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The Hon. the Minister of Mines
P.O. Box 745
CAPE TOWN
8000

Sir

I have pleasure in presenting to you the Twentieth Annual Report of the Atomic Energy Board. This report
covers the period 1st January 1976 to 31st December 1976.

Balance sheets and statements of income and expenditure for the financial year ended 31st March 1976,
certified by the Controller and Auditor General, are included.

Yours faithfully
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ÏA. RoéaT^q "
SIDENT
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REVIEW 1976

The awarding of the contract for South Africa's first
nuclear power station, Koeberg, to a consortium of
French companies by ESCOM on 5th August must be
regarded as the nuclear event of the year. The decision
to go ahead with the project in spite of prevailing
economic conditions at home and abroad, is a clear
indication of the confidence of the authorities in the
future of nuclear power in South Africa. It was also a
reassuring culmination of all the preliminary studies on
the Duynefontein environment, and a shot in the arm
for the AEB Licensing Branch which bears the
responsibility for evaluating the safety aspects of the
installation. Practical studies on reactor pressure-vessel
and primary-circuit integrity could also be carried out
with a new sense of purpose and urgency.

Work in the fields of uranium exploration, recovery and
processing continued to expand following the
spectacular rise in the demand for and price of uranium,
and the now realistic prospect of South Africa exporting
some of its uranium in enriched form during the next
decade. The search for additional deposits of uranium
and other nuclear materials and the development of new
and improved processes for their extraction continued
apace. The new continuous ion-exchange (CIX)
technique aroused widespread interest and was evaluated
by a number of gold-mining companies for new uranium
plants under consideration.

The new practical dimension in the demand for enriched
uranium underscored the need to promote and improve
the production of uranium hexafluoride. A UFß
distillation plant was designed with a view to purifying
UFg to meet stringent specifications. Work was also
done to improve uranium tetrafluoride production
technology, and to optimise the drying and calcining
conditions for locally produced ammonium diuranate.

The importance of rapid analytical techniques in
geological investigations was highlighted. There are many
instances where normal geological prospecting
techniques or air-radio metric surveys are impractical,
due to the nature of the terrain or the surface material
covering the area. Other practical techniques must
therefore be constantly developed and improved.
Neutron activation analysis was furthermore applied in
various projects on the role of trace elements in
nutritional diseases in man and animals, occupational
diseases, tooth decay and the occurrence of intestinal
cancer.

The use of radioactive isotopes again increased
significantly throughout the Republic. The average
number of locally produced monthly consignments rose
from two hundred in 1975 to 261 in 1976, excluding
non-radioactive chemical sets for technetium-99m
labeling. There are now 461 non-medical users, and 173
medical users of radioisotopes in South Africa.

In spite of the unfavourable economic climate, the
radiation-sterilisation service at Pelindaba showed a
slight growth as compared with the previous year. An
average of twelve tons of medical products were
irradiated each week. However, the wood-polymer
composite project, being carried out under contract to
the South African Lumber Millers Association, was
perforce drastically curtailed.

Experiments on subtropical fruit culminated in the
design and construction of a pilot plant for mango
irradiation at Tzaneen. Furthermore, information
derived from chemical analyses of mango, papaya,
strawberry and litchi pulp will soon be used to
supplement wholesomeness data on the International
Food Irradiation Project.

The routine but vitally important work of ensuring the
health and safety of all members of staff continued
apace. The first issue of a proposed annual report giving
technical information on health-physics development
work and operating experience was produced.

Numerous projects of a fundamental nature were
proceeded with. These projects covered the fields of
nuclear physics, theoretical physics, radiation chemistry,
kinetics, physical metallurgy and life sciences.

The SA FARM reactor continued to operate throughout
the year on the basis of twenty-four hours per day, five
days per week. Four major semi-permanent rigs also
continued to operate.

The development, updating and maintenance of
instrumentation at Pelindaba is a never-ending process.
With the accent on automation, the two test-level
minicomputer systems were further expanded. A
'Mini-Maxi Project', aimed at optimising the connection
of many minisytems to the Board's central computer,
was initiated, while the original objectives of the
on-going CAMAC (international interface standard)
project were finally achieved.

As always, strict control was exercised over the disposal
of solid and liquid radioactive waste. A total of almost
half a million cubic metres of effluent was discharged to
the Crocodile River in the course of the year. This
effluent contained an actual activity of only two
hundred and twenty-three millicuries which constitutes
less than 7 % of the total discharge activity permitted by
the Department of Water Affairs.

Engineering services again suffered as a result of a staff
shortage. However, many important tasks were
completed. In particular, several tarred roads were
constructed and the new Bus Sheds were taken into

The demand for computing time on the Board's IBM
370 computer continued to increase, the average number
of jobs per month being some 1 500 more than in the
previous year.

The President of the AEB once again led the South
African Delegation to the General Conference of the
International Atomic Energy Agency in Rio, Brazil, in
September. He also visited several countries during the
year. A number of scientists again journeyed abroad in
connection with the research program, while several
distinguished overseas visitors were received at
Pelindaba. Some 1 500 persons were received at
Pelindaba in the course of the year.

Information services on nuclear science and technology
continued to be rendered by the AEB Library which is
the national depository for literature in these fields. A
total of 2 493 new books and 1 142 volumes of bound
periodicals were added to the Library in the year under
review. The total bookstock is now 256 644.

The Nuclear Installations (Licensing and Security)
Amendment Act 1976 was promulgated on 30 June,
bringing with it improvements with regard to licensee
liability and a widening of the powers of the AEB
inspectors in respect of access to premises where parts of
a nuclear installation are being manufactured.

The five Administrative Divisions of the AEB continued
to provide a variety of services to both the AEB and
UCOR. On 31 December 1976, there were in all 1 732
persons in the service of the AEB, including trainee
technicians and apprentices.
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NUCLEAR MATERIALS Exploration
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The Atomic Energy Board is the hub of all activities in
South Africa which relate to the development of
resources of nuclear materials. The various facets of the
Nuclear Raw Materials Program involve five of the
Board's Divisions.

The Geology Division undertakes to establish the extent
and nature of the resources, working in collaboration
with the Nuclear Raw Materials Branch of the Geological
Survey and with mining companies active in the Held of
exploration.

The Extraction Metallurgy Division is responsible for the
development of processes for the extraction of uranium,
zirconium and other nuclear raw materials from ores.
This work is done in collaboration with the Nuclear
Fuels Corporation of South Africa (NUFCOR) and
individual mining groups and companies. The Division is
also involved in economic feasibility studies for new
uranium plants, and collaborates with the Geology
Division in estimating South Africa's exploitable reserves
and future production capability of these materials.
Located at the National Institute for Metallurgy (N1M)
in Randburg, Transvaal, the Division makes grateful use
of NIM staff and specialised equipment belonging to
NIM.

A Process Metallurgy Division was established at
Pelindaba in 1976. Its main task is the development of
the technology necessary for the conversion of uranium
concentrates produced by the mines, to a form suitable
for enrichment by the Uranium Enrichment Corporation
of South Africa (UCOR). The Division also has a
collaborative program with NUFCOR for the conversion
of ammonium diuranate (produced by various mines) to
uranium trioxide suitable for uranium tetrafluoride
production.

The Physical Metallurgy Division is responsible for the
development of methods for the manufacture of new
and improved nuclear fuels, including the study of their
properties and behaviour under irradiation. The Division
also concerns itself with the irradiation behaviour of
constructional materials used in the nuclear industry.

The Board's Chemistry Division undertakes the
development of 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.

Computer calculation of uranium reserves

South Africa was represented on the IAEA Advisory
Group Meeting on the Evaluation of Uranium Resources,
held in Rome in December. A Working Group, chaired
by a South African, was established to make
recommendations to the Agency on the format and
content of a manual entitled 'Evaluation of Uranium
Deposits'. Other Working Groups considered the future
activities of the Agency in respect of uranium resources,
and of standards for reporting uranium resources.

Exploration for uranium continued apace during the
year under review, with the major effort being confined
to strata of the Karoo Supergroup, as well as to granitic
rocks and surficial deposits.

During 1976 some 32 companies had ministerial
permission to prospect for uranium. The total amount
spent on exploration operations is not yet to hand but is
expected to exceed the R6 million estimated for 1975.

In the central Karoo of the Cape Province, the
presence of a large number of relatively small
occurrences in flat dipping uraniferous beds has been
established. In spite of the fact that the deposits are
scattered over a wide area and the resources have thus
far proved limited, sufficient encouragement has been
derived to justify' the continuation of the exploration
effort. Feasibility studies are currently being carried out
in certain areas and the AEB is keeping a close watch on
the situation in the Karoo through its branch office at
Beaufort West.

A number of rather ill-defined areas containing uranium
in Precambrian leucogranites and Tertiary calcareous
surficial deposits have also been established. A number
of these deposits show some promise and are being
intensively prospected. Detailed feasibility studies are
currently being carried out on at least one large
low-grade deposit.

Radiometrie logging

Routine radio metric borehole logging has proved to be
effective both in distinguishing between various
lithologies and as a. uranium-exploration technique,
making possible the accurate in situ determination of
uranium grade.

Radiometrie logging surveys were conducted on
numerous primary and secondary uranium occurrences
in order to determine with what accuracy the true
uranium grade could be predicted from the gamma logs,
especially in view of the often severe secular
disequilibrium conditions. Sedimentary primary granitic
and secondary calcrete/gypcrete-type deposits were
investigated. The results show that by calibrating logging
instruments at Pelindaba and conducting brief
orientation logging surveys, the uranium grade can be
rapidly predicted radiometrically with an accuracy
better than 10 % — in most cases as good as 5 %.

When one takes into account that literally tons of core
and chip samples are rrrn.aüy sent to Johannesburg by
prospecting companies for laboratory analysis for
uranium, the great savings in time and cost are obvious.

Reprocessing of airborne radiometric and
magnetic data

Recent studies on the correlation of magnetic and
radiometric anomalies have revealed that the magnetic
method can be used not only as a mapping tool in areas



covered by surficial deposits, but also for the direct
location of primary uranium target areas. AH the known
occurrences of primary uranium mineralisation) in the
late to post-tectonic leucogranitic rocks, are hallmarked
by certain negative magnetic anomalies of semi-regional
extent. These anomalies are exclusively associated with
doming or anticlinal folding of rocks. The presence of
titanomagnetites within the anomalous zones led to the
belief that the anomalies are due to the phenomenon of
self-reversal of the magnetic minerals rather than to
polar wander.

The economic implications of this relationship are
extensive in that the magnetic anomalies provide
exploration targets in areas covered by surficial deposits
of sand, calcrete and gypcrete, which blanket any
radiometric anomalies. Research work by the AEB in
this regard, including palaeomagnetic studies, will
continue in 1977; although the results will be published
at a later date, it is felt that this information may be of
immediate value in the search for uranium deposits.

Standards for the calibration of -scintillation
counters

As a result of the intensification of the exploration
effort for uranium in the southern Karoo, and the
success of the installation of uranium-, thorium- and
potassium-caiibration standards at Felindaba, a similar
uranium-standard facility has been built at Beaufort
West.

A large increase was evident this year in the use by the
mining industry of the Pelindaba standards which make
possible the accurate calibration, in terms of uranium,
thorium and potassium, of surface and borehole
scintillometer responses.

Occurrence of other nuclear materials

The final report was completed on a number of large
mineralised pegmatites which, over the past two decades,
have been the producers of Nb, Ta, Bi, Li and Be
minerals. The pegmatites were intruded some 1 000
million years ago into a poorly mineralised (Cu and Ni
s u l p h i d e s ) body of roughly concentric
peridotite-gabbroid intrusions emplaced along a major
zone of dislocation. Four out of fourteen exploration
boreholes completed in the complex were mineralised
over maximum thicknesses of about 50 m, at depths
between 100 and 200 m below the surface. Average
values for nickel and copper varied from 0,21 to 0,58 %,
and from 0,30 to 0,50 %, respectively.

Extraction of uranium from ores

The economic feasibility of expanding South Africa's
uranium-production capacity continues to be strongly
dependent on the development of new or improved
uranium-extraction processes. During the past year the
major component of the work of the AEB in this field
was again aimed at the production of uranium as a
by-product of gold-mining activity. However, increasing
attention was given to the evaluation of techniques tor
the exploitation of very low-grade ores that would have
to be mined primarily for uranium. In assessing the
production potential of these sources of uranium, the
choice of a metallurgical process most suited to the size
and configuration of a deposit has been found to be
dependent on an intimate knowledge of the resource and
the mineralogical characteristics of the ore, and an
appreciation of the infrastructure and services available
at the place where the deposit occurs.

Continuous ion exchange for uranium recovery

The continuous ion-exchange (CIX) technique developed
for uranium applications under a joint collaborative
program between the AEB, NIM and NUFCOR, has
aroused widespread interest and is being evaluated by a
number of gold-mining companies who are considering
new uranium plants. The CIX demonstration plant at
Blyvooruitzicht Gold Mine continued to operate
successfully as a routine production unit throughout the
year. Two brands of strong-base resin were tested, and
sufficient confidence in the design and scale-up of the
CIX system was gained for the technique to be included
for the first time in a full-size production plant. This
plant, to be erected at Blyvooruitzicht, will include two
CIX units in parallel, each consisting of a loading column
with a diameter of 4,25 m and an elution column with a
diameter of 2,00 m. A strong-base resin and elution with
sulphuric acid .will be used, and the eluate will be fed to
the existing solvent-extraction circuit.

Improved methods for solid-liquid separation
The new uranium plant at Blyvooruitzicht will be the
first in South Africa to incorporate countercurrent
decantation (CCD) washing in thickeners after leaching,
in place of the expensive rotary-drum filters and
clarifiers conventionally used when the pregnant
solution is passed directly to solvent extraction (Purlex
Process). This has been made possible because the CIX
system described above is capable of treating completer;
unclarified feed solutions. Cost studies are in progress to
evaluate whether further benefits might arise from the
use of alternative mean; of solid-liquid separation; for
example, hydrocyciones (CCH) in conjunction with CIX
units capable of treating dilute slimes containing up to
10 mass % solids. Preliminary indications are that the
capital cost of a CCH plant will be less than that for a
CCD plant, but that this cost advantage might be offset
by the fact that the CIX plant for the CCH-CIX circuit
will be more expensive than for the CCD-CIX circuit. No
definite conclusions are, however, possible until more
detailed studies have been completed.

Uranium hexafluoride production

The UFg Pilot Plant, commissioned in 1975, functioned
according to plan, and several modifications and
improvements were incorporated into it.
The results obtained from the operation of the Plant
provide a valuable contribution to the AEB's knowledge
of UF6 conversion technology, and such knowledge is
being progressively applied to the conceptual design of a
future commercial-scale conversion plant.

