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Mr Phumzile Tshelane
CEO of Necsa

Nuclear Africa Conference
2017 “International
Collaboration In Nuclear”

Necsa is excitedly looking forward to the nuclear
developments which will unfold during 2017. These
cover not only the major nuclear power build project
but also include a wide variety of other nuclear-related
issues that Necsa is involved with.
We are keen to link up with partners both foreign and
domestic in furthering nuclear technology application to
the benefit of all concerned.
The theme for this year’s Nuclear Africa Conference is
“International Collaboration In Nuclear”; we find it very
appropriate to our activities of manufacturing nuclear
and non-nuclear industrial components and we see it as
an opportunity to once again engage with experts from
various industry sectors. Just as we have conquered the
nuclear medicine industry, we would now like to grow our
presence in foreign countries through the manufacturing
and export of power generation components.
The SAFARI-1 reactor continues to provide the world
with modern scientific solutions and it is committed
to enhancing the lives of millions of people worldwide
through its nuclear medicine production capabilities.
Nuclear medicine produced at SAFARI-1 is used in over
10 million medical procedures in more than 60 countries
every year, saving millions of lives worldwide. Necsa
has demonstrated very good business capabilities in
the nuclear medicine industry, we have secured foreign
nuclear medicine markets through collaborations with
many international and South African companies, and we
hope that during this conference we will establish more
business ties. In 2017 our world market share has already
increased substantially.
A significant goal that Necsa is now seeking to accomplish
relates to our participation in the global manufacturing
industry; Pelindaba Enterprises is a division of Necsa
that specializes in heavy engineering and manufacturing
of power generation components; it is the only
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manufacturing organisation in Africa that has acquired
the ASME III Nuclear Certification.
The future of large-scale components manufacturing
holds many opportunities for Necsa and the nuclear
industry in South Africa. Obviously, contributing to
South Africa’s energy mix is an important factor and
we have already started to provide large-scale power
production components to local power stations, such as
Medupi and Kusile, and we are ready to explore business
beyond our shores and our borders. Our participation in
the African continent is also of utmost importance and
we are building ties with our African counterparts for
collaboration in training, technology sharing and solving
power generation challenges.
Looking abroad, we’ve made good progress in acquiring
business bases for Necsa’s high quality engineering
products. We are looking at other opportunities
elsewhere, to make sure we further integrate our
production. Exploring export business is good for the
economy, especially under the country’s foreign currency
exchange rates, so this is steadily becoming an area of
focus. It is partnership which counts.
With government targets now in place to grow the nuclear
contribution to the country’s energy mix, we are looking
forward to grasping this opportunity to further develop
our expertise. The nuclear new build will allow Necsa
to grow and to explore new business ventures offshore,
thereby expanding our presence all over the world.
I would like to wish all the local and international Nuclear
Africa Conference delegates a wonderful experience in
our beautiful country. May you return many times? At
Nt’Shonalanga Valley Resort look at the sunshine in the
day-time and the stars in the night-time as you network
and discuss how “International Collaboration in Nuclear”
comes together; of course in the form of the partnerships
needed to rapidly advance the nuclear power programme
in South Africa, and beyond our borders.
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Dr Kelvin Kemm
CEO of Nuclear Africa

Nuclear collaboration
for the people
of the planet

The South African progression towards the construction
of a fleet of nuclear power stations was officially launched
in December 2016 with the release of a Request for
Information (RFI). This document asks for an indication
of agreement on the ground rules for collaboration.
This RFI is a precursor document, before asking for
formal bids which will include the financial quotations for
the build of nuclear power stations. What is also most
important in the RFI is that it is a message that South
Africa requires a substantial local content collaboration.
The emphasis is on the word ‘collaboration.’ Many
companies which responded to the RFI have no intention
of trying to supply a nuclear reactor; they are interested
in an involvement in some sub-element of the whole
process.
So the scope for construction and fabrication
collaboration is vast. It is quite possible for fabricated
assemblies be exported from South Africa, which
themselves contain components made in two or more
other countries. The name of the game is collaboration,
so that all parties involved can clearly gain benefit.
Many companies in South Africa and in other countries
which are currently not involved in nuclear fabrication
can become part of the nuclear family. Many of these
companies do not even realise this. There are companies
currently involved in aerospace; oil and gas; food
processing machinery; pharmaceuticals; and much
more, which operate to an established culture of quality
assurance in line with a nuclear fabrication culture. Many
of these need to be invited to become part of the nuclear
fabrication family, together with foreign partners.
Of course all of this has to link into financial viability, legal
compliance, and more. We therefore need to also link up
with the legal and financial institutions which are also a
most important part of the whole mix.
In thinking on an international scale it is also most
important to also look towards our African neighbours.

Nuclear power is not just a case of ‘one-size-fits-all.’
There are the large reactors of the size of about 1500MW
output, but then there is also the class of Small Modular
Reactor (SMR) of about 400MW, or less.
The South African concept of the PBMR falls into this class.
Smaller reactors are not just for countries with smaller
electricity demand. Smaller reactors can be strategically
placed to service a specific nearby requirement; for
example a mining complex; a harbour; or an industrial
area, so they are applicable to all countries.
So we need to build collaboration at all levels with other
African countries, plus many other interested countries.
The time is now.
A conference like Nuclear Africa 2017 provides just such
an opportunity for a variety of different organisations
and individuals to get together to explore all possibilities
for collaboration.
One then must not forget that all of this activity takes
place in full view of the public. For that matter; the
international public. Public opinion is an essential support
structure within which the politicians and other decisions
makers, such as the bankers, have to make their decisions.
So it is essential that the nuclear science professionals
constantly keep in mind that public understanding of
what is going on during a nuclear build is most important.
Talking to the public is not just a case of ‘talking to the
public.’ A large measure of interpretation is required, so
that complex issues are clearly understood.
The anti-nuclear fraternity, worldwide, will continue to
muddy the waters as much as they can, so a careful and
honest picture needs to be presented to the public, to
produce genuine clarity.
Nuclear power, in all its forms, is the power of the future,
so international collaboration is required right now, in the
interests of all of the people of the whole planet.
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The nuclear industry remains
at the helm of innovative and
sustainable development

