAKARI-1 reactor..J Appl Vtyslalhgr. (1979) v. 12 p. 192 — 2110.

Human. G.P.; Dormehl, l.C. Die flikkergrnfiesc diagnose van isgemiese hartsiektes.
Gvnceskuwle 11979) v. 27(7) p. 1 i:i-]lfi

James, H.E.; Boydell, D.W.; Simonsen, II.A. South African uranium industry plans for
expansion. Nucl. Eng. Int (19781 v. 23(278} p 42—45.

Jones, D. deG. Summary of safety principles in design, const met ion and operation. Course on
safety and reliability assessment. Pretoria. Jul 1979.

Kruger, J.; Leuschner, A.H. A compniative assessment of the behavioi
counters for aerosols. Atmos. Envinm. (978) v. 12 p. 2011 -2<li:i.

r of optical particle
;i.

Langford, E.L. What isa PWR"'Course cm safet\ and reliability assessment. Pretoria. Jul 1979.
Leaver, J . Quality a-surance. Course on safety and tehability assessment, Pretoria..lul 1979.
Lourens, P.E. Supernovas en hullo liguitstrnling Thirteenth annual seminar on theoretical

physics. Pretoria. Jul 1978.
Lourens, P.E. Die Vlasov model van klein-amplitude golwe in 'n plasma in ii eenvonnige

magneetveld. Fourteenth annual seminar on theoretical physic-. Golden (lute. Jul 1979.
Marriott, D.L. Interpretation of failure data. Course on safety and reliability assessment.

Pretoria. Jul 1979.
Marriott, D.L. Risk and hazard analysis. Course nn safety and reliability assessment, Pretoria,

.ltd 1979.
Marriott, D.L. Sources of failure-rate data. Course on safety and reliability assessment.

Pretoria. Jul 1979
Marriott, D.L. Synthesis of reliability. Course on safety nnd reliability assessment. Pretoria.

Jul 1979.
Meyer, B.R.; Peisach..«].; Kotze. W.A.G. Analysis of sound and pitted apple fruit by protmi-

induced X-ray speclrometry. .Sri. Hnrtic. (1979) v. 1(1. p. 57.
Milne. L; B rod rick, H.T. See no weevil. Nucl Act. (Jan 1979) p. 18-1!).
Mingay, D.W. Measurement of the absolute total cross section for the reaction • l.i(d.

low energies. S Afr J. Phys 11979) v. 213) p. 107 — 112.
d.p)sLi at
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iini
. D.W.; Barnard, E. Reduction <if the Hremsstrahlung background in the proton-
cd X-ray emission analysis of insulating samples. Nucl. Instmm Methods (978) v. 157

i 7 : 4 4 '
Muller-Hchulte, D. Application of differential scanning cnlorimetry to the characterization of

hiocht'iiiK-iil compounds Part I. Some iimino acid-s and model peptides. S. Afr. J. Chem.
<Ii»7tfi v. :ut:it p. 77-SU

Muller-Schulte, D. Application of calorimelry to the characterization of biochemical
compounds. Part N. Studies of insulin and cross-linked insulin. S Afr. J. Chem 11978) v.
:i!UI p. l : t l -M3.

National svmposium on fond irradiation, Pretoria. Oct 1979. (Abstracts only). Pelindaba,
Pii'toria- Atomic Energy Board. 1979. ISBN 0 86960 70(1 6.

Newbv-Fraser, A.R. Chain reaction: twenty years of nuclear research and development in
South Africa. IMindaba. Pretoria: Atomic Energy Board. 1979. ISBN 0 86960 697 2.

Norden, C.E.; Van As, D. A technique for generating indium aerosols for atmospheric tracer
studies. J Aerasnl Sci. (197S1I v. 10 p. 299-307.

O'Neill. P.: Steenken. S.: Van derLinde, H.; Schulte-Frohlinde, D. Reaction of OH radicals
ivtfh nitmphenols in aqueous solution. Radial. Phys Chem. 11978) v. 1211/2) p. 13—17.

Parish, II.G.F.S. Elementary concepts of reliability and practical assessment of automatic
protective s> stems. Course on safety and reliability assessment, Pretoria. 4ul 1979.

Parish, II.G.F.S. Introduction to basic reliability analysis of automatic protective systems.
Course on safety and reliability assessment. Pretoria. Jul 1979.