UF6 distillation pilot plant

This project involves die design, construction and
commissioning of a distillation pilot plant capable of
purifying UFß to meet stringent specifications. The UF6
feed material is manufactured at the UFg Pilot Plant
from uranium concentrates originating from South
African Purlex Plants, and therefore generally contains
molybdenum in concentrations in excess of the
requirements of the specifications.

The design of the distillation pilot plant has reached an
advanced stage and the manufacture of major items of
equipment is well in hand. The plant should be
commissioned during January 1977.

UF4-production technology

A program was initiated to improve the production
technology of UF4. The accurate determination of the
properties of the various feed, intermediate and product
materials is an essential prerequisite.
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Most of the equipment was selected, ordered, received
and installed in the new Process Metallurgy Building.
A high-speed single-point nitrogen-adsorption
surface-area analyser was purchased. Trial measurements
on available material gave a UF4 surface area of
1,5 m2/g and a UO3 surface area of 33 m^/g.
Experiments on the effect of crushing UO3 pellets
revealed that there was no change in the specific surface
area of particles as small as 1,0 mm in diameter resulting
from the crushing.
After much detailed investigation, a mercury-penetration
porosimeter was purchased. A test on UO3 pellets gave a
pore volume of 0,3 cm^/g in the pore diameter range
0,009 to 0,3 ¡lm.
A therm obalance was installed on which drying,
calcining and reduction tests were performed. The
hydrogen fluoride (HF) supply system usrs electrically
traced PTFE tubing to maintain a temperature of 80 °C,
and a mass flow meter for the measurement of the HF
flow rate.
The original quartz furnaces proved not able to
withstand attack by HF and an Inconel furnace was
therefore designed. This furnace incorporates a sealing
technique capable of withstanding HF at elevated
temperatures.
A study indicated that it was possible to perform
reduction and hydrofluorination of UO3 on the
thermobalance.
A complete static reactor and condenser capable of
performing reduction and hydrofluorination tests on
samples of approximately 4 kg was completed; test work
is currently in progress.

Fluorine-production technology

Fluorine-cell technology appears to have made very little
progress over the last ten years and there is considerable
scope for improvement.
Current fluorine cells have a power efficiency of the
order of 27 %, which represents an energy loss of
2,1 MWh/t U per annum. Fluorine-cell anodes, consisting
of carbon, are at present imported. The feasibility of
local production of carbon anodes and the preparation
of specifications for possible local manufacture are to be
investigated.
The electrolyte used in the fluorine cell is also subject to
improvement. The solubility of a uranium compound in
an improved electrolyte and the direct evolution c c UFß
will be investigated. An electroplating plant required for
the project was commissioned.

Production
standards

of high-purity U3O8 and UF4

The provision of suitable uranium oxide and
tetrafluoride standards is essential if quality control of
the UFß Pilot Plant is to be effective. In the past the
uranium oxide standard has been made by a
solvent-extraction technique using manually shaken
separating funnels for each stage. This is an extremely
tedious process which is also prone to severe
contamination.

The project employs a laboratory-scale mixer/settler unit
for the extraction of uranium from uranyl nitrate
solution by tributyl phosphate. The organic phase is
stripped using hot distilled water, and the resulting
purified uranium solution is treated to produce the
required standards. The treatment of the purified
uranium solution involves precipitation, calcination,
reduction and hydrofluorination operations, and these
unit processes are being studied.

Between April and June of the year under review, 10 kg
of high-purity uranium was produced.

Drying and calcining of ADU

This project is a collaborative undertaking with
NUFCOR. The object is to establish the optimum drying
and calcining conditions for South African-produced
ADU, and to provide a suitable feed material for the
static reactor. It involved the design, construction and
commissioning of a pilot plant to dry and calcine ADU
at a rate of approximately 10 kg/h. The project is being
undertaken at the NUFCOR Works.

Fuel development

Fuel manufacture is an important component of the
nuclear fuel cycle. The Physical Metallurgy Division
continued its investigations into certain aspects of the
manufacture and properties (including behaviour under
irradiation) of fuels belonging to the U—C—S system.
Sodium-bonded compatibility studies between stainless
steels and a wide range of high-sulphur fuels in the
UC-US—UC2 system produced no sign of any
embrittlement of the cladding or microscopic interaction
with the cladding materials after 300 h at 700 °C. This
was found to be rather surprising as the fuels used even
included one composition consisting of 81 mol % US +
12 mol % UC + 7 mol % free carbon. It does therefore
appear that the carbon activity in these high-sulphur
UCS fuels is sharply reduced by the addition of large
amounts of sulphur, an observation which is in contrast
with previous work where it was shown that the addition
of small amounts of sulphur to UC fuels does not reduce
the carburising potential of the fuel towards the
sodium-bonded cladding.
A method for the preparation of a solid solution of
composition 78,6 mol % US + 21,4 mol % UC, was
published; it could conceivably be used on a large scale.
A preliminary compatibility test has shown that this
solid solution possesses exceptional compatibility with
stainless steels; in view of this finding it has been decided
to investigate further the properties of this material with
a view to its possible development as a nuclear fuel. The
investigation is already under way. It includes the
detailed investigation of the method of synthesis of the
material with special reference to attaining a low oxygen
content, more extensive compatibility studies with
stainless steels, preparation of dense and of porous
pellets, determination of the chemical properties of the
pellets, determination of the physical properties,
including creep strength, of the pellets, and irradiation
behaviour at low burnups. The results of these
investigations should enable a preliminary assessment of
the value of the solid solution as a potential nuclear fuel
to be made.

A new method for producing a potential nuclear fuel
very rich in US was tested, with encouraging results. The
chemistry of the process is complicated by side
reactions, but basically it consists of reacting UC with
ZnS according to the equation UC + ZnS 900of US + C
+ Znt, the Zn being removed by evaporation.
The mixture of US + C is then mixed with the
stoichiometr" amount of ZnO and fired slowly to
1 700 °C under vacuum. The ZnO reacts with the
carbon to give CO, the released Zn evaporating.
Theoretically, pure US should be obtained but, as with
many reactions in the U— C—S system, this reaction does
not appear to go to completion. However, the evidence
indicates that it should be possible to prepare materials
containing more than 96 % US.

An investigation of the UC2—US system showed that, at
1 450 °C UC2 is soluble to a large extent in US. To a
lesser extent, US is soluble in the tetragonal UC2 phase.
A miscibility gap occurs which covers at least the 20 to
50 mol % US range. The project was completed.

>«=*..
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Studies revealed that the solubilities of UC2 in US and
of US in UC2 are likely to be modified by the presence
of UC. As such conditions may arise in the study of
possible nuclear fuels in the U—C—S system, it was
decided to carry out a systematic investigation of this
system at temperatures of 1 450 and 1 900 °C. The
work was almost completed and the results will be
submitted for publication early in 1977.

Reliable methods were found for producing crystalline
preparations of the anhydrous salt UO2(NH2O)2, its
trihydrate, tetrahydrate and deuterated modifications.
In addition 0. preparation of the dihydrate was obtained.

Using single crystals, structural analysis was carried out
with X-ray and neutron-diffraction techniques. The
anionic ligands are stabilised by chelate-type complex
bonds to the uranium (VI) atoms, forming triangular
UON rings. Unusual hydrogen bonding occurs in these
compounds, influencing the bonds in the uranyl group.
This was confirmed by vibrational analysis of the
stretching frequencies by means of Raman and infrared
spectroscopie techniques.

The thermal stability of these compounds was also
investigated. Their stoichiometric composition was
checked thermogravimetrically by conversion to U3O8.
Evidence for non-stoichiometric deviations in
composition was not found for these uranium salts.

Irradiation behaviour of fuel and constructional
materials

The behaviour of nuclear fuels and constructional
materials subjected to irradiation, is of the greatest
importance in any nuclear power program.

The manufacture of capsules to study the in-pile
compatibility of stainless steel and UC fuel in a sodium
environment was completed. The capsules will be loaded
and installed in a Chouca-? irradiation rig early in 1977.
Further tensile testing of control specimens of stainless
steel proceeded at a slow rate, but a new locally designed
and constructed testing machine has now become
available and will speed up these tests considerably.

The shielded tensile-test facility for testing irradiated
specimens of local stainless steels was completed and
commissioned. Testing of all non-irradiated control
specimens for the specimens irradiated to date was
completed. Metallography of control specimens was
continued and extensive data on these were
accumulated. Preparations for the irradiation of two
further Chouca-O rigs in SAFARI-1 were held back until
after the shielded testing facility was commissioned.

The study of fission gas release from nuclear fuels
progressed as follows:

— The active and non-active sections of the gas
purification system were assembled. Some modifications
to the circuit were found necessary and some
components failed to accomplish their specified
operating conditions and have been replaced. Tests on
the circuit are continuing.

— Problems have been encountered with the local
manufacture of induction coils for the HF5
induction-heated irradiation rig. While awaiting further
information from the manufacturers of the rig, 'ocal
designs for these coils are being tried. Final design of the
ir/adiation capsule is dependent on the successful
m.uiufacture of the coils.
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— A new Nal crystal was ordered to improve the
sensitivity of the specific surface-measurement
apparatus. This was received late in the year and further
work in this field was resumed.

Production of nuclear-grade zirconium metal

The initial stage of a collaborative program between the
AEB, NIM and an industrial company was undertaken
on the application of a novel pyrometallurgical route for
the production of commercial-grade and nuclear-grade
zirconium. The first step in the process, which has been
patented by the AEB, involves aluminothermic
reduction to produce a zirconium-aluminium alloy. This
step in the process was made possible by the
development of a technique involving the use of rammed
alumina crucibles and induction heating. The feasibility
of the second step, involving the conversion of this alloy
to zirconium of high purity by electron-beam refining, is
being investigated. The technique of aluminothermic
reduction has also been applied to the production of
titanium-aluminium alloys of various stoichiometric
ratios.

Analytical methods

A unit for the determination of small quantities of
uranium by means of measuring delayed neutrons was
taken into service. To date, 8 600 samples have already
been analysed by this method and the demand for the
service is increasing rapidly. Furthermore, a chemical
separation method was developed which makes it
possible to quantitatively adsorb uranium from water
onto an ion-exchanger resin for analysis. This method is
relatively simple and two persons can prepare some 300
samples weekly. By using a sample of 250 ml,
concentrations as low as 0,5 fig U/l (or 1 g U in 2 000 t
water) can be detected.

Attention was given to various analytical techniques
which can be used to detect areas where the likelihood
of finding uranium deposits is relatively great. These
techniques are particularly important in areas where soil
cover makes the application of normal geological
prospecting techniques or air-radiometric surveys
impractical. The determination of uranium, radon and
helium in underground water received special attention,
but other geochemical approaches were also investigated.

Neutron activation analysis is also being applied in
various projects on the role of trace elements in
nutritional diseases in man and animals, occupational
diseases, tooth decay, the occurrence of intestinal cancer
and other biological investigations. A shortage of trained
personnel resulted in many interesting investigations
being omitted. Efforts continued to improve facilities
such as counting apparatus and sample changers, and
computer programs which are necessary for the
processing of resulte.

Activation analysis and other sensitive analytical
techniques are frequently limited by a shortage of
suitable primary standards. An earnest effort has been
made to prepare the necessary reference material in a
suitable form. Results thus far obtained appear very
promising, particularly as far as the homogeneity of the
material is concerned.

After many attempts, success was finally achieved in
improving the focussing of the spark-source mass
spectrometer to such an extent that it can now be used
for analytical work. Experience to date shows that the
alterations to the instrument were fully justified.



NUCLEAR POWER

Conclusion of the contract between the Electricity
Supply Commission (ESCOM) and a consortium of
French Companies for the construction of two
922 MW(e) pressurised-water reactors represented a
major milestone for nuclear power in the Republic. The
nuclear-power program for the generation of electricity
is ESCOM's direct responsibility, and the AEB is
associated with such projects only in limited fields such
as licensing, safeguards, environmental studies and the
fuel cycle. The AEB also concerns itself with more
fundamental work, mainly on materials for
contemporary or advanced reactor types.

Economic studies

The immediate-delivery price of uranium concentrates in
the USA, having increased by 133 % in 1975, continued
on an upward trend, but at a lower rate, during 1976.
Uranium for delivery under older long-term contracts
remained relatively inexpensive, but in many cases prices
were renegotiated. Higher uranium prices tend to alter
economic optimum enrichment-plant operation in such a
way as to reduce uranium demand but increase
separative-work demand. There is some doubt as to
whether there will be sufficient worldwide enrichment
capacity available to allow operation under optimum
conditions in the medium term. The recycling of spent
uranium and plutonium in current commercial reactors
is likely to be delayed as compared with previous
predictions, as a result of various factors. The potential
uranium and separative-work savings resulting from
recycling will accrue later than expected, and prospects
for the uranium and enrichment services industries are
therefore promising.

Fuel costs make up a relatively small proportion of total
nuclear generating costs, and nuclear power has
remained economically competitive in many parts of the
world despite uranium price increases. Several countries
entered into nuclear power programs for the first time
during 1976, while others expanded their programs and
some /narked time or reduced their plans. The reasons
for diJays and deferrals remained finance shortages,
reductions in demand predictions as a result of
conservation and electricity price rises, and regulatory
delays. Nuclear plants in operation showed substantial
savings in comparison with fossil-fuelled plants in the
great majority of cases, in addition to foreign-exchange
savings for oil-importing countries.

Le sal fuel manufacture

A preliminary investigation into the establishment of a
nuclear-fuel fabrication facility to supply the Koeberg
and any future ESCOM reactors was conducted. Such a
facility, together with the proposed UCOR enrichment
plant, would provide for the whole 'front-end' of the
nuclear fuel cycle being carried out domestically. Initial
negotiations and economic assessment have been
completed.

Reactor pressure-vessel and primary-circuit
integrity

ESCOM was assisted mainly with the evaluation of
quality-assurance specifications from the Koeberg
tenderers and the drawing up of ESCOM's
quality-assurance schedules for Koeberg's construction.

The possibility of studying fracture mechanics of
reactor-grade pressure-vessel steels a', the AEB Physical
Metallurgy Division was investigated. While existing
tensile-test equipment can be utilised for producing and
studying crack propagation, additional equipment would
be required for uack initiation. The feasibility of
manufacturing this equipment on the Site is being
investigated.

