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8000

Sir

I have pleasure in presenting to you the Twenty-Fourth Annual Report of the Atomic Energy Board. This report
covers the period 1 January 1980 to 31 December 1980.

Balance sheets and statements of income and expenditure for the financial year ended 31 March 1980, certified
by the Auditor-General, are included.

Yours faithfully

1 J.W.L. de Villiers
PRESIDENT
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REVIEW 1980
In May 1980 the Cabinet decided to appoint a Committee of
Inquiry into the Restructuring of Nuclear Activities in the
Republic of South Africa under the chairmanship of Dr A.J.-A.
Roux, Chairman of the Uranium Enrichment Corporation of
South Africa Ltd. This Committee will make recommendations
with regard to the desirability of such restructuring of nuclear
activities carried out with State funds and the steps that must
be taken to ensure a more efficient organisation. A Government
decision on the recommendations is expected early in 1981.

Work on the Koeberg nuclear power station in the Western
Cape continued on schedule, certain major plant items such as
steam generators, fabricated in France, having been delivered.

Licensing Branch inspectors were again constantly engaged in
monitoring the quality of components for the power station,
particularly in view of the fact that the first of the reactor
pressure vessels was due to be delivered to the site by the end of
the year under review. Care has been taken to ensure that the
quality of equipment being manufactured in France and
elsewhere in the world has been maintained at the high
standard required.

In preparation for the commissioning of South Africa's first
nuclear power station at the end of 1982, the Atomic Energy
Board embarked on a program to locate a suitable site in the
Republic for the safe disposal and/or storage of radioactive
waste. The screening phase of the program was completed,
including the assessment of the most important parameters.
Indications to date are that there are several potentially
suitable areas, and in-depth investigations are under way in
order to locate one or more specific sites.

The commissioning tests on the Pelindaba tokamak were
completed early in the year and the first low-energy plasma
discharges were achieved. In mid-1980 real controlled tokamak
discharges were created at an applied toroidal magnetic field of
0,9 T, the peak plasma current being typically 100 kA.

The search for new uranium deposits continued unabated, and
a further reassessment of South Africa's resources was carried
out as part of an on-going program.

The economic exploitation of very low-grade ores and slimes-
dams residues for uranium recovery was further pursued, the
accent again being laid on the development of cheaper and
simpler uranium-recovery circuits such as the resin-in-pulp
process which obviates the expensive liquid-solid separation
step after the leaching of the ore. During 1980 the first
commercial-scale NIMCIX plant outside South Africa for the
recovery of uranium was ordered for installation in New Mexico
from the United States subsidiary of a South African engineering
company which is a licensee for the NIMCIX contactor.

The Isotope Production Centre at Pelindaba approached
completion, with many of its facilities being taken into service.
The use of radioisotopes continued to expand. There are at
present 632 non-medical and 59 medical users of radioisotopes
in South Africa.

There was a further encouraging increase in the demand for
radiation processing. As compared with an average through-

put of twenty-seven tons of medical products irradiated each
week in 1979, some thirty tons were irradiated weekly in 1980.
The construction of the plant to house the 6 MCi commercial
gamma irradiator at Isando, near Johannesburg, pro-
gressed apace.

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

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

The computing services of the AEB rendered by the central
computer again increased considerably, with an average monthly
total of some 10 000 tasks being performed.

In view of the increasing sophistication of the work of the
Instrumentation Division, a decision was taken to change its
name to the Electronic Engineering Division. The demand for
the development, construction and maintenance of electronic
systems continued unabated. The expansion of the CAMAC
system, as well as of general digital systems, enjoyed con-
siderable attention.

Disposal of solid and liquid radioactive waste was again strictly
controlled. Some 364 000 cubic metres of effluent were dis-
charged to the Crocodile River during the year. The total actual
activity of this effluent was eighty-three millicuries, which
constitutes less than 5,3 7c of the total discharge activity
permitted by the Department of Water Affairs, Forestry and
Environmental Conservation.

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

S(ath Africa participated in the final session of the International
Nuclear Fuel Cycle Evaluation (INFCE) which completed its
work and published its final report early in the year. In addition
to a number of scientists spending periods of time abroad in
connection with the Board's research program and licensing
matters, South African expertise was invoked on more than one
occasion by the International Atomic Energy Agency (IAEA)
by way of invitation to experts to serve on advisory groups and
working groups. A number of distinguished visitors were once
again received at Pelindaba, a total of some 1 110 persons
being received in the course of the year.

Information services on nuclear science and technology
continued to be provided by the AEB Library which is the
national depository for literature in these fields. A total of 2 500
new books and 1 404 volumes of bound periodicals were added
to the Library in the year under review. The total bookstock is
now 426 537.

A wide variety of services was provided by the five Admini-
strative Divisions of the AEB. On 31 December 1980 there
were in all 1 788 persons in the service of the AEB, including
learner technicians and apprentices. Difficulty was again expe-
rienced in the recruitment of certain categories of staff.
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NUCLEAR MATERIALS
Virtually all activities undertaken by the State in South Africa
relating to the development of resources of nuclear materials
are centred around or coordinated by the AKB. Six of the
AKR's Divisions are involved in the Nuclear Raw Materials
Program.

The Geology Division is responsible for establishing the extent
and nature of uranium resources in the Republic of South
Africa and the compilation of statistics in this connection.
These are submitted to national and international agencies.
The work is done in close cooperation with the mining industry
and various (lovernmental bodies.
Radiometric analysis of uranium ores and the assessment of
radiation hazards in uranium mining and extraction are carried
out by the Isotopes and Radiation Division.

The Extraction Metallurgy Division is responsible for all
research and development undertaken by the State in South
Africa on the processing of uranium, thorium and zirconium
ores. One of the main tasks of the Division is the development of
improved technology for uranium extraction from Witwatersrand
gold/uranium ores. This work is done in collaboration with
mining groups that are members of the Nuclear Fuels Corporation
of South Africa (Xl'FCOR) and in association wit lit he National
Institute for Metallurgy (NIMl. A second major task is the
provision of ore-processing services and expertise to mining
companies during all the stages that arise from when a uranium
deposit is discovered to when it is brought into production. The
Division can render a comprehensive service that starts with
mineralogical examinations of exploration samples, continues
with bench-scale ore-dressing and hydrometallurgical tests on
borehole cores, followed by pilot-plant testing of bulk samples
and, finally, selection and costing of the optimum process
flowsheet for treating the particular ore.



The Division is housed in the NIM building complex in
Randburg, north of Johannesburg, and makes extensive use of
XIM staff and facilities, particularly in the fields of mineralogy,
ore dressing, analytical chemistry, mineral and process chemistry,
and instrumentation.

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

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

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

REPUBLIC OF SOUTH AFRICA
Uranium Resource Estimates
South Africa was again represented on a number of occasions at
meetings of the Steering Group for Nuclear Energy, as well as
on the Joint Nuclear Energy Agency (NEAt/International
Atomic Energy Agency (IAEA) Working Party on Uranium
Resources, which publishes a report on the uranium resources,
production and demand of the Western World every two years.
The next -Joint NEA/IAEA report is due to appear in
December 1981.

The Geology Division, in close cooperation with the Extraction
Metallurgy Division, the mining industry and the Government
Mining Engineer, undertakes the assessment of South Africa's
uranium resources and production potential on an on-going
basis. In carrying out the assessment, the classification
recommended by the Joint Working Party referred to above is
followed in broad terms. In order to preserve company
confidentiality the details of the findings are released in
summary form only.

About 10 '/< of South Africa's uranium resources occur outside
the Greater Witwatersrand Basin, the most important being the
uraniferous coal deposits of the Northern Transvaal, followed
by the sandstone occurrences in the Southern Karoo, the
surficial deposits of the Northern Cape and the carbonatite of
the Palabora Mine. The known uranium provinces in Southern
Africa are shown on the map on page 20.

Uranium Production and Demand
At the international level, one of the most striking features was
the cancellation of a number of reactor orders, particularly in
the United States, during 1980. The resultant decrease in the
forecasts of nuclear capacity has led to a decline in the so-called
uranium spot price, resulting in a number of r .ining projects in
various parts of the world being either delaytd, cancelled or
operated at partial capacity.

The general consensus expressed at a number of international
fora is that, viewed in the long term, the slackening in the
demand for uranium may be regarded as being of a temporary
nature and that the situation is likely to improve towards the
end of this decade.

As far as South Africa is concerned, the softening of the
uranium market has resulted in a number of projects which
were under consideration a year ago being temporarily shelved.
However, in spite of the current uncertainties in the uranium
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market, South Africa's uranium production continued its
upward trend. During 1980 a total of 19 plants at 12 production
centres, fed by 21 mines, produced an estimated 6 146 t U
(7 252 t U;,0s). This represents an increase of 28 7, over 1979
when 4 782 t U (5 643 t U,ON) were produced.

South Africa continues to produce a substantial amount of the
Western World's uranium.

Uranium Exploration
During 1979, 19 major mining companies spent R23 million
exploring for uranium in the Republic, as compared with
R21 million in 1978. In addition to technical assistance and
advice given freely to industry, the follow-up of airborne
surveys, and various research projects, the State spent R470 000
on airborne radiometric and magnetic surveys during 1979.

While not actively engaged in physical exploration, the AEB
maintains close contact with the mining and exploration
companies and where necessary, or on request, makes its own
resource estimates. It also provides technical expertise in a
number of fields. The main areas of interest are discussed below.

Quartz-Pebble Conglomerate
As a result of the continued buoyancy of the gold price and the
general softening of the uranium market, emphasis has tended
to shift to the exploration and exploitation of the lower-grade
gold reefs on current and abandoned properties. Nevertheless,
reefs which may possibly be of economic interest on a joint-
payability basis on established mines and along possible
extensions of mining districts, continue to receive attention. In
a number of areas accumulations of tailings previously considered
uneconomical are also receiving attention.
In June 1980 the Anglo American Corporation announced that
it is to establish a large gold/uranium mining complex, consisting
of the Welkom, Free State Saaiplaas and Western Holdings
Gold Mines, and the Erfdeel and Dankbaarheid prospect-
ing areas.

Granitic and Metamorphic Rocks
The low-grade uranium occurrences in the granitic and meta-
morphic terrains of the Northern Cape, Natal and the Transvaal
continued to be investigated by a number of major mining
companies.
The presence in a number of areas of large tonnages of low-
grade mineralisation, and of smaller tonnages of high-grade
material, has been confirmed.

Karoo Sediments
Exploration in t he Karoo Supergroup of the Southern Cape and
in the Southern and Eastern Orange Free State continues to
yield interesting results and trial mining operations are continuing.
It has now been established that mineralisation occurs in a
broad arc stretching from Aberdeen in the east, through
Beaufort West to Laingsburg and Sutherland in the southwest
and Qwa-Qwa in the northeast. However, most of the deposits
are of limited extent and, with one or two exceptions, will
assume importance only if mined collectively. Shallow under-
ground and opencast operations are envisaged. The average
grade is about 1 kg U.iOs over 1 m, but higher-grade patches do
occur. Molybdenum could constitute an important byproduct
in some of the deposits. No decision has as yet been taken
regarding the exploitation of these deposits.
Large-scale drilling operations in the Springbok Flats of the
Northern Transvaal have indicated the presence of extensive
deposits of coal, with which uranium is associated in some
localities. The deposit is unique in that the coal is of good
quality and because the uranium concentration in or near the
coal seams appears to be sufficiently high to hold prospects for
the economic recovery of uranium as a co-product.



Surficial Deposits

In the Northwestern Cape a number of uraniferous surficial
deposits, consisting of gypsiferous sediments and organic-rich
diatomaceous earth, continue to receive attention.

Phosphate Deposits
The AEB has embarked on a project aimed at evaluating the
uranium potential of South African phosphate deposits.
Investigations have indicated that the igneous phosphates from
Phalaborwa, from which most of South Africa's fertiliser is
made, contain very low levels of uranium and are unlikely ever
to constitute a viable source of this material. However, there are
indications that the marine phosphate deposits of the Agulhas
Bank contain somewhat higher levels of uranium, and these
deposits are the subject of more detailed investigations.

Geological and Allied Research
Karoo Airborne Survey
The airborne radiometric and magnetic survey of the Karoo
Basin, which is being flown under contract to the Geological
Survey, is now 8 1 ' / complete. Significant radiometric anomalies
were detected in the Victoria West-Richmond area. The results
ha ve been released on Open File by the Geological Survey and a
number of mining companies have expressed interest in the
area. Data from six blocks, out of a total of 17, have already
been released.

Calibration Facilities
The AFB's facilities at Pelindaba, Beaufort West and Potchef-
stroom for the calibration of radiometric field instruments,
continued to be used extensively by the exploration companies.
A total of 115 calibrations were performed on field spectro-
meters, scintillometers and borehole logging units at the
Pelindaba facility during the period under review. The Pelindaba
facility was expanded to include an additional borehole standard.

It is gratifying to note that, as a result of the emphasis that has
been placed by the AEB on instrument calibration, there has, in
the last five years, been a complete change in the approach of
geologists to the use of radiometric field instruments. Whereas
in the past instrument responses were viewed in a very
qualitative manner, there is now a firm tendency, thanks to
instrument calibration, for these responses to be regarded in a
more meaningful quantitative light.

Basic Research
Sedimentological, geochemical, geophysical and mineralogical
research is undertaken by the Board with the specific purpose
of assisting industry in its efforts to delineate target areas.

Collaborative projects with a number of South African
universities are also under way. Most of the research effort is
currently taking place in the Karoo, and a number of reports
have been issued which have materially assisted in affording a
better understanding of the genesis of Karoo ores. Geochemical
and hydrogeochemical research projects in the Northern Cape
and Southern Natal are also under way. Results obtained to
date from these collaborative projects are encouraging and
investigations are continuing.

The effects of radioactive disequilibrium on the quantitative
determination of in situ uranium grades in the Karoo were
extensively studied. The results indicate that where ore zones
are located well below the present-day water table, radiometric
techniques may be employed with accuracy. For ore zones close
to or above the water table, which make up a large proportion of
the Karoo occurrences, disequilibrium poses a serious problem
and may lead to inaccuracies, often of hundreds of per cent. For
the majority of Karoo occurrences, therefore, the quantitative
application of radiometric techniques in the estimation of ore
reserves is limited and should be assessed separately for each
individual occurrence.

Design considerations for portable radiometric instruments,
making possible the in .situ determination of the grade of
uranium underground, continued to be investigated during the
period under review. The project is a collaborative one between
the AEB and the Chamber of Mines. Results indicate that side-
shielding techniques are more favourable than frontal-shielding
techniques from both a practical and a theoretical point of view,
as considerable improvements in counting time and statistics
are achieved. Measurement of the 2!4Bi photopeak in the
0,6 MeV region will also effect a considerable reduction in the
amount of lead shielding required to remove spurious
background radiation.

The hydrogeochemical project on the determination of uranium
in groundwater was stimulated by an offer on the part of the
Geological Survey of the Republic of Bophuthatswana to
provide water samples. Work was started on a system whereby
all existing data will be coded uniformly in order that samples
from various sources can be correlated.

A geochemical project undertaken in collaboration with the
Geological Survey on a number of selected uranium occurrences
in the Karoo, is nearing completion. All analytical work has
been completed and the compilation of the final report is
progressing well. Complementary investigations on other
similar occurrences have commenced.

Analytical Methods for Uranium Prospecting
The determination of uranium by delayed-neutron counting
was continued for private and Government organisations.
Reduced exploration activity, however, caused the demand for
this service to drop rather sharply.

As in the past, assistance was given to the mining sector in the
form of determinations relating to the state of secular disequilibrium
in uranium ores. These included some 80 samples for disequilibrium
between 2i"U and 226Ra, and 35 samples for disequilibrium
between 226Ra and daughter products. Approximately 130
samples were also analysed for 2:!2Th.

The AEB participated in an international intercomparison for
the determination of uranium and thorium in concrete pads
utilised for the calibration of instrumentation used in uranium
prospecting, organised by the NEA/IAEA Group for Research
and Development on the Measurement of Natural Gamma
Radiation.

Radiation Hazards in the SA Mining Industry
At the request of a mining group, an investigation of the 222Rn
emanation rates and. resulting concentration levels under
various operational conditions was conducted in a prospecting
shaft sunk into a body of uraniferous coal. The main objectives
were the determination of the emanation rate per unit area
(flux) of the shaft walls; measurement of airborne radioactivity
under conditions similar to those which would prevail under-
ground under normal operations, including the influence of rock
blasting; determination of the degree of ventilation needed to
maintain the radon concentration below a specific Working
Level (WL); and the search for correlation between uranium
concentration in the rock and the resulting radon emanation.