It is my great pleasure to welcome you to this very
prestigious event.
Nuclear faces very unique challenges globally, as I am sure
you are all well aware, the common misconceptions about
nuclear often makes it very difficult to communicate
the good stories and the great achievements from our
industry.
It is these misconceptions that as an industry we
should work together to dispel, it is time that nuclear is
demystified, it is time we all work together to deliver the
good stories, the great stories and one day the nuclear
industry will be celebrated for its grand achievement of
bettering the lives of millions across the globe, rather
than frowned upon for the simple reason of not being
fully understood.
It is incredibly important for us to gather at events such
as these, to celebrate achievements and acknowledge
excellence in our unique industry. I would therefore like
to extend our gratitude to Nuclear Africa for arranging
this world class event, your dedication to the industry is
valued globally.
The Russian nuclear industry has always placed great
importance on international cooperation in the peaceful
use of nuclear technology and over the past decades we
have clearly demonstrated our ambitions to work with
foreign partners to further develop the industry. I would
like to take this opportunity to highlight several recent
achievements from our industry.
Firstly, I’d like to point out that the Nuclear Africa
conference is taking place exactly one month after we
commissioned our first ever innovative VVER-1200
nuclear power unit. Unit 6 of Novovoronezh Nuclear
Power Plant (NPP) became the first Generation III+
power unit to be commissioned in the world. It provides
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for the highest level of operational safety and fully
meets all post-Fukushima requirements. Its key feature
is the combination of active and passive safety systems,
which require absolutely no human intervention. More
importantly this unit provides us with a referenced
Gen3+ unit, the design of which will be used for Rosatom
NPP construction projects across the globe.
In 2016, the Russian Research Institute of Atomic
Reactors State Scientific Centre became the second
global IAEA R&D Hub. The Institute was designated as an
IAEA International Centre based on Research Reactors
(ICERR) and will be made available for all IAEA member
countries for R&D work.
Vitally important work on project ITER (International
Thermonuclear Experimental Reactor, and is also Latin for
“the way”) continues. ITER will be the first fusion device
to produce net energy for prolonged periods of time.
It will also test the integrated technologies, materials,
and physics necessary for the commercial production of
fusion-based electricity. It is based on the Russian idea of
Tokamak: an experimental machine designed to harness
the energy of fusion.
Finally, nuclear energy will play a crucial role in solving
the problem of global warming. Landmark COP 21 and
COP 22 summits have set an ambitious goal to limit the
rise in global mean temperatures to 2°C, which will not
be possible without gradual decarbonization of the global
energy mix. At present, nuclear reactors alone generate
one third of all low-carbon power in the world, while the
share of nuclear power in the global energy mix is about
11%. This figure set to increased to 18% by 2030 and 25%
by 2050 in order to ensure that the goals set at COP 21
and 22 are achieved.
I would like to wish all participants the very best over the
coming days.

Ms Agneta Rising - Director General of the World Nuclear Association

Ms Agneta Rising
Director General of the World Nuclear Association

Nuclear Africa 2017
Welcome address

Electricity is the essential force that powers a better
quality of life and drives economic growth and
development. There is an urgent need to increase the
provision of electricity worldwide, particularly in those
regions where affordable and reliable supplies are not
yet available to all.
Nuclear energy must have a growing role in the global
generation mix, because we need to meet the world’s
needs from sources that are reliable and always available,
but don’t produce harmful air pollution or cause
dangerous climate change.
To help meet these developmental needs sustainably
the global nuclear industry has set a target to build
1000 GWe of new nuclear capacity by 2050. To achieve
this will require an expansion of nuclear in countries
such as South Africa that already benefit from nuclear
generation. But it will also require nuclear to form part of
the generation mix in more countries, particularly those
with fast-growing economies.

World Nuclear Association is working to help realise
these goals. The association, in partnership with the IAEA
and OECD NEA, has welcomed fellows from Algeria,
Côte d’Ivoire, DR Congo, Egypt, Ghana, Kenya, Namibia,
Nigeria, Niger, South Africa, Sudan, Tunisia, Tanzania,
Uganda, Zambia, and Zimbabwe to the World Nuclear
University Summer Institute, an intensive six week course
helping to train the leaders of our industry’s future.
We will [also] need others to take action to enable
nuclear energy to make the fullest contribution it can.
Governments must establish policies and markets that
allow nuclear generation to compete on a fair basis.
Regulations should be efficient and effective. A new
safety paradigm is needed to ensure that choices made
on energy bring a genuine benefit to public wellbeing.
I look forward to discussing these issues with you at
Nuclear Africa 2017.
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Corporation

As the developer of CAP1400, SNPTC has been
always dedicated to the promotion and application
of CAP1400 technology with its outstanding natures
in safety, advancement and economics.
the GenIII passive pressurized water reactor nuclear
power technology has drawn attention from countries
aspiring to develop nuclear power generating capacity.
SNPTC has attached great importance to the nuclear
energy cooperation with African partners, and is
expecting to share its more than forty years successful
experiences in nuclear power research &development,
NPP construction and operation to its partners in Africa.
SNPTC and NECSA signed Agreement on Civil Nuclear
Energy Training in 2014 and jointly implemented the
agreement effectively. Up till now, SNPTC has provided
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160 plus man-time GenIII nuclear power technical
training to relevant organizations in South Africa, with
content covering the whole NPP life circle including
design, construction, operation and maintenance.
Besides, SNPTC has also carried out the communication
and discussion with around fifty local enterprises in
South Africa on cooperation of nuclear power localization
development, achieving extensive consensus and
willingness to cooperate.
In the future, SNPTC will continue to conduct mutually
beneficial cooperation with friends among African
countries to promote nuclear energy development
and make joint contributions towards constructing a
beautiful, low-carbon and environmentally friendly
Africa with sustainable development achieved, so as to
drive forward the economic development of Africa.

Dr Wolsey Barnard - CEO of NRWDI

Dr Wolsey Barnard
CEO of NRWDI

Managing
radioactive waste
in South Africa
INTRODUCTION

VAALPUTS NUCLEAR WASTE REPOSITORY

With the introduction of a nuclear power program in South
Africa during the 1970’s it was realized that radioactive
waste would have to be managed and that would require
a national site for the disposal of the country’s nuclear
waste. In November 2005 Cabinet approved and
published the radioactive waste management policy and
strategy, which identified the need for the implementation
of an independent radioactive waste disposal institute.
The National Radioactive Waste Disposal Institute Act
(No. 53 of 2008) was drafted and became effective on the
1st December 2009 endorsing the establishment of the
National Radioactive Waste Disposal Institute (NRWDI).
The Institute was established with the key responsibility
to oversee the disposal and related waste management of
radioactive waste, on a national basis.

The selection and characterization of a suitable disposal
site commenced in the late 1970’s and was concluded
in the early 1980’s. In this process the Vaalputs site was
selected as the preferred site; from three candidate sites.
Vaalputs was established as the national radioactive waste
disposal facility; to serve South Africa’s needs for disposing
of the low level radioactive waste (LLW) and intermediate
level radioactive waste (ILW) generated by the nuclear,
industrial, medical and agricultural sectors. Vaalputs is
situated in the Northern Cape Province.

RADIOACTIVE WASTE MANAGEMENT
The application of radioactive materials and nuclear
radiation provides numerous benefits to people and
society, and plays a significant role in everyday life. This
includes scientific, medical, agricultural and industrial
applications. It is a natural consequence of such processes
that radioactive waste is generated, and as a result
radioactive waste is a natural part of the consequence
of the benefit which society is receiving as a result of
the application of these technologies. The radioactive
waste needs to be managed in a safe and secure manner.
Radioactive waste management involves treatment,
conditioning, transportation, storage and disposal of all
categories of radioactive wastes, including administrative,
operational and safety-related activities. The primary
objective of the activities is to isolate the radioactive waste
from people and the environment, for the period that the
waste remains potentially hazardous.
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The disposal concept for Vaalputs is a near surface, multi
barrier concept, where waste packages are stored a few
metres below surface. The license to operate Vaalputs
was granted in 1986. The first shipment of the low level
radioactive waste from the Koeberg Nuclear Power
Plant arrived at Vaalputs in November 1986 and the first
shipment from Necsa arrived in May 2011.
Currently only 1% of the vast site area has been utilized
over the past 30 years of operations and Vaalputs can easily
accommodate the additional projected Low Level Waste
inventory stemming from the current nuclear industry, as
well as the envisaged new nuclear build programme.