Sodium studies

The problems experienced in achieving sufficiently low
oxygen concentrations in the sodium-corrosion
apparatus prompted the introduction of sealed capsules
containing the 3Z1 specimens and ¡odium purified to the
required concentration of oxygen. The capsules were
loaded in the argon glove-box lii.j of the Fuel
Development Subdivision, and were seal-welded before
removal from the glove boxes. They were then placed in
a furnace to maintain them at a specified temperature
for a specified time.

In contrast to the results obtained in the
sodium-corrosion apparatus, no appreciable mass
increase of the 3Z1 specimens was observed in the initial
series of capsule tests. On the assumption that the 16 ml
of sodium used in these capsules did not represent a
sufficient source of oxygen for appreciable corrosion, a
new series of capsules, each of which contains 250 ml of
sodium, is now being processed.

The amount of attention required by other high-priority
tasks again retarded progress on the mass-transfer studies
in sodium.

Duynefcntein environmental studies

A shortcoming in the determination of the consequences
of radioactive releases on the environment is the lack of
knowledge of the actual distribution and dilution which
take place in the ocean and in the atmosphere under
various weather conditions. Thus far, use has for the
most part been made of calculated figures, but a great
deal of attention is at present being given to the
measurement of water circulation in the immediate
vicinity of Duynefontein, and the experimental
determination of dilution factors. Techniques such as
airborne radiothermometry, aerial photography of dyes,
and radar observation of drogues, are used in the study
of tidal and sea-current movements.

Similar studies in the atmosphere, which will include
wind movements, dilution and fallout measurements up
to distances of 50 km from Duynefontein, are being
planned and will be carried out in collaboration with the
National Program for Environmental Sciences. It is
proposed to observe the wind sphere continuously over
large areas with the aid of telemctric weather stations,
while upper-air data will be gathered by means of
radio-sondes. Aerosol and gas tracers are also being used
to determine actual dilutions.

'&'•/•



APPLICATION OF RADIOISOTOPES AND
RADIATION

The AEB is active in encouraging the use of
radioisotopes and radiation in specific applications in
industrial, medical, agricultural and research techniques.
The Isotopes and Radiation Division and the Chemistry
Division are directly involved in the promotion of these
techniques. The work is carried out in close
collaboration with the NIM, Industry, Government
Departments, Universities and other organisations.

Application and promotion of nuclear
techniques

A method whereby I11CI3 dissolved in alcohol can be
vaporised and burned at 1 000 °C, in order to release
submicron-size In2O3 particles, was developed for
atmospheric dilution studies. The behaviour and
sampling of this tracer in air was investigated and
compared with another standard tracer, viz. ZnCdS, in
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collaboration with the Department of Chemical
Engineering of the University of Natal, as part of the
mesometeorological study of Richards Bay and its
environment. Good comparisons in the atmosphere in
dilution values between these two tracers were achieved
up to distances of 8 km. With the aid of neutron
activation it was shown that indium is admirably suitable
inasmuch as it can be determined at very low levels.

In the study of chemical processes invol-ing exchanges
between immiscible liquids, it is sometimes relevant to
determine the duration of the pause of liquid drops at
the liquid/liquid interface, immediately before
coalescence takes place. A nuclear method which
permits the measurement of pre-coalescence times
shorter than 0,1 s, has therefore been developed. It has
been established that the same method can also be used
in the continuous monitoring of individual drops (or
particles) falling through a liquid. In the case of
particle-velocity monitoring, the minimum particle size
depends only on the maximum quantity of a suitable
radioactive tracer which can be incorporated in such a
particle.
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A testing rig for the determination of the abrasivity of
toothpastes, being designed by the SABS, works on the
principle of determining the amount of 32p liberated
from neutron-irradiated teeth during the brushing
process. The.AEB will be responsible for the design and
setting up of the nuclear counting system.

In the course of the year under review, there was once
again a large demand for tracer experiments in industry,
particularly in respect of electric furnaces used in the
manufacture of ferrochrome and ferromanganese. A
total of 55 experiments, of which 44 were done on the
ferrochrome furnaces of one firm, were completed.
Activated ore samples, as well as l ^ O j ^ Were used as
tracers. The information obtained from this work is
being used in an effort to better understand the process
so that process and production control can be improved.

Three tracer experiments were carried out with 4 2 K on a
blast furnace at a steel factory, with a view to gaining
more information on the behaviour of natural potassium
in the furnace.

The flow rate of cooling water in three different
air-conditioning installations was measured with the aid
of 24Na.

The effective volumes of two leaching tanks at a
uranium mine were determined by using l™La as tracer.

Investigative work is at present being carried out with a
view to performing tracer tests on a pilot plant for the
hydrogenation of coal, and on ion-exchange columns
used for uranium recovery.

Radiation technology

In view of the fact that the activities of the Radiation
Technology Subdivision are closely tied-in with the
promotion and introduction of new techniques in the
private sector, the unfavourable economic climate of the
past year unfortunately also left its mark on the
radiation-technology activities; the growth was not
always as great as projected. Under the circumstances,
the continuing interest of local industry in the use of
radiation techniques can be regarded as very
encouraging.

The radiation-sterilisation service at Pelindaba did show
a slight growth, even though this growth was
considerably less than had been expected.

Negotiations with various large manufacturers of
disposable medical equipment are at present under way
and there is every reason to hope that the throughput
will begin to show a strong upward trend in the near
future. An average of twelve tons of medical products
are irradiated each week at Pelindaba 'or some thirty
firms.

The year saw extensive changes to the conveyor system
outside the irradiation cell in order to effect greater
automation and mechanisation. These changes appeared
very successful and the plant is at present operated with
three persons less than before the changes were made. A
radio-communication system whereby the operators are
automatically informed of an interruption in the
operation of the plant was also installed.

The short supply of visual radiation indicators suited to
local conditions led to research into the manufacture of
these indicators at Pelindaba. Even though this
investigation is aimed specifically at practice, the entire
subject was approached on a broad scale. This means
that both the basic and practical aspects of such
indicators are being researched. The investigation

progressed so well that a variety of radiation-sensitive
indicators were able to be manufactured in the
Irradiation Plant. It is hoped that South Africa will, in
the near future, no longer be dependent on overseas
sources for indicators of this nature.

The investigation into the radiation cross-linking of
high-density polyethelene for the improvement of
orthopaedic prostheses was successfully completed, and
the methods developed at I'cJndaba for this purpose are
now being used on a continuing basis to improve
prostheses. Considerable overseas' interest has been
shown in this cross-linking process.

An investigation into the possible use of bags made of
polyethylene polyester films for the radiation
sterilisation of pyrogen-free water for injections is at
present under way. The use of this material to replace
the present fragile glass ampoules holds great possibilities
and preliminary results appear very promising.

In collaboration with the Engineering Services and
Instrumentation Divisions, a cobalt-60 irradiator was
designed and manufactured and then delivered to the
Research Institute for Citrus and Subtropical Fruit at
Nelspruit. This irradiator is the largest irradiation unit
manufactured at Pelindaba to date, and is the largest of
its kind in South Africa — excluding the irradiators at
Pelindaba itself.

In collaboration with Atomic Energy of Canada Ltd
(AECL), good progress was made with the design of an
irradiator which will be suitable for use in the radiation
disinfestation of measles-infested beef.

The Radiation Technology Subdivision is further
responsible for the loading of the radioactive cobalt-60
in the pilot plant for fruit irradiation being erected at
Tzaneen.

Research into the improvement of wool with the aid of
radiation techniques was continued in earnest. The lack
of information on the nature of the fundamental
processes which play a role in the radiation bonding of
vinyl monomers onto natural fibres meant that it was
necessary to begin with a thorough examination of the
basic processes that take place. This was necessary as a
basis for further research of a more applied nature.

The difficult economic circumstances left its mark
particularly in the sphere of wood-polymer composites,
seeing that research in this field takes place for the most
part on a contract basis for the private sector.

Contract research being done on behalf of the SA
Lumber Millers Association was drastically curtailed.
Only the first portion of the contract, namely, the
manufacture of 80 m2 of polymer wood for the
Magistrate's Offices in Pretoria North, was completed.

Attention was also given to a variety of possible
applications of polymer wood, including its use in
cooling towers, in mills in the explosives industry, and in
surveying equipment.

An investigation of a more fundamental nature was
carried out into the partial impregnation of pine wood;
promising results with regard to the physical properties
and the economy of this material were obtained.

Fundamental investigations into the polymerisation and
copolymerisation of a variety of monomers were
continued. Particular attention was given to the
radiation polymerisation of tetrafluoroethylene (TFE).
On the one hand, the laboratory-scale synthesis of the
monomer was successfully achieved, while, on the other
hand, research into the kinetic aspects of the radiation
polymerisation of this monomer in both the pure form
and in solution progressed well. 11
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An investigation into the radiation copolymerisation of
ethyl vinyl ether with dibutyl maléate was successfully
completed, and further research into the adhesive
properties of this copolymer is at present being carried
out

Research on the polymerisation and copolymerisation of
vinylene carbonate with the aid of radiation initiation
was successfully completed, and the radiation
telomerisation of this monomer is at present being
studied in a variety of chain-transfer media.

Radiation applications in agriculture

Great encouragement for the local food-irradiation
program was provided by the recommendation of
'unconditional' approval made by a joint
WHO/FAO/IAEA Expert Committee in September in
respect of five irradiated food commodities, viz.
potatoes, wheat, chickens, papayas and strawberries.
Three other items, viz. rice, fish and onions, were
recommended for 'provisional' approval, and mushrooms
were referred to a later evaluation.

As a culmination of several years of experiment? with
subtropical fruit at the AEB, a pilot plant for nango
irradiation (sited in the production area at the
Cooperative paclchouse in Tzaneen) is scheduled for
completion and commissioning during January J.977.
The South African health authorities have issued a
clearance for a quantity up to 50 t of irradiated mangoes
to be marketed. This will enable sufficient quantities of
irradiated fruit to be available for both product and
process evaluation under commercial conditions.

Experiments with mangoes are continuing with the
emphasis on more detailed information regarding the
various post-harvest problems. At doses well below the
recommended 0,73 kGy (75 krad), weevil emergence
was prevented almost entirely in treated fibreless
mangoes. Studies with fungi in culture confirmed the
results obtained in practice where effective disease
control was obtained with heat treatment followed by
0,75 kGy. Irradiating spores of Colletotrichum sp (at
0,75 kGy) in the presence of nitrogen gas resulted in a
threefold reduction in effectiveness compared with that
in oxygen or in the control treatment. In practice, the
use of nitrogen during irradiation cannot be
contemplated, especially where an effective control of
fungal pathogens is desired. In semi-commercial trials it
was shown that fruits kept at the accepted shipping
temperature of 10 — 11 °C were* highly prone to soft
brown rot infections, while elevation of the temperature
by only 2 °C resulted in a noticeable reduction in the
disease. Optimal ripening temperatures were shown to be
between 18 and 21 °C, and not at 24/25 °C as
previously supposed.

Investigations on papayas and strawberries have given
excellent results; irradiation treatment (0,75 — 2 kGy),
in combination with heat treatment, achieves excellent
fungal control. In the case of papayas, delayed
senescence due to irradiation was virtually as important
as disease control in extending the shelf life of the fruit.

Work on both avocados and citrus is continuing and,
although not as promising as in the case of mangoes and
papayas (due principally to the phytotoxic effects
resulting from irradiation), this method does appear to
have an application limited to certain periods in the
season and to certain cultivars.

Chemical analyses of mango, papaya, strawberry and
litchi pulp are practically completed. This information
will be used to supplement wholesomeness data on the
International Food Irradiation Project.
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The examination of heat versus irradiation damage in
papayas, mangoes and litchis, showed that irradiation
causes very little, if any, degradation of the nutrients in
these fruits, wharcas heating has a profound effect.

The ripening studies on irradiated papayas and mangoes
completed to date exhibit no significant difference in
the ripening pattern of the fruits, even up to radiation
doses of 2 kGy.

Irradiation of potatoes to prevent greening has given
some promising results which are to be followed up on a
semi-commercial scale.

Initial work on the radiation sensitivity of the chemical
constituents of the mango showed that only some of the
minor components are more radiation-sensitive than
glucose.

Experiments on poultry irradiation clearly show that the
incidence of Salmonella contamination on the carcasses
was reduced from ~ 40 % in the untreated control to nil
in the 3 and 5 kGy treatments. It was also demonstrated
that where chickens were stored at room temperature
for one day before being irradiated, the shelf-life
extension was reduced by half as compared with that
where irradiation was applied to chilled chickens within
24 h.

A large proportion of the work included in the Program
is being undertaken by other organisations. These
projects include the irradiation of oranges, apples and
tobacco for disinfestation prior to export, the
application of the sterile-male technique, the
deactivation of parasites in meat, and the reduction by
means of irradiation of yeast and fungal spoilage in
several types of fruit juices.

Studies were continued in an effort to determine the
various components of the waterbalance of a growing
plant, using radioactive isotopes. Various extensive
experiments were carried out to investigate the soil
moisture distribution pattern resulting from a
drip-irrigation system. The soil moisture content of a
block of soil in which drip-irrigation was simulated, was
determined at short intervals with the aid of gamma
attenuation. Experiments with various feed rates and
evaporation rates were carried out and each time a
different distribution pattern was obtained. At present,
plants are planted in the block of soil and efforts are
being made to investigate the influence of transpiration
on the pattern. Experiments aimed at determining the
soil moisture content of the uppermost layer by means
of gamma attenuation with minimum prior calibration
were successfully continued under real field conditions.
Only one sample in which the soil moisture is
determined on a mass basis, is necessary for calibration.
In practice, the sample consists of the soil which is
removed when the hole for the inlet pipe is drilled. A
formula was derived according to which the soil density,
and thus also the soil moisture, can be calculated on a
volume basis.

Advice, instruments and radioactive isotopes were
supplied to the Department of Entomology of the
University of Pretoria which is using them in
experiments to establish the population of a colony of
ants.

Diagnostic investigations

A total of 58 diagnostic investigations were carried out
on the Board's whole-body counter, in collaboration
with the Radioisotopes Department of the H.F.
Verwoerd Hospital. A total of 425 counts were done on
patients, and 65 on biological samples.



Regulatory control

A further rapid increase in the use of radioactive
material wat experienced during the year under review.
A characteristic of the increasing use was that it not only
represented an increase in the number of individual
usen, but included the addition by existing users of new
instruments, and techniques with radioactive material, to
their existing uses.

Visits of inspection were paid to users of radioactive
material in the following areas: Western Cape, Natal,
Orange Free State, Northern Cape, Pretoria and the
Witwatersrand. In addition, special visits were also paid
to East London, Fort Elizabeth, Nelspruit, Durban and
Newcastle, where it was necessary to make special
investigations of the facilities of new users. Adherence to
the AEB requirements for the safe use of radioactive
material is wholely satisfactory.