Analysis of the results of the investigation revealed that the
radon flux was surprisingly low, in spite of the relatively high
equivalent uranium concentrations. However, buildup of radon
and its daughters in the absence of ventilation would result in
concentrations above the maximum recommended WL being
reached in a few hours. The results further showed that the
presence of coal debris caused by blasting considerably increased
the radon emanation rate. A set of equations was derived which,
to a first approximation, will permit calculation of the ventilation
rates required to maintain concentrations of radon and its
daughters below acceptable levels.
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Radioactive Waste: Site Selection Program
The screening phase of the AEB's program to locate a suitable
site or sites in the Republic for the disposal and/or storage of
radioactive waste was completed during the period under
review. This, the first phase in the program, involved the
assessment of numerous parameters on a countrywide basis to
determine potentially suitable areas. These parameters included
population density, agricultural yield, seismic hazard, rainfall,
drainage basins, groundwater recharge and quality, mineral
occurrences and mines, ecological aspects, national parks and
nature reserves, the distribution of homelands and independent
states, and areas of growth. Assistance was received from
numerous State Departments, including the Office of the Prime
Minister, the Depaitment of Transport Affairs, the Depart-
ment of Statistics, the Department of Agriculture and Fisheries,
the National Parks Board, the Geological Survey and the
Department of Water Affairs, Forestry and Environmental
Conservation.

The results of the screening phase identified several potentially
suitable areas and in-depth geological and hydrological investiga-
tions are currently under way in order to locate one or more
specific sites.

Continuous Ion Exchange for Uranium Recovery
A third commercial uranium reco/ery plant, based on the
N'IMCIX contactor, was successfully commissioned during the
year, with the assistance of AEB staff, at the Merriespruit
uranium plant. This continuous-ion-exchange contactor, originally
developed by NIM, is now gaining acceptance amongst overseas
uranium producers. During 1980 the first commercial-scale
NIMCIX plant outside of South Africa for the recovery of
uranium was ordered for installation by United Nuclear
Homestake Partners, New Mexico. This plant is to be used for
cleaning up mine-water effluents and will be constructed and
commissioned by the United States subsidiary of a South
African engineering company which is a licensee for the
NIMCIX contactor.

Costing of Uranium Ore Processing Flowsheets
Cost-engineering activities during the earlier part of the year
were associated with process proposals for the beneficiation of
Karoo uranium ores. A particular characteristic of such ores is
their high consumption of acid lixiviant, and some attention was
given to the comparison of novel acid-process routes with
conventional alkaline leaching. Particular attention was given
to the assessment of sulphuric acid production costs at various
localities and the cost of transportation to various Karoo
uranium deposits.

Up-to-date uranium ore processing equipment costs have been
obtained from industrial suppliers and a confidential report has
been compiled in which size, cost, mass and power relationships
are presented graphically.

In order to reduce the time required to prepare a process cost
estimate, a start has been made on developing computer
programs to assist in the assessment of materials and energy
balances, equipment-size selection, capital and operating costs
estimation and the evaluation of potential profitability, using
discounted cash flow techniques.

Resin-Evaluation Studies
Because of its considerable know-how on all aspects of the use
of ion-exchange resins for uranium recovery, the AEB continues
to receive requests for the evaluation of ion-exchange resins.
The object of such investigations is threefold, namely, to
provide an objective comparison of various commercial resins,
to establish whether performance has been adversely affected
by maloperation of equipment, regeneration procedures, etc.,
and to evaluate experimental resins on a bench and pilot-
plant scale.

Weak-base resins are purported to offer both the high selectivity
and favourable stripping chemistry associated with solvent-
extraction systems, and the possibility of treating unclarified
feed and low-tenor solutions.

Samples of 32 weak-base resins were supplied by a number of
manufacturers. Resin characteristics to be determined include
salt-splitting capacity, weak-base capacity, moisture content,
relative density, and both loading rates and equilibrium loading
in the presence of a standard pregnant solution, a high-chloride
pregnant solution and a high-ferric pregnant solution.

Development of Resin-in-pulp Processes for
Uranium Recovery
Th<> growing importance of Witwatersrand tailings treatment to
recover uranium and gold has highlighted the economic
advantages of a process that dispenses with the expensive
solid/liquid separation stage. Resin-in-pulp (RIP) is one
such process.

Having concluded, on the basis of an examination of RIP
practice in the USA, that existing processes are inadequate, the
AEB is investigating the development of an improved process
to pilot-plant stage.
Much of the development has focussed on the engineering
aspects of the system, in particular the absorption vessels.
Computer control of resin transfer is a likely future develop-
ment aimed at improving process efficiency.
At present a 60 t/d pilot plant is successfully treating a very
low-grade slurry with a solids content of some 35 '/<. The work is
being done as a collaborative project between the AEB and
uranium producers affiliated to NUFCOR.

Development of Solvent>in-pulp Processes for
Uranium Recovery
Equipment used for solvent extraction from clear liquids has
been shown to be unsuitable for solvent-in-pulp contact, owing
to the formation of emulsions and cruds with unacceptably high
losses of solvent to the barren pulp stream.

The AEB is investigating the development of a new solvent-in-
pulp contactor in collaboration with the NUFCOR group of
companies. The basic approach is to design equipment which
minimises solvent losses due to adsorption and entrainment,
and avoids crud and emulsion formation. By distributing pulp
flow over a number of slats which are immersed in the solvent, a
coherent film flow is obtained. Mass transfer of uranium takes
place at the plane interface between solvent and pulp. Wetting
of the particles by the solvent is avoided as solid particles in the
pulp do not rupture the solvent-pulp interface.

Slat design has been optimised in the laboratory and pilot-scale
evaluation of the contactor is in the planning stage.

Preconcentration of Low-grade Ores
The use of radiometric sorting as a means of upgrading uranium
ores prior to further hydrometallurgtcal processing is showing
some promise.

The AEB has kept in touch with developments in this field and
hasevaluatedthe effect of radiometric sorting on the economics
of treating Karoo uranium ores. It is most probable that
developments in this area will be of impoitance in future
considerations of process selection for low-grade Karoo-type
sandstone ores.

Flotation and wet-high-intensity-magnetic-separation (WHIM.',
remain areas of interest and further research on the applicatir :
of these techniques for uranium upgrading is to be undertake .

Ore-Processing Services to Industry
The non-Witwatersrand ores of Southern Africa frequent'
require more complex process routes than has been the c?>



when treating uranium as a byproduct of gold mining. The use
of pre-concentration, alkaline leaching, multi-product recovery,
and such possible low-cost routes as heap leaching, has
required the AEB to broaden the scope of its uranium ore
processing expertise.
Comprehensive investigation of ores from the Karoo Super-
group has continued, with the economic assessment of process
alternatives proceeding hand-in-hand with bench and pilot-
scale testwork.
The pilot-scale evaluation of one deposit was completed during
the year and a similar investigation of a second deposit is in the
planning stage. Pilot-scale facilities already exist to accom-
modate a number of process-route possibilities, whilst efforts
to further broaden the scope of process testing continue.

Production of Uranium Hexafluoride (UF6)
The pilot plant was re-commissioned to test an experimental
feeder, but after an initial run was shut down again. The
experimental feeder seems basically satisfactory, but minor
detailed modifications are necessary.
The experimental secondary crystalliser, with a built-in re-
frigeration facility, is under construction.

Pilot Plant for UF6 Distillation
The pilot plant was operated satisfactorily during 1980 and the
on-line mass spectrometer was tested and commissioned. The
problems encountered with the control valves were resolved.

UF4 Production Technology
The UO:l production section has, except for one final small
batch of AD U, completed the production program required of it
without any major problems being encountered.

The commissioning of the UF4 pilot plant was continued; in the
wake of certain necessary modifications which were effected,
the plant is now able to achieve acceptable production rates and
product quality.

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

Although the irradiation testing of UO., and reactor construc-
tional materials has perforce had to be temporarily suspended
due to the intermittent operation of the research reactor
SAFARI-1, improved irradiation facilities are being designed
and acquired with a view to the resumption of the irradiation
testing program when SAFARI-1 recommences normal operation.

Metallurgical HotCell Complex
The availability of comprehensive post-irradiation examination
and testing facilities is a necessary adjunct to South Africa's
nuclear power program and the AEB's irradiation testing
program. The design of a suitable metallurgical hot-cell complex
to be erected at Pelindaba is nearing completion and construc-
tion of the facility is expected to commence in 1981. The facility
will be equipped for the examination and testing of any
fuel elements in the Koeberg reactors in which defects might
arise, in addition to catering for the post-irradiation testing of
samples from the AEB's materials irradiation program and
surveillance samples from the Koeberg reactors.

SOUTH WEST AFRICA/NAMIBIA
Uranium Exploration and Resource Estimates
In South West Africa/Namibia during 1979 a total of 16 major companies held prospecting rights for source materials and a total of
Rl,4 million was spent on exploration. In addition, R272 000 was spent by the State on airborne surveys.

The Rossing mine remains the only producer of uranium in the territory. Production during 1980 amounted to 4 040 t U (4 767 t
UjOg).* A number of uraniferous granitic and surficial deposits continue to be actively prospected, but no decision has asyet been
taken regarding the exploitation of these deposits. The uranium resources of South West Africa/Namibia are reassessed on an on-
going basis.

L
* The Administrator-General of SWA/Namibia has approved the publication of these figures.



The twin towers ofEscom V nuclear power station, lioeberg, is a new
landmark on the Cape's horizon. The photograph at left was taken in

the control room of the new power station
- Photos by courtesy of ESCOM
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NUCLEAR POWER
Progress on site at Duynefontein on the Koeberg nuclear power
station during 1980 was considerable, with civil work on the
main power station structure nearing completion. Plant and
equipment from overseas were delivered and installed in
Unit 1. The French consortium has advised a one-month delay
in the programmed synchronisation of the first turbine gener-
ator, and has confirmed that the take-over dates for both units
are still on schedule, viz. December 1982 and December 198.'i.
The supporting facilities of cooling-water intake and outfall
works continued on program.

World energy demand, and the role of nuclear power and its
associated fuel cycle in meeting this demand, came under
intense scrutiny during 1980. The International Nuclear Fuel
Cycle Evaluation (INFCE) completed its two-year study early
in the year and this was followed by a number of energy-
orientated international conferences and symposia.

The general consensus emerged that world energy demand
must perforce increase veiy significantly, even assuming a very
modest economic growth rate, and that unless timely steps were
taken the world would be confronted with an energy crisis of
progressively escalating intensity, and also with the concomi-
tant political, social and economic p1 '•blems arising therefrom.
The major technical solutions to this dilemma lie in energy
conservation and oil substitution. Energy' conservation is
important but is not a panacea since it is subject to fairly severe
technical and economic constraints. Oil substitution is imperative,
and in the near and medium term coal and nuclear power are the
only significant viable options.

Nuclear power is available and has been positively demonstrated
to be clean, safe and economic, the latter in many parts of the
world. However, its large-scale implementation has been
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constrained in many countries by an involved combination of
irrational public fears and geopolitical factors such as non-
proliferation concerns. INFOE and the international conferences
that followed it, have created a much clearer perspective and
initiated a more realistic appraisal. There are, therefore, clear
signs that the anti-nuclear public acceptance problem has
passed its peak and that a number of governments are
embarking on firm pro-nuclear power policies and programs.

History may well show that 1980 was a crucial milestone which
could signal the enhanced development and large-scale applica-
tion of nuclear power to the benefit of mankind.

Duynefontein Environmental Studies
A large portion of the experimental data collected since 1977 as
part of the atmospheric studies carried out in the Duynefontein-
Cape Town environment was processed and used for the testing
of suitable mathematical dispersion models. An experimental
program was again carried out, covering the simultaneous
measurement of meteorological variables over a large area and
the use of weather balloons and a tracer aerosol to determine
the possible trajectories which airborne pollutants will follow
from the point of release. Simulations of the tracer tests with
the aid of a computer program produced results within an order
of magnitude of the experimental values, for the most common
wind directions, i.e. SE. NW and SW winds. In more complex
wind fields, such as are caused by sea breezes, good agreement
between calculated and experimental values was also obtained.
The models used were less successful during stable atmospheric
conditions, such as occur especially during winter nights. These
conditions are frequently accompanied by catabatic air flow,
the directions of which, in the lowest hundred metres, can
change drastically with height. When this stable layer is
shallow, it is very difficult to predict plume trajectories.

Additional work must still be carried out under these stable
conditions, especially in respect of measurements of vertical
wind and temperature profiles, in order to develop and evaluate
a suitable model.

Studies of water circulation in the coastal region of Duynefontein,
which are being undertaken in collaboration with the Depart-
ment of Oceanography of the University of Cape Town, were
continued. Many of the upwelling field data were compared
with a simple theoretical model. Field case studies that
approach the idealised assumptions of the model tend to agree
with the predictions. Other models are under investigation.
Much effort was spent in digitising the many years of sea-tower
temperature data and the Ou Skip wind data. These data are
now stored on magnetic tape and are being analysed by various
computer programs. Other historical data are being reviewed.

The pre-operational survey of environmental radioactivity
within a radius of 50 km from Koeberg was continued. Many
data were gathered and it is expected that the program will be
completed during 1981.

The meteorological station became fully operational and provided
meteorological data on a regular basis. During the pre-opera-
tional phase these data are being used by several parties
involved in studies concerned with the terrestrial and marine
environments in the Koeberg region.

As a result of the vast experience accumulated at the AEB over
a number of years, technical advice on environmental matters
was provided to ESCOM. Formal and informal meetings are
held regularly between scientists of the two organisations in
order to resolve environmental problems regarding the
Koeberg environment.
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VNIT FOR NUCLEAR TECHNIQUES

RADIOISOTOPES AND RADIATION
The AEB actively encourages the use of radioisotopes and
radiation in specific applications in industrial, medical,
agricultural and research techniques. These techniques are
promoted directly by the Isotopes and Radiation Division and
the Chemistry Division, which collaborate closely with the
NIM, Industry, Government Departments, Universities and
other organisations.

Application and Promotion of Nuclear
Techniques
The development of a prototype instrument for the South
African Railways (SAR) for the radiometric measurement of
insolubles in oil was completed. The instrument essentially
comprises a "C soft-beta radiation source and a scintillation
detector. Used locomotive oil is dissolved in a pentane mixture
and, after filtration, the insolubles are deposited on a micropore
filter. The attenuation of the beta radiation by the filter is then
measured. The 12 s counting time makes this method much
more rapid than the more laborious method in which an
analytical balance is used.

A transmission method for the detection of decay in wooden
utility poles, where there is an absence of voids, was developed.
In this method the presence of rot can be determined from a
comparison of transmission readings at ground level and at 2 m
above the ground, at which height the rot does not normally
appear. The combination of this method with the previously
developed backscattering technique for the detection of voids,
provides a useful nondestructive means for detecting most
forms of damage. The development of a prototype apparatus,
for use by the South African Bureau of Standards, will
commence shortly.
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In connection with the SAR plan to introduce trains which will
travel at speeds up to 200 km/h, a feasibility study on the
possibility of exercising traffic control with the aid of radio-
active sources, was carried out. Although satisfactory from the
operational point of view, the need to have a narrow hole drilled
through the rail led to rejection of the system by the SAR for
safety reasons. Attention is being given to an alternative.

The project on the possible removal of phosphate from sewage
silt is now being carried out chiefly by microbiologists of the
Hc-alth Department of the Johannesburg Municipality.

Advice on the use of radioactivity and assistance with the
counting of radioactive samples are still given on a regular basis
by experts of the AEB.

A second experiment in connection with the investigation into
the leaching of sulphuric acid from old mine dumps using !>S,
which was carried out in cooperation with the Chamber of
Mines, confirmed the conclusions of the first experiment, viz.
that it will be necessary to irrigate for more than a year before
the harmful sulphates are washed out to a depth of more than
1 m. In contrast with some assertions, it was found that the
horizontal movement* of •|:'S was extremely slight. Varying
horizontal speeds have, however, been observed between
different layers.

A variety of investigations with radioactive tracers were again
carried out during the year at the request of industry. The
purpose of t his work was primarily the measurement of process
parameters which cannot normally be obtained in any other way.

A number of tests were done in cooperation with the NIM on
electric furnaces used in the production of ferro-manganese.
The purpose of this was to study the behaviour of the various
materials used in the furnaces and therefore the tracers
consisted of activated trace elements in samples of these
materials. The information gained from this project will be used
to optimise the operation of the furnaces.