RADIOACTIVE WASTE - BACK END OR FRONT END?
In the nuclear industry value chain, radioactive wastes are
called the “back end” of the fuel cycle. However at the end
of the day this waste will become the “front end” since that
will be the only evidence that will be left over after the
original generators of the radioactive waste are no longer
in operation, or in existence.
Therefore stakeholder confidence and trust in the
Institute is of utmost importance. The Institute places a
high premium on stakeholder empowerment, capacity
building, communication and participation.
NRWDI is committed to providing innovative radwaste
disposal and related services that are safe, technically
sound, environmentally responsible, economic feasible
and socially acceptable. This integrated and accountable
radioactive waste management and disposal approach
will ensure that no undue burden is placed on future
generations; due to past, present and future involvement
in nuclear programs.
NRWDI AT A GLANCE
The National Radioactive Waste Disposal Institute
(NRWDI) is a state owned entity established in terms of
the National Radioactive Waste Disposal Institute Act (53
of 2008) and is responsible for discharging an institutional
obligation, as defined in Section 1 of the Nuclear Energy Act
(46 of 1999), which relates to the disposal and related waste
management of radioactive waste, on a national basis.

DID YOU KNOW?
• Vaalputs is the national radioactive waste disposal site.
• The Vaalputs site, located in the Northern Cape, is
100km2 in extent.
• Vaalputs was the first Near Surface Repository in the
world, to obtain ISO 9001 accreditation.
• Less than 1% of the waste disposal area has been
utilised, over the past 30 years.
• Radiation levels measured on the outside of the
radioactive waste containers are far less than the
natural background levels found in various places in
South Africa.
CONTACT DETAILS
National Radioactive Waste Disposal Institute (NRWDI)
Private Bag X1, Pretoria, 0001, Republic of South Africa.
E: Wolsey.Barnard@nrwdi.org.za
M: +27 084 321 7361

FUNCTIONAL MANDATE
The functions of the Institute are as follows, but not limited to:
• Manage radioactive waste disposal on a national basis;
• Operate the national waste repository at Vaalputs;
• Design and implement disposal solutions for all
categories of radioactive waste;
• Assess and inspect the acceptability of radioactive
waste for disposal and issue radioactive waste disposal
certificates;
• Investigate the need for any new radioactive waste
disposal facilities and to site, design and construct new
facilities as required;
• Define and conduct research and development aimed
at finding solutions for long-term radioactive waste
management;
• Maintain a national radioactive waste database and
publish a report on the inventory and location of all
radioactive waste in the Republic, at a frequency
determined by the Board;
• Assist generators of small quantities of radioactive
waste, in all technical aspects related to the
management of such waste.
NRWDI will consistently and continuously apply
an integrated and accountable radioactive waste
management and disposal approach, in order to ensure
that no undue burden is placed on future generations
due to past, present and future involvement in nuclear
programs.

Dr Geoffrey Rothwell - Principal Economist, Organisation for Economic Cooperation and Development, Paris , France

Dr Geoffrey Rothwell
Principal Economist, Organisation for
Economic Cooperation
and Development, Paris , France
South Africa participates in an international electricity market:
the Southern African Power Pool. The purposes of this market
are (1) to facilitate the development of a competitive electricity
market in the Southern African region; (2) to give consumers
a choice of electricity supply; (3) to ensure that the Southern
African region is the region of choice for investments by
energy intensive users; and (4) to ensure sustainable energy
developments through sound economic, environmental and
social practices.
Markets are powerful economic tools to encourage economic
efficiency. However, energy markets fail to deliver on their
promise of being both competitive and environmentallyfriendly. First, electricity markets can fail if they do not take
into account the external effects associated with electricity
generation. For example, if air pollutants (including carbon
dioxide) are not priced in the market, there can be an
oversupply of pollutants compared to the economically
optimal level. Second, in trying to encourage environmentalfriendly generation, subsidies (for example, to renewables) can
distort bid prices (assumed to be equal to incremental costs
of generating electricity during specific hours of the day) for
supply into a competitive electricity market. Market designers
have been trying to address these problems, for example, with
(1) the creation of tradeable carbon dioxide production permits
that cap carbon dioxide within the market region, and (2) the
creation of “capacity markets,” that give a price incentive to
provide future capacity.
However, once these secondary markets have been created,
there is no guarantee that all of the markets will work
together to provide competitive and environmentally-friendly
generation, as well as low prices to consumers, particularly
large industrial consumers. Given these sometimes conflicting
demands, electric utilities are having financial difficulties. This

has led to the down-grading of debt and equity issued by these
companies. Debt refers to borrowing from banks, usually in
the form of selling a contract to repay the debt at specific rates
and at specific times, known as a “bond.” The rate of return is
generally known as the “interest rate.” Equity refers (1) to the
funds raised from the retained earnings of the utility, and (2) to
funds raised in financial markets through the sale of “stocks,”
traded on stock exchanges. The rate of return on equity is
known as the “rate of return on capital.” Together the rates paid
to debt and equity combine to form the “cost of capital,” and are
used to determine the rate at which to discount into the present
future expenditures and returns on investments.
Agencies in the international financial markets evaluate the
riskiness of debts and equities, and assume that the riskiness
of the utility is at least equal to the riskiness of the country in
which the utility resides, and that the riskiness of a generating
project is at least as great as the riskiness of the utility. There
are many firms rating debt, however, 95% of the financial
instrument rating market is held by the “Big Three” credit rating
agencies: Standard & Poor’s (S&P) and Moody’s in New York,
and the Fitch Group, based in London. Their primary rating is
between “investment grade” securities (Moody’s rated AAA
through BBB) and “speculative grade” securities (Moody’s
rated BB through C). Although they dominate the international
market, they are fallible: they rated mortgage-backed securities
before the financial crisis of 2007-2008 as investment grade,
when, in reality, they were speculative. S&P is currently rating
most electric utilities in Europe, the Middle East, and Africa at
A- , BBB+, and BBB, where the minus sign implies that the rating
could decline in the future and the plus implies that the rating
could increase in the future. Presently, S&P rates bonds paid in
foreign currencies by South Africans at BBB- and bonds paid in
Rand at BBB, i.e., the same ratings as most of the electric utilities
in Europe, the Middle East, and Africa.

Dr. Geoffrey Rothwell’s Message Continues...

When building electricity generation capacity, the cost of capital rises as the bond rating falls. In other words, bank’s buy bonds
only if the rate is competitive with comparable bonds for all countries and firms, and investors only buy stock if the rate of return
is competitive with investments of comparable risk. This is a problem in the electricity generating market, where all carbon-free
generation technologies are capital intensive. This includes nuclear power, hydro, wind (on and off shore), and solar (distributed
and centralised). Banks and investors are considering short-term returns, but investments in carbon-free electricity generating
technologies pay off in the long-term. High costs of capital mean that the needs of future generations are not considered by
the financial markets. This implies that governments must intervene to ensure that investments “meet the needs of the present
generations without compromising the ability of future generations to meet their needs” (World Commission on Environment and
Development, 1987). This problem becomes acute when considering investments in nuclear power capacity that could provide
electricity for three generations.
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Dr Pascal Colombani
Special Envoy of the French President
for the South Africa-France
nuclear partnership
A balanced energy mix is a key factor to ensure a country’s
energy independence and to contribute to its economic growth.
At the same time, in line with COP21 agreements, an energy mix
including low-carbon technologies as nuclear and renewables
will ensure a reliable production of electricity and a reduction
of greenhouse gas emission. Nuclear energy, when exploited
with technologies compliant with the highest safety standards,
is part of the solution to tackle climate change.

particular with the development of the UK supply chain (64% of
the value will be created in the UK). The project will also deliver
thousands of high quality jobs and apprenticeships for people
locally and all across the UK. It confirms the maturity of EPR, a
proven design meeting the highest standards of nuclear safety
and environment protection.
France is eager to implement the same depth of cooperation
with South Africa.