At the end of 1976 there were 461 non-medical users of
radioisotopes in South Africa. Of these, 375 were
industries, 60 scientific and educational organisations,
12 Government Departments and 14 local authorities.
These figures do not include the exempted use of
antistatic brushes, smoke detectors and luminous signs.

Seven hospitals have a general authority to possess and
use radioactive materials, while three others are
authorised to administer such material to patients.
Fifteen pathology laboratories are authorised to use
radionuclides for in vitro diagnostic tests, while four
medical research institutes are authorised to use
radioactive material in research. In addition, there are
also 15 cobalt-60 teletherapy sources in use in the
Republic, of which 12 are in hospitals and three are used
by radiotherapists in private practice. Eleven general
practitioners are authorised to administer radioactive
material to patients.

Courses
In order to promote the safe use of radioactive material,
staff of the Board were once again of assistance in giving
a specialised course in industrial radiography and other
non-destructive testing techniques at the Pretoria College
for Advanced Technical Education in July and again in
November. They also assisted with a short course in the
safe handling of radioactive material presented at the
Witwatersrand College for Advanced Technical
Education in July.

Radioisotope production

The value of local radioisotope production was once
again confirmed by the contribution made during the
year with regard to the supply of radioisotopes for
industrial and medical use. A large number of products
which previously had to be imported are now
manufactured and marketed locally. The high quality of
the local products, regular technical liaison with the
consumer and reliable delivery, all played a decisive role
in establishing a market for the products.

The technetium-99m generator is still the most
important item produced by the Board for
nuclear-medical purposes. Ninety per cent of the
country's needs are now being provided for, as against
60 % in 1975. The increase can be ascribed to the
twice-weekly manufacture of 9 9 m j c generators (on
Tuesdays and Saturdays for use on the following
Wednesdays and Mondays). Generators which give a
minimum 99mTc activity of 200 tnCi on Mondays and
300 mCi on Wednesdays, are provided. The high quality
of this product is ensured thanks to strict overall quality
control.

Sterile, pyrogen-free chemical kits, which make it
possible for the consumer to prepare technetium-99m
tin pyrophosphate and technetium-99m sulphur colloid,
were developed for routine production and are being
successfully marketed. The two compounds are used for
bone and liver investigations, respectively. The sterile
pyrophosphate which is freeze-dried, and the sulphur
colloid kits, arc neatly packed in locally designed and
manufactured polystyrene containers.

The high quality of locally manufactured hippuran
(131i) is evidenced by its countrywide and successful
use. This product plays an important role in kidney
transplants and also in kidney investigations.

Krypton-85 is now regulaiiy sealed in thin-walled glass
containers and mounted in smoke detectors by th«. AEB
for underground use in mines. The success achieved thus
far has led to the possible extension of this system for
domestic use. For such use it will be necessary to
employ much lower activities and smaller source
containers. One or two practical problems are being
experienced in this regard.

Small cobalt-60 sources of between 10 and 100 mCi,
used for level measurements and control in industry, are
now being canned in titanium instead of aluminium
containers. For control purposes, these sources are now
furnished with series numbers and certificates.

The number of neutron irradiations in the SAFARI-1
reactor amounted to 861. Altogether 3 132
consignments of radioisotopes, with a total activity of
211112mCi, were despatched during the year. In
addition, 221 non-radioactive kits for technetium-99m
labeling were manufactured.

A variety of radioisotopes with a short half-life are being
manufactured in an unprocessed form for industrial
tracer purposes. Argon-41, with a half-life of 1,83 h, is a
good example of a radioisotope which cannot be
imported but which can be usefully employed, for
example, in the detection of leaks in gas lines and in the
calibration of instruments used for gas-flow
measurements.

The iodine-131 production process has to a large extent
been automated by the use of an electronic control
system in the dispensing stage. The control system was
designed and built by the AEB Instrumentation Division.

As a result of faults which from time to time arise with
the mechanisms of gamma-radiography cameras used for
radiographic purposes, the Isotope Production Centre
provides a service for removing the radioactive sources
from the cameras by means of remote control so that
the damaged mechanisms can be repaired. Fron ime to
time, old sources are replaced by new ones.

Plans for the proposed new Isotope Production Centre
are at an advanced stage and a quantity of equipment
has already been ordered from overseas.

Imports

Radioisotopes with a total activity of 20 069,431 a
were imported under the Board's authority by private
undertakings during 1976, as compared with
263 673,663 Ci in 1975.

Exports

Radionuclides totalling 2 537 mCi were exported during
1976. The nudides involved were bcryllium-7,
sodium-22, cadmium-109 and cerium-139; they were all
produced in the cyclotron of the Council for Scientific
and Industrial Research.
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HEALTH AND SAFETY
The health and safety of all members of staff of the AEB
are the concern of the Isotopes and Radiation Division
and the Medical Unit.

Routine medical examinations

The Medical Unit at Pelindaba sees to the medical
examinations and on-site care of staff of the AEB and
UCOR.
During the year, 1 168 newly appointed members of
staff and 26 who resigned were medically examined, and
344 were re-examined.
A total of 1 119 chest X-ray photographs were taken,
and 1 340 total blood-cell counts were carried out.
Five hundred and eleven injuries on duty were attended
to, while 1 198 audiograms were recorded.

Personnel dosimetry

The Isotopes and Radiation Division is responsible for
the monitoring of all radiation workers in the service of
the AEB.
AH radiation workers were provided with dosimeters
duiing the year. For Class A radiation workers, beta,
gamma and neutron film badges are used; these are
supplied by the Radiation Control Service of the South
African Bureau of Standards, while thermoluminescent
dosimeters (TLDs), which are evaluated at Pelindaba, are
issued to Class B radiation workers. These lastmentioned
dosimeters are also used as extremity dosimeters in
special instances.
With regard to beta-gamma exposure, a total of 262
persons were measured with SABS film badges, and 292
with AEB thermoluminescent dosimeters. None of those
measured had received a dose equivalent in excess of
5 000 mrem, while only nine had received a dose
equivalent in excess of 1 500 mrem.
One hundred and forty-one persons were measured for
neutron exposure. None of these had received a dose
equivalent in excess of 100 mrem.
Urine samples of staff involved in the handling of
uranium were taken monthly and analysed for uranium.
Because of the increase in the number of samples, these
analyses were done by the Chemical Operations Division
at Pelindaba as of April of the year under review. The
Chamber of Mines Physical Sciences Laboratory kindly
carried out the analyses up to March. A total of 1 455
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samples were analysed. In 1 098 of these, less than
10 mg/I of uranium was observable. Only 10 samples
revealed a concentration of more than 50 pig/1.

Health-physics examinations

Four hundred and five members of staff of the AEB and
UCOR underwent routine health-physics examinations
on the whole-body counter during the year. In seven of
these cases, internal radioactive contamination was
detected. The nuclides involved were 131l, 6 0 Co, 65Zn,
99Mo/ 9 9 mTc and *4 0La, but in no instance was the
measured activity higher than the maximum permissible
body burden.

Fifty-six cases of suspected internal contamination were
examined, including members of the Isotope Production
Unit who are examined on a monthly basis, and two
persons from an outside organisation. Contamination
was observed in all the cases but in no case was the
measured activity higher than the maximum permissible
body burden. The nuclides involved were 82j$r, 1311 a n d
99Mo/99mTc.

Safety and radiation protection

The Health Physics and Safety Subdivision of the
Isotopes and Radiation Division bears the responsibility
for ensuring the safety of all workers at Pelindaba.
Regular courses are given to the various categories of
workers and inspections are carried out regularly. Advice
on a wide variety of safety aspects war also provided
during the year under review. Surveys ai'ned at detecting
and, where necessary, eliminating radiation and
contamination hazards, were carried out in various
buildings.
Considerable attention was given tr, the implementation
of safety procedures in new buildings. Discussions
regarding possible causes of emergency situations in
buildings and the hoiuiiig of emergency practices were
held with building heads. A system was implemented
whereby outside contractors working at Pelindaba can
be incorporated into the Board's safety program and
safety advice be made available to them.
Specialised advice on, inter alia, shielding requirements
for hot cells and rabbit transport systems, ventilation
design and general safety planning, was provided in
respect of the proposed new Isotope Production Centre.
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On account of contamination levels in excess of
expectation in the UFg Pilot Plant, it became necessary
to classify the area on a more restrictive basis in order to
exercise better contamination control.
Iodine-131 was in several instances detected in the
thyroid glands of operators working in the existing
Isotope Production Centre. In one case, two persons
were taken off iodine work as a precautionary measure
for periods of three and six months respectively, on the
strength of conservative estimates of iodine uptake in
their thyroid glands.

The first issue of an envisaged annual report giving
technical information on health-physics development
work and operating experience, which will serve as a
source of reference for the future, was produced.

Training

Four introductory courses on safety and radiation
protection were given to new employees Quring the year.
The annual first-aid course was presented, and special
emergency-team training was provided. The training of
health-physics officers was continued. Regional meetings
of the National Occupational Safety Association
(NOSA) were attended regularly. By way of
representation on an ad hoc committee of the Institute
of Public Health, cooperation was effected with regard
to proposals for the training of Occupational Hygienists
on a national basis.

Casualties
Statistics of injuries and safety-related incidents were
again compiled. Altogether 359 were reported, of which
28 were disabling injuries. All the latter were reported to
NOSA.

Environmental studies
Releases of airborne radioactivity to the atmosphere
from stacks, and of liquid radioactivity to the Crocodile
River, were well controlled and are still but a small
fraction of the permissible amounts recommended by
the National Committee for Nuclear Technology and
Radiation which incorporates the former Committee for
Control over the Disposal of Radioactive Waste. They
were also well within the stipulations of the permit
issued by the Department of Water Affairs.

The most important exposure paths of persons in the
vicinity, viz. water and fish from the Hartbeespoort Dam
and milk from surrounding farms, were again monitored
regularly; no significant deviation from background
values was observed.

Meteorology
Meteorological data, including wind speed and wind
direction at various observation points and levels, as well
as the vertical temperature gradient, are gathered
continuously. Hourly averages are stored directly on
punched tape so that they can be processed, by
computer, into wind roses, • correlations between
temperature gradient and wind speed, and the
percentage occurrence of various dilution states in each
of eight direction sectors.
The original data form an important part of the planning
of steps to be taken in the event of emergencies.

Nuclear-bomb fallout
The termination of atmospheric tests of nuclear weapons
in the Southern Hemisphere has resulted in only the
long-lived fission products °°Sr and 137(]s being
observed in the environment. This radioactivity is
primarily the result of accumulated fallout from
previous test series, while small quantities introduced
into the stratosphere are slowly released to the
troposphere and can be detected in low concentrations
in air samples.

Tritium is still detected in air-vapour samples from Cape
Town and Pelindaba, reflecting for the most part the
contribution of tritium formed by cosmic radiation.

Trace elements and air pollution
Two analytical nuclear techniques used in this area of
work, viz. neutron activation and proton-induced X-ray
fluorescence, were further developed. They are used in
the observation of some 20 elements in air samples
gathered continuously in the urban areas of
Johannesburg, Cape Town, Durban, Pretoria and Port
Elizabeth, in developing industrial areas such as Richards
Bay and Saldanha Bay, and in rurai areas such as
Pelindaba, Langebaan and Sutherland. This project is
being carried out in collaboration with the Air Pollution
Research Group of the CSIR.
In addition to large vari?;ions in concentration levels
from one area to the next, large mutual differences from
month to month were also observed. The project is being
continued with a view to determining the sources of
pollution and th; cause of the variations.

Aerosol physics
Several leak tests were done on clean-air filter
installations. Optical particle counters were calibrated in
terms of monodisperse polystyrene particles for outside
organisations on several occasions. The 5 cm bed-depth
activated-charcoal filters for the trapping of iodine in the
new K-8 and K-9 ventilation filter banks of the Reactor
Building were individually tested before installation.
After installation, the filter banks were tested as units
and the results were satisfactory. The exhaust-ventilation
filters of various buildings on the Site were tested and
found acceptable.

The attachment of the decay products of radon-222
onto monodisperse polystyreen aerosols in the size range
1 to 5 ¡an was measured. The results are comparable
with those of decay products of radon-220.
Characteristics of a uranium-fire aerosol were further
investigated and the study of form factors is being
extended to the submicron-size particles. Apparatus and
sampling techniques for submicron particles, as well as
methods of analysis, were developed.

Shielding studies

The project on shielding studies is being pursued in two
directions, namely the development of computing
techniques and programs on the one hand, and the
carrying out of practical calculations on the other.
Development work on the neutron-streaming program
was continued, particularly with regard to the use of
biasing techniques. A start was also made with the study
of programs written overseas for neutron-, gamma- and
electron-transport calculations. A method which will
take account of energy-loss fluctuations in
electron-transport calculations was developed. It relies
primarily on the discrimination of electron energies into
a group structure. Promising results were obtained.
Practical calculations were done particularly with regard
to hot-cell design for the envisaged new Isotope
Production Centre, but also in respect of an evaporator
at the Waste Treatment Plant. Correction factors in the
radio metric determination of uranium in ore layers with
the aid of boreholes were also calculated.

Development of health physics
A program for the calculation of internal doses was
completed, but details for a data library, with deposition
and retention data necessary for the program, could not
be given attention on account of shortage of time and
lack of staff.
Health-physics instruments were, calibrated on a routine
basis and the necessary maintenance was carried out.
Gaseous radioactive releases at most of the building!«
were monitored continuously with the aid of filter
packs. This monitoring system is to be extended to all
appropriate buildings. A new continuous air monitor for
the monitoring of releases from the stack of the Waste
Treatment Plant was installed. Good progress was made
with the design of a remote-controlled recovery-vehicle
rig which can be used to handle high-level radioactive
sources in an emergency.
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FUNDAMENTAL STUDIES

A number of AEB scientists are engaged in research
projects of a fundamental nature. Some of these projects
are briefly described below.

NUCLEAR PHYSICS

Accelerator operation

The Van de Graaff accelerator was upgraded during Ule
year and can now reach a guaranteed voltage of
3,75 MV. This required a complete overhaul and the
rebuilding of the gas-handling system. Good progress was
also made with the development of new terminal
electronics and the study of a duoplasmatron ion source
for the accelerator.



FRITS (Fast Reactor Irradiation and Transfer System), used for uranium determination. This facility is the
result of the excellent teamwork of the Board's Chemistry, Reactor Operations, Engineering Services and
Instrumentation Divisions, which designed, built and commissioned this rapid analytical aid as a service to the
mining industry.



The hot cell and manipulators used in
the stainless steel studies which form
part of the Board's continuing
program on reactor materials.