An investigation was also carried out with the aid of a
radiot racer to determine the lengths of the electrodes in the
smelting furnaces. A number of experiments were carried out
with "To and !l>Sr as tracers, and appeared to be successful.
The method is unique, as electrode lengths can be determined
dining operation of the furnaces.

A variety of other projects were carried out on contract, inter
alia the measurement of the residence times of slurry in a
uranium leaching plant, the determining of a mass balance for
gold in a gold recovery process, the residence time of material in
a kiln during a cement manufacturing process, gas-flow measure-
ments in an oil refinery with the aid of41 Ar, and residence times
of carcases in an oven at an offal processing plant.

At the request of the National Research Institute forOceanology
(N'RIO), the AEB Isotope Unit at the Southern Universities
Nuclear Institute (SUNI) conducted a series of dispersion tests
at the Saldanha Bay/Langebaan lagoon complex, using a
radioactive tracer. The tests were aimed at calibrating certain
aspects of a mathematical model of the tidal water movements
in the bay/lagoon complex. This project was extended to
examine the longer-term changes in tracer concentration in the
Langebaan lagoon.

Other tracer applications included the use of fllCr for the study
of water seepage in agricultural lands.

Radiation Technology
The commercialisation of radiation processing in South Africa
was realised in 1980 with the establishment of a private
company that will take over the present irradiation service of
the AE B towards the middle of 1981. The aim of this company
is to provide local industry with an effective irradiation service,
thereby assisting it to derive to the full the benefits of radiation
processing. The AEB has thus succeeded in its aim of bringing
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radiation processing to a point where it can become established
as a fully fledged industry. An announcement was also made
during the year that yet another company is to install a 3 MeV
electron accelerator during 1981 for the purpose of the
crosslinking of cable insulation. It is notable that through the
active promotion of radiation processing by the AEB over the
past ten years, this technology has now come of age and can only
go from strength to strength.

The rate of growth of gamma sterilisation of disposable medical
products was somewhat slower than in the previous year. While
the average weekly throughput of products was 27,9 t at the
close of the previous financial year, the corresponding figure for
the financial year ending March 1980 was 30,7 t - an increase of
only 10 7,. However, during AugUFt another 200 kCi of 6"Co
was added to the irradiator to satisfy ihe growing demand, with
the result that, at the end of 1980, there was once again more
than 1 MCi of ""Co in the plant. The increase in throughput,
coupled with the higher tariff introduced during the year,
resulted in a 20 rA increase in the net income from the operation
of the radiation service.
After it became known -publicly that a 6 MCi commercial
gamma irradiator was to be built at Isando, near Johannesburg,
many enquiries were received from companies interested in
making use of the irradiation service. This interest can largely
be attributed to the convenient siting of the new irradiator, as
well as to the unique technical benefits to be derived from it.
Enquiries ranged from areas concerning cosmetics, pharma-
ceuticals, foodstuffs and related areas, to the radiation altera-
tion of synthetic materials. In the latter area especially,
unparalleled interest was shown in the possible use of the new
gamma irradiator to alter a wide range of polymeric materials. It
thus appears that the unique technical benefits of the com-
mercial irradiator could result in the finding of new fields of
application and that South Africa will play a leading role in
this regard.

Radiation processing has progressed in South Africa over the
past ten years at such a rate that this country is now one of the
top five in the world in respect of the amount of radioactive fi"Co
per capita of the population used for radiation processing - a
fact which testifies to the insight and approach of the AEB in
this field.
Research work continued on the surface modification of plastic
materials being used as medical replacement devices. The main
aim is the improvement of the biocompatibility and specifically
the blood compatibility which is still .the major problem in the
application of artificial organs. The surface modification is
done with the aid of radiation-induced grafting and co-grafting
techniques. This makes it possible to achieve a variety of
different properties. Various plastic devices- produced mainly
from polyethylene and polypropylene - have been radiation-
modified and are being tested on their biocompatibility (blood-
clotting, platelet-adhesion and platelet-destruction properties)
in the Department of Haematology of the H. F. Venvoerd Hospital.

Nuclear Applications in Agriculture
Nuclear techniques lend themselves admirably to many applica-
tions in agriculture, extending from investigations into plant
metabolism and disease, to large-scale preservation of agricul-
tural products.

Investigations
A soil moisture meter, which makes use of gamma-ray absorp-
tion, was tested in a field on the experimental farm of the
University of Pretoria. It was established at one monitoring,
point that the determination of humidity by means of this
moisture meter is even slightly better than that with the neutron
soil-moisture meter. The actual benefit of the former, however,
is that it requires far fewer calibration values, namely only one
per measuring point. A gamma soil-moisture meter which is
able to measure to a greater depth, was built and is currently
undergoing the first laboratory tests.
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The following studies are being continued in collaboration with
the Fruit and Fruit Technology Research Institute (FFTRI):

(i) Establishment of correlations between bitter-pit disease in
apples and the excess or deficiency of certain elements.
Besides trying to establish whether there is a correlation
between anomalies in the concentrations of certain elements
and the onset of bitter pit, variables such as soil treatment
and the effect of the sunny and shady side of trees on
mineral element concentrations at the various stages
during the growth cycle were also studied. Multivariate
statistical analyses of the data that show definite differences
between groups of samples were completed, but correla-
tions between the different variables and the incidence of
bitter pit are still in progress.

(ii) Evaluation of 4fiSc as a substitute for 2SA1 in ion-exchange
studies in soil. A final series of experiments was carried
out, which confirm the results of previous experiments,
namely that 4BSc can be used as a substitute for -8A1 in this
type of study.

Marketing of Irradiated Foodstuffs
As a consequence of the positive outcome of the marketing of
four irradiated commodities during the 1978/79 season, it was
decided to erect a pool facility at Pelindaba. This facility is in
essence similar to the one at Tzaneen, with various advanced
and improved basic concepts incorporated to improve opera-
tion. The construction of this irradiator was virtually completed
and 60Co with an activity of 100 kCi was loaded into the pool.
Requests have already been received for the irradiation of ton
quantities of onions during the coming season.

As a result of various problems encountered during the
marketing campaign regarding retailer attitude towards the
upscaling of the process, it was decided to form a Steering
Committee for the promotion < f the marketing of irradiated
foods in South Africa. Various interested retail organisations,
as well as Government Departments involved in the inspection,
quality control, production and handling of agricultural produce,
will be represented on this committee. Several meetings to
determine the status and the terms of reference of this
committee have already been held.

Radiation Treatment of Animal Products
The effect of combination treatments on the shelf-life extension
of minced meat using lactic acid and irradiation was determined.
A definite synergistic effect was obtained under both aerobic
and vacuum-packed (anaerobic) conditions with the addition of
lactic acid (pH 5, 0,75 % addition) and an irradiation dose of
2,5 kGy. The reduction of the number of bacteria was greater in
the combined treatment than when either of the treatments
alone was applied. The same phenomenon was also noted
during the storage of treated samples of meat. These experiments
are continuing. Investigations were also carried out on the
radio-resistant lactic acid bacteria isolated from radurised
minced meat. This is an important group as it comprises the
major population of bacteria present at the end of the shelf-life
period. Approximately 90 different isolates have been recovered
from minced meat which had received a dose of 2,5 kGy. These
investigations are continuing.

Radiation Treatment of Plant Products
Mangoes

In order to confirm the results obtained in previous trials using
heat and irradiation treatments, it was decided to conduct
several large-scale trials using export-grade mango fruits and
involving other laboratory and storage facilities apart from the
AEB. From these trials it was apparent that excellent control of
disease in cold-storage mangoes (under simulated shipping
conditions) was afforded by the combination of heat and

irradiation treatments. Irradiation was very effective in control-
ling weevil emergence from the pip, which was over 30 ''/< in
some cases, and hence preventing serious internal damage from
weevil activity. It was also found that treating the fruit with
ethylene accelerated the ripening, thereby helping to counteract
the delayed-ripening effect of irradiation. This may be important,
especially in view of the protracted time taken fpr mangoes to
ripen and colour up under local market conditions during
certain seasons. These investigations are continuing, with a
greater errphasis being placed on technological-feasibility
studies, as iie possible commercialisation of the irradiation of
mangoes appears increasingly attractive.

Litchis

Combination heat and irradiation treatments resulted in an
effective control of wastage in litchis kept under simulated
shipping conditions. The use of red-coloured vegetable dyes
and waxes greatly improved the eye appeal, and hence accept-
ability, which had been adversely affected by the heat treatment.

Onions

Although the markets in South Africa are well supplied with
onions throughout the year, the highest prices are realised
durins. the July to September late winter period. In order to
benefit from the peak demand period, the onions (mainly from
the Cape areas) have to be stored for six to seven months;
however, losses during storage due to sprouting, rotting and
desiccation frequently amount to some 25 '/>. Losses in export
onions should also be taken into account, especially since
export onions comprise nearly 50 '/, of the total export of
vegetables from South Africa.

Investigations were conducted by irradiating the economically
important Caledon Globe onions from the Cape and several
major cultivars from the Transvaal. Excellent control of
sprouting and attendant disease was obtained in all the
experiments with low irradiation doses of 0,10 kGy. In certain
instances the irradiation treatment resulted in a three- to
fourfold reduction in losses in onions following several months
in storage, as compared with the untreated controls.

National Symposium on Food Irradiation

A wide range of subjects embracing various facets of the food-
irradiation program were dealt with at a symposium held in
South Africa during October 1979. This evoked a number of
enquiries within the food industry in South Africa, as well as
considerable interest from overseas. A comprehensive report
on the symposium was published during the year as an
appendix to the Food Irradiation Bulletin (No. 10) by the
International Food Irradiation Project. The full proceedings
were published by the AEB.

Diagnostic Investigations
In cooperation with the Radioisotopes Division of the
H.F. Verwoerd Hospital, diagnostic investigations on 49 patients
were done with the help of the whole-body counter and well
crystal. In total 281 counts on patients and 28 counts on
biological samples were done.

Radioisotope Production
General
The development, production and quality control of various
radioisotope products used for medical, industrial and research
purposes are well established. The new plant for the abovemen-
tioned activities is being used to full capacity, with the
exception of the new lead-shielded processing cells. The most
important processing cells are virtually completely equipped
and will be commissioned shortly.
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Industrial Isotopes
The transfer of locally manufactured and imported radioactive
sources to various source holders and the installation of sources
in industrial installations is offered as a routine service. Source
holders, sealing mechanisms of source holders and other
equipment in which radioisotope sources are used, are inspected
regularly and repaired where necessary. Radioactive sources
are also specially manufactured and adapted for the user's
needs. Clients are also regularly advised on safe handling of
radioisotopes. The abovementioned services are welcomed by
the users and encourage them to use more 1 adioisotopes in their
investigations. The most important radioisotopes manufactured
for industrial use are 24Na, 4IAr, 60Co, 82Br and 192Ir.

Radiopharmaceuticals
Radioisotopes for medical purposes (radiopharmaceuticals)
are in greatest demand, making up 95 % of all radioisotopes
used in the RSA. The most important radiopharmaceutical
products are 82Br, 99n>Tc, 131I, 182Ta, 192Ir and I98Au. Of these.
the 99mTc generator has the greatest scope. During the year
nuclear-medicine departments of hospitals were visited so that
the new improved inlet piece and elution heads of the 99mTc
generator could be introduced to users and demonstrated.
These improvements, which increase the capacity of the
generator and enhance its reliability, made a good impression.
This is also reflected in the greater demand for the generator. In
order to be more competitive with imported generators, the
product is currently being produced on Fridays and Mondays
for use on Mondays and Tuesdays, with minimum activities of
250 mCi and 300 mCi 99mTc respectively. For a number of
years now the following 99mTc-labeling kits have been manufac-
tured: pyrophosphate (for bone examinations), sulphur colloid
(for liver examinations) and DTPA (for kidney studies). A
suitable diluter/dispenser which can be sterilised was purchased
and a new production freeze-drying apparatus is being commis-
sioned for the production of the abovementioned agents.

Comparative clinical and dosimetry studies were carried out
with N-benzoyl-75Se-methionine and1311-hippuran at a hospital.
Although the results of the two agents compare well, the proven
1;!II-hippuran will not be easily replaced by another agent.

Quality Control

Routine quality control of radiopharmaceuticals was placed on
a firm foundation and now includes physical, chemical, micro-
biological and biodistribution tests.

The gamma camera obtained from the Johannesburg General
Hospital is being used for qualitative studies on rabbits.
Unfortunately, this camera has only 19 detectors, with the
result that the resolution is poor. Excellent results are,
however, being obtained with the dissection of mice for the
quantitative evaluation of radiopharmaceuticals by counting
organs separately in a well counter. Local products are being
compared quantitatively by means of the latter method with
imported products as standards under similar conditions. The
results obtained can, especially in bone-agent examinations,
provide a clear differentiation between good and unaccept-
able lots.

Microbiological tests have now also been placed on a sound
footing so that they form an integral part of the quality control
of the production of radiopharmaceutical products.

In cooperation with the CSIR, 5 mCi I:iII standards were
supplied to a number of local hospitals. The radioactivity

measurements went very well: the statistical uncertainty was
0,03 % and system errors were estimated at about 1 %.

Registration of Radiopharmaceuticals
During the year two draft proposals for the registration of
locally manufactured medical isotopes and labeled kits were
submitted to the Medicines Control Board for comment. The
isotopes submitted were those of sodium iodide (oral agent for
thyroid-gland examinations) and a sodium pyrophosphate-tin
99mTc-labeled kit (injection for bone studies).

A detailed and effective internal documentary control system
for radiopharmaceuticals was compiled; it is now possible to
trace at a glance the entire history of a product.

Production of RIA Kits
A program for the development and production of kits for
radioimmunoassays (RIA) was approved so that the purchasing
of equipment and appointment of personnel can be pursued in
earnest. Various types of imported RIA kits are being evaluated
and discussions are being conducted with various organisations
so that it can be ascertained which type of RIA system will be
generally acceptable to the local market. The object at present
is also to manufacture, as quickly as possible, a suitable local
product which will consist mainly of imported components;
these will, in due course, be replaced by local components. This
approach has the advantage that the production personnel will
rapidly become familiar with the handling of this type of
product and, at the same time, be able to get the feel of the local
market. At the same time the local product will become
established while the necessary confidence will be inculcated in
the user. As the largest demand is for RIA kits for the
determination of thyroid-gland hormones, attention will initially
be centred on this aspect.

Total Number of Products Manufactured
The total number of neutron irradiations carried out by the
Isotope Production Centre amounted to 754. In all, 2 769
consignments of radioisotopes with a total activity of
330 036 mCi were despatched during the year.

In addition, 622 chemical kits for labeling with 99mTc, and 165
kits for 8IRb/81mKr generators were manufactured.

Apart from the radioisotopes produced and distributed by the
AEB, consignments of radioisotopes with a relatively short
half-life, produced in the cyclotron of the Council for Scientific
and Industrial Research (CSIR), were sent to hospitals through-
out the Republic for various medical applications. The isotopes
involved were gallium-67, rubidium-81/krypton-81, indium-
I l l and iodine-123; their total activity was 13 149 mCi. In
addition, seven sealed 109Cd sources of 125 mCi each were
produced by the CSIR and supplied to the SA Chamber of
Mines.

Imports
Private firms imported radioisotopes with a total activity of
525 094 600 mCi with authorisation of the Board, in comparison
with 656 982 549 mCi in 1979.

Exports
Radionuclides with a total activity of 5 960 mCi were exported
during 1980. The nuclides involved were sodium-22, cadmium-
109 and serium-139; all were produced in the cyclotron of
the CSIR.
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HEALTH AND SAFETY
The health and safety of all members of staff of the AEB are the
concern of the Isotopes and Radiation Division and the Medical
Services Centre.

Routine Medical Examinations
The Medical Services Centre at Pelindaba attends to the
medical examinations and on-site care of staff of the AEB
and UCOR.
During the year, 592 newly appointed members of staff of the
AEB were medically examined, while 501 were re-examined.
As pail of the prescribed routine examination of radiation
workers, a total of 880 chest X-ray photographs were taken and
read, and 829 blood-cell counts were carried out.
Injuries on duty attended to amounted to 207, while 65
audiograms were recorded and analysed.

Personnel Dosimetry
All radiation workers are provided with pel sonal dosimeters on
a routine basis and records are kept of all doses received. In
total, beta-gamma film badges were issued to 236 persons, neu-
tron film badges to 148 persons, and thermoluminescent
dosimeters to 499 persons. In no case was the limit of 5 rem
(50 mSv) exceeded, and only 6 persons received more than
three-tenths of this value.