For decades, the French nuclear industry and Eskom and Necsa
have been partners. For more than 30 years, Koeberg is a
reliable source of electricity for the South-African Republic and
an example for the African continent and the world.

Our ambition is not only to provide the technologies to
meet South Africa’s energy needs, but also to fully support
employment opportunities and skills development at all levels
of the society (workers, managers, technicians, engineers,
researchers, scientists).

As South Africa goes ahead with its nuclear procurement
process, France commits itself to scale-up this successful
cooperation into a long term strategic partnership.
For over 60 years, France has developed a safe, secure and
sustainable nuclear industry and acquired an extensive
experience in the field of industrial localization in various
countries. Such a partnership has been implemented with China
(skills development, staff training, partnerships at all levels of
the value chain with now around 100 French nuclear companies
working closely with local partners). This partnership has
accelerated China’s self-reliance in the nuclear energy field.
Another example relates to the recent decision of the British
Government to approve the construction of two EPRs reactors
at Hinkley Point (HPC). This decision is the result of ten years
of rigorous preparation. It is good news for British consumers
and a huge boost for British industry competitiveness, in

Embarking on a nuclear program is not only related to electricity
production. It is a part of an ambitious industrial, research
and social development that will result in economic growth,
industrial localization and social transformation for the benefit
of the whole South-African population. The development of a
self-reliant industrial capacity will also help to develop cuttingedge expertise relevant for various fields such as electrical
engineering, piping, welding….
The nuclear programme will strengthen the position of South
Africa as the clear leader of the African continent for all civilian
nuclear applications (from electricity production, radioisotopes
production to health applications or nanotechnologies…).
Beyond the construction of power stations, it will benefit to
the national transformation of South Africa and of the whole
African continent.

Dr. Geoffrey Rothwell’s Message Continues...

The problem with investments in nuclear power is that they are expensive only in artificial, and intrinsically flawed, electricity
power and financial markets. Given these market failures, governments must step in to provide capital. At a cost of capital of 3%
(also, known as the “social discount rate,” and approximately equal to the rate of the growth of the population and the infrastructure
depreciation rate), nuclear power on a long-term average basis (also known as the “levelised cost of electricity,” LCOE) is cheaper
than coal, natural gas combined cycle, residential and commercial photovoltaics, concentrated solar, and offshore wind (see Nuclear
Energy Agency/International Energy Agency, Projected Costs of Generating Electricity, 2015 update). The only technology that is
competitive with nuclear power at a 3% cost of capital is onshore wind. Hence, the optimal sustainable combination of technologies
is intermittent onshore wind backed with reliable nuclear power.
Finally, honoured participants of the Nuclear Africa 2017 Conference, do not hesitate to ask me questions during and after the
conference through email: geoffrey.rothwell@oecd.org!

Nuclear Africa - March 2017
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Thorium

The Other Nuclear Fuel
By Dr Kelvin Kemm

Produced by Nuclear Africa (Pty) Ltd for general public information.

Way back in 1905 a young, unknown scientist by
the name of Albert Einstein proposed a radical new
physics theory called the Simple Theory of Relativity.
It was anything but simple, but it turned out to be
much simpler than his General Theory of Relativity,
which followed some years later. Einstein’s ideas
would change the world.
The Simple Theory of Relativity produced a startling equation:

E=mc2
This equation shows that energy produced ( E ) from some
mass of anything ( m ) is equal to the mass, multiplied by the
speed of light ( c ) squared. The speed of light is a very large
number, so the energy that this equation predicted would
result from a small mass, would be enormous.
Most people just did not believe it, and the young Einstein
was mostly criticised and treated with distain.

Dr Kelvin Kemm has a PhD in
nuclear physics. He is CEO of
Nuclear Africa, a nuclear project
management company. He has
written two books and over one
thousand published articles. He
has won a number of awards and is
a member of the Ministerial Advisory
Council on Energy. He is also the
Chairman of The South African Nuclear
Energy Corporation (Necsa).
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Thorium mine in the Western Cape

It was known that the energy carried by something like a
cannonball was related to its velocity. Today, cricket players
know very well that it is much more painful to be hit in the
chest by a ball bowled by a fast bowler, than by a slow ball
bowled by a spin bowler. That comparison ‘feels’ logical to
any observer. High speed, big impact.
However, in the E=mc2 equation the mass was not even
moving. It turned out that the energy that Einstein predicted
was nuclear energy. The nuclear energy comes from mass
actually turning into energy, something that was considered
impossible at the time.
This famous equation tells one that the nuclear energy
released from a mass about equal to a standard building
brick will drive the largest ship in the world around the earth
about 100 times.
It turns out that trying to convert a standard brick into
nuclear energy is not very practical. What we need to
do is to use carefully selected atoms
which are already inherently
unstable, so that they will
start to break apart
easily, with the correct
nuclear inducement.
Such atoms include
Uranium, Plutonium,
and Thorium.
Plutonium is so
unstable that all the
plutonium that was in
the earth, as it cooled
from a molten ball
of lava, has long since
decayed away. So today
if one wants plutonium, it
is necessary to make it using
a nuclear reaction. Uranium
and Thorium are the two nuclear
fuels that are found naturally in
the ground, and which can be mined.

1
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Fissile and Fertile
The U-235 atom is known as a ‘fissile’ atom, because it splits
quite easily when struck by a neutron. The word ‘fission’
means - to ‘break apart’. So ‘fissile’ means – ‘can break apart’.
In contrast, Thorium-232 is called ‘Fertile’.
The nucleus of a fertile atom will not split, but a small alteration
to the nucleus makes it unstable, and then it will split. So a
Th-232 is fertile because it can easily be converted into U-233
which is fissile.
For the technically-minded,
this is the nuclear transformation:

n

233
+ 232
90 Th → 90 Th →

β

233
91 Pa

→

β

233
92 U

South Africa possesses the world’s richest thorium
mine, Steenkampskraal in the Western Cape. It is
approximately 350km north of Cape Town. The mine was
discovered in the late 1940s and produces valuable Rare
Earth materials, plus thorium. Small quantities of Rare
Earths are used to make items like super strong magnets
which are used in cellphones.
Steenkampskraal is owned by STL (Pty) Ltd, a Centurionbased company near Pretoria, in South Africa. STL is
working on processing the thorium to nuclear grade purity.

Fuel Assemblies
Thorium can be placed into High
Temperature Gas Reactor (HTGR)
fuel such as the South African
fabricated fuel ball shown in the
picture, but can also be placed
into conventional metal fuel
reactor assemblies, with very
little modification required.
Experimental work is
currently underway
internationally, testing
thorium fuel in various
configurations. Most
Smaller Modular Reactor
(SMR) systems are
formed from HTGRs.

How does a thorium reactor work?
Well, like this: Thorium-232 is mined from the ground
where it is extracted from one of its naturally occurring
minerals, such as monzonite. This Thorium-232 is later
placed in a nuclear reactor, usually in the form of thorium
dioxide ThO2. At this point the thorium atoms are referred
to as ‘fertile’ atoms, their nuclei will not split.
Then one has to arrange to bombard these fertile thorium
nuclei with a stream of neutrons. The neutrons can come
from various sources, such as Plutonium or U-235. A neutron
from such a source penetrates a Th-232 nucleus, where it is
captured, turning the nucleus into a Th-233 isotope.
This isotope is unstable and a nuclear decay reaction takes
place and it turns into another element Protactinium-233.
Another nuclear decay soon occurs and this Pa-233
transmutes into U-233.
Another neutron then strikes the U-233 which fissions
like the U-235 in a conventional uranium fuelled reactor.
Energy is released and more neutrons are produced
which keep the whole chain reaction going.