The atomic absorption spectrometer
acquired by Chemical Operation
Division to streamline the analytical
services to the Board's ''¿visions.
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Salarie», t»agei and allowances .,
Subsistence and traveUing expenses
Postal and telegraph services '
Publications aud books .,. .
Exhibitions , >
Administration expenses . , . . . [
^Equipment • , . . . . '
Contribution to International Atomic Energy Agency
Royalty payments ,
Contribution to research fund ,
tritium analysis . - . . - .
International Food Irradiation Project
Sundry debtors '
Revenue paid over to Consolidated Revenue fund . t

1

Government funds . . ; . . . . .
Services rendered to UCOR . .
Royalties
Radioactive isotopes
Sundry revenue . . . . . . . . . .
Licensing fees -

RESEARCH FUND

AJ.A. ROUX
President

T.A.'VENTER
Head: Fmttnct

(Compiled m terms of section 18 of Act 90 of1967, as amended)

EXPENDITURE

Capital Work*
Equipment , .
Running expenses
Salaries, wages and allowances . . .
Subsistence and travelling expenses
Training of personnel and bursars .
Administration expenses . . , . . * !

Total expenses for the year
income over expenditure .

REVENUE ANO EXPENDITURE ACCOUNT
for the financial y«r andad 31 March 1»78

REVENUE

funds
Government contribution
Other contributions» etc. •
Balance brougnt forward .

Total available funds

A.J.A. ROUX
President

T.A. VENTER
ffeadi Finance





Experimental soil-moisture measurements which jorm part oj
the isotopes in Nature Projrtt being pursued by the ¡solopvs
and Radiation Division,

This reaction chamber is used on the Van de Graaff
accelerator in c o nju net ion with high-resolution
energy "dispersive A'-?av, y-ray and charged-particle detectors,
for the study of charged-partide-induced reactions and their
application to analytical problems.



As part of the extensive program on radiation applications in agriculture the Board's
Chemistry, Engineering Services and Instrumentation Divisions cooperated with the
Citrus and Subtropical Fruit Research Institute at Nelspruit in designing a 10 kCi
selfcontained research irradiator. One of teh aspects of the Institute's program at
Nelspruit is the control of the false codling moth in cilrus. Rows of bottles
containing these moths in various stages of development can be seen in the top
left-hand picture. The pictures on the left and below show various stages of
installation and commissioning of the irradiator.
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On-line computer system

The on-line computer was used routinely for the
collection and analysis of nuclear physical data. The
development of new software and improvement of
existing programs continued and the design of an
improved visual display system is nearing completion.

Scattering of fast neutrons

The detection of scattered neutrons and gamma rays was
employed in an investigation of the inelastic scattering
of fast neutrons by silver nuclei. The energy level
schemes of the two stable silver isotopes are apparently
more complex than was previously thought and
additional measurements will be required to establish
complete level schemes.

(p/v) reactions

Cooperation with staff members of the Potchefstroom
University for CHE continued. Attention was devoted
mainly to the study of proton-capture reactions in 26ftig
and 22Ne.

Neutron-capture reactions

The possibility of observing two-gamma decay following
neutron capture by protons was investigated. A
radioactive source was used to study the effects of
in-flight annihilation of positrons. Efforts continued to
improve the techniques.

Fission reactions

Measurements of angular correlations of fission neutrons
from 235u w e r e done in collaboration with a group of
physicists from the University of Cape Town.
Preliminary results deviated from accepted theory and
the investigation is being continued.

Excitation of X-rays by charged particles

The Van de Graaff accelerator is ideally suited for
exciting characteristic X-rays by means of charged
particles. The first results indicate that this technique
may find interesting applications in the multi-element
analysis of samples. A geperal-purpose scattering
chamber was designed and constructed in order to
improve the techniques.

Plasma-physics project

Steady progress was made with the design and
construction of the Tokamak. Planning was completed
for the diagnostic facilities which will be used to study
plasma behaviour, and the equipment was ordered. The
building for this project was completed during the year.

THEORETICAL PHYSICS

Elementary particles

The theory which relates symmetries and breaking of
symmetry of the particle model to the domain of the
universe has been worked out in general terms. The
model treats leptons and quarks on an equal footing and
is in principle exact also in terms of the electromagnetic
fine-structure constant. In principle it gives a method for

calculating the mass spectra of particles and their
coupling constants. The detailed solution of the
equation of motion for the strong breaking of
isosymmetry and the role of gravitation in the model are
now being investigated.

An investigation of a certain class of solutions of
non-linear equations which resemble the eigenstates of
linear equations was initiated. Apart from applications
to various classical problems, these solitons also serve as
a model for the classical limit of the unified field theory
of elementary particles. It was found that the light-cone
behaviour of such solitons is less singular than for linear
problems. =.

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

By applying the techniques for dealing with direct- and
compound-nucleus reactions simultaneously to the
description of analogue resonances coupled to different
channels, it was found that the nondiagonal S-matrix
elements may sometimes have effects similar to those of
internal isospin mixing. This influences the conclusions
which can be derived from the shapes of excitation
curves.

The calculation of the A = 18 spectrum by means of a
two-body propagator with dynamic phonon exchange
was completed. One parameter was varied to obtain the
correct phonon energy, two to reproduce the odd parity
levels in A = 17, and one for the even parity levels in A =
18. Excellent agreement is then obtained with the odd
levels in A = 18.

In the course of this investigation new light was .shed on
the emergence of unphysical solutions from approximate
calculations. Typical examples are redundant states and
ghost states with negative strength. In the formalism
considered here these phenomena are connected with
the required consistency between the dynamic
particle-particle interaction and the dynamic
self-interaction by which their motion must be
renormalised.

General expressions were obtained for the contribution
of spin-phonon interactions to the phonon self-energy in
magnetic crystals. These expressions were used for the
renormalisation of the speed of sound in uranium
mononitride, taking into account the crystal structure.

Numerical analysis

Computer programs which were developed include a
Tokamak diffusion program, a generalised eigenvalue
program for the Chemistry Division, and several
numerical-mathematical programs for the computer
library. An iterative technique was also developed for
the numerical solution of nonlinear ordinary differential
equations with implicit boundary conditions.

RADIATION CHEMISTRY

Fundamental studies on the effect of radiation on
organic materials is currently of great importance in view
of the enormous increase in the application of radiation
in industry, agriculture and medicine.

Radiation chemistry of organic molecules

The experimental problems experienced during the
previous year in obtaining quantitative results with the
aid of the pulse-irradiation facility in Bloemfontein,
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were solved in the latter half of the year under review.
Consequently it was possible to complete the
experiments on nitroaniline, thus bringing the
experimental work on the nitro-aromatic compounds,
discussed in the previous annual report, to a successful
conclusion. The discovery that the hydroxylation of the
compounds being investigated does not lead to
cyclohexadienyl-type radicals, as was previously
accepted to be the case for all aromatic compounds, but
rather to the formation of (probably) a ir-complex with
a definite lifetime and certain radical characteristics, is
of great significance.

The decision by the Provincial Administration of the
Orange Free State that the linear accelerator used for
pulse-irradiation experiments, would no longer be
available for any research whenever the other accelerator
malfunctions, together with the decision that Fridays
would no longer be available for pulse-irradiation
experiments, led t̂o a decision in principle by the AF.B to
withdraw the Pulse-Irradiation Unit from the National
Hospital in Bloedfontein. Subject to the availability of
funds in the new financial year, it is hoped to
re-establish the Unit at Pelindaba.

Telomerisation

The 7-radiation-induced addition reactions of ethanol to
trichloroethylene were studied. No telomers were
d e t e c t e d . Instead, two isomers of
l^-dichloro-S-hydroxy-l-butene (a dehydrochlorinated
version of the expected 1:1 telomer), two isomers of
1,2-dichloroethylene and 1,1,2,2-tetrachloroethane were
found in the system in low yields. The yields of all
products were found to be dose-dependent. The optimal
mole fraction of reactants for some of the products
formed was determined and a detailed reaction
mechanism was proposed to explain the findings.

KINETICS

Kinetics play an important role in fundamental radiation
chemistry. The study of elementary ionic fragmentation
processes was thus continued.

Ion kinetics

As part of an ongoing study of decay rates and energy
disposal in the unimolecular decomposition of
polyatomic ions, attention was given to the
mass-spectrometric dissociation of negative ions, such as
sulfur hexafluoride. SFg readily captures electrons of
essentially zero energy to form parent negative ions,
which then undergo competitive autoionisation (to form
SFg) and fragmentation (to form SF<f+ F). By studying
the time dependence of the latter process, information is
obtained on the experimental decay rate, which may be
compared with calculated values. Experiments are being
p e r f o r m e d u s i n g t h e a u t o m a t e d
retarding-potential-difference system, developed earlier,
in conjunction with an ion-trapping technique whereby
the time between ion formation and withdrawal for
analysis can be controlled and varied in a known
manner.

Kinetics of coal hydrocracking and the effects of
7-irradiation

Recent developments have focussed attention on
techniques for the efficient and economic conversion of
coal into hydrocarbon gases and liquids. The marked
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changes which can often be induced by irradiation in
catalytic activity hold out the promise that ionising
7-radiation may be utilised in the hydrocracking of coal.
To this end, an investigation has been launched to study
the kinetics and product distribution of coal
hydrocracking under 7-irradiation, using a suitable
reaction chamber in which model compounds and coal
samples can be heated up to 500 °C under controlled gas
pressures of up to 50 Mpa. Products are analysed by
combined gas chromatography-mass spectrometry
(GC-MS), and experiments are under way to evaluate
various methodologies and optimise them for routine
kinetic analyses.

Development of instrumental facilities

Field ionisation mass spectrometry (F1MS) is a powerful
alternative to GC-MS for fast qualitative and quantitative
analysis of complex multicomponent mixtures (such as
coal samples), with the advantage that such analyses can
be carried out in 'real time'. An FI source is under
construction for use in the CH7 mass spectrometer and,
when operational, should be a powerful adjunct to the
techniques currently available.
In order to fully utilise the GC-MS facility and the FI
system, a minicomputer-based data system is being
developed. Two library-search algorithms have been
written and the hardware interfacing of the mass
spectrometer to the computer is in hand.

RESEARCH ON LIQUID METALS AND MOLTEN
SALTS

Molten salts are used increasingly as solvents in various
processes. The nuclear industry is particularly interested
in the use of extraction systems with molten salts and
liquid metals for, inter alia, the reprocessing of spent
fuel elements. Such systems are also of great importance
in the development of high-temperature batteries and
fuel cells, where they are used as electrolytes. The
possible use of molten salts as breeder material in
thermonuclear reactors is also receiving attention.

Extractions from molten salts

Extractions of platinum metals (PGM) from molteu
cyanide solutions with liquid metals have previously
been done at Pelindaba, and proved successful for the
efficient separation of certain PGMs. The mechanism of
extractions from molten cyanide was further
investigated and it was established that rcdox
equilibriums are determined by the cyanide-cyanamide
equilibrium. The addition of these compounds can
therefore be used for controlling extraction systems. The
separation of rhodium and iridium can furthermore also
be controlled and improved by converting the elements
electrolyticaJly to various oxidation states prior to
extraction. In addition, a method was developed by
which high-purity cyanide melts can be prepared.

Spectroscopie studies of molten salts

Spectroscopie studies on molten cyanide and solidified
melts are carried out in order to acquire greater
knowledge in connection with the stereochemistry and
oxidation states of platinum and related metal ions in
solution. The investigation on solidified melts and also
that of the general chemistry of low-oxidation-state
cyanide complexes of PGM were continued and
successful recordings of electronic spectra of solutions in
the molten state were obtained for the first time. The
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high-temperature recordings were very good and various
low-oxidation-state species of various PGMs can be
identified for the melts. In the course of this
investigation, a number of new low-oxidation-state
cyanide and cyanohydride Complexes of PGM could be
identified^ Cyanide complexes of ruthenium (II),
osmium (II), rhodium (O), I and platinum O, I and II,
could thus far be identified in molten cyanide or
solidified cyanide melts.

Ion exchange and matrix phenomena

Normalised conductivity data, calculated from
electrical-resistance data of binary mixed-alkali
borosilicate glasses, showed that the ionic conductivity
could not be determined by electrostatic interactions
between mobile ions alone. An additional so-called
'conductivity-loss effect', which can apparently be
ascribed to geometrical factors, also comes into the
picture. This investigation is being continued with the
determination of alkali-cation diffusion coefficients in
binary mixed-alkali borosilicate glasses.

It is notable that normalised conductivity isotherms of
binary molten-salt mixtures, as calculated from literature
data, show obvious agreement with similar data for glass
systems. In both cases, similar deviations from ideality
are found with increasing temperature. In the case of
binary molten-salt mixtures, this 'conductivity-loss
effect' can now for the first time be successfully
explained by the change in molar volume when a
molten-salt pair are mixed. This molar-volume effect was
also successfully applied in explaining the temperature
dependence of the conductivity properties of pure
molten salts. Various published explanations for
conductivity- and mobility-loss phenomena, e.g. the
so-called 'anion-polarisation model', were likewise shown
to be unrealistic.

The peculiar structure of glass, and the consequent
simplification of ion-mobility phenomena, make it an
excellent model for the characterisation of ion-transport
phenomena in molten salts.

As a further extension of this study, the taking into
account of the 'conductivity-loss effect' in
molecular-dynamics calculations may hold great promise
for the final characterisation of mass-transport
phenomena in the liquid phase.

SOLID-STATE PHYSICS

Neutron diffraction

The entire interface between computer and instrument
was redesigned and replaced.

A start was made to separate single-crystal from
magnetic-structure studies by providing a second
diffractometer using existing equipment and some new
items. The designs for this were completed but progress
is slow due to manufacturing problems.

Various room-temperature and low-temperature (120 K)
neutron measurements, and X-ray measurements at the
CSIR, were done on uranyl hydroxylamate crystals, and
the confusing results obtained previously were explained
when several different structures could be identified.
Satisfactory progress is being made.

Exploratory room-temperature neutron measurements
on a 3 ing HgCr2Se4 single crystal, aimed at determining
the magnetic structure of this ferromagnetic
semiconductor , were made. Low-temperature
measurements await the completion of the temperature

control and single-crystal orientation systems of the
cryostat.

Work on the latter was recommenced when a third
physicist joined the group.

Small-angle scattering of long-wavelength neutrons

The scattering of long-wavelength neutrons by density
fluctuations inside a solid was measured in a variety of
samples, metals as well as non-metals. This scattering was
qualitatively identified with pores in graphite, grain
boundaries in copper and nickel, and precipitates in
aluminium alloys.