Urine samples were taken monthly from uranium workers and
analysed by the Chemical Operations Division. A total of 3 98.'i
samples were analysed, of which .'} 516 samples showed less
than 10 jug U(wet)/1. The examination level of 50 /ig l'iwetl/1
was exceeded in :)4 cases, and the maximum permissible
concentration of 100 jug lT(wet)/l in 16 cases.
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Health-Physics Examinations
In all, 483 members of staff of the AEB and UCOR were
examined on a routine basis with the whole-body counter
during the year. In 14 of these examinations, internal radio-
active contamination was detected. The radionuclides ""Co,
'"Zn. T'Se, ililmTc, I:11I and "7Cs were observed, but in no case
was the annual intake limit exceeded.

Approximately 9 persons who showed uranium contamina-
tion in their urine were counted with the lung counter and in 3
cases uranium could be observed in the lungs. In only one of
these cases was the concentration of the order of a maximum
permissible lung burden, viz. 25 mg.

Safety and Radiation Protection
Radiation and contamination surveys were carried out on a
routine basis, new facilities were evaluated and advice given on
conventional safety and radiation protection precautions in
buildings planned and being constructed.

Delays in commissioning the Isotope Production Centre made
it difficult to operate normally and limit exposures. In one or
two individual cases the dose equivalent received was almost
5 rem (oO mSv), which is the maximum permissible.

Although the uranium hexafluoride plant was shut down for
most of the year, a significant amount of uranium was released
from a large transport vessel. The released material was,
however, confined to the UFfi Building and immediate surround-
ings, and was subsequently cleaned up.

In the uranium processing plants it was possible to identify a
conelation between the amount of contamination on working
surfaces, the increase in airborne activity and the subsequently
measured excretion of uranium in the urine of operators. No
cases of overexposure were measured.

A leak occurred in the primary-coolant line in the Reactor
Building, necessitating the removal and repair of a section of
the 500 mm pipe. The work was completed without any
significant exposure of personnel to radiation or contamination.

Training
Formal training of health physics and safety personnel continued
at the Pretoria Technikon.

Four induction courses, attended by 225 persons, were
presented during the year.

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

A general safety course was provided to all members of the
supervisory staff, under the auspices of the National Occupa-
tional Safety Association (NOSA).

The usual training was provided to fire-fighting and building
emergency teams, as well as to decontamination workers and
trainee technicians.

Incident and Accident Statistics
In accordance with the statistics for injuries and accidents, 207
incidents were reported, of which 17 to NOSA because of work
disability.

Nuclear-Bomb Fallout
As in previous years, the concentration levels of fission
products in virtually all materials sampled were below the limits
of detection by direct gamma spectrometry. Where chemical
separation was used, ""Si' and 1:'"Cs were still observed, but at
very low concentrations. These long-lived nuclei are remnants
of previous tests and stivospheric fallout. Gamma-spectro-
rnetric analyses, followed by beta counting of air samples as
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well as deposited fallout collected via rainwater, was never-
theless continued on a regular basis. Analysis of tritium in air
moisture collected at Pretoria and Cape Town, and analysed at
the University of the Witwatersrand, was also continued.

Environmental Radium
This research project is being carried out as part of an
international research program coordinated by the IAEA. The
first phase of the project, which consisted of a preliminary
survey of '-fiRa concentrations in the gold/uranium mining
areas, was completed. Samples collected included mainly water
and sediments from streams and lakes to which members of the
public have free access.

From results obtained in the preliminary survey it would
appear, at this stage, that the concentration levels of 226Ra in
the environmental waters of the gold/uranium mining areas are
remarkably low, particularly when one considers that there are
some 30 000 Ci of 22BRa contained in the tailings dams spread
throughout the area. In order to assess the possible long-term
effects, more must be known and understood regarding the
behaviour of radium in the tailings and the surrounding
environment. In this connection attention is currently being
given to various aspects of water seepage and radium leaching,
and to the possibility of carrying out hydrodynamic studies in a
typical tailings dam.

Trace Elements in Air Pollution
A sti'dy of the levels and trends of some of the more important
traci • elements in ambient air in background, rural, urban and
industrial areas in South Africa has been concluded. Monitoring
was carried out over periods of one to four years at twenty-two
monitoring stations covering the areas in question. In general
the concentration levels in urban and industrial areas are
comparable to those found in similar areas of the world. Lead
concentrations in the urban areas of Cape Town, Port Elizabeth
and Pretoria were, however, high and demand further study.
Both increasing and decreasing trends could be observed in
certam urban and industrial areas. Enrichment factors were
calculated and used to differentiate between elements from
natural and anthropogenic sources of pollution. The study was
done in collaboration with the Air Pollution Research Group of
the CSIR which will proceed with aspects of the work.

Aerosol Physics
The attachment of radon decay products was measured.
Problems were experienced in determining with the necessary
accuracy, by means of diffusion batteries, the aerosol size of
laboratory air used for the experiment. A carbon-black aerosol
could not be characterised either. A chrome oxide aerosol
generator was built to provide a suitable aerosol with which the
study will be continued.

Two diffusion batteries were designed, built and taken into use.
These diffusion batteries are suitable for carrying out particle-
size determinations on aerosols of particles between 3 and
100 nm in diameter and are operated at air-flow speeds
between 1 and 10 1/m.

An extensive air sampling program was introduced in process
buildings at Pelindaba in cooperation with the Occupational
Safety Subdivision. The results of static environmental air
samples, static local air samples, personal air samples and the
activity collected on respirator filters are compared with one
another to determine the danger of inhalation of the aerosol.
Measurements were made at various occupational tasks in
which various chemical compounds of uranium were involved.

Test methods for measuring the effectiveness of off-gas scrubbers
were investigated. Methods are being developed to test the
efficiency of scrubbers designed for the removal of various
pollutants.



The loading mechanism of Nuclepore filters with large pores is
being investigated experimentally under various operating
conditions and for various aerosols. Various models for the air-
flow patterns and the aerosol deposition for this type of filter
are studied.

Shielding Studies
Further changes were made to the PELSHIE computer program,
inter alia the program and data libraries were altered to read in
data in SI units. Results are also expressed in SI units. The
accuracy with which the program produces results is currently
being tested with the aid of so-called Benchmark problems.
Three of the problems addressed so far indicate that the
accuracy is satisfactory.

Programs are still being tested to calculate neutron and gamma
flow through apertures in shields, where both aperture and
shield may have complex geometrical forms. The aim is to
calculate shielding against neutrons which will flow through an
air gap around the reactor vessel of the Koeberg nuclear power
station. Regular enquiries were received and a variety of
shielding calculations were carried out on request. The dose
rates from components such as the steam generators, pressuriser
and primary pumps and pipes of Koeberg were calculated at the
request of the Licensing Branch, and were compared with the
specified values as supplied by the reactor manufacturers.

Development of Health Physics
A study on the behaviour of tritium arising from the contamina-
tion of an ion pump was completed. Interesting results on the

freezing out of tritium vapour and the exchange of tritium
vapour with water vapour were obtained.
Supportive assistance was given in respect of occupational
safety. Inter alia, the monitoring of airborne radioactive releases
was extended to three more buildings, and the effectiveness of
filters in various ventilation channels was determined and
improved to meet the minimum requirements.

Calibration of measuring instruments continued to be carried
out and radionuclides on air and smear samples were identified.

Planning of a suitable remote-controlled observation vehicle
was not completed, although a decision had been taken on a
draft design. This vehicle will be used under accident conditions
to facilitate the operation of the existing remote-controlled
recovery vehicle (ABBA).

External Dosimetry
A comparative study was carried out on the distribution and the
accuracy of the average doses measured with film badges and
thermoluminescent dosimeters. Groups of both of these dosi-
meters were irradiated under calibrated conditions. Differences
of up to approximately 15 % were found between the measured
and calculated doses.

Results of the Fourth International Comparison of Environmental
Dosimeters were received, and results obtained locally compared
well with the median values of all participants as well as with
independently calculated values provided by the organisers. It
was also decided that the AEB would take part in the Fifth
Comparison Study and the dosimeters have already been sent
away for irradiation.
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A conmercialrauiationprocessm# plant athando will, towards the
middle of 1981, take over thepresentirradiationservice of the AEB.
The company running the plant was co-founded by thn. Industrial
Development Corporation (seepage 14). This is an architect's sketch

of the plant
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FINANCE

Dviring the financial year 1979/80, a total amount of R43 523 448 was expended jointly under the Research and Administration
Funds. The percentage expenditure of the various items to total expenditure for the year is as follows:

Capital Works , 6,65%
Equipment 32,92 %
Salaries and administration 46,60 %
Other running expenses 13,83 %

On the appended statement, which is a summary of expenditure under the two funds mentioned for the past twenty years ended
31 March 1980, the percentage expenditure in respect of the various items is indicated.

A commercial-scale plant for the recovery of uranium was ordered
for installation by United Homestake Partners, New Mexico (see
pageS). Thephoto is ofthe NIMCVCpilot plant at Blyvooruitzicht

Gold Mine

TABULAR SUMMARY

SUMMARY OF TOTAL EXPENDITURE UNDER THE RESEARCH AND ADMINISTRATION
FUNDS FOR THE PERIOD 1 APRIL 1959 TO 31 MARCH 1980

PERIOD

Li

NATURE OF EXPENDITURE ^KM•
Capital Works ^ H |
Equipment ^ ^ H
Running expenses ^ ^ ^ |
Salaries and administration ^ ^ ^ J
Subsidised research j ^ ^ H
Training costs ^ ^ H
Bursaries J ^ H
Library ^ H•

^ H 1964-04-01 ^ M^ H to ^^1
H I 1969-03-31 ^^M

HB IH
^ H 5 733 442 ^ H^ H 4 692 882 ^ H |
^ H 2 711196 H H
H | 9 661 518 H H
^ H 1 279 252 H H
^ H 325 708 ^ H
^ H 193 896 ^ H
^ H 150 678 ^ H

^ H 24 748 572 ^ H

^^H 19744)4-01 ^ ^

^ ^ B 1979-03-3} ^ ^ |

^ ^ | 12 004388^^|
^ H 9 46? 731 ^ H
^ H 21 966156 ^ H
^ H 68 753 085 ^ H
H H } 762 807 ^^M
M B 107 024 ^ ^ |
• • 282 720 ̂ H
^ H 873 927 ^ H

^ H 115 218 838 ^ H

W^M TOTAL•̂
H 33 485 430

^ H 34 368 609
^ H 39875 221
^^H 128 490134
^ H 6 450 158
^ H 1 276 338
^ H 1037 431
^ H 1678 206

^ H 246 661 627
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CONSOLIDATED BALANCE SHEET AS AT 31 MARCH 1980
(Compiled in terms of section 18 of Act 90 of 1967, as amended)

Liabilities ^ ^ ^ ^ ^ • • • • • Assets

Capital account
Loan from Treasury.
Sundry creditors
Funds

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

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

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

W.G. SCHICKERLING
Auditor-General

J.W.L. DE VILLIERS
President

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

ADMINISTRATIVE ACCOUNT
REVENUE AND EXPENDITURE ACCOUNT FOR THE FINANCIAL YEAR ENDED 31 MARCH 1980

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

Expenditure ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ | Revenue

Salaries, wages and allowances
Subsistence and travelling expenses
Postal and telegraph services
Publications and books
Exhibitions
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
f'ontribution to Research £Smd
Sundry debtors . . . .
Revenue paid over to Consolidated Revenue Fund

Government funds
Services rendered to UCOR
Department Social Welfare and Pensions
Sundry revenue
Licensing fees

J.W.L. DE VILLIERS
President

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



Publications and books
Exhibitions
Administration expenses
Equipment
Contribution to International Atomic Energy Agency
Contribution to Rsr>earch Qind
Sundry debtors
Revenue paid over to Consolidated Revenue Fund

I.C|«IIIIIICIII OUVICM weuare ana rensions
Sundry revenue
Licensing fees

J.W.L. DE VILLIERS
President

T.A. VENTER
Assistant Manager: Administration (Finance)
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RESEARCH ACCOUNT
REVENUE AND EXPENDITURE ACCOUNT FOR THE FINANCIAL YEAR ENDED 31 MARCH 1980

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

Expenditure H^^^^^^H ^I^^^^^H Revenue

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

J.W.L. DE VILLIERS
President

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

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



CONTRIBUTORS TO THE 1979/80 RESEARCH PROGRAM

Apart from the funds made available by the State for administration and research, financial contributions to the
Research Program for 1979/80 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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FUNDAMENTAL STUDIES
A number of AEB scientists are engaged in research projects of
a fundamental nature, some of which are briefly described below.

NUCLEAR PHYSICS
Accelerator Operation
The new accelerator tube was installed and, after proper
conditioning, a terminal voltage of 3,9 MV was achieved with
ease. Both the 1 ns pulsed and bunched beam and the DC beam
performed well. Work is in progress on the development of a
fast-acting vacuum valve for accelerator protection, to be used
when external beams and thin exit windows are in operation.

On-Line Computer System
In order to bring the acquisition and processing of data into line
with the development of research projects, a new 64K word
memory minicomputer was acquired to replace the original one
that has become obsolete. The system now consists of two
coupled minicomputers with a total memory capacity of 96K
words, two disc drives, a magnetic tape unit, three terminals, an
interactive display unit, a plotter and a line printer. Data from
the two multichannel analysers can be directly transferred to
the computers by means of a data link, while two directly
interfaced ADC units will be incorporated in the near future.

The transition to the new system went very smoonthly as far as
both software and hardware were concerned. The system was
streamlined, and use of the interactive display unit now is more
simplified and effective.

Scattering of Fast Neutrons
Because of the complexity of the vast amount of data obtained
from the high-resolution (n.n'y) measurements on the two



stable isotopes of silver and that of gold, the processing has not
yet been finalised. Additional measurements were, and are still,
required in order to resolve ambiguities and uncertainties
which continually arise with gains in resolution. Complete
analysis of these complex level schemes represents a taxing
challenge to the experimentalist. In order to aid in the analysis
of the Ag level schemes, high-resolution gamma-ray spectroscopy,
following the beta decay of "u'Pd and "'70d populating levels in
loi'Ag and '"'Ag respectively, was also undertaken.

The study of the rt'S7Rb(n,n'y) reactions was completed, and
submitted and accepted for publication.

Neutron-Capture Reactions
A study of the B(iRb level scheme by means of neutron-capture
measurements on ̂ Rb at SAFARI-1 was concluded and as a
continuation similar studies are being undertaken on the MINi
decay scheme. During a one-year visit to Grenoble (ILL) by one
of the collaborators, the '4Ge nucleus was studied by means of
neutron capture using detector systems comprising two pair
spectrometers, a Ge-Li spectrometer and a ^-spectrometer.

Fission Reactions
Construction of the fission chamber for the study of spontaneous,
as well as neutron-induced, fission was completed and measure-
ments are due to start as soon as the required samples are received.

Neutron-Producing Reactions
Extensive information was provided by the ""'•'*7Rb(p,n)')s:'-'i7Sr
measurements. About 20 and 60 new gamma transitions were
found in the sa8r and S7Sr studies respectively. Most of the
gamma rays observed were fitted into energy-level diagrams for
the above two nuclei, requiring several new energy levels for
both the Sr isotopes to be postulated.

Excitation of X-rays by Charged Particles
The routine analysis of monthly air-particulate samples from
the 23 stations of the South African grid, was continued. PIXE
analysis of daily small-volume samples taken in Pretoria,
-Johannesburg and Durban was also continued on a routine basis.

Rutherford backscattering measurements are recorded during
all PIXE measurements, both for control and in order to
estimate target thicknesses for X-ray absorption corrections. In
order to utilise and exploit this method with greater efficiency, a
program was initiated to measure proton elastic-scattering
cross sections, particularly for lighter elements (Z^40l for
energies between 1,5 MeV and 3,7 MeV at angles of 45°, 90°
and 150°.

An investigation was launched into the application of particle-
induced X-ray analysis, as well as nuclear-reaction techniques,
to the study of biological materials, employing, inter alia, the
external and mini-external (80 jiim) beams available.

PLASMA PHYSICS
Tokamak Operation
The commissioning tests of the machine were completed early
in 1980 and a milestone was reached when the first low-energy
plasma discharges were observed. These pulses are used
repetitively for the so-called discharge cleaning of the vacuum
chamber walls. The pulses are of short duration and are
unstabilised, with a typical low plasma current of about 10 kA.
Such pulses are usually repeated every second or two for hours
on end to condition the vacuum chamber prior to a series of
high-energy discharges.