Parish, II.G.F.S. Reliiilitltt.vfinalysr.-. of complex systems — Outline probabilistic analysis of
the SCHAM function for an APS. Course on safety and reliability assessment. Pretoria. Jul
1979.

Parish, H.G.F.S. Reliability analysis — the response of electronic equipment used in
nuKniKitir protective systems. Course on safety and reliability assessment. Pretoria. Jul
1979.

Parker, C. ("Htk-ulitv aspect*, of enrichment ami recovery plant.1!. Course on safetv and
reliability Hssessnu-nt. Pretoria. Jul 1379.

Hetiuf. D.H.: Turkstrn. •!.; Cleat on -Jones. P.E. Biddlecombe, F. The mineral composition of
i-numel from two South African population groups../ Dent.Assoc S Afr (Oct 1979) v. 34(10)
p. :i77 — n8U.

Seegeis. J.C: Pitout, M.J.; Kempff, P.O. DNA repnir in primary monkey kidney cells after
r-xpoMire to aflaioxin Hl and sterigmntocysf in. S. Afr. J Sci. Man 1979) v. 75 p. 21—24.

Sherwell, I).; ("aims. R.A. A model for precursor structure in supercritical perpendicular,
collisionless shock waves. -/ Plasma Phys (1078) v. 20(pl 2) p. 265—279.

Simpson, D.M. Dispersion calculations. Course on safety and reliability assessment. Pretoria.
Jul 1II7H

Sniit«.f..I.A.; \f<\er. M.A.: Reinecki*. .I.V.I..; Reitmann, D. A studv of the 22Xe<p,y>2;i.\a
rtw-tionirmi'energ\n'gioiiEn=l.lto2.0\1eV.<Vur//l/7Vs/l(l979)v.A.iil8(l.2)p. Ill —
124. '

Smith, S.W.; Snyman, G.C.; Shor(, R.C. Radioisotope method for the on-line determination
of cy.iniile concentrations in .slurries. Int. J Appl Radiat. Isnt (1979) v. HO p. 718—719.

Smyth, J.G. Safety principles in the design of a nuclear reactor. Course on safety and reliability
assessment. Pretoria. Jul 1979.

Steyn, W.M.; De Wet, W.J. Application of the ion exchange properties of glass in the study of
molten salt solutions S. Afr J. Chem (19791 v. 31(4) p. 117—119.

Sykes, D.A. The biological effects of radiation. Course on safety and reliability assessment.
Pretoria. Jul 1979.

Sykes, D.A. Failure case studies — nuclear incidents. Course on safety and reliability
assessment. Pretoria, Jul 1979.

TattersalI,J.O. The dcilnition of "safe". Course on safetvandrelif'-ility assessment. Pretoria,
Jul 1979.

TatlersaJJ, J.O. The need for control and the statutory requirements. Course on safety and
reliability assessment. Pretoria, Jui 1979.

Taylor, F. Event trees, fault trees and probability. Course on safety and reliability assessment,
Pretoria. Jul 1979.

Taylor, F. Safety assessment — hazard analysis. Course on safety and reliability assessment,
Pretoria. Jul 1979.

Thomas, A.C. Preserving food with radiation. Farmer's Wkly. (19 Jul 1978) p. 22— 23, 25.
Thomas, A.C.j Beyers, M. y irradiation of subtropical fruits. 3: A comparison of the chemical

changes occurring during normal ripening of mangoes and papayas with changes produced
by y irradiation. J. Agric Food Chem. (1979) v. 27|1) p. 157—163.

Toens, P.D. Uranium supply and demand — a brief historical review. Training course on
radiometric prospecting techniques. Pelindaba, May 1979.

Torline, P.; Schnautz, N. A rapid method of surface modification of glass capillary columns. J.
High Resolution Chrom. and Chrom Comm. (Dec 1978) v. 6 p. 301.

Van der Merwe, P. du T. Non-linear physics. Thirteenth annual seminar on theoretical
physics. Pretoria. Jul 978.

Van der Merwe, P. du T. Plase-locked solutions. Lett. At Nuovo Cim. (1979) v. 25(3)
p. M— 96.

Van der Merwe, P. du T. Two-print function of nonlinear spinor theory. Phys. Rev., D (1979)
v. 19(G)p. 1746-1756.