The following modifications and additions to the facility
have also been made:

1) The acceptance angle of the counters was reduced
to limit the parasitic scattering.

2) The sample positions were increased from two to
four to enable the background and the parasitic
scattering to be measured sequentially as well.

3) The shutter/filter was commissioned.
4) A printer/punch unit was interfaced to the

electronics to enable the data to be collected after
a preset number of cycles.

Radiation damage in metals

None of the Al-Mg-Si alloys (type 6061) irradiated to
10;-l/cm2 (E > 0,1 MeV) at pile temperature contained
any voids, confirming the previous results obtained at a
lower dose. The mechanism by which these alloys
suppress the void nudeation has not yet been
established.

Cryogenic irradiation facility

The annealing substage l£) found between the Ijj and Ij?
annealing substages in Cu did not change its position
when a higher dose was used, which indicates that the
defect responsible was not a completely free defect
(compared to the Ig interstitial). Because of its position
between Ij) and l£ , and the fact that In and Ig have
nearly the same migration energy, the Ipj substage was
explained in terms of an interstitial which has to
overcome an .extra energy barrier to reach its vacancy.

A study of the higher-temperature annealing stages
showed the existence of other stages in Cu at 65 K,
125 K, 225 K and 335 K. The first two have not yet
been reported in the literature for Cu. Although
annealing stages in CuAu at 62 K, 110 K and 150 K
(Stage II) were observed, the dose-dependence data
showed that the stages in Cu were not due to impurities,
and should be intrinsic. A recent publication mentions
that the authors found that both the 225 K and 335 K
annealing stages were dose-dependent, and that Stage HI
started at 135 K. They came to this conclusion after a
thermal-neutron and a fast-neutron irradiation run.

The AEB systematic thermal-neutron-damage data show
clearly (1) the dose dependence for both stages, (2) the
size of this dose dependence and (3) that Stage HI does
not begin at 135 K.

The new helium compressors have now logged 3 000
operation hours and, except for a defective high-pressure
switch, have run satisfactorily.

The preparation of the minicomputer to facilitate fast
processing of the data is complete. The computer has
still to be connected on-line to make direct data reading
possible.
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MEDICAL ANO BIOLOGICAL

Calibration of whole-body counter for body-potassium
determinations

After body-absorption correction factors had been
investigated with the aid of 42K, a consolidated
c a l i b r a t i o n curve could be drawn of
absorption-correction factor against W/H (W = body
mass; H = height) from the results of 15 male and 9
female White persons. The regression line (y = 0,462x +
0,889; y = correction factor; x = W/H) obtained from
these data is at present being used to correct
body-potassium values for absorption of 4 0 R gammas in
the body itself.

From statistics available in respect of 327 healthy White
men and 22 White women, a normal progression could
be obtained of body-potassium decrease with increasing
age. In these cases the progression agreed well with data
in the literature which, for the most part, relate to White
Americans. The absolute body-potassium values
obtained for both White South African men and women
are, however, 10 — 15 % higher than for Americans. Diet
differences are being investigated in order to establish
their influence on the body-potassium values.
Meanwhile, the local values are used as normal.

The absorption calibration curve for body potassium is
being investigated with the counter as scanner along the
length of the body, and the results are compared with
previous calibration to determine the difference with the
changed geometry. An effort is being made to finally
measure body potassium along the full length of the
body rather than in the Marinelli chair, so that more
reliable values can be obtained.

Cerebral blood-flow studies on baboons

Twenty-four baboons were investigated, of which nine
underwent a normal cerebral blood-flow study. Then the
two carotid arteries and one vertebral artery were
ligated, and the flow study repeated. Because constant
pCO2 values, which vary under anaesthesia, are
important in the calculations, the necessary corrections
had to be made. The CBF was calculated at 2 and
10 min period intervals. The average blood-flow values
under different experimental conditions of the test
animals exhibited an interesting progression.

Two to four weeks later, the remaining vertebral artery
was also ligated after the flow study had been repeated
before and after the ligation. Thereafter brain biopsies
were obtained.

In four of the animals, all four of the arteries mentioned
were acutely ligated. Blood-flow studies were carried out
before and after this procedure, and the brain biopsy
obtained thereafter.

Stomach-evacuation investigations

Fourteen persons were evaluated for stomach-evacuation
half-lives. After initial determinations with 99mxc

pertechnetate as tracer in a standard meal, it was finally
decided to use 1 ̂ mlaCi as radioactive tracer, inasmuch
as it was less inclined to absorption in the stomach wall.
In the absence of the gamma camera, use had to be made
of the Picker Magnascanner 500 to do the monitoring
(with the accompanying disadvantages of a slow
counting apparatus) for a dynamic series of normal
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persons, as well as of patients with gastric problems.
Even though the values were higher throughout than
those of other laboratories, the same tendency was
found in the pathological cases as compared with normal
individuals. Further investigations with the gamma
camera are planned, with the accent initially on a
thorough investigation of normal values; a more
comprehensive effort will first of all be made to solve
the problem of a suitable radioactive tracer.

Radioimmune tests (RIT) and radioimmunology

The determination of serotonin, a neurotransmitter
occurring generally in the central nervous system, by gas
chromatography and fluorimetry is neither absolutely
specific nor sufficiently sensitive. A very specific and
sensitive method of determination was therefore
developed, namely a radioimmune test. The method
involves the following:

i) the linking of STOionin (which is not antigenic) to
bovine serum albumin in order to form an
immunogen, viz. Ser-BSA.

ii) the induction of antibodies against Ser-BSA in
rabbits. It takes approximately eight months to
build up a sufficient quantity of antibodies.

iii) ^H-serotonin is used as standard competitor. The
method of determination lies in a competition
between inactive and radioactive serotonin.

Early diagnosis of and research on liver cancer

It was shown that the activity of deoxyribonuclease II
(DNase II) in liver-cell nuclei, after the treatment of rats
with 3"-dimethylaminoazobenzene (a strong liver
carcinogen), increases dramatically (the hyperplastic
phase) and then drops back to normal activity (the
neoplastic phase).

From the above results an hypothesis was proposed,
namely that the activity of DNase II in serum could
possibly be helpful in the diagnosis of primary liver
cancer at a very early stage.

By using radioactive deoxyribonucleic acid, viz.
3H-DNA, as substrate, an effort was made to establish a
sensitive monitoring system for serum-DNase II.
Preliminary results indicate that the activity of the
enzyme in human and rat serum is very low, and that the
monitoring system is not sufficiently sensitive. A specific
R1T is at present being developed.

Application of microsurgery to small test animals

This technique is at present being used to study the
single cell of an organ. Work in connection with the
single liver cell relative to age and mass of the rat is at
present under way. Other organs such as the testis are
also being investigated. This work mainly involves the
isolation and study of Leydig cells.

Synthesis of antibiotics

The first stage of this project came to a close with the
successful synthesis of the N-acetyl-muramic acid
analogue, 2-acetamido-2,3-dideoxy-3-(3"-methyl-
carbothoxypropyl) — D—glucose. A key reaction in this
synthesis was the conversion of a nitrogroup into a
carbonyl group, employing titanium trichloride. The
configurational assignments of the intermediary
branched-chain carbohydrate derivatives were based on
data obtained from their lanthanide-shifted
nuclear-magnetic-resonance spectra.
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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 on the basis of twenty-four hours
per day, five days per week, from Monday morning to
Saturday morning.

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

The fuel inventory at the end of the year consisted of
4,8 kg of uranium-235 in the reactor core, 7,1 kg in new
elements in the vault, and 20,2 kg in depleted and
partially depleted elements in the storage pool.
Forty-eight spent fuel elements were shipped to the USA
for reprocessing.

Significant operating data are given below:

Period 1 January to 31 December 1976
Average power (MW) 20
Accumulated energy (MW.d) 4 126
Uranium-235 bumup (g) 5 228
Number of days reactor at power 258
Number of capsules irradiated 3 504
Number of unscheduled shutdowns 3
Number of major experiments operated 4

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. These were the cryogenic irradiation facility,
the neutron diffraction rig in beam tube No.5, the
neutron-beam facility in beam tube No.l, and the
small-angle scattering experiment in the lower east
throughtube. The batch of twenty-four cobalt pencils
was removed and was replaced by a new batch. Isotope
production continued to increase during the year under
review.
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Instrumentation

The Instrumentation Division is responsible for all
aspects of instrumentation on the Site. Apart from
installation and maintenance, it also develops, designs
and manufactures special apparatus and systems,
including some for certain outside organisations. A few
of the major project areas are described below.
The main focus of development was on
minicomputer-based and microprocessor-based systems
for the automation of measurements, experiments and
process control. The two minicomputer systems of the
Division were both further expanded) the one mainly to
serve as CAMAC development and programming system,
while the other can now be accessed from four remote
terminals. A study is under way to optimise the system
of connecting many Site minisystems to the central
IBM 370 machine, the so-called 'Mini-Maxi Project'. The
original Interactive Graphics Terminal of five years ago
has undergone various changes and improvements, and a
considerable number of these instruments have been
built for the AEB and for various universities.

The original objectives of the on-going CAMAC
(international interface standard) project have now been
achieved. These were as follows:

— To bring the Division's CAMAC expertise up to
international standards. (The Division is now the
undisputed leader in this field in South Africa.)

— To develop a modular library of both standard
hardware designs and the related software drivers.

— To apply the CAMAC standard to a great many
computer-control problems, in order to
demonstrate its viability and value in industrial
applications as well.

Apart from numerous AEB systems, CAMAC is now
operational on a platinum mine and a sugar refinery> and
will be used for the massive control system of the
proposed National Accelerator. Its application to the
control and measurement systems of the Board's
Tokamak will also yield rich benefits.

The Division again strengthened its expertise in Fast
Electronics. This is related primarily to Tokamak
instrumentation and accelerator physics. An updated
version of the original Magnet Stabiliser was provided for
the Van de Graaff accelerator, in which the phenomenon
of Nuclear Magnetic Resonance was for the first time
directly employed for stabilisation.

The Automatic Fast Rabbit Irradiation System FRITS is
a good example of an instrumentation system which to
this Division presented only a moderate problem, while
it had a great impact on the user's field.

A Paging System with extensive coverage is being
installed, after analysis of how the Board's requirements
to contact key maintenance and operating personnel at
all hours could best be met. This system will also serve as
a backup for other emergency communication channels.

A modern large process camera for printed-circuit and
front-panel work was installed, and all darkroom
operations rationalised and modernised. Equipment for a
fully additive electroless copper deposition process for
PC manufacture has been ordered, and an officer trained
by the overseas' supplying company. This new
technology will enable the AEB to keep abreast of the
ever-increasing demands of complexity and reliability.

The load on both the Electronics and the Process
Instrumentation maintenance groups rose steadily.
Despite personnel shortages the Site was kept running as
regards instrumentation, although scheduled preventive
maintenance was perforce not fully implemented.
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Waste disposal

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

The liquid waste produced on the Site contained a total
actual activity of 2 598 mCi (a and ß).

A volume of 447 285 m 3 of effluent was discharged into
the Crocodile River. This effluent contained an actual
activity of 223 mCi, which constitutes less than 7 % of
the total activity which may be discharged to the
Crocodile River in terms of the permit issued by the
Department of Water Affairs.

A total of 218 m 3 of medium-active (MA)waste was
chemically treated and subsequently evaporated in the
MA-waste evaporator. *"*

A total of 158 m 3 of highly active (HA)waste was
chemically treated and evaporated in the HA-waste
evaporator.

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

One hundred and seventy units were processed and the
net mass of the solidified concentrate amounted to
12,2 t.

A mass of 11,1 t of solid waste was compressed in the
baling press and a volume-reduction factor of 3,7 was
achieved.

Approximately 38,9 m 3 of solid radioactive waste,
including decayed sources, was received from outside
organisations for disposal.

Nine hundred and eighty-two drums containing
solidified, incompressible and compressed waste,
together with a large quantiy of incompressible
low-level waste (mainly from the Extraction Metallurgy
Division), were buried in the disposal trenches on
Radiation Hill.

Forty cropped fuel-element ends, together with a small
quantity of waste from the Chouca loop, were
transferred bom the reactor storage pool to the
long-term underground disposal facility on Radiation
Hill. Two stainless steel canisters, each containing waste
from the reactor hot cells, were placed in the tubular
disposal facility on Radiation Hill.

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

The laundry continued to operate satisfactorily and
46 534 items were handled. Repairs were carried out
where necessary.

Other site services

Production figures are as follows:

1975 1976
Domestic and process water 1 1 6 6 MI 1 272 Ml
Drinking water 52,4 Ml 45,3 Ml
Demineralised water 6,04 Ml 9,70 Ml
liquid nitrogen 864,8 ki 1 036,8 kl
Compressed air 13 m^/min 9 m3/min

The 1 000-unit Bio-Pac two-stage biofiitration
sewage-treatment plant was successfully commissioned
on 12th January of the year under review.
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Analytical services

The demand for specification analysis of stainless steel,
low-alloy steel and aluminium alloys by emission
spectrometry decreased. However, there was a marked
increase in the variety of samples submitted for analysis
of specific elements, for example major elements in
geological ore samples, copper and nickel alloys, trace
elements in liver and citrus fruit, and boron in plastics.

These analyses were performed by atomic absorption,
Leco sulphur-carbon analyser, spectrophotometry or
gravimetric and titrimetric wet chemistry.

New projects initiated during the year were
trace-element analysis in uranium, and uranium
determination in urine as a monitoring method for all
the people working with this material.

As can be seen from the Table below, a large number of
control tests were done for classification and
purification of liquid radioactive waste, and for quality
control of the water supplies.

TYPE OF ANALYSIS
SAMPLES ANALYSED

1975 1976

Alloy specification analyses
Atomic absorption
Other specific analyses
Radioactive waste
Water
Uranium
Urine

1
4

643
336
134
632
710

_

454
643
102

2 124
5 169

193
2 669

Engineering services

As in the previous year, considerable problems were
once again experienced in the acquisition of material;
this frequently delayed progress with projects. The
situation was, however, somewhat alleviated by the fact
that the Planning Department made an effort to build up
stocks in good time for larger projects which were
planned. Particular trouble was taken to make as much
use as possible of South African products. As far as
planning is concerned, the changes to the UF6 Pilot
Plant and the construction of other pilot plants
demanded a great deal of work; cost control had to be
carried out with special accuracy, and PERT network
programs were applied where possible in order to
promote work efficiency. With regard to planned
preventive maintenance, it is obvious that repair work is
clearly on the increase, seeing that the age of much of
the equipment is now ten years and more.