Tokamak discharges were attempted after completion of the
wiring and other preparatory work. In mid-1980 another
milestone was reached when real controlled tokamak discharges
were created at an applied toroidal magnetic field of 0,9 T.
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Fine tuning of a number of parameters eventually led to
successful discharges every few minutes. The peak plasma
current is typically 100 kA, while the discharge lasts for about
100 ms, which is the duration of the controlling or shaping field.
In this period the column moves about 5 cm outwards, which
shows that reasonable equilibrium has been reached.

However, during the discharge an intense X-ray flux is observed
which indicates a strong high-energy runaway-electron com-
ponent. This phenomenon is not unexpected and can be
attributed to the vacuum chamber which is not at all well
prepared for such discharges at this stage. The observed
runaways are typical for high-effective Z plasmas. Improvement
can be expected in the near future after an intensive program of
discharge cleaning.

Diagnostics
The control of the machine and its associated equipment by
computer proved to be quite successful. The machine was used
for some 2 000 discharges. Low-noise interference is experienced
despite the high-current switching environment. Machine control
and all aspects of data acquisition can be altered easily from one
discharge to the next by simply editing the so-called machine
control file. Both software and hardware systems were further
improved during the year. Graphic output, for instance, was
speeded up to such an extent that several pages of multiple
graphs were produced regularly in the few minutes between
discharges. However, more than half of the planned information
channels are not yet in use, due to delays in delivery of
particular electronic equipment.

Some diagnostic lines are fully in use at present. A few magnetic
pick-up coils and the hard-X-ray detection system are working
satisfactorily. The systems for the observation of both soft X-
rays and neutral particles are practically ready for actual use. It
will be necessary to build an ion source for the calibration of the
latter system to ensure viable results. The ruby and HCN laser
systems are also operative but have not yet been used for
observations. Small alterations and cleaning of the access
windows on the inside of the vacuum chamber have to be
effected. It has been decided to delay the opening of the
vacuum chamber somewhat to enable a better understanding of
the present operating regime of the machine.

THEORETICAL PHYSICS
Elementary Particles
A natural origin was found for the four quark flavours and their
quantum-number assignments in a unified field theory of
particles. This follows from the weak interaction and a consistent
use of the concept of weakdecay charge. A suitable formulation
was found for the emergence of the electromagnetic interaction
from the field theory and hence for the effect of photons on the
fermion propagator functions.

Theoretical Nuclear Physics, Many-Body
Problems and Solid-State Physics
Multiple elementary excitations in fermion systems were
studied by means of mappings onto boson spaces. The interlacing
nature of the operators for these excitations as reflected in the
algebra which they satisfy, turns up, in the boson realisation, as
transmutations between the different bosons. At the same time,
the boson numbers serve as sufficient state labels for the
description of different representations. The search for a
microscopic foundation of the phenomenological interacting
boson model IIRM), which enjoys great popularity at present, is
a field of application for the above method.

A functional method applicable to superfluid systems was
developed and the properties of the boson condensate in JHe
such as vortex excitations and non-linear phonon dispersion
were investigated.
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Theoretical Plasma Physics
The equilibrium configuration of a plasma in a torus is analysed
by means of infinite series solutions of the nonlinear Grad-
Shafranov equation. In the case of a particular equilibrium
configuration, nonlinear perturbations affect the stability. The
effect of these perturbations on the local stability criteria has
been investigated. In the case of non-local perturbations (for
example, the kink instability) the stabilising effect of helical
currents has been dealt with extensively. When a plasma is
iieated by a beam of neutral particles, some beam forms will be
more advantageous than others. General thermodynamic con-
siderations (entropy increase as function of time) have been
applied to determine the effect of the shape of the beam in
beam-heating experiments.

Numerical Analysis
For computer simulation of plasma stability and particle and
energy transport in a tokamak, it was necessary to develop a
faster confinement code without sacrificing accuracy. The main
part of the code was successfully tested on an example with a
known analytic solution.

RADIATION CHEMISTRY
Synthetic Fruit Model
In order to prove the validity of the synthetic aqueous fruit
model based on the chemical constitution of the mango from a
toxicoiogical point of view, certain components of the fruit were
monitored in the presence of the four sugars occurring in the
mango (the synthetic mango and the real fruit) at various
irradiation doses.
Niacin: A pure niacin solution was very radiation-sensitive.
Addition of the four sugars or even of all the components of the
synthetic mango resulted in only partial protection of the niacin.
Theoretically, greater niacin sensitivity is predicted than was
observed in the synthetic mango, but the theoretical result was
in close agreement with the results of niacin irradiated in the
presence of the four sugars. This cannot be attributed to
increased scavenging by the non-sugar components and could
possibly be due to some form of "repair".
The radiation effect on the niacin content of real mango fruits
which received 0 to 5 kGy irradiation treatments is negligible.
The conclusion which may be drawn is that the predicted niacin
sensitivity can be demonstrated in the synthetic mango but not
in the real fruit. This result shows that the theory errs on the
safe side.

Citric Acid: The theory predicts citric-acid stability. This
component is present in a relatively high concentration in the
mango and should therefore show some radiation degradation.
Citric acid was determined in aqueous solution, in an aqueous
solution containing the four sugars, in the synthetic mango and
in the real fruit.
Even in the absence of competing substances, citric acid was
not particularly sensitive to irradiation. In the presence of the
sugars and also in the synthetic mango, the citric-acid con-
centration remained constant over the whole dose range of 0 to
7 kGy, in complete agreement with the theoretical predictions.
Determination of citric acid in the real fruit confirmed
these results.
Overall, the comparison of theory and experiment in all test
bases strongly supports the validity of the "chemiclearance"
approach to the evaluation of the safety of irradiated fruits.
These results have been submitted to the International Food
Irradiation Project as part of the AEB's contribution to the
Coordinated Radiation Chemistry Program.

Influence of Radiation on the Malic Enzyme
from Mango Fruit
The malic enzyme plays an important role in the ripening
process of fruits and is being studied to gain more information

on the ripening of fruits. The first phase of the project, the
purification and physicochemical characterisation of the enzyme
has now been completed. The enzyme has been isolated and
purified from the fruit of Mangifera indica by means of
extraction, gel chromatography with Sephadex G200 and
anion-exchange chromatography with DEAE-Sephacell. A
sixteen-fold purification with a 49 eA yield was obtained. The
enzyme was physically characterised and its homogeneity
determined by polyacrylamide gel electrophoresis, polyacryl-
amide gel isoelectric focussing and sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and analytical gel chromato-
graphy. The enzyme molecule was found to be an oligomeric
protein with an apparent homogeneous quaternary structure.
Malic enzyme has an absolute specificity for L(-)malate as
substrate and NADP+ as coenzyme, but both Mg++ and Mn++

could fulfil the divalent metal-cation requirement, Mn++ being
the more effective. The effect of Mn++ is that of a cofactor as
well as that of an allosteric activator, resulting in no cooperativity
between the malate binding sites. However, with Mg++ as
cofactor, the enzyme showed definite allosteric properties. The
response of the enzyme to certain metabolites was determined
and differences were found, depending on whether Mg++ or
Mn++ served as cofactor. It can be concluded that the catalytic
and regulatory properties of the enzyme are significantly
altered by the choice of metal cofactor.

Identification of Carbonyl Compounds in Irradiated
Subtropical Fruits
During the year further work was carried out on the mutagenicity
of irradiated sugar solutions and the identification of the
radiation products responsible for the observed effect. An
oxygenated, watery solution of fructose was irradiated with a
dose of 20 kGy and, after freeze-drying, derivation and enrich-
ment through extraction, the mixture was analysed with the
help of gas chromatography and liquid chromatography. By
using the synthesised compounds as standards, three radiation
products of fructose could be identified, namely D-arabino-
hexo-2-ulose (glucosone), D-en£ro-hexo-2,3-diulose and D-
(reo-hexo-2,5-diulose. The presence of two additional radiation
products was indicated and their identification is being investigated.
These products were retested for mutagenicity together with
the other synthesised compounds mentioned in the previous
report. As previously, use was made of the Ames test, which is
used as a short-term indicator of mutagens and potentially
carsinogenic activity. The first two products were again found
to be mutagenic. After evaluation of the results obtained with
D-ery^'"0-hexo-2,3-diulose, it was decided not to carry out
further examinations with it, because of its chemical instability
at room temperature. Glucosone was chosen as a model
radiation product and its mutagenicity was repeatedly established.

In order to test the effect of other fruit components on the
mutagenic response of glucosone, a simulation of the mango
fruit was mixed with glucosone and it was found that a dramatic
decrease in mutagenicity occurred. The model mango showed
no mutagenicity, even when it was irradiated with doses of up to
20 kGy. At present, an investigation is being carried out to
determine what components of the synthetic mango neutralise
the mutagenicity of glucosone and also to determine whether
irradiated mango juice demonstrates any mutagenic ectivity.

Development of Analytical Facilities

Gas Chromatography - Mass Spectroscopy
Development work with the Varian CH7 mass spectrometer for
GC-MS is almost completed. The instrument is at present
controlled by a computer, and data accumulation and processing
can be done directly. A visit abroad to various mass-spectrometry
laboratories in the USA and Europe revealed that commercial
instruments have undergone dramatic development and
improvements during the past year and that the Varian CH7 in
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its present form still has limitations. Attention is at present
being given to a proposal for a comprehensive study on the
influence of gamma irradiation on the volatile components of
food, as well as investigations into the possible sterilisation of
cosmetics.

Gas-Chromatographic Techniques for the Analysis of
Food Components

In the manufacture of glass capillary columns, attention was
given to problems of stationary phases. Excellent results were
obtained with micro-etching methods. The investigation of
surface modifications within glass capillary columns by covering
with polytetrafluoroethylene under the influence of gamma
radiation is nearing completion and the final columns will be
tested shortly.

RESEARCH ON LIQUID METALS AND
MOLTEN SALTS
Extractions from Molten Salts
The use of molten cyanide as solvent for the separation of
platinum-group metals was further investigated. An electrode
system according to which the redox potential of molten
cyanide solutions can be determined, was developed. With this,
it is now possible to adjust the redox potential of molten
cyanide solutions so that optimum extraction of the desired
elements can be obtained. Extractions and chemical separations
with the aid of molten cyanide can now be much better
controlled than before. Spectroscopic and electrochemical
studies of molten solutions have revealed that slight variations
in redox potential can result in significant differences in the
composition of species in solution.

This investigation is financially supported by a mining company.

Ion Exchange and Matrix Phenomena
The object of this investigation is to elucidate the parameters
controlling ionic conduction in glasses and molten salts. Two
effects in particular, namely the molar-volume effect and
conduction-loss effect, were identified and have been investigated
experimentally. Some supportive evidence has been gained.

Molten BiCl:) was chosen as model compound for the determin-
ation of the influence of the molar-volume effect upon ionic
conductivity in pure molten salts. Ionic mobilities calculated
from the already available experimental data, are of the correct
order of magnitude. The experimental procedure is being
refined at present. The conduction-loss effect was also
investigated experimentally.

The high-frequency impedance of borosilicate glasses containing
different ratios of 6Li/7Li was measured. The resistivity vs
isotopic composition plots showed a positive deviation from
additivity, indicating the existence of a mixed-isotope (or
conduction-loss) effect. This work has been terminated, and is
being prepared for publication.

Plots of the Nernst-Einstein correlation factor vs ionic com-
position for glasses show maxima at roughly equimolar com-
position. In order to determine whether this is due to the
conduction-loss effect or diffusion phenomena, experiments
are in progress regarding the 6Li/'Li mobility ratio, dc resistance
and Na and Li diffusion coefficients in borosilicate glasses of
different Na/Li molar ratios.

SOLID-STATE PHYSICS
Neutron Diffraction
The investigation of the critical magnetic behaviourof magnetic
materials in the vicinity of their magnetic transition temperatures
and the comparison with theoretical predictions, was continued.
The materials successfully investigated were dysprosium and
the uranium compounds USe and US.
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By investigating the elasticity and magnetic behaviour oi
dysprosium, using different methods simultaneously, it was
found that the magnetic transition temperature does not shift
during temperature cycling and that the elastic and magnetic
properties give the same transition temperature. These results
contrast with those of British researchers who found a shift of
up to 15 K in elasticity measurements on dysprosium.

Cryogenic Irradiation Facility
Following-the successful completion of the program involving
the investigation of thermal-neutron irradiation damage in
platinum- and copper-based alloys with gold, experimental
studies were continued involving the more complex damage
patterns resulting from fast-neutron irradiation. Isochronal
annealing experiments, after fast-neutron irradiation at 4 K, of
pure platinum and platinum with varying concentrations of a
smaller atom impurity (copper) indicated no effective damage
annealing in Stage II (30-300 K) in the alloys. Enhanced
annealing was observed above Stage II at 500 - 700 K.

To test the actual significance of this effect, a series of platinum
samples containing various concentrations of an even smaller
impurity atom (Ni) are currently under investigation. Further
extensive experiments involving isothermal anneals of samples,
cryogenically irradiated, at preselected temperatures in order
to determine the activation energies of the defects involved in a
typical recovery spectrum, were completed.

In the course of the year the facility completed its 500th
irradiation, incorporating total operation time of 22 000 h since
inauguration. Almost 9 000 h of this time were completed on
each of the two major helium compressors (18 000 h combined),
of which each logged 2 500 h (trouble-free) during the year. A
major overhaul of the liquefaction system was necessary after
only eighteen months' operation, followir-5 a previous overhaul,
and can be largely attributed to the new t-ffective high-pressure
oil filter installed by the Engineering Services Division during
the previous year. •

The NOVA-2 computer system of the cryogenic loop was
improved. A digital-to-analogue converter modification now
makes possible remote control of the highly stable constant-
current source used to measure the sample potential. This
system, designed and installed by the Electronic Engineering
Division, together with an existing Nanovolt-amplification
system, now enables a much higher degree of measurement
accuracy to be obtained.

MEDICAL AND BIOLOGICAL
Whole-Body Counter
The scanning mechanism of the whole-body counter was
further improved by making the scanning distance adjustable.
The scanning mechanism is also being used at present for
diagnostic studies in order to determine whether a better
average count can be obtained in this way, as well as to obtain
better information on the site in the body where the activity
concentrates.

A well crystal was taken into use for counting biological samples
and is used in diagnostic examinations. In cooperation with
Onderstepoort, a series of experiments was carried out on
sheep contaminated with bilharzia. Blood, marked with 59Fe
and •" Cr, was used as a tracer and discharges were determined
with the well crystal. The results of this project are not yet
available.

A new microcomputer was purchased t" -r-ocess data from the
whole-body counter. Various program 1, : e written to handle
the calibration of the channel analyser ana to calculate diagnostic
results.

An apparatus for determining skin-fold thicknesses was
purchased. It is hoped that information on the skin-fold



thicknesses of persons will give a better indication of the fatless
masses necessary for the correlation of body-potassium content.

A method was tested fordetermining vitamin B,., absorption by
the simultaneous administration of vitamins marked with '""Co
and "'To. In this way the duration of an examination will be
shortened from two weeks to one week.

Internal Dosimetry
Refinements to the electronics of the in vivo uranium lung
counter were completed and a method was developed whereby
uranium contamination in the lungs can be observed unambig-
uously to a fraction of a permissible lung burden. A number of
uncontaminated volunteers consisting of a group of men and of
women, were counted with the lung counter. For both groups a
linear relationship was found between the logarithm of the
count rate and the energy in keV over the energy field between
90 and 300 keV. By using this line as a base, deviations in the
185 keV and 90 keV energies can be used to trace contamination
to as low as 8 mg in the lungs of individuals.

The influence of the intake period and retention time of inhaled
radionuclides on the dose to certain organs was checked with
the aid of two computer programs. For nuclei with a short
effective half-life, organs receive virtually 100 'A of the dose
during the year of intake and the intake period is unimportant.
For nuclei with effective half-lives of several years, the dose is
also spread over a few years and the intake period is important
in this case. For very long effective half-lives, the intake period
up to one year is unimportant. The dose uptake is spread over
many years so that only a small percentage is received during
the year of intake.

Clinical Diagnostic Use of Radioactively
Labeled Materials
During the year the computer coupled to the gamma scintillation
camera was commissioned. Static surveys were carried out of
various organs and organ lesions, including heart, abscesses
and inflammatory areas, skeleton, adrenals and cancer with the
purpose of obtaining positional data for experimental animals
(baboons, monkeys, dogs and rats). These studies were followed
up by dynamic studies with the aid of the data-collection and
data-processing facility. Research was carried out in particular
on normal heart-function studies and the tracing of heart
defects with t he aid of nuclear techniques. Tracing of abscesses,
other inflammatory areas and tumours also received much
attention. Various investigations concerning kidney function,
liver function, bone healing and adrenal function were initiated.
The existing nuclear-medical research projects promise to yield
a great number of clinically applicable results.