Uranium Enrichment
(see Isotopes on Pg. 4)
When uranium comes out of the ground it is a mixture of two isotopes; U-238 and U-235. The important isotope of the two,
for nuclear power, is U-235 but it constitutes only 0.7% of the natural mixture. The remaining 99.3% is U-238. To use the
uranium in a nuclear reactor it has to be enriched, which actually means removing U-238 atoms so that the percentage of
U-235 atoms in the remaining mixture rises. For power reactors an enriched mix of 5 to 10% U-235 is required. For the
production of nuclear weapons an enrichment of uranium of 90% or better is required. So there is a clear distinction between
nuclear power grade uranium and nuclear weapons grade uranium. In the case of thorium, enrichment is not necessary and it
can be used as is, after being extracted from mined ore. Thorium is not suitable for use in nuclear weapons.
2
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Thorium - An Abundant Nuclear Fuel
World electricity consumption doubled in approximately
the past 25 years. There is every reason to believe that it
will double again in the next 25 years, if not sooner. One only
has to look at the low electrification figure for many African
countries, to receive a psychological jolt. Many African
countries are only 5 or 10% electrified.
It is well known that one of the fastest economic accelerators
which can be used to improve the living conditions of low
socio-economic societies is to provide an inexpensive,
reliable, electricity supply. Such an energy supply almost
instantly brings with it the development of schools, clinics,
communications, adult education, food preservation,
lighting and much more.
Commercial nuclear power has been in operation for more
than half a century and has shown itself to be the safest form
of electricity production. It is clean and reliable. In the public
mind, nuclear power is viewed as being composed of large
plants run by sophisticated First World countries. This image
is largely true, but considerable research and development
being carried out right now is set to change this view.

Thorium Properties
Thorium was discovered
by Jöns Jacob Berzelius, a
Swedish chemist, in 1828.
He discovered it in a sample
of a mineral that was given
to him by the Reverend Has
Morten Thrane Esmark, who
suspected that it contained
an unknown substance.
Esmark’s mineral is now known as thorite (ThSiO4).
When it is pure, thorium is a silvery white metal which is
air-stable and retains its lustre for several months. When
it is exposed to air, thorium slowly oxidises and tarnishes,
becoming grey and finally black.
Thorium oxide has a melting point of 3300°C, which is
the highest of all oxides. Only a few elements such as
tungsten, and a few compounds such as tantalum carbide,
have higher melting points.

Reactors known as SMRs or Small Modular Reactors are
under development, and are close to deployment. They are
only 5% to 10% the size of the current large reactors and
are ideally suited for large-scale deployment in developing
countries. For that matter, in First World countries as well,
where they can be strategically positioned near to areas of
high electricity demand. SMRs do not need large volumes
of water for cooling, so they don’t have to be built on large
bodies of water, like oceans or large lakes. So SMRs can be
placed wherever you like.
As far as the existing large reactors are concerned, there
are currently some 440 in operation around the world, with
about another 70 under construction. So the visible market
which can be internationally penetrated for nuclear reactor
fuel sales is approximately some 500 nuclear reactors.

Thorium is named afterThor,
the ancient Norse god of war.

What flashes to mind is the magnitude of the uranium demand, which is looming. The optimists rub their hands in glee and talk of
the foreign exchange which will be earned, from major uranium exports. The predictors of doom and gloom shake their heads, with
looks of despair, and say that nuclear power will never last, because world supplies of uranium will run out in a century or less.
Well, in technological terms, ten years is a very long time. Just think of the technology
changes of the last ten years. Think of email, internet, cell phone banking, genetic
modification, satellite TV transmission, and more. Behind the scenes, less visible to the
public, there are advances in mining technology and mineral processing; the uranium is
certainly going to last a lot longer than the doomsayers predict.
Nuclear power is going to expand a lot faster than many now imagine. Nuclear power technology is expanding at a rapid rate.
There is also another major playing card in the pack, which is the other powerful nuclear fuel…thorium.
There is even more thorium in the world than there is uranium. The potential for thorium as a nuclear fuel has been known about
for as long as that of uranium. Thorium can be used in the existing conventional reactors, and in the new generation reactors.
16
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Isotopes
For now let us consider that the nucleus of an atom consists of neutrons and protons.
They are about the same size and mass, but the proton is positively charged and the
neutron is electrically neutral. In fact many other particles can come out of an atomic
nucleus at times, like beta particles, muons, and more, but that is higher level nuclear
physics and we will ignore those complex details for this discussion.

p

n

The number of protons in a nucleus determines what the material is. For example carbon has 6 protons, oxygen 8, gold 79 and
uranium 92. If you also then add the neutrons to the nucleus, this then gives the total mass of the element. (In shopping centre
jargon ‘the weight’, but we don’t use ‘weight’ in this context in physics.) Adding the neutrons to a carbon nucleus gives a typical
mass of 12, whereas uranium comes out at 238. However the number of neutrons in a nucleus is not necessarily fixed at an
exact number and it can vary a bit, so some carbon atoms can have two additional neutrons, to be carbon-14 and uranium can
have a few less to be uranium-235 or uranium-233.
All isotopes chemically react the same way, so carbon-12 and carbon-14 both form charcoal and burn exactly the same way,
when oxygen is present. Scientists did not know that isotopes existed until the atomic age was underway and then this tiny
mass difference was detected, and explained.
For virtually all scientific applications in our daily life, the existence of isotopes makes no difference. However one important
attribute of the differing numbers of neutrons in a nucleus, is that this determines how tightly bound the nucleus is. This is like
the amount of ‘glue,’ so a U-238 nucleus is more tightly ‘glued’ than a U-235 nucleus. In physics this is known as the Binding
Energy. This means that it is easier to split a U-235 nucleus in a nuclear reactor, so releasing its nuclear energy. A U-233
nucleus also splits easily, but you don’t find U-233 in nature, you have to specially make it, by using thorium.
However there is a thorium isotope which does exist
naturally in the ground, and it is very close to what we
are looking for, it is Thorium-232. But it will not split in a
nuclear reactor, because the packing arrangement of 232
particles is more strongly bound (more binding energy)
than the packing arrangement of 233 particles.
So we have to make a plan to change the 232 atom into a 233.
(See page 2: Fissile and Fertile)
This sponsor has kindly made the production and publication of this brochure possible.

Research into using thorium in nuclear reactors was carried out
in the United States in the late 1950s and also in Germany and
the United Kingdom in the early to mid-1960s. In the US, several
demonstrations of the use of thorium reactors were performed.
In Germany and the UK, thorium was used in their early
demonstration High Temperature Gas Reactors (HTGR) such
as the AVR and THTR reactors in Germany, and DRAGON in
the UK.
Most of the thorium used in all of these reactors came from
the Steenkampskraal mine.