The Design Department completed 72 tasks in the
course of the year; it also designed 47 pressure vessels
and approved them for operation. Once again, as in the
previous year, the greatest part of the work consisted of
projects carried out on behalf of the Process Metallurgy
Division, the UFß Plant and the Plasma Physics Project.
The lastmentioned has reached an advanced stage.

In the Manufacturing Department, the work load was
again such that appreciable use had to be made of
overtime work. This was particularly the case with the
Sheet Metal Shop and the Woodwork Shop. A new
medium-large milling machine and a small lathe were
added to the Instrument Workshop, while two more
argon-arc welding machines were acquired for the Sheet
Metal Shop. A particularly large amount of work was
done for the Process Metallurgy Division. This included

the UFß Distillation Plant and changes to the UFfj Pilot
Plant. As a result of the abovementioned activities,
relatively little attention could be given to other aspects
of the research program. However, the materials testing
cell and the high-pressure DTA vessel were completed.
Several control rods were manufactured for SAFARI-1,
and preliminary development work on the Tokamak
project was also carried out. An increasing amount of
machining of graphite components is being undertaken.
Because it is a particularly messy operation, a separate
facility will have to be installed.

The Construction and Maintenance Department had a
particularly busy year. Maintenance could not be carried
out at will because staff of this Department were
excessively involved in construction work. The following
were some of the major tasks undertaken: dismantling of
installations at NIM and their re-erection in the Process
Metallurgy Building; installation of a complete
ventilation system; laying of the 11 kV cable from the
SAFARM substation to the Plasma Physics Building, as
well as the installation of additional switchgear in this
substation. The removal of defective components, and
the installation of redesigned and rebuilt components in
the UFß Pilot Plant, was the largest single undertaking.
The Works Department was also so involved in
construction work that maintenance fell even further
behind.

During the year the incinerator facility was completed
by the Works Department. Outside contractors were
involved in the completion of the Process Metallurgy
Building and the new Bus Sheds; the Plasma Physics
Building reached an advanced stage, and a start was
made with the extension of the south wing of the
Administration Building. The building of tarred roads at
the Recreation Site, the new Bus Sheds, the UFß Pilot
Plant, and the Process Metallurgy and Plasma Physics
Buildings, was undertaken; the roads were completed
towards the end of the year. Completion of the roads at
the new Bus Sheds meant that this facility could be
taken into service.

The Projects Section and the Technical Information
Section continued to render useful services, thereby
contributing considerably to the efficient functioning of
the Engineering Services Division.

The Inspection Department, whose function is closely
associated with that of the Manufacturing Department,
also had a particularly busy year, most of the work being
concentrated on pressure vessels and other components
for the Process Metallurgy Division.

Computing services

The demand for computing time on the central IBM
S y s t e m / 3 7 0 computer continued to increase
substantially during the year and a third shift with
unattended operation had to be introduced on demand.
As compared with 1975, in which an average of 4 783
jobs using 140 s each were executed per month, the year
under review saw an average of 6 319 jobs using 114 s
each, per month.

A new plotter which operates off-line was acquired. The
plotter can draw on paper, vellum or mylar up to
830 mm wide and has three pens which can be
controlled programmatically. The accuracy of the
plotter is 0,05 mm and the maximum pen speed is
130 mm/s.

Several computer programs were obtained from the NEA
Computer Program Library at Ispra and the Argonne
Code Center and Nuclear Data Libraries were obtained
from the IAEA in Vienna.
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EXTERNAL RELATIONS

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

South Africa was represented at the Twentieth General
Conference of the International Atomic Energy Agency
held in Rio de Janeiro, Brazil, during September, by the
following persons:

Dr A.J.A. Roux President, Atomic Energy
Board (Leader)

Mr K.R.S. von Schirnding South African Governor on
the Board of Governors of
the IAEA, and South African
Ambassador in Vienna

Mr S.W. van der Merwe Deputy Director, External
Relations, Atomic Energy
Board

Mr L. Crewe-Brown Consul-General, Brazil.

A research contract for three years was awarded by the
IAEA to Professor B.L. Pimstone of the University of
Cape Town for research on: "The development of a
radioimmuno assay for somatostatin".

International liaison and cooperation

Visits to various countries by the President and officers
of the AEB effectively ensured continuing contact with
the international nuclear community and fostered
cooperation with various overseas countries. Reciprocal
visits to South Africa by numerous high-level authorities
further promoted cordial links with other countries and
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such collaboration on the international level continued
to provide a fruitful exchange of technical knowhow.

International agreements

During the year the following two international
agreements were negotiated:

(a) Agreement of cooperation between the
Government of the Republic of France and the
Government of the Republic of South Africa,
regarding Units I and II of the Koeberg Nuclear
Power Station.

(b) Agreement between the International Atomic
Energy Agency, the Government of the Republic
of France and the Government of the Republic of
South Africa, on the application of safeguards.

Visits to Pelindaba

The public interest in the National Nuclear Research
Centre remained keen and the total number of visitors to
the Site approached 1 500 during 1976; most of these
visitors were received on the open visiting days.
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Scientific gatherings

The following scientific gatherings were attended by officers of
the Board. At those marked with asterisks, papers by officers of
the Board were presented:

* FAO/IAEA Advisory Group Meeting on Low-Dose
Irradiation of Agricultural Products, Rio de Janeiro
(October 1975)

* South African Association for Food Science and Technology,
Third Biennial Conference, Stellenbosch (October 1975)

* Seminar on Soreq Nuclear Research Centre, Israel (November
1975)

* Training Course in Nuclear Instrumentation in Industry,
Johannesburg (November 1975)

* Physics Seminar, University of Stellenbosch (January)
* South African Mango Forum, Tzaneen (February)
* South African Society for Plant Pathology and Microbiology,

Annual Congress, Grahamstown (February)
IAEA Symposium on the Management of Radioactive Waste

from the Nuclear Fuel Cycle, Vienna (March)
IAEA Symposium on Exploration for Uranium Ore Deposits,

Vienna (March)
* Biennial Meeting of the Transkei and Ciskei Research

Society, East London (March)
* Seminar on GC-MS Data Systems, Pretoria (March)
* South African Association of Physicists in Medicine and

Biology, Annual Congress, Pretoria (March)
* International Conference on Air Pollution, Pretoria (April)
* SACAC Symposium on Minicomputers and Microprocessors,

Durban (April)
* Symposium on the Chemistry of Radiopharmaceuticals,

Philadelphia (April)
* International Symposium on Molten Salts, Washington (May)
* Electrochemical Society, One Hundred and Forty-Ninth

Meeting, Washington (May)
* First International Meeting on Radiation Processing, Puerto

Rico (May)
* First National Symposium on Chromatography, Pretoria

(May)
* Symposium on the 'Chemistry Industry in South Africa',

Johannesburg (May)
1AEA/FAO : INIS/AGRIS Training Seminar, Vienna (May)

* National Symposium on Radiation Processing, Pelindaba,
Pretoria (June)

* International Academy of Pathology, South African Society
of Pathologists and South African Association of Clinical
Biochemists, Annual Congress, Cape Town (July)

* Second National Conference of the South African Chemical
Engineering Institute, Johannesburg (July)

* South African Institute of Physics, Annual Congress,
Johannesburg (July)

* International Conference on the Interactions of Neutrons
with Nuclei, Lowell (July)

* Fifth International Conference on Atomic Physics, Berkeley
(July)

* Eleventh Annual Seminar on Theoretical Physics, Rand
Afrikaans University, Johannesburg (July)

* First Interdisciplinary Conference on Marine and Freshwater
Research in Southern Africa, Port Elizabeth (July)

* Short Course on Uranium Prospecting Techniques, Pelindaba,
Pretoria (August)

* IUPAC Symposium on Analytical Chemistry in the
Exploration, Mining and Processing of Materials, Rand
Afrikaans University, Johannesburg (August)

* IAEA Uranium Geology Working Group Meetings, Sydney
(August)

* South African Institute of Mining and Metallurgy, Vacation
School: Hydrometallurgy — Theory and Practice,
Johannesburg (August)

* International Conference on Modern Trends in Activation
Analysis, Munich (September)

* Society of Nuclear Medicine, Fourteenth Annual
International Meeting, Berlin (September)

* International Interdisciplinary Seminar on Tachyoni and
Related Topics, Erice, Sicily (September)

* Seminar of the Engineering Students Society, University of
Pretoria (September)

* South African Radiological Congress, Durban (September)
* Conference on Fire Protection in the Petrochemical and

Allied Industries, Johannesburg (October)

Joint FAO/IAEA Research Coordination Meeting,
Wageningen (October)

Scientific Committee Meeting of IFIP, Karlsruhe (October)
Conference on Nuclear Technology, Durban (November)

Language services

Language services are provided by a team of translators
whose work consists in ensuring the correctness of
language and unit usage of reports written in English and
Afrikaans by scientific and technical staff of the AEB.
The translation of documents from English to Afrikaans
and vice versa, as well as translations from some five or
six foreign languages, is also handled by the Language
Services Section.

Reprographic services

All but a small portion of the photographic and
reprographic requirements of the Board is handled by
the Reprographic Services Section.

Library and Information services

The Library of the AEB is the national depository for
information on nuclear science and technology.

An increased demand for retrospective literature
searches on various subjects is still evident. The
publication of selective bibliographies and the
compilation of a monthly information bulletin were
undertaken on a continuing basis. Persistent alerting'of
scientists and engineers to the variety of services
provided by the Library stimulates their demand for
literature, and this in turn has a direct influence on
interlibrary loans and lending services.

The regular receipt of non-conventional nuclear
literature on microfiche enables the Library to meet
immediately a very high proportion of literature
requests. Storage and handling problems of the extensive
microfiche collection are partly solved by the
electromechanical Diebold cabinet. It facilitates and
expedites the handling of the large number of
microfiches.

The computerised service for Selective Dissemination of
Information (SDI) is still increasingly used by the
scientists and engineers of the Board and UCOR, as well
as by outside organisations. About one third of the
profiles are from outside organisations. Developments in
the Library and Information Field in South Africa,
especially with regard to networks, make the need for
better computer facilities such as core storage, disk
facilities and a computer terminal in the Library even
more urgent than before. Serious consideration is still
being given to mechanisation of the Library, particularly
with regard to information retrieval and certain facets of
other sections in the Library.

The total bookstock of the Library now stands at
256 644.

In the year under review, 26 709 reports were received.
A total of 217 094 reports are now available in the
Library. During the year 2 493 new books and 1 142
volumes of bound periodicals were added to the
collection. Bound periodicals now total 21 697 volumes.
Publications loaned to other organisations totalled 1 136
and 25 241 were loaned to member» of staff. Of these
latter, 3 770 were borrowed from other libraries.
Altogether, 437 853 photocopies were made.
Furthermore 21 616 printouts from microfiches were
made.
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LICENSING

The Licensing Branch of the AEB is responsible for the
implementation of the Board's regulatory functions in
terms of the Nuclear Installations (Licensing and
Security) Act, 1963.

Because of the continuing unsatisfactory staff situation
and the inexorable progression of work arising from a
time-bound project such as the Koeberg nuclear power
station, the Branch continued to seek the views and
assistance of specialist experts wherever appropriate, and
in a small number of cases consultants were employed.

Safety criteria

As part of a continuing review of the previously
specified radiation-dose limits associated with nuclear
installations, and in order to provide further
amplification of these to licensees, investigations with a
view to the issue of a guide document on the subject
were continued. These studies have included further
work on acceptable occupational risks and risk ratios in
South Africa, as well as an investigation to assess the
feasibility of using occupational morbidity, rather than
mortality data, to confirm acceptable dose limits.

Studies on the projected population distribution around
the Koeberg and Pelindaba sites have continued apace.
Further refinements have been incorporated and the
mechanisms for regular consultation with the relevant
authorities have been established.

The acquisition of the GALE Computer Code, which
calculates radioactive-waste source terms for light-water
reactors, as well as environmental dispersion of the
released radioactive waste, initiated extensive work to
adapt the program to the Pelindaba computer. Ontt:
testing of the program has been completed, further work
to link this code with the previously obtained AIREM
Code will be necessary. This work, expected to be
completed shortly, will result in a series of programs
linked in a versatile manner to facilitate the assessment
of environmental impact of radioactive-waste discharges
from nuclear installations.

The AIREM Code is being further modified to
complement the desk-computer programs for the
calculation of criteria for the accidental release of
radionuclides from nuclear sites, and studies were
conducted on the way in which these criteria should be
interpreted.

Safety assessment

Following the decision by ESCOM to award the contract
for the Koeberg nuclear power station to Framatomc
(the contractor), ESCOM and the Licensing Branch had
a number of joint discussions with regard to the range of
safety-related studies involved in the project and the
program for the supply of the relevant information to
the Branch.

Extensive studies of the seismic and geological
characteristics of the Koeberg site and its vicinity were
continued throughout the year, and a comprehensive
report regarding the investigations was submitted to the
Branch. Detailed discussions took place with ESCOM
and their consultant regarding the findings in the report,
and in addition two members of the Branch held a series

of discussion- '~h fifteen seismic experts in the United
States of A i '- Vs a result, agreement was reached
between the Jjcensing Branch and ESCOM regarding the
design basis for the plant aseismic requirements.

The aseismic requirements laid down impose rigorous
quality-assurance and quality-control requirements on all
aspects of design and construction of foundations and
buildings for the nuclear island.

Studies relating to the primary circuit are continuing and
at present a preliminary scheme has been prepared,
closely associating the design, fabrication and testing
stages for the reactor pressure vessel with the safety
criteria involved. This scheme also emphasises the need
for strict ;ur~v • illance and quality control throughout the
extended time scale involved. Preliminary studies were
also made of the steam generators and written comment
passed to ESCOM.

A wide range of safety-related studies (currently some
three hundred) were defined; efforts are being made to
group the studies in such a manner that a representative
case can be established for each group and examined in
detail.

Considerable progress was made in establishing and
developing evaluation techniques which will be used to
define the performance of any safety-related system and
later its reliability. These techniques will be used in
carrying out a preliminary evaluation of the proposed
installation during the next few months.

Studies are also in hand to establish the range of the
computer programs involved in carrying out the safety
assessment of a complex installation such as that at
Duynefontein.

In the context of the Koeberg project, certain studies
were conducted on the information that will be required
by the Licensing Branch on all matters relating to
radiological health and safety.

Among other activities, the problems encountered as a
result of the incidental presence of nuclear-hazard
material when certain processes, such as the manufacture
of thoriated gas mantles, are carried out, received
attention and the necessary safety procedures' were
defined.

The Licensing Branch also continued to be closely
involved with the UCOR management in carrying out
periodic inspections of the plant, incident reporting and
investigations, and further stages of the safety
assessment as commissioning has proceeded. Two further
variations of the licences were issued to permit further
stages of commissioning.