Synthesis of Biologically Active Organic
Compounds
The program for the synthesis of possible organ-specific
i;idiopharmaceuticals was continued. The synthesis of chelates,
including analogues of cyclic hexapeptide derivatives, linear N-
hydroxypolyamides, ethylenediaminetetra acetic acid derivatives
and others progressed rapidly. These are now coupled to
certain ligands with a .suitable spacer. The ligands are aimed at
specific receptors in organs. It is envisaged that, in this way, a
series of usable nuclear-medical agents will be developed.

Radioimmunoassays (RIA)
Relatively specific and accurate RIA systems for prostate acid
phosphatase(PAPl are at present being applied as a sifting test
for male patients in the high-risk age group. Although this PAP-
RIA system is more accurate and sensitive than the PAP
enzyme test system, 20 'A falsely negative values are observed.
It therefore appears that the PAP-RIA system is not the final
answer in the early diagnosis of prostate cancer.

Radiobiology
The early diagnosis of radiation damage is an extremely
difficult problem because of the high DNA recovery potential of
normal homozygotes for radiation-damaged DNA. Consequently,
various substances, e.g. caffeines and certain antibiotics, were
tested as possible inhibitors, with little or no effect.

In contrast with the abovementioned tests, the sifting test for
hypersensitive radiation workers produced enlightening results.
In cooperation with Genetic Services of the Department of
Health, Welfare and Pensions, various carriers (abnormal
homozygotes and heterozygotes) of the hereditary disease
Ataxia telangiectasia (AT: extremely radiation-sensitive patients),
as well as non-carriers (normal homozygotes), were evaluated
with the aid of the nucleoid centrifugation method. It is
imperative to mention that no method is currently available to
differentiate heterozygotes (carriers) from normal non-carriers.
It appears from preliminary results that the non-carriers are
able to restore damaged DNA (100 rad) 5 h after irradiation,
while the homozygotes showed very little or no recovery within
the same period. The latter, however, have the ability to recover
completely after a period of 20 h. The most enlightening
observation, although tentative, is the incomplete recovery
ability of heterozygotes over the 5 h period, but complete
recovery (100 'A recovery) occurs over a 20 h period.

An interesting observation was made after an in vitro 500 rad
irradiation experiment. Normal persons did not manifest a
complete recovery pattern and it varied between 70 and 90 '/<.
In addition, the extent of initial damaging also varied.

It is thus evident that normal persons (non-carriers) have
varying capabilities to restore relatively high-dose radiation-
damaged DNA, in other words, persons vary in their sensitivity
towards ionising rays.

From the preliminary results, it appears that a heterogeneity
exists in respect of the recovery of radiation-damaged DNA.
The practical deduction from the abovementioned statement is
that a variation exists in connection with radiation
hypersensitivity.

Radioactively Marked Antibodies as Cancer
Tracers
Because of the relatively weak or laborious diagnostic methods
at present available for the early diagnosis of prostate cancer,
attempts are being made to develop a y-scintigraphic diagnostic
technique for this particular disease condition. This scintigraphic
technique is based on the isolation and purification of two
specific glyco-proteins from prostate tissue. In contrast with
these two proteins, specific antibodies are being developed,
refined and radioactively marked. These particular antibodies
will, hopefully, be used as cancel' tracers.

(a) Glyco-protein pI-4: The membrane-bound protein
which has already, to a large extent, been purified out of
prostate cancer tissue, by means of special techniques such
as detergent extraction, column chromatography (ionic and
molecular sifting) and isoelectric focussing, is an acid protein
which is not specifically localised in the prostate gland.

(b) Glyco-protein pI-7: This neutral protein is soluble and
is localised only in the prostate-tube epithelial cells; it is
partially purified from normal prostate tissue (benign
hyperplasia).

Low-Density Lipoprotein Receptor Status in
South African Familial Hypercholesterolaemia
(Type Ha)
Familial hypercholesterolaemia (type Ha) is an autosomal
dominant genetic anomaly which results in a decrease in the
synthesis of low-density lipoprotein receptors (LDL receptors).
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In the case of heterozygotes the synthesis decreased by 50 7c,
while in the case of homozygotes no synthesis occurs at all.

This reduction or absence of receptors leads to an accumulation
of LDL in the plasma, which, in turn, could result in arterioscle-
rosis. This technology was established to determine familial
hypercholesterolaemia (type Ila) by determination of ACAT
activity in lymphocytes (esterification of cholesterol in the cell).

After further extension of this technology to include two other
methods, namely HMGCoA reductase determination and !-5I-
marked LDL bonding to the receptors, it will be applied as a
sifting test for familial hypercholesterolaemia (type Ila).

It will thus be possible to identify personnel of the AEB and
sister organisations who are at greater risk of presenting with
cardiovascular diseases.

Steroid Hormone Receptors
Since 1979, 339 hormone receptor determinations have been
carried out on 198 patient samples and the results obtained can
be summarised as follows:

(a) Estrogen receptor determinations (ER) were carried out on
187 tumour samples (primary tumours), and a total of 144
(77 %) appeared positive (>3 fmol/mg protein). The group
was stratified as follows:
(i) ER values <3 fmol/mg protein (negative) : 23 9, (43).
(ii) ER values >3<100 fmol/mg protein (intermedially

positive) : 46,5 7c (87).
(iii) ER values >100 fmol/mg protein (positive): 30,5 7, (57).

(b)Progesteron receptor determinations (PrR) were done on
175 patient samples and a total of 100 (57 7c) were positive.

(c) The subdivision of ER and PrR into the analysed samples
may be summed up as follows:
(i) ER(+) and PrR(+) : 50,3 % (88)
(ii) ER(+) and PrR(-) : 25,1 7c (44)
(iii) ER(-) and PrR(-) : 15,4 7c (27)
(iv) ER(-) and PrR(+) : 9,1 7c (16)

The possible clinical significance of the above results cannot
yet be statistically evaluated, because only a small group of
these patients (21) are at present undergoing chemotherapeutic
treatment. Of these patients, only a small group, whose
response can be correlated with receptor status, received actual
hormonal treatment. The study period is still too short since

disease-free periods and survival time are regarded as the most
important criteria for an objective response.

If the particular population of mammary carsmoma patients is
compared with international groups in respect of the appearance
and distribution of ER and PrR, it is evident that there is a close
correlation, and a statistical analysis shows no significant
difference. Consequently, it is expected that the group of
patients included in the figures in (c)(i), i.e. the ER(+)-PrR(+)-
group, (50,3 7c of the total ER(+) population), will indeed
benefit from hormonal therapy in one form or another (i.e.
ablative and/or anti-estrogen therapy).
Apart from the clinical analyses, much information was also
obtained which relates to the nature and characteristics of the
estrogen receptor which occurs in vervet-monkey uteri.

(a) The receptor shows the same thermostability as that in
mammary tumours.

(b)Ligand competition studies indicate that the receptor
demonstrates a high degree of specificity. Diethylstilbestrol
(DES) manifests a lower affinity for the vervet uteri ER than
ethynylestradiol, and is also more inclined to low affinities
and non-specific bonding on other macromolecular com-
ponents in cytosol fractions.

(c) Polyacrylamide electrophoresis demonstrates a relatively
large molecule (200 000 daltons) with no second and smaller
component. The receptor possibly appears under low salt
concentrations, mainly as an 8 S entity.

Rats are currently being used for the induction of mammary
tumours with the aid of chemical carsinogens such as dimethyl
benzanthracene (DMBA) and N-nitrosomethyl ureum (NNMU)
for the following purposes:

(a) Comparison of rat mammary tumours with human mammary
tumours in respect of appearance, nature and characteristics
of the ER and PrR.

(b)For use as an in vivo model for the indication of ER(+)
tumours with respect to radioligands such as 16a 1:"I
estradio!, 16a '-''I estradiol and 16a S-Br estradiol for
gamma-camera visualisation.

(c) For the establishment of tumour material which can be used
for the isolation, refining and identification of mammary
tumour-specific glyco-protein components, and possibly
also the steroid receptors.

ERRATUM
page 33, third paragraph: 8,6 kg should read 0,86 kg

bladsy 33, derde paragraaf: 8,6 kg moet 0,86 kg wees.
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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.
Until the end of July the reactor was operated e very third week
for twenty-four hours per day, five days per week. From August
to November the reactor was operated every third week for
twenty-four hours per day, three days per week. The reactor
was shut down during December.

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

The fuel inventory at the end of the year consisted of 4,7 kg of
uranium-235 in the reactor core; 8,6 kg in new elements in the
vault, and 10,5 kg in depleted and partially depleted elements
in the storage pool.

Significant operating data for the year appear below:

PERIOD 1 JANUARY TO 31 DECEMBER 1980

Average power (MW) 5
Accumulated energy (MW.d) 429
Uranium-235 burnup (g) 543
Number of capsules irradiated 2 508
Number of unscheduled shutdowns 6
Number of major experiments operated 3

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

Three major semi-permanent rigs continued to operate inter-
mittently, These were the cryogervc irradiation facility, the
neutron diffraction rig in beam tuba No. 5 and the neutron-
beam facility in beam tube No. 1. A collimator (or the out-of-
pile neutron radiography facility was installed in beam tube
No. 4 during the year.

Electronic Engineering
The Electronic Engineering Division, formerly Instrumentation,
is responsible for the development, construction and maintenance
of electronic systems. The Division's change of name became
necessary in order to define more clearly the task and function
of the Division.
Some 30 large-scale electronic development projects were
undertaken during the year under review, as well as numerous
smaller projects and maintenance.
The Nuclear and Process Instrumentation Subdivision made
good progress with the development of nuclear instrumentation
and the accompanying calibration facilities. Calibration facilities
for process instrumentation also progressed well. The Sub-
division also made good progress with the instrumentation for
the Isotope Production Centre and a number of the cells were
commissioned at the end of the year. Instrumentation for the
extensions at the Radiation Technology Plant was completed.
Various other systems for nuclear-chemical process control are
also nearing completion. However, considerable development
work has still to be done, including the measuring of process
parameters in the nuclear-chemical plants.

In the Specialised Electronics Subdivision work continued,
interalia on the commissioning of the tokamak and good results
were achieved. Plasmas of up to 100 kA with a duration of
100 ms were created. A small system was developed for the
Isotopes and Radiation Division for the radiotelemetric
determination of air temperature as a function of altitude
above sealevel. Various other specialised measuring and control
systems were completed.

The development of a new computerised neutron diffracto-
meter system by the Digital Systems Subdivision is nearing
completion. This work is being done for the Physical Metallurgy
Division. A flexible and effective operators' communication
progiam - TOLK, which controls the 86 programs of the
diffractometer, was completed. All 86 operation programs
have also been completed. A new project was started which is
involved with the improvement of the computerised data-
collection system at the Van de Graaff accelerator, and good
progress has also been made in the development of a new
CAMAC system for multichannel spectrum survey by this
system. A very fast transient-phenomena recorder for the
recording of tokamak transients was also completed. Various
bit slice microprocessor developments, such as that of a
sophisticated disc drive control, also used for the storing
of transients, are progressing well. A number of micro-
computer systems are being developed and the programming
and development facilities for this work were expanded.
To satisfy an ever-increasing demand, a flexible system
was developed for the programming of read-only memories,
together with the necessary software support.

During the year the Electronic Maintenance Group repaired or
calibrated some 1 000 electronic instruments. The expansion
of the maintenance services for CAMAC and general digital
systems demanded a great deal of attention. The Process
Instrumentation Group carried out maintenance work on
process instrumentation and general site equipment such as
intercom and radio communication systems. During the year
3 000 calibration, testing and construction tasks were handled.

A system was commissioned at the drawing office for the semi-
automatic layout of printed circuits. The quality of layouts is
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excellent. The printed-circuit production plant was expanded
to accommodate work on through-hole plating.

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

The liquid waste produced on the Site contained a total actual
activity of 187 mCi (a and 0).

A volume of 364 086 m:) of effluent was discharged into the
Crocodile River. This effluent contained an actual activity of
83 mCi, which constitutes less than 5,3 % of the total activity
which may be discharged to the Crocodile River in terms of the
permit issued by the Department of Water Affairs, Forestry
and Environmental Conservation. The construction work on
the eight additional concrete trade-waste basins (capacity:
700 m:i each), which commenced towards the latter part of
April, was completed.

The construction work on the evaporation-pond complex is
nearing completion.

A total of 186 m;l of medium-active (MA) waste was chemically
treated and subsequently evaporated in the MA-waste evaporator.

The 1 Ci 241 Am/Be source for the low-level alarm system of the
HA-waste evaporator was received and installed. The monitoring
equipment was subsequently calibrated.

A total of 29 m:> of liquid waste was evaporated in the HA-
waste evaporator.

The resulting evaporator concentrate was solidified by means
of the "vacuum-intrusion" technique. Thirty-seven units were
processed and the net mass of the solidified concentrate
amounted to 2,5 t.

A mass of 16,0 t of solid waste was compressed in the baling
press and a volume-reduction factor of 4,5 was achieved.

Approximately 14,8 m;! of solid radioactive waste, including
decayed sources, were received from outside organisations
for disposal.

One thousand and forty-six drums containing solidified,
incompressible and compressed waste, together with a large
quantity of incompressible low-level waste, wrapped in polythene,
were buried in the disposal trenches on Radiation Hill. The
excavation of the fifth burial trench, as well as the removal of
surplus excavated earth, was completed. (Dimensions of trench:
33mx20mx4m).

The 3 t dropside two-wheeled trailer (equipped with a pneu-
matically operated crane) used for transporting drums containing
waste, was received from the manufacturer in July.

Decontamination Services
Five hundred and forty-four items were successfully decon-
taminated; site-decontamination work was also undertaken.

The laundry continued to operate satisfactorily and 67 090
items were handled. Repairs were carried out where necessary.

The new washer-extractor and the steam-heated laundry
tumble dryer were installed and subsequently commissioned.

Supply Services
Production figures are as follows:

1979 1980

Domestic and process water 1 143 Ml 1 097 Ml
Drinking water 59,9 Ml 60,6 Ml
Demineralised water 10,44 Ml 10,44 Ml
Liquid nitrogen 1061,61 1039,31
Compressed air 9 m'Vmin 12 m'/min



The site preparations for the construction of two additional
sludge beds - which are to serve the flocculator at the Water
Purification Plant - are progressing, while the walls of the
existing beds are being raised. The steel work for the locally
designed transport system for the removal of the sludge cake is
nearing completion.

A 5 t end-tipping two-wheeled trailer, used to transport the
sludge cake to the disposal area, was received from the
manufacturer in April.

A new sludge-dumping ground, consisting of an excavation on
the UCOR site, was allocated to the Chemical Operations
Division. The area will be prepared for this purpose in
due course.

A third mixed-bed ion-exchange column (provided with a
recirculation system) was installed in order to supply additional
demineralised water.

The new 1 380 nrVh oilless rotary-compressor installation was
successfully commissioned during February.

An additional 500-unit Bio-Pac was ordered to cope with
increased sewage arisings.

Analytical Services
An ever-increasing demand for the analysis of various types of
materials again ensured that a record number of samples
were analysed.

The extensive building programs in progress, predominantly at
UOOR, caused the demand for alloy specifications of stainless
steel in particular to increase substantially.

While the extensions are being carried out, more water is being
used, and therefore more waste which has to be analysed and
handled is being produced.

Several new pieces of equipment were purchased to enable the
analytical services to operate more rapidly and efficiently.

Uranium analyses, as well as the monitoring of urine for traces
of uranium, also made a large contribution towards the total of
20 956 samples analysed.

Type of analysis

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

Samples analysed
1979

655
413
208

3 418
7 207

591
5 528

1980

1 600
664
383

3 618
7 207

602
6 882

18 020 20 956
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Engineering Services
In spite of staff shortages in certain areas and an increasing
demand, the Engineering Services Division continued to render
a wide variety of services to the AEB as a whole.

Even more than in the previous year, quality assurance proved
itself an effective means of ensuring the highest probability of
delivering a product satisfactorily with regard to both quality
and time. Of the numerous developments deserving comment,
the following warrant special mention: a dramatic reduction of
defective deliveries by suppliers, following the realisation that
their deliveries would henceforth be subjected to regular
inspection; improved consistency in following agreed-upon
operating procedures; a marked reduction in manufacturing
hold-ups, attributable to the quality checking of working
drawings; improved general efficiency, thanks to a customer-
complaint scheme with the emphasis on immediate follow-up.