Van der Spuy, E. Natural quark field confinement. Fourteenth annual seminar on theoretical
physics. Golden Gate. Jul 1979.

Van der Westhji/en. M.j Easton-Groves. J. Binding the dust. Nucl Act (Jul 1979)
p. 23—28.

Viljoen, J. du P.; Lemmer, R.H. Die invloed van spinflukluasies op spin-fonon-wisselwerkings
in 'n ferromagr.etiese kristal. Fourteenth annual seminar on theoretical physics. Golden
Gate. Jul 1979.

Winkler, B.C. Normal operational releases of radioactivity. Course on safety and reliability-
assessment. Pretoria. Jul 1979.

Winkler, B.C. Quantification of safety standards. Course on safety and reliability-assessment,
Pretoria. Jul 1979.

Winkler, B.C. Requirements for demonstrating compliance with safety standards. Course on
safely and reliability assessment, Pretoria. Jul 1979.
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COMMITTEES OF THE BOARD
DURING 1979

The Board expresses its very sincere appreciation to all
members of its Committees, especially those repre-
senting other bodies and organisations, for their valuable
contribution to the work and progress of the Committees
throughout the year.

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

Dr W.J. de Wet
Mr D.C. Farquharson
Dr P. Haupt
Dr P.R. le Roux
Dr P.G. Marais
Dr W.R. McMurray
Prof. J.P.F. Sellschop
Dr L.H. Stein
Dr J.S. Steyn
Dr P.N. Swanepoel
Mr J.O. Tattersall
Dr D. van As
Dr J.J. van der Watt
Mr H.J. van der Westhuizen
Dr J.N. van Niekerk
Dr J.P.A. Venter
Mr J. Walmsley

LIFE SCIENCES COMMITTEE
Chairman Prof. T. Fichardt

(Prof. J. Metz)
Vice-Chairman Dr J.J. van der Watt
Members Prof. J.D. Anderson

Dr J.K. Basson
Prof. T.H. Bothwell
Dr W.J. de Wet
Dr M. Iturralde
Prof. B.C. Jansen
Prof. L.M. Jonck
Dr P.R. le Roux
Dr P.G. Marais
Prof. C.J.B. Muller
Prof. J.V.O. Reid
Prof. A.G. Sandison
Prof. S.J. Saunders
Mr A. Selzer
Prof. I.W. Simscn
Dr G.I. van Rooyen
Prof. Nancy van Schaik

MARKETING COMMITTEE
Chairman Mr T.L. Gibbs
Members Mr J.S.D. Botha

Mr H.E. James
Mr J.G. Kirchner
Mr O.J. Legrange
Mr N. Orsmond
Mr N.R. Shutt
Dr. P.D. Toens
Mr J.M. van Riet Lowe
Mr C.F.G. von Hirschberg
Mr R.E. Worroll

NUCLEAR
PATENTS COMMITTEE
Chairman
Members

Dr J.P. Hugo
Dr R.P. Colborn
Dr J.W.L. de Villiers
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Adv. H.T.J. Naude
Dr N.P. Pienaar

RESEARCH GRANTS COMMITTEE
Chairman Dr J.W.L. de Villiers
Members Dr A.P. Burger

Dr J.K. Basson
Dr C.F. Garbers
Dr D.M. Joubert
Prof. C.J.H. Schutte
Prof. L. van Biljon
Dr J.J. van der Watt
Prof. I. van Heerden
Prof. P. Wedepohl
Prof. E.T. Woodbum

COMMITTEE ON URANIUM RESERVES
Chairman Dr P.D. Toens
Members Mr J. Berning

Dr D.W. Boydell
Mr A.C. Haasbroek
Mr H.E. James
Dr P.J. Pienaar

NUCLEAR SAFETY ADVISORY COMMITTEE
Chairman
Members

Mr S.L. Craib
Mr G.P. Croeser
Mr M.T. de Waal
Mr M. du Toit
Prof. F.G. Heymann
Mr L.D. Hobbs
Dr J.F. Kemp
Mr H.B. Malan
Prof. J.B. Martin
Mr H.J. Matthysen
Mr J.H. Smith
Dr P.N. Swanepoel
Mr J.O. Tattersall
Mr R.F.J. Teichmann
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