Steenkampskraal Thorium Limited (STL), is a nuclear engineering company based in Centurion, South Africa. STL owns
the Steenkampskraal Mine in South Africa, which contains
significant thorium reserves. STL aims to commercialise a
Thorium-Based High-Temperature Gas-Cooled Reactor.
STL has embarked on a nuclear reactor development project
to produce clean, safe, economical and accessible energy, to
a wide range of energy consumers. This project is known
as the HTMR100 Nuclear Power Plant. This 100MW high
temperature modular reactor is an inherently safe, modular
pebble-bed type reactor containing thorium, that burns fuel
spheres, which produces less and more acceptable waste,
compared to other nuclear power generation technologies.
4
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Koeberg Power Station celebrates
33 years of safe nuclear operation
about koeberg
Eskom is one of the top 20 utilities in the world by generation capacity (net maximum self-generated capacity: 41
194MW). It generates approximately 95% of the electricity used in South Africa and approximately 45% of the
electricity used in Africa.
On 4 April 1984, Koeberg contributed the first nuclear-generated electricity to the National Electricity Grid, ushering
in a new era for Eskom, South Africa and Africa. Koeberg Nuclear Power Station, one of 27 power stations in Eskom’s
fleet, is situated at Duynefontein, approximately 30km north of Cape Town. Koeberg is a base load power station,
which means that it generates electricity until it is shut down either for refuelling (approximately every 18 months per
unit), or for maintenance purposes. The station has two pressurised water reactors (PWRs) which supply in the region
of 1 860MW - nearly 5% of South Africa’s electricity needs.
The power station plays a pivotal role in ensuring the security of the Cape power network as most of the power
generators – which are predominantly coal-fired stations - are concentrated in the northern part of the country due to
the location of coalfields. In all its years of operation, the one most consistent priority on the Koeberg plant has been
safety – not only of the people who work at the plant, but also of the public.
How does it work?
Koeberg operates on three separate water systems (primary, secondary and tertiary circuits). The primary system is
kept under pressure by a pressuriser to prevent boiling of the primary coolant, hence the name Pressurised Water
Reactor (PWR). Very little fresh water is consumed in the nuclear process. The cooling water system uses seawater at
the rate of 80 tons/sec to cool the steam in the two condensers - 40 tons/sec for each unit. It is important to note that
at no time does the seawater come into contact with the demineralised water that is used in the primary system. The
reactor core is contained in the reactor vessel, which is 13m high and 25cm thick. All internal surfaces of the vessel are
clad with stainless steel to avoid corrosion.

Our Safety
At Koeberg, safety is critical in all operations and
decision-making. Koeberg’s quality and safety culture
has been in place even before the project began in 1976
and has been recognised locally and internationally with
numerous awards.
Regulating nuclear safety is a national responsibility.
South Africa, including its regulator, nuclear operators,
and the government, has an obligation of diligence
and duty of care to its people and environment, and
is expected to fulfil its national and international
undertakings and obligations. A global nuclear safety
regime is in place and is being continuously improved.
IAEA safety standards, which support the implementation
of binding international instruments and national safety
infrastructures, form the cornerstone of this global
regime. The IAEA safety standards constitute a useful
tool for contracting parties to assess their performance
under these international conventions. These safety
standards have recently been updated to capture the
events associated with the Fukushima Dai-ichi incident
in Japan. The nuclear industry is subject to stringent
safety standards due to the acknowledgement of the
consequence of any potential safety incident. Design

basis changes, especially those that have an impact
on nuclear safety, require proper justification and are
reviewed and approved by the national nuclear regulator.
In addition, there is joint collaboration between nuclear
operators worldwide in ensuring the implementation
of industry best safety practices by way of safety audits
carried out by WANO.
The National Nuclear Regulator (NNR) provides not
only requirements and guidelines, but also periodically
monitors the facilities in operation in accordance with
the safety standards specified in the facility’s approved
licence. In addition, Koeberg works with an approved
supplier list, which grades suppliers’ capability to supply
and work in certain areas of the plant in accordance with
the applicable safety criteria.
Additionally, routine self-assessments are conducted,
as well as peer reviews by institutions such as WANO,
OSART, and INPO. The golden thread that permeates the
nuclear industry is a strong safety and security culture,
which is also a prerequisite for safe operations. All work
is executed in accordance with specific precompiled and
authorised procedures.

Koeberg continuously strives to improve on its
performance. Consequently, the station regularly
undergoes peer reviews, which places it under scrutiny
by international and local experts to benchmark its
performance against international best practises. In
2017, Koeberg celebrates 33 years of safe operation
– over the years, the station has received numerous
accolades, amongst others, becoming the first nuclear
power station outside the United States to receive initial
accreditation and retain accreditation for its Operator
Training Programmes from the Institute of Nuclear
Power Operations (INPO).
Koeberg invites external organisations to regularly audit
the station’s performance in order to meet its objective
of delivering world class nuclear energy. 2017 saw
Koeberg being commended by the World Association of
Nuclear Operators (WANO) during the two-yearly Peer
Review, which took place at the end of January 2017 the results of the review were the best in the station’s
history. This is a reflection of the station’s high standards
of operation. WANO evaluations are a major milestone
for any nuclear power station, as international nuclear
experts assess the station and performance, and at the
end of the evaluation, a report card indicates how the
station measures up against the best in the world. The
National Nuclear Regulator (NNR), which is the oversight
body assigned by government, makes sure that Koeberg
operates within set national and international standards.

The Koeberg Integrated Emergency Plan
National legislation (NNR Act No. 47 of 1999) requires
Koeberg Nuclear Power Station to have an established
integrated emergency plan to protect the public in the
unlikely event of a nuclear accident. The Act also requires
that the effectiveness of the Integrated Koeberg Nuclear
Emergency Plan be tested by the National Nuclear
Regulator (NNR) every two years.
In order to ensure that the Koeberg Emergency
Response Organisation is prepared for any emergency
at any time, the power station arranges for annual
training, which tests the readiness of the key roleplayers
within Koeberg’s emergency organisation. This is in
addition to the NNR Exercises, which independently
test the emergency preparedness and emergency
response capabilities of Koeberg Power Station and
all the intervening organisations involved in Koeberg’s
Integrated Emergency Plan.
A team consisting of members from Eskom, the local
authorities, and other support organisations are available
around the clock to handle any emergency at the power
station. In the unlikely event of an emergency at Koeberg,
Eskom will recommend appropriate protective actions
to the relevant authorities, and National, Provincial and
Local Government will authorise and implement the
protective actions, as appropriate.

Our environment
Hikers and cyclists are encouraged to enjoy
the clean air and healthy natural environment
surrounding the power station. The 3000ha,
Koeberg Nature Reserve, which surrounds the
present Koeberg Nuclear Power Station, was
proclaimed in October 1991 and officially opened
in September 1992.
Great care has been taken to conserve and
restore the coastal landforms, wetlands and
different vegetation of the area, as well as the
animal life. There is a biking trail and several
hiking trails through the reserve, which visitors
are welcome to explore. The Dikkop and Grysbok
Hiking Trails varies from 2.5 km to 22.3 km taking
the hiker through widely varying terrain, and one
can experience the splendour of the many moods
of the West Coast. The Mountain Bike Trail leads
the visitor through two naturally occurring veld
types, Strandveld and Duneveld. On the route
there is a bird hide, which allows visitors and
birdwatchers to view the spectacular variety of
birds in the reserve.
The reserve is used by a number of students
to conduct research, including sampling and
recording of fauna and flora, and it serves as an
integral part of outdoor educational programmes
from visiting schools and interest groups.