The year under review saw the amalgamation of the former
Planning and Control Department and the Materials Supply
and Technical Information Groups into the Production Planning
Department. The Planning Group now processes all production
activities of the Division, except those of the Wood Workshop
which do not readily lend themselves to planning. The services
of the Materials Supply Group expanded appreciably, not only
within the Division but also on site generally, after their
availability was made known to the Research Divisions. As in the
previous year, the Technical Information Group continued to
provide useful services to an increasingly wide clientele.

Despite its depleted ranks, and thanks to a large measure of
overtime, the Design Department managed to complete close
on 200 tasks during the year.

The Manufacturing Department continued to experience the
trend, observed in the previous year, of a diminishing demand
for experimental apparatus and a concomitant increase in
demand for process and production equipment. During the
year only one small lathe was replaced and one new surface
grinder acquired. The purchase of a large milling machine
became an unscheduled necessity when, after months of
waiting, a large boring mill was still out of commission because
the agents were unable to replace a failed component.

The swing in the AEB's program to process and production
engineering has had a considerable impact on the Construction
and Maintenance Department, demanding its services at an
ever-increasing rate. In contrast to other sections of the
Division, personnel shortages in this Department relate mainly
to unskilled labour. The following examples of projects success-
fully completed serve to illustrate the range and diversity of
service: new laboratory extension built, with ventilation,
lighting and laboratory equipment installed; new stores equipped
with storage racks, guillotines, saws, flame cutters, etc., and
surrounding roadway concreted; chilled-water plant designed,
ordered and installed; two condensors manufactured to improved
specifications and installed; ventilation system re-designed and
altered to suit changed requirements; main substation modified,
heavier switchgear and feed cables installed to cater for
new projects.

The Projects Department rendered increasing assistance in
liaising with Research Divisions and with private industry
engaged on manufacture for the AEB's program, while the
Research and Development Department successfully completed
a number of important development projects.

Computing Services
The comprehensive computing and programming service
offered by the Computing Sciences Division was extended
during the year, as is reflected by the 5 '/< increase in the
average number of tasks handled per month.
The application of interactive terminals for scientific program
development increased to such an extent that the use of punch
cards virtually ceased. The ability of the central processor is
such, however, that only a limited number of interactive
terminals can be operated.
An archives system which utilises the available disc space
optimally was commissioned; it enables the user to retrieve
data files from the archives with only a slight delay.

An interactive information system for the INIS data bank is
being developed and will, on completion, assist greatly in the
tracing of scientific publications and literature studies.

The financial-control system continued to be operated
successfully, and, where necessary, was extended to meet the
AEB's needs. The development of a store data base received
attention, but will be implemented only at a later stage.
The leave program which computerises all requests for leave is
now in its final test stage and will be put into operation at the
start of the next leave cycle.

35



The development of a data base for borehole data was AMPX computing program which prepares neutron data for
completed for the Geology Division, the data base will shortly the evaluation of power reactors.
be taken into service. T h e t e m p e r a t u r e distribution in a fuel element contributes to

the full understanding of the physical behaviour of a reactor,
The study of computing techniques and neutron data applicable and is essential for licensing purposes. This study was continued
to light-water reactors was continued. The latest addition is the and valuable experience was gained.
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EXTERNAL RELATIONS
The External Relations Division is responsible for international
relations, library and information services, liaison, and language
and reprographic services.

International Liaison and Cooperation
South African expertise was once again invoked by the IAEA by
way of invitations to scientists to participate in a variety of
advisory group meetings and working groups.

The Director: Geology was an official delegate to the Inter-
national Geological Congress held in Paris during July, and in
this capacity he attended meetings of the Council of the Inter-
national Geological Congresses and the Council of the International
Union of Geological Sciences. He was also the convenor of an
IAEA Working Group which met in Paris during the Congress,
and presented three papers dealing with "unconventional"
uranium deposits. South Africa is also participating in an IAEA
project dealing with uranium geology and tectonic correlation
between the continents of Africa and South America.

The Director: Extraction Metallurgy chaired the third meeting
of the International Working Group on Uranium Extraction
established jointly by the IAEA and the N'EA. The meeting,
which was held in Vienna, was attended by representatives of
12 countries and of the IAEA. Research on a country-by-
country basis was reviewed, and the challenges facing uranium-
extraction metallurgists over the next five years were discussed.
Material is being gathered for a publication on uranium-
extraction technology and economics, due to be published in
1981/82.
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The Fifth Annual Symposium of the Uranium Institute was
attended by the Deputy President and the AEB's Consultant:
Uranium Affairs. A paper entitled "The Impact of New
Technology on the Economics of Uranium Production from
Low-Grade Ores" was prepared by the Director and Deputy
Directors of the Extraction Metallurgy Division for presentation
at the Symposium. The Deputy President also attended the
1 lth World Energy Conference in Munich in October.

The Director: Licensing (Standards) was invited to serve on an
international panel of experts on an emergency preparedness
program with regard to radiological protection.

In the wake of the rejection of South Africa's credentials at the
Annual General Conference of the IAEA in 1979, it was deemed
advisable not to send a delegation to the 1980 General
Conference which took place in Vienna in September.

South Africa participated in the final session of the International
Nuciear Fuel Cycle Evaluation (INFCE) which completed its
work early in the year and published its findings.

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

IAEA Safeguards
Negotiations with the International Atomic Energy Agency
regarding the updating of the subsidiary arrangements for the
application of IAEA safeguards under the USA/South Africa/
IAEA agreement were satisfactorily continued.

Progress was also made towards completion of the subsidiary
arrangements to the France/South Africa/IAEA safeguards
agreement concerning the Koeberg nuclear power station.

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

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

Visits to Pelindaba
Public interest in the activities of the National Nuclear Research
Centre increased apace. Some 1 110 members of the general
public and senior scholars were received on three visiting days
during the year, and various visits were arranged not only for
local scientific groups, but also for numerous overseas visitors
including press representatives and television teams.

Scientific Gatherings
The following scientific gatherings were attended by officers of the Board. At those marked with
ii'-tpnsks. papers by officers of the Roard were presented.
• Suid-Afrikaans? Akademie vir Wetenskap en Kuns, Chemistrv Division Gathering, Pretoria

iMay 1979)
* IAEA Advisory Group Meeting on the Production of Yellow Cake and Uranium Fluorides,

Paris (June 1979)

* Cordon Conference on Molten Salts and Liquid Metals, New Hampshire, USA (August 19791

* PAO Advisory- Group Meeting on Economic Benefits of Food ' radiation, Vienna
(September 1979)

* C.eocongress 79. Beaufort Wesi (September 1979)

IAEA Safeguards Workshop and SSAC Seminar. Vienna (September 1979)

" Plastic and Rubber Institute of South Africa, Fifth National Conference, Johannesburg
(October 19791

• University of the Witwatersrand, Invited Lecture to the Honours Geology Students,
Johannesburg (October 1979)

• Fourth National Congress on Chromatography, Pretoria (November 19791

• Fracture "7fl. I'niversity of ihe Witwatersrand, Johannesburg (Novemher 1979)

International Tiaining Course on Physical Protection of Nuclear Facilities and Materials.
Albuquerque (Sovemher/Decemher 1979)

• Research Coordination Meeting on the Technological and Economic Feasibility of Food
Irradiation. Wageningen. The Netherlands (December 1979)

• Institute of Nuclear Engineers iS.A. Branchl Meeting, Johannesburg (February)

38

1 Symposium on ton Exchange and Solvent Extraction in Mineral Processing, Randburg
(February)

' APRIA International Symposium on Food Irradiation, Paris (March)

Deutsche Physikaliflche Geflellfichaft, Fruhjahrstagung (Sektion Kernphysik), Miinchen
(March)

1 Fifth International ICRP Congress, Jerusalem (March)

' Fifth International IRPA Congress, Jerusalem (March)
1 Seminar on Present Vacuum Technology in Southern Africa, Pretoria (March)

• Third CORC Meeting, Paris (March)

Conference on Ionic Liquids, Dead Sea, Israel (April)

• SAAPMB Summer School on Uranium Health Physics. Pretoria (April)

• South African Association ot Physicists in Medicine and Biology, Twentieth Annual
Congress, Pretoria (April)

• South African Dietetics and Home Economics Association Symposium, Pretoria lAprill

• South African Institute of Chemical Engineers, Third International Meeting, Stellenbosch
(April)

• National Occupational Safety and Health Convention, Johannesburg (April/May)

Workin? Group on Uranium Extraction, Vienna (May)

International Conference on Uranium Waste Disposal, Vancouver (May)

Second Gamma Processing Seminar, Ottawa (May!

Working Group on Certain Computer Programs. Argonne (May)

• Second International PIXE Conference, Lund, Sweden (June)

Third International Symposium on Radiopharmaceutical Chemistry, St. Louis, USA (June)

Seventh Trieste Conference on Particle Physics, Trieste lJune/July)
• Fifteenth Annual Seminar on Theoretical Physics, University of the Witwatersrand,

Johannesburg (July)
• Groundwater Symposium, Pretoria (July)
• South African Institute of Physics, Twenty-Fifth Annual Congress, Johannesburg (July)
" South African Symposium on Numerical Mathematics, Durban (July)

• International Geological Congress, Paris (Julyl
Twentieth International Conference on High Energy Physics, Madison (July)

• South African Chemical Institute, Twenty-Seventh Convention. Pretoria Utily/August)
• Course on Safety and Reliability Assessment, Pretoria (August)
• International Conference on Nuclear Physics, Berkeley (August)
• South African Institute of Mechanical Engineers, Meeting, Port Elizabeth (August)

• South African Urological Congress, Durban (August)
• University of Pretoria: Department of Medicine Sixth Faculty Day, Pretoria (August)
• Sixth Biennial International Wool Textile Research Conference, Pretoria (August/September)
• Twenty-Sixth European Meeting of Meat Research Workers, Colorado Springs (August/

September)
• Colloquium on the Analytical Chemistry of Uranium in the Exploration, Mining and

Processing of Minerals, Randburg (September)
• South African Association for Non-Destructive Testing, Meeting. Johannesburg (September)

Fifth Annual Symposium of the Uranium Institute, London (September)

• Symposium on Electron Beam Processing, Pretoria (September)
Eleventh World Energy- Conference, Munich (September)

• Uranium Institute, Fifth Annual Symposium, London (September)
International Conference on the Nuclear Fuel Cycle, Amsterdam (September)

• Biochemical Congress. Durban (October)
' Vierde Suid-Afrikaanse Kerngeneeskundige Kongres, Cape Town (October)
• Carman Memorial Symposium on Physical Chemistry. Pretoria (November)
" International Symposium on Combination Processes in Food Irradiation, Colombo,

Sri-Lanka (November)

Library and Information Services
As the national centre for information on nuclear science and
technology, the Library of the AEB caters for the literature and
information needs of staff of the AEB and UCOR. The
literature needs include the supply of the following: conference
and symposia proceedings, patents, standards, research reports,
press clippings, books, periodicals and other non-conven-
tional literature.
The information needs are either of a bibliographic or factual
nature. Scientists, engineers and technicians are kept informed
on a daily basis of the latest bibliographic references of all
relevant literature. Services to the users include, inter alia, the
following: a Current Awareness service, a computerised Selective
Dissemination of Information service (SDI), a computerised
retrospective retrieval of information on any relevant aspect of
science or engineering, an interlibrary loan service and all other
standard library services.

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



bibliographic description ofall conventional and non-conventional the year, 2 500 new books and 1404 volumes of bound
nuclear science literature published in South Africa. This periodicals were added to the collection. Bound periodicals
information is placed on magnetic tape for eventual distribution now total 28 706 volumes. The total book stock of the Library
in the System by the INIS Head Office in Vienna. now stands at 426 537. Publications loaned to other organis-

ations totalled 2 896 and 34 960 were loaned to members of
staff. Of these latter, 5 736 were borrowed from other libraries.

In the year under review, 54 106 reports were received. A Altogether 439 919 photocopies and 19 951 printouts from
total of 370 915 reports are now available in the Library. During microfiches were made.

39



< - » . . . • •

- ! » •¥••-

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

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

On 1 February 1980 responsibility for regulatory control of
fabricated radioisotopes for medical, scientific, agricultural,
commercial or industrial uses was transferred to the Licensing
Branch from the Isotopes and Radiation Division.

Safety Standards
Work in this area centred mainly on the improvement of the
various data libraries which are part of the computer programs
used to determine safety criteria. Parameters such as dose
conversion factors, concentration factors and food transfer
factors for a large selection of radionuclides were updated.
The TIRION code for calculating the consequences of releases
of radionuclides to a given environment was put into operation.
This has proved to be a useful tool and has significantly
increased the Branch's capability in this area.
The guide document on medical control of nuclear licensed-site
personnel was re-issued after having been reviewed.
Draft guides on licensing and approval procedures for the
disposal of radioactive wastes, on requirements for the
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on-site reception, handling and storage of new nuclear fuel, and
on requirements for minimum qualification, experience and
training required of personnel for the staffing of a nuclear power
station in the Republic of South Africa were circulated for
initial comment.
Additional draft guide documents on monitoring, evaluating
and recording of radioactive waste discharges from nuclear
installations, on requirements for the transportation of nuclear-
hazard material, on requirements for emergency procedures
and on requirements for testing and commissioning, were in
various stages of preparation or review before issue.

Koeberg
Further studies undertaken to assess the safety of the plant
under a range of seismic conditions have included a comparison
of the behaviour of a 'conventional' foundation and containment
with those of Koeberg.

Further work on the containment has confirmed that following
an earthquake larger than that chosen for the design basis the
containment would not suffer significant damage.

A mathematical model for assessing the impact on the contain-
ment building of various accident scenarios has been developed
and analysed. This has been of considerable value in assessing
the probability and magnitude of radioactive releases under the
worst conceivable accident conditions.

Detailed studies of all the engineered safety systems previously
identified are in hand. Failure sequences, probabilities of
failure and the primary safety-significant components have
been identified. These studies have enabled the Branch to
determine more effectively the range of quality-assurance
information required for the systems.

In the probabilistic risk analysis studies being received from
F.SCOM particular attention is being paid not only to the
quality of the engineering but also to the degree and signifi-
cance of operator involvement, in view of the effect these can
have on plant behaviour under accident conditions.

The safe storage and handling of both new and spent fuel was
studied. Monte Carlo calculations have been used to assess the
safety of the fuel pool with a variety of water densities.

Engineering and statistical studies have been made regarding
the aseismic bearings and as a result of this work a monitoring
program has been developed to ensure operational reliability
throughout the lifetime of the plant. Extensive studies have
also been and continue to be made regarding the integrity and
reliability of the Koeberg reactor pressure vessels. The first of
these vessels is expected to be delivered to the site early
in 1981.

At the site major civil engineering work continues and certain
major plant items such as steam generators, fabricated in
France, have been delivered.
The Branch's resident site staff was increased to three inspectors
in order to carry out the work of monitoring ESOOM's quality-
assurance activities during construction. During the year
Licensing Branch officers visited contractors' works in France
and elsewhere in connection with quality assurance in the
manufacture of plant items.
Continued effort was expended on reviewing the radiological-
protection aspects of the Koeberg project. Attention centred on
the plant and equipment design as it affects the radiological
hazard, and matters such as the staffing, organisation and
functioning of the Health Physics Organisation received further
consideration.

Studies were conducted on the consequences of accidental
releases of radioactive material from nuclear power stations.
The results of such studies will be useful in assessing the
adequacy of the emergency plans which must be implemented
in the event of such an occurrence at Koeberg.

With the submission of more information on the shielding
design for Koeberg, the evaluation of its adequacy was continued.

A number of preliminary submissions have been received from
ESCOM in respect of the Koeberg Intermediate Safety Report.

UCOR
Further license variations and changes to operating procedures
and safety codes of practice for the UCOR pilot uranium
enrichment plant at Valindaba were agreed to after study of the
relevant licensing submissions. After an intensive study of the
proposed mix of nuclear-hazard materials at I'COR when the
extensions to the pilot plant are completed, the Licensing
Branch established a new frequency/magnitude accident release
criterion for the enlarged site.

Licensing Branch inspectors established that operation of the
licensed premises has been undertaken in compliance with
license requirements.