Component and plant reliability

The Licensing Branch now receives a wide range of
nuclear-safety-related information from a number of
sources. This range of information covers construction,
operating and in-service inspection matters, and detailed
studies of this information are proving to be valuable in
denning the range of studies involved in the safety
assessment of complex plant.

The Branch continues to build up a store of failure data.
This data is fundamentally important to the range of
studies considered necessary, but is also very useful in
helping to eliminate bad practices, improve current
stannr .3 of design and manufacture, and indicate the
import«.ice of the human element when considering
potcr;ally hazardous events.
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ADMINISTRATION

The Board's administrative and related functions are
performed by the following Divisions: Administrative
Auxiliary Services, Finance, Personnel Administration,
Central Administration, Legal Matters and Security.

Administrative auxiliary services

No particular problems were experienced by the Division
in providing direct administrative and secretarial services
to the Board's research and technical Divisions and their
associated committees.

Despite isolated staff problems, other auxiliary services,
viz. cafeteria, cleaning, telephone, gardening and
transport services were maintained at a satisfactory level.
As of 1977, the Division will provide only cafeteria,
gardening and transport services to UCOR, on the basis
of recovery of direct costs.

During the year two patents were submitted for
registration abroad, one in thirty convention countries,
and the other in seven of these countries. Thirty-six
applications for patents were submitted to the Board for
evaluation, in conformity with the provisions of the
Atomic Energy Act, 1967.

Of a total of 3 646 authorities to possess, use and import
or export radioisotopes, issued to date in terms of the
provisions of the Atomic Energy Act, 561 were issued in
the year under review. Of the latter figure, 111 were
authorities to import, and 24 to export, radioisotopes.
In 1976, therefore, 426 authorities were granted for the
possession and use of radioisotopes.

The construction of additional buildings on the Site
necessitated the further development and maintenance
of gardens. A project for the re-use of industrial water
for gardening purposes was approved in principle and
will be undertaken as soon as the necessary funds
become available.

The fuel-conservation measures introduced in November
1973 were adhered to throughout the year.

Finance

During the year under review control over.the Board's
financial activities was effectively exercised by the
Finance Division. In addition to salaries, transactions in
connection with stores, ledger accounts, budgetary
control and debtor and creditor control, which are
processed on the Board's IBM computer, a program to
facilitate control over equipment was introduced. The
Board's financial statements were approved without
comment by the Auditor-General.

Personnel administration

During the year there was a notable (and welcome)
reduction in staff turnover. In general the recruitment of
staff was satisfactory. However, despite two fairly
successful campaigns abroad (particularly in the United
Kingdom) to find trained staff for the Board's Licensing
Branch, it was not possible to fill all the posts.

A start was made with the processing of the Board's staff
establishment and leave records on the Board's IBM
computer, thereby making the relevant details more
readily available.

The following Table shows that on 31 December 1976
there were 1 732 persons in the service of the Board:

ADMINISTRATIVE STAFF
SCIENTIFIC STAFF
TECHNICAL STAFF
EXPERIMENTAL OFFICERS
MISCELLANEOUS STAFF
TRAINEE TECHNICIANS
APPRENTICES

Total

Central Administration

66
222
418
174
579
133
140

1 732

During the year three meetings of the Board took place,
while eighteen meetings of its various committees were
held. The secretarial services for meetings of the Board
and its Executive Committee, as well as of certain
committees of the Board, are provided by this Division
which is also responsible for administrative work in
respect of

(a) the control over and possession, use and export of
source material (uranium) and special nuclear
material; and

(b) the prospecting for and exploitation of source
material in terms of the Atomic Energy Act.

During the year the Minister of Mines granted permission
in fifty-five cases for prospecting for source material.

Legal matters

On 30 June 1976 the Nuclear Installations (Licensing
and Security) Amendment Act, 1976, was placed on the
statute book.

Several necessary amendments to the Atomic Energy
Act, 1967, were approved by the Board for submission
to Parliament during its 1977 session.

Security

Effective security measures for the Board ar.d UCOR,
which include admission to and traffic control on both
Sites, were constantly maintained by the Security
Division throughout the year.
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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

PEL-248: Smit, M.C.B, The determination of uranium in geológica] material by
ddaycd-neutron counting. Jan 1976.19 p. ISBN 0 86960 603 4.

FEL-249: Snyman, G.C.; Smith» S.W. The application of mathematical models
for the evaluation of radioactive tracer tests carried out in South
Afrira. Dec 1975. 17 p. ISBN 0 86960 604 2.

PEL-250; Rossouw, P.A. Die ontwikkeling van akkurate data vjr die ontwerp
van snelreaktore. Apr 1973.99 p. ISBN 0 86960 636 0.

PEL-25I: Horowitz, A. Environment of deposition and stratigraphy of the
uranium-bearing strata around Beaufort West, South Africa. Apr
1976. 27 p. ISBN 0 86960 638 7.

PEL-252: Corner, B.; De Beer» G.P. The use of radiometric-Iogging techniques to
determine uranium grade in certain mineralised Karoo boreholes. May
1976. 9 p. ISBN 0 86960 639 5.

PEL-253: James, H.E. Recent trends in research and development work on the
procesan» of uranium ore in South Africa. Jul 1976. 14 p.
ISBN 0 8bJ60 571 2.

PEL-254: Van A«, D-; Vleggaar, CM.; Goodwin, B.L.; Ockerse, E.C.
Environmental radioactivity at the National Nuclear Research Centre,
Pelindaba. Jul 1976.18 p. ISBN 0 86960 499 6.

PER-1: Corner, B. Radiometric-Iogging results of the water boreholes sited by
the Geological Survey in the vicinity of Beaufort West. Dec 1975.9 p.
ISBN 0 86960 596 8.

PER-2: Von Backstzöm, J.W. Report on attendance at a technical committee
meeting on 'Recognition and evaluation of urarúferous areas* —
Vienna, Austria, 17-21 November 1975. Apr 1976. 29 p.
ISBN 0 86960 640 9.

PER-3: Von Backström, J.W. The geology and mineral deposits of Tantalite
Valley, Warmbad district. South West Africa. Apr 1976. 24 p.
ISBN 0 86960 641 7.

PER-4: Atomic Energy Board. Engineering Services Division. General
description and operation of the cobalt-60 fruit irradiator designed
and manufactured by the Atomic Energy Board, Pelindaba. Jun 1976.
12 p. ISBN 0 86960 642 5.

II. PUBLICATIONS

Bain, CA.R. Coastal water movement studies at a nuclear station site. First
interdisciplinary conference on marine and freshwater research ia Soy them
Africa, Port Elizabeth, Jul 1976.
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DoincU, I.C Some important medical results and their applications from the
Geld of neutron activation analysis of trace dementi.

Letucaner, A.H. Uraanbrandaërosols.
SeUer, A.; De Oade, A. Oorsif oor die gebruik van termoluminesente dosismeten

vir penoneddoiiBmctinf.

V u Aft» D.; WeHi, B. An investigation of the trace metal concentration in the air
of urban and rural area* of South Africa.

V u As, D.; Vlegpar, CM.; Bassos. J.K. Safe radioatdvc releases to the
atmosphere at Duynefontein.

Van Wyk, AJ.; Vaa der Walt, L.T.; Fonrie, P.J. Tc-99m-pirofosfaat: 'n Bclowendc
beenskandeenniddcL

VAAL TRIANGLE COLLEGE. FOR ADVANCED TECHNICAL EDUCATION,
PELINDA1A, PRETORIA (MARCH)

• m o » , J.K. Isotope en straling.



»•

Du Plessis, T.A.; Du Toit, G.S. The utilization of partial-impregnation technique!
to improve the economic viability of wood-polymer composites.

Vaster, A.; Du Flessis, T.A.; Van den Heever, L.W. The eradication of tapeworms
in pork and beef carcasses by irradiation.

FIRST NATIONAL SYMPOSIUM ON CHROMATOGRAPHY. PRETORIA
(MAY)

Kempster, E.J. Multiromponent analysis *>y field ionization masi spectrometry:
An alternative to gas chromatography.

GRADUATE CO'JRSE IN ENGINEERING: ATMOSPHERIC CONTAMINANTS
IN MINES, UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
(MAY)
Basson, J.K. Radon and radon daughters.
Kniger, J. The physics of aerosols.
UNIVERSITY OF THE WITWATERSRAND PHYSICS CLUB MEETING,
JOHANNESBURG (JUNE)

Brown, K.T. The current status of fusion power.
INTERNATIONAL ACADEMY OF PATHOLOGY, SOUTH AFRICAN SOCIETY
OF FATHOLOGISTS AND THE SOUTH AFRICAN ASSOCIATION OF
CLINICAL BIOCHEMISTS, ANNUAL CONGRESS, CAPE TOWN (JULY)

LecatsaS) G.; Pitout, M.J. Buoyant density of excreted human polyoma virus.
SECOND NATIONAL CONFERENCE OF THE SOUTH AFRICAN CHEMICAL
ENGINEERING INSTITUTE, JOHANNESBURG (JULY)
Smith, S.W. Mathematical models as an aid to evaluate radioactive tracer

experiments.
SOUTH AFRICAN INSTITUTE OF PHYSICS, ANNUAL CONGRESS,
JOHANNESBURG (JULY)

AipeUng, J.C.; Piani, C.S.B.; Sliep, A.S.J.F.; Dexel, F.; Du Plena, D.M. The effect
of thermal-neutron irradiation dosing on the recovery of Cu or CuAu.

De Jesus, A.S.M.; Goodwin, B.L. Measurement of the dynamics of liquid drops in
a liquid medium by means of nuclear techniques.

Hofmeyer, C.H.; bebeck, K.; Mayer, R.M. Examination of materials using small
angle scattering of long wavelength neutrons.

Mayer, R.M. Materials problems of the fusion reactor.

INTERNATIONAL ATOMIC ENERGY AGENCY, URANIUM GEOLOGY
WORKING GROUP MEETINGS, SYDNEY (AUGUST)
Von Backström, J.W. Working group V — Other uranium deposits.
SHORT COURSE ON SAFE HANDLING OF RADIOISOTOPES,
WITWATERSRAND COLLEGE FOR ADVANCED TECHNICAL EDUCATION,
JOHANNESBURG (AUGUST)

Basson, J.K. Technological applications of nuclear techniques.

Selzer, A. Regulatory requirements and safe use of radioactive material.
SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY, VACATION
SCHOOL: HYDROMETALLURGY-THEORY AND PRACTICE,
JOHANNESBURG (AUGUST)
Boydell, D.W. Ion exchange practices.

ATOMIC ENERGY BOARD, COLLOQUIUM, PELINDABA (SEPTEMBER)

Von Baclutröm, J.W. Uranium resources — estimation and supply.
SOCIETY OF NUCLEAR MEDICINE, FOURTEENTH ANNUAL
INTERNATIONAL MEETING, BERLIN (SEPTEMBER)
Bieler, E.U.; Schnabel, T.; Knobel, J. Radioinununologische Untersuchungen der

Ovarien und Hypophysenfunktion in jüngeren Patienten mit Zervixkarzinomen
unter Radiotherapie.

INTERNATIONAL CONFERENCE ON MODERN TRENDS IN ACTIVATION
ANALYSIS, MUNICH (SEPTEMBER)
Turkltra, J.i Harthoom, A.M.; Beukes, P.J.L.; Brits, R.J.N- The influence on

seasonal changes in the concentration of trace elements in liver tissue by
various wild animals determined by NAA.

INTERNATIONAL INTERDISCIPLINARY SEMINAR ON TACHYONS AND
RELATED TOPICS, ERICE, SICILY (SEPTEMBER)
Van der Spuy, E. Tachyons and virtual fields for elementary particles in strong

interaction: 1. Tachyons: Why? 2. Tachyons: How?
SEMINAR OF THE ENGINEERING STUDENTS SOCIETY. UNIVERSITY OF
PRETORIA (SEPTEMBER)
Basson, J.K. Isotooptoepassings in die nywerheid.
SOUTH AFRICAN RADIOLOGICAL CONGRESS, DURBAN (SEPTEMBER)
Dormehl, I.C. Some important medical results and their applications from the

field of neutron activation analysis of Grace elements.
CONFERENCE ON FIRE PROTECTION IN THE PETROCHEMICAL AND
APPUED INDUSTRIES, JOHANNESBURG (OCTOBER)
Basson, J.K. Safe handling of radioactive materials with reference to fire

protection.
FUEL RESEARCH INSTITUTE OF SOUTH AFRICA MEETING, PRETORIA
(NOVEMBER)
Brown, K.T. The present status of fission reactors as a source of energy.
SHORT COUP.SE IN INDUSTRIAL RADIOGRAPHY, PRETORIA COLLEGE
FOR ADVANCED TECHNICAL EDUCATION (NOVEMBER)
Selzer, A. Radiation protection in industrial radiography.

IV. THESES

Buys, A.J. Bydraes tot die teorie en praktyk van snelreaktorvloeidinamika. Thesis
(Ph.D.), University of Pretoria, 1975.

Leuschner* A.H. Karakterisering van 'n uraanbrandaërosol. Thesis (M.Sc),
University of Stellenbosch, I976.

J



ÍK

£? ' • •

COMMITTEES OF THE BOARD DURING 1976

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

NUCLEAR POWER COMMITTEE

Chairman
Vice-Chairman

Members

NATIONAL COMMITTEE FOR
TECHNOLOGY AND RADIATION

NUCLEAR

Chairman
Vice-chairman
Members

Dr. L. Alberts
Dr. J.K. Basson
Dr. A.T.B.H. Bodenstab
Mr. F. Botha
Dr. W.J. de Wet
Dr. C.R.Jansen
Dr. P.R. le Roux
Dr. P.G. Marais
Dr. W.R. McMurray
Mr. A.C.H. Otto
Prof.J.P.F. Sellschop
Dr. L.H. Stein
Dr. J.S. Steyn
Dr. P.N. Swanepoel
Dr. D. van As
Mr. H.J. van der Westhuizen
Dr. J.N. van Niekerk
Mr.J. Walmsley

i:
fff.
ft:;

:M

I

S.'
¿~-

r' ;•

'%'•',

LIFE SCIENCES COMMITTEE
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Members Prof. J.D. Anderson
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CONTRIBUTORS TO THE 1975/76 RESEARCH PROGRAM

Apart from the funds made available by the State for administration and research, financial contributions to the
Research Program 1975/76 were made by the following private organisations:

1. The Electricity Supply Commission

2. Nuclear Fuels Corporation of South Africa (Pty) Ltd
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