The purpose of the Koeberg Nature Reserve is to:
• create an environment in which development of the area
can take place, within the context of Koeberg Nuclear Power
Station and conservation requirements;
• protect an ecologically viable, representative area of Fynbos
and its associated biodiversity;
• protect the ecological integrity and functioning of wetlands,
their catchments;
• protect the biodiversity of the area; and
• provide sustainable access by the public to the area and its
resources

The reserve plays a pivotal role in the conservation
of the area which is being threatened by the
fast expanding Cape Town metropole, coastal
developments, farming and mining. The Koeberg
Nature Reserve is a fine example of a preserved
and responsibly managed natural resource. This
will be so for decades to come.
www.eskom.co.za
Eskom Holdings SOC Ltd Reg No 2002/015527/30

SECURING THE

ENERGY FUTURE
OF SOUTH AFRICA

The proposed new nuclear build programme is more than just about adding 9600MW of
electricity to the grid but a principal statement to growing the South African economy. Nuclear
Energy is the greatest multiplier for job creation and skills development to a Developing economy.

THE FUTURE OF NUCLEAR ENERGY IN SOUTH AFRICA IS A REALITY,
KNOW YOUR FACTS AND DEBUNK THE MYTHS.
Be sensible, factual & patriotic in your debates. It’s not either or, it’s about a balanced energy mix
in support of the industrialization agenda of South Africa.
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Nuclear Fuel

Its Nature and Disposal

Produced by Nuclear Africa (Pty) Ltd for general public information.

Spent nuclear fuel under water exhibits a blue glow

by Francois Mellet
Uranium in nature is a slightly radioactive metal that occurs
throughout the Earth’s crust. It occurs in most rocks, in
concentrations of 2 to 4 parts per million. Uranium is about
500 times more abundant than gold, and is as common in
the Earth’s crust as tin, tungsten and molybdenum. It is also
naturally present in most soils, as well as in many rivers and in
sea water. It is found in concentrations of about four parts per
million (ppm) in granite, which makes up 60% of the Earth’s
crust. Uranium concentration can be as high as 400 ppm
(0.04%) in fertilizers, and in some coal deposits the Uranium
concentrations can rise to greater than 100 ppm (0.01%).
In South Africa and Namibia where the concentration of
Uranium in the ground is sufficiently high, the mining of
various ores to process and to extract uranium for eventual
use as nuclear fuel, is economically feasible.

Francois Mellet is an electrical engineer whose
career started in Eskom. He progressed to
spend ten years in Koeberg Nuclear Power
Station as a commissioning and project
engineer. He later spent a year in the nuclear
environment in France, Germany, Belgium
and the United Kingdom. He then spent
five years as maintenance manager at the
coal-fired Matimba Power Station. Francois
then spent nearly a decade in International
Risk Control Africa where he worked in a
diversity of sectors. From 2002 he
has been working on a project in
France to design and develop
an underground research
laboratory, leading to
the construction of
a longterm storage
facility for high level
nuclear waste. The
client is ANDRA
(National Agency
for Nuclear Waste
Storage).
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The earth’s Uranium (chemical symbol U) was apparently
formed in supernovae up to about 6.6 billion years ago. Its
radioactive decay provides the main source of heat inside
the earth, causing convection of molten rock and consequent
continental drift. As decay proceeds, Uranium eventually
becomes lead, so the lead in the final product progressively
increases in relative abundance. Rather interesting is that
lead is scientifically used to shield living organisms from the
radio-active effects of different nuclear sources

Uranium was discovered by Martin Klaproth, a German
chemist, in 1789 in the mineral pitchblende, and was
named after the planet Uranus. Being relatively soluble,
in contrast to thorium, it is also found in the ocean, at an
average concentration of 3 parts per billion.

Light elements such as hydrogen and helium are found in
abundance all over the universe. However for the heavier
elements to form, such as Uranium and gold, the giant
gravitational fields found amongst stars are required. As
layers of matter are crushed together by gravitational
force, a star can explode, forming many of the heavier
elements. Such an explosion is known as a supernova.
Fragments from such an explosion can later be drawn
together by gravity to form planets, containing materials
‘like uranium and gold.’

1
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In the past, from as early as 79AD, Uranium was also used to colour glass. Deposits were also mined in the past in order to
obtain its decay product, Radium. From the later 1800’s, Radium which is radioactive was used to produce luminous paint.
This paint was used particularly on the dials of watches and aircraft instruments, up
to the 1950’s, so that they could be read in the dark.
For many years after the Second World War, virtually all of the Uranium that
was mined was used in the production of nuclear weapons, but this ceased
to be the case in the 1970’s when nuclear power reactors were built in
significant numbers. Today the only substantial use for Uranium is as fuel in
nuclear reactors; mostly for electricity generation. The isotope of Uranium
called Uranium-235 is the only naturally-occurring material which can
sustain a fission chain reaction, releasing large amounts of energy.
Small amounts of radioactive fission products in the fuel can leak out of
the fuel cladding into the reactor water, in the form of small particles
and debris. These can lodge on surfaces of the reactor vessel and in its
internal structures, and also in those of adjoining pipes and vessels. At
decommissioning, much of this radioactive debris is loose and can be
washed or scrubbed away to form a sludge that can then be disposed of.
Some of it is more firmly stuck and cannot be so easily removed.
• Thorium (Th) is more abundant in nature than Uranium.
• Thorium is fertile rather than fissile, and can only be
used as a fuel in conjunction with a fissile material such
as recycled Plutonium.
• Thorium fuels can breed fissile Uranium-233 to be used
in various kinds of nuclear reactors.

A pellet of Uranium Oxide which goes into the
Zirconium tubes which makes up a fuel element.

Uranium

is one of the heaviest of all the
naturally-occurring elements and
has a density of 18.7gm/cm3.
Its melting point is 1132oC.

While nuclear power for the production of electricity is the predominant user of Uranium, one can also use the heat from
nuclear fission directly for industrial processes, and for marine propulsion, such as in nuclear submarines and nuclear powered
surfaced warships. Another class of specialist nuclear reactors is important for making a range of commercial radio-isotopes,
such as our own South African SAFARI-1 reactor which produces life-saving medical isotopes. SAFARI-1 has been in operation
for over 50 years.
In nature, Uranium produces so little radio-activity that its ore can be safely handled with bare hands. Before it can be used
in a reactor for electricity generation, however, the ore must undergo a series of processes to produce a useable nuclear fuel.
Like many other natural elements, Uranium occurs in slightly differing forms known as isotopes. These isotopes differ from
each other in the number of neutrons in the nucleus. Natural Uranium (Unat), as found in the Earth’s crust, is a mixture of three
isotopes: Uranium-238 (U-238), accounting for 99.275%; U-235 at a concentration of 0.720%; and traces of U-234 at 0.005%.
Uranium ore is processed in South Africa into a yellow oxide power which is then exported. It is known as: Yellowcake. Its
chemical composition is U3O8. In popular and commercial literature it is something written like this: U3O8.
For most of the world’s reactors, the next step in making a useable fuel is to convert the uranium oxide into a
gas, Uranium Hexafluoride (UF6). Since this form of Uranium is a gas, it can be fed into enrichment
devices that require a gas flow, such as a centrifuge or the South African developed Vortex
tube system. The process of Uranium enrichment increases the proportion of the U-235
isotope from its natural level of 0.7% to 3 to 10%, depending on the type of reactor it
will be used in. This enrichment enables greater technical efficiency in reactor design
and operation, particularly in larger reactors, and also allows the use of ordinary water
as a process controller or moderator. Submarines and ships operate using enrichment
levels ranging all the way up to 96%. Note that weapons-grade Uranium is typically
80%-95% enriched.
Illustration of a PWR fuel
element of an array of 17x17
zircalloy tubes of 3.4m in
length. Illustration shows
Uranium oxide Fuel Pellets
being loaded into the tubes.
2

The World Nuclear Association predicts that global
Uranium demand will increase by 48% by 2023, as a result
of the approximately 70 nuclear reactors currently under
construction globally.
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The Pebble Bed Modular Reactor (PBMR) type of power plant is fuelled and moderated by graphite fuel spheres, each
containing Tri-structural-isotropic (TRISO) coated, low-enriched, Uranium Oxide fuel particles. TRISO fuel is a type of micro
fuel particle, coated with four layers of three materials. These particles are less than 1mm in diameter. They are all embedded
in a graphite ball about the size of a cricket ball.
TRISO fuel particles are the size of poppy seeds. Break one open, and it looks like the inside of a tiny jaw-breaker
sweet. An outer shell of carbon coats a layer of silicon carbide, which coats another layer of carbon and the uranium
centre — where the energy-releasing fission happens.
60mm in diameter

TRISO fuel particle
A TRISO particle of
Uranium has its own
containment layers.
It is about 1mm in
diameter.
PBMR fuel ball containing 9gm of Uranium, made at Necsa

There are 15000 fuel particles per fuel sphere, called a Pebble. It is the size of a cricket ball. Each fuel pebble contains 9gm
of Uranium, and this Uranium contains enough electrical generation capacity to sustain a family of four for a year. Five tons
of coal would be required to generate the same amount of electricity as one pebble’s energy.
In South Africa, much of the productive ground for Uranium
production is the gold fields in the Witwatersrand Basin.
Uranium is frequently found as a by-product of gold mining.
Klerksdorp, Welkom, Carletonville, Parys and Evander are
towns strongly associated with gold mines.

Nuclear Waste
Operational nuclear waste is produced at any facility which uses
radioactive material, such as a power station, research reactor, or
nuclear medicine center.

A 1000MW nuclear power plant will produce
20 tons of spent fuel per annum, compared to
a typical similar coal-fired unit in South Africa,
which would produce 1.4 million tons of ash in a
similar period. Therefore a nuclear plant produces
70 000 times less waste by volume.

Low Level Waste (LLW) is produced from ongoing operational and maintenance activities, as well as the de-commissioning of
certain equipment during or at the end of power station life. This consists of gloves, jackets, swabs and anything which may
have come into contact with radioactive material, and so may have some smear of radioactive material on it.
Intermediate Level Waste (ILW) is based on concentrations of radioactive materials in liquids or filter materials. These
materials are deposited in pipes or similar and are then normally placed in high-density concrete containers, which are then
stored in near-surface disposal facilities. “Near-surface” means: some 30 to 50m below ground.
For a power station reactor, once the inner fuel elements in the centre of the reactor core are exhausted (due to higher neutron
flux in the core centre) the reactor commences a power coast-down towards a re-fuelling outage. The spent fuel elements are
then removed and replaced with new fuel elements. The spent fuel should not be regarded as nuclear waste at this stage,
since there are still very valuable materials in the spent fuel. This spent fuel can then be reprocessed, to separate the various
valuable materials such as Plutonium-239, in the spent fuel. This Plutonium can be further used in other types of reactors.
Spent fuel is referred to as High Level Waste (HLW) and it is extremely dangerous if not handled correctly. The governments of
most countries in the world have not yet authorized the long-term storage of HLW in their countries. The first two countries to
gain government authorization were Finland and Sweden. Their repositories are underground, in ground that is permanently
wet, so the regular pumping out of water is required, while the tunnels are filled with spent fuel. In South Africa’s case the likely
ground for such a High Level Waste repository is extremely dry, so no water pumping would be necessary.
30

Nuclear Africa - March 2017

3

Nucle ar Pow e r i s s af e , c l e an, e c onomi c a n d s u s t a i n a b l e

During the early years of Koeberg Nuclear Power Station, fuel elements were being imported from the USA and France.
In order to secure the sustainable operation of our only nuclear power production unit, a strategic decision was made to
manufacture South Africa’s own fuel assemblies.
Production of low-enriched Uranium (3.25%) commenced in August 1988 at Valindaba, part of the Pelindaba site of
Necsa near Pretoria. There was also a Zircaloy Tubing facility at Pelindaba used to produce the cladding tubes for the fuel
assemblies fabricated for the Koeberg reactors.
The first complete Koeberg fuel loading with locally manufactured fuel, took place in 1991 on Koeberg Unit 2, when a
third of the 157 fuel assemblies were replaced during a re-fueling outage. This was an extremely proud moment for South
African nuclear engineering!
Enrichment activities at the plant were terminated in October 1995, due to political and economic reasons.

Reprocessing
When highly radioactive spent fuel is produced, two options face the government
concerned. One is to store the spent fuel underground, while the other is to
reprocess the spent fuel to extract the remaining valuable materials. Of course
the spent fuel is highly radioactive, so reprocessing is a complex and dangerous
process.

Once all materials of value have been removed from the spent fuel; the
remaining material may then be considered as “nuclear waste”.
Spent fuel can be safely handled and transported in a controlled manner under
the supervision of nuclear professionals.
At present South Africa has an operational nuclear waste repository site at
Vaalputs in the Northern Cape, for Low and Intermediate Level Nuclear Waste
storage. This facility is ideally located 100km south-east from the town of
Springbok in a very dry region, with rainfall of 74mm per annum. With low
inhabitance of less than 1 person per km², low seismicity and a stable weather
system, the area is ideal. Over the last 30 years there has been a utilization of only
500-1000 hectares of the extremely large site of 10 000 hectares. This is a very
economical site, run since 1986 by a South African team from the local region.
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Nuclear Africa (Pty) Ltd
Pretoria, South Africa
Tel: +27 (0) 12 807 3920
Email: exec@nuclearafrica.co.za
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LIKE US www.facebook.com/www.nuclearafrica.co.za/

First South African made fuel element for
Koeberg Nuclear Power Station, 1989.

France has their low and intermediate level nuclear waste
facilities located within 5 km of populated towns, in very wet
regions by European standards, where extensive concrete and
clay-engineered solutions are required.
For the High Level Waste, high cost experimentation has been
ongoing for the last 16 years in France, to find a solution to store
the waste in sedimentary clay rock. This Underground Research
Laboratory (URL) is at a depth of 500m and is located within
2.5 km of surrounding villages. The final solution design is now
complete and is planned to also be at a depth of 500m, covering
an area of 15km² of tunnels. The budgeted cost is a figure of
some 25 billion Euros over the next 150 years.

This sponsor has kindly made the production and publication of this brochure possible.

Our customers are large international companies, service organisations and utilities.
ARINT employs Experts and Professionals in Asset Management, Consulting Engineering, Nuclear Power
and Waste Management Solutions, Project Management, Risk Based Inspection programmes, Risk
Engineering and Specialist Training.
Our Vision is to see to our Customer’s Engineering needs in a professional and service-oriented manner.
We are ISO 9001, ISO 14001 and OHSAS 18001 Certified.

www.arintza.com
4

P U B LAfrica
I C AT I O
C OD 2017
E: GT0 1 2 31
AZ
Nuclear
-N
March

ESKOM /necsa
message

Nuclear medicines from Necsa’s
Pelindaba site have contributed to
improving and in many cases saving,
over 3 million lives in over 55 countries
– globally in the past year alone. Another
example of Beneficial, Economical, Safe
Technological practices at Necsa
[www.necsa.