Information Systems
The flow of licensing-project information, which increased
substantially during the year, was handled satisfactorily by the
Branch's Miracode data logging and retrieval system in con-
junction with a card index system. Microfilm storage of quality
assurance reports was instituted and the use of the Miracode
system for logging and retrieval of generic information is
being developed.

Records of nuclear hazard material continued to be compiled in
the National System for Accounting for and Control of
Nuclear Materials.

The Branch has also participated in preliminary studies on
radioactive-waste disposal and has written, and contributed to,
a number of reports on this subject.

Generic Activities
In August 1980 a further two-week course entitled "Safety and
Reliability Assessment" was held by the Licensing Branch at
the CSIR Conference Centre, primarily for the benefit of
organisations involved in safety analysis of nuclear installations.
Because of the continuing interest shown by both the nuclear
industry and other industries, this course will be a regular
event. The next course has been arranged for July 1981.

Following negotiations in early 1980, agreement was reached
with the IAE A/IIASA to continue, through 1981, the project on
risk research. Research on further developments of techniques
for measurement and evaluation of risk continued.

A firm basis is being established for understanding the generic
problems of human reliability and in this respect two major
projects were initiated, viz.

— to improve the human-reliability factor in the quality
assurance of the manufacture of a safety-related component
and thus show a reduction in the demonstrable risk level; and

— to identify and study human reliability factors important to
the safe operation of nuclear power plants.

Other Matters
By having a representative on the international committee
studying the behaviour of pressure-vessel steels under irradia-
tion/cycling conditions, the Licensing Branch has been able to
keep abreast of the current state of knowledge in this very
important area.

Control of Radionuclides
The use of radionuclides in the medical as well as non-medical
fields increased steadily during the year. The largest increase
was experienced in the use of ground moisture/density meters
which are used in civil engineering and construction operations.
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At the end of 1980 there were 632 non-medical users of
radioisotopes in South Africa. This figure does not include the
exempted use of antistatic brushes, smoke detectors and
luminous signs.

Fifty-nine medical users, including hospitals, pathology
laboratories, radiotherapists in private practice, and medical
research institutions, were also authorised to use radioisotopes
for therapeutic and diagnostic purposes and for in vitro
diagnostic tests.

Inspections were carried out at users of radionuclides in the
following areas: Western Province, Natal, Orange Free State,
Eastern and Western Transvaal and the Northern Cape, as well
as the areas of Pretoria, Johannesburg, Witwatersrand and the
Vaal Triangle. These inspections reveal that in only a few
instances was observance of the Board's requirements for the
safe use of radionuclides found to be inadequate and the
appropriate steps were taken to ensure the implementation of
proper controls.

Courses
A great demand still exists for the training of persons in the safe
handling of radioactive material and, in addition to a few
informal one-day courses which, at the request of certain
organisations, were presented at Pelindaba to their staff, staff
of the Board rendered assistance with the presentation of
specialised courses in industrial radiography and other non-
destructive testing techniques, at the Pretoria Technikon
during May, June and November.

Staffing and Use of Consultants
The continuing national manpower shortage also affected the
staffing of the Branch. To assist in overcoming this shortage
and to supplement the work of the Branch in several specialist
areas, use was made of international consultancy and advice. In
addition use was made of an international inspection company
to monitor the quality of safety-related components being
manufactured in Europe.
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ADMINISTRATION

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

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

The Board suffered two severe losses during the year with the
death on 3 May of Dr C.v.d. Merwe Brink, President of the
CSIR, and of Dr J.P. Coetzee, Director of ISCOR on 8 August.
Both were serving members of the Board at the time of
their deaths.

(I

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

The revised provisions for the acquisition, possession, disposal,
import, export, use and transport of radioactive nuclides were
published and put into effect during the year.

Inventions and Patents
Two new inventions were patented during the year. Fifty-five
applications for patents under Section 21 of the Atomic Energy
Act were submitted to the AEB for evaluation.
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Legal Matters
No amendments were made to the Atomic Energy Act during
1980, but a few minor amendments to the Act are envisaged
for 1981.

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

Personnel
As a result of a shortage of personnel in the Computing Centre,
the rate of progress in the computerisation of the Division's
activities was unsatisfactory. However, the computerisation of
the leave program will, it is hoped, be implemented in
February 1981.

Vacancies for engineers, scientists and technical officers in the
Licensing Branch were advertised abroad during May and
September. These recruitment campaigns were fairly success-
ful. A further campaign for designers and draughtsmen during
December was very successful.

The turnover of staff during the past year was not exceptionally
high. However, problems are still being experienced in recruiting
suitable personnel in certain categories and for new projects.

Officers of the Division took part in various careers exhibitions
and placement programs organised by schools and universities
for the recruiting of staff; in this way the Board was also given
publicity as an employer.

Twenty-five pre-graduate bursaries were awarded for 1981,
bringing the grand total to 85. In addition, two post-graduate
bursars were still engaged in their studies and a further post-
graduate bursary was awarded.

The following Table shows that on 31 December 1980 there
were 1 788 persons in the service of the AEB, as against 1 955
at the end of 1979. This decrease can be attributed mainly to
the fact that those learner technicians and apprentices appointed
for training by the AEB on behalf of the Uranium Enrichment
Corporation (UCOR), were appointed by UCOR with effect
from 1 April 1980.

Administrative staff 52
Scientific staff 235
Technical staff 475
Experimental officers 192
Miscellaneous staff 619
Learner technicians 162
Apprentices 53

TOTAL 1 788

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

Services
Security, transport, gardening, cafeteria, cleaning and
telephone services were maintained at a satisfactory level in
spite of the fact that serious problems were experienced in the
recruitment of suitable auxiliary personnel.

Since the establishment of UCOR in 1970 the AEB's transport
and security services have been made available to UCOR on a
cost-recovery basis. During the year UCOR decided to operate
its own transport service from 1 October 1980, and to establish
its own security service as of 1 December 1980. This led to the
taking over by UCOR of a number of members of staff who, over
the years, had been appointed by the AEB in order to enable it
to provide the said services to UCOR as well.

L
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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-258 : De Beer, G.P.; Language, A.E.; Thompson, J.I. PELSHIE-2: a revised version
of the PELSHIE general-purpose shielding program for point and extended
gamma-ray sources. Oct 1979. 45 p. ISBN 0 86960 672 7.

PEL-265 : Jansen van Rensburg, E. Die effek van 3'-metiel-N,N-dimetilaminoasobenseen
en gammastrale op die serumvlak van deoksiribonuklease It van die rot en
die isolasie van deoksiribonuklease II van m ens milt. Jan 1979. 40 p
ISBN 0 86960 683 2.

PEL-271 . Henning, J.J. Die- transportvergelyking vir kosmiese strale. Mar 1980. 7 p.
ISBN 0 86960 707 3.

PEL-272 : Levin, M. A geological and hydrogecciiemieal investigation of the uranium pofential
of an area between the Orange and Kuruman rivers. Northwestern Cape Province.
Apr 1980. 2 v ISBN 0 86960 709 X.

PER-27 : Cloete, F.L.D. The design of a continuous-ion-exchange pilot plant for the recover?/
of uranium from partially clarified solutions. Feb 1980. 22 p. ISBN 0 86960 706 5.

PER-44 - Muller-Schulte, D. Radiation-induced grafting onto wool: fundamental studies
and practical applications. Oct 1979. 17 p. ISBN 0 86960 702 2.

PER-45 : Hayzen, A.J. EQLIBRM: a program to determine the equilibrium and stability
of the Tokoloshe Tokomak plasma. Nov 1979. 75 p. ISBN 0 86960 70S 0.

PKR-48 : H amble ton-Jones, B.B.; Smit, M.C.B. ROAC: a new dimension in radon
prospecting. Mar 1980 24 p. ISBN 0 86960 708 1.

PER-50 .Brodrick, H.T. Report on overseas visit: November 1979. May 1980. 32 p.
ISBN 0 86960 712 X.

PER-51 : Camisani-Calzo1ari,F.A.G.M.;ToenB, P.D. South African uranium resource and
production capability estimates. Sep 1980. 35 p. ISBN 0 86960 713 8.

PKR-52 : Hambleton-Jones, B.B.; Toens, P.D. Preliminary report on the geology of a
calcrete occurrence in South West Africa. Oct 1980. 15 p. ISBN 0 8G960 714 6.

PER-53 : Hambteton-Jones, B.B. The geochemistry of uranium in coal deposits and the
favourability of the South African coal deposits for the precipitation of uranium.
Oct 1980.35 p. ISBN0 86960 715 4.

PER-54 Brynard, H.J. A mineralogicat investigation of xenotime-feIdspar-quartz rocks
from the Vernon Crooks Reserve, Natal. Oct 1980. 11 p. ISBN 0 86960 716 2.

PER-55 : Toens, P.D.; Corner, B, Uraniferous alaskitic granites with special reference to
the Damara Orogenic Belt. Oct 1980. 18 p. ISBN 0 86960 717 0.

PER-56 : Hambleton-Jones, B.B.; Toens, P.D. Alkaline rocks and the occurrence of
uranium. Oct 1980. 20 p. ISBN 0 86960 718 9.

PER-57 : Toens, P.D.; Hambleton-Jones, B.B. Uraniferous surficial deposits. Oct 1980.
16 p. ISBN 0 86960 719 7.

PER-58 : Toens, P.D.; Le Roux, J.P.; Hartnady, C.J.H.: Van Biljon, W.J. The uranium
geology and tectonic correlation between the African and Latin American con-
tinents Oct 1980. 80 p. ISBN 0 86960 720 0.

II. PUBLICATIONS

Barnard, E.; Mingay, D.W.; Reitmann, D. The level schemes of 85Sr and 87Sr. Inter-
national conference on nuclear physics, Berkeley, Aug 1980.

Barnard, E.; Mingay, D.W.; Reitmann, D-; Tepel. J.W. The level structure of 8ftRb from
(n.n'y) reaction measurements. Z Phyz, A (Atoms and Nuclei) (1980) v. 269 p.
295-308.

Basson, J.K. Airborne radiation hazards in uranium mining. J. Mine Vent Soc. S. Afr (May
1980) p. 74-81.

Basson, J.K. Radiation physics. SAAPMB summer school on uranium health physics,
Pretoria. Apr 1980.

Basson, J.K.; Kruger, J. National nuclear emergency organisation. International con-
ference on disaster medicine, Cape Town, Aug 1979.

Beyers, M. The influence of radiation on the chemical constituents of food. National
symposium on food irradiation. Pretoria. Oct 1979.

Brits, R.J.N.; De Wet, W.J. Preparation of reference powders for neutron activation
analysis. S. Afr J Chem. (1979) v. 32(4) p. 164-168.

Brodrick, H.T. The influence of radiation on plant micro-organisms with reference to fruit
and vegetables. National symposium on food irradiation, Pretoria, Oct 1979.

Brodrick, H.T.; Van der Linde, H. J. Radiation preservation of subtropical fruits in South
Africa, 1975 - 1979. FAO/IAEA research co-ordination meeting on the technological
and economic feasibility studies of food irradiation, Wageningen, Dec 1979.

Brodrick, H.T.; Van der Linde, H.J. Tests with the retailing of several irradiated foods in
South Africa. National symposium on food irradiation, Pretoria, Oct 1979.

Burdick, J.F.; Jooste, S.V.; Winn, H.J. Variations in the responses of mouse strains to rat

xenografts. J fmmunoL (Aug 19791 v. 123(21.

Camisani-Calzolari, F.A.G.M. The day of the Witwatersrand basin. NucL Act (<Iul 1980)
p. 9-15.

De Hollain, G. The influence of plasticisers on the radiation crosslinking of trimethylol-
propane trimethacrylate in poly(vinyl chloride). Radial Phys Chem. (1980) v. 15 p.
695-711.

De Hollain, G. Physical properties of irradiated polymers. Plant Rubber Mater Appl
lAug 19811) p, 103-108.

De Wet, W.J.; Jansen, A.A.; Van NieKerk, W.C.A. Column-length programming in

chromatography. S Afr J Chem (1980) v. 33(2) p. 41-44.

Du Pleitii, T.A. Radiation sterilization and its potential role in the Held of cnnmetir
products. S Afr Pharmaceutical and Cosmetic Rev |Sep/Oct 19791 p 27-31.

Du Plegfli, T.A. The radiation sterilization of pyrogen-free water in polyethylene sachets.
Radial Phys Chem. (1979) v. 14 p. 289-298.

Du Ple»is, T.A. Die rol van kemstraling in die stenlisenng van mediese produkte
Technikon Uun 1980) v. 28(2) p. 3-5.

Du Plessis, T.A. The techno-economic aspects of gamma-radial ion pr .vssing. National
symposium on food irradiation, Pretoria, Oct 1979.

Duvenage, \.J. Die ontwikkeling, produksie en gehaltebeheer van radio-immuno-essaie-

ringatelii. Technikon (Jun 1980) v, 28(2) p. 6-9.

Fourie, P.J. Fasiliteite virdie produksie enverwerkingvan radioisotope. Tcchnifeon (Jun 1980)
v. 28(2) p. 10-12.

Geyer, H.B.; Geldenhuys. J. A model calculation of the Neel temperature of chromium

alloys.*/. Magn. Magn. Mater (1980) v. 15-18 p. 881-882.

Geyer, H.B.; Hahne, F.J.W. Ideal fermions in boson expansions. Phys Lett. B U9fiO)
v 90BH/2) p. 6-8.

Hambleton-Jones, B.B.; Smlt, M.C.B. Sniffing out uranium. NucI Act. (Jan 19801 p.
24-26.

Haribleton-Jones, B.B.; Toens, P.D. Alkaline rocks and the occurrence of uranium. Inter-
national geological congress, Paris, Jul 1980.

Jamen, H.E. Hitting up the centuries. Nucl. Act Dan 1980) p. 17-23.
James H.E. Spotlight on ion exchange and solvent extraction in mineral processing.

SAIMM Journal (Mar 1980) v. 80|3) p. 131-136.

James, H.E. Uranium production in South Africa. SAAPMB summer school on uranium
health physics, Pretoria, Apr 1980.

Jones, D. de G. Stress corrosion fatigue in light-water reactor environments. Fracture '79,

University of the Witwatersrand, Johannesburg, Nov 1979.

Jordaan, J.J.; Nieuwenhuis, J.J.; Pretnrius, J.A. Synthesis and crystal structure of 1,4,6-
tri-O-acetyl-3-O-riRJ-C-carboxyethyl-^-D-glucose 2',2-lactone. S Afr, J. Chem (1979) v.
32(4) p. 173-176.

Kritchevsky, D.; Davidson, L.M.; Kin, H.K.; Krendel, D.A.; Malhotra, S.; Mendelsohn, D.;
Van der Watt, J. J.; Winter, P. A.D. Influence of type of carbohydrate on at hero-sclerosis
in baboons fed semipurified diets plus 0,1 7, cholesterol1"1'1. Am.J. Clin.Nutr. (Aug 1980)
v. 33 p. 1869-1887.

Kruger, J. Surveying and assessing the hazards associated with the processing of uranium.

Fifth international IRPA congress, .Jerusalem. Mar 1980.

Kruger, J.; Nothling, J.F. A comparison of the attachment of the decay products of radon-220
and radon-222 to monodispersed aerosols. J. Aerosol Sci (1979) v. 10 p. 571-579.

Kruger, P.B.; Mayer, R.M. Calculation of the nucleation and growth of defect clusters.
Comput Phys Commun. (1979) v. 18 p. 385-399.

Le Roux, S.D.; Van Tets, A.; Adrian, H.W.W. Structure of dioxouranium(VI) formate
hydroxide monohydrate at 120 K. Acta Crystallogr., Sect B (1979) v. B35 p. 3056-3057.

Leuachner, A.H.; Kruger, J. Particles afloat NucL Act (Jul 1980) p. 22-24.
Meyer, E.R. Dispersion coefficient of the Koeberg aquifer. NucL Act (Jan 1980) p. 15.
Muller-Schulte, D. Gamma-radiation-induced grafting onto wool. [, Fundamental studies

on loose wool. Radiat Phys Chem. (1980) v. 16. p. 149-158.
Muller-Schulte, D. Gamma-radiation-induced grafting onto wool. II, Studies on fabrics

and practical implication. Radial. Phys. Chem (1980) v. 16 p. 159-167.

Niemand, J.G. The influence of radiation on micro-organisms with reference to meat.
National symposium on food irradiation, Pretoria, Oct 1979.

Niemand, J.G.: Holzapfel, W.H.: Van der Linde, H.T. The radurization and rariici flat ion of
meat in South Africa. Twenty-sixth European meeting of meat research workers, Colorado
Springs, USA, Aug/Sep 1980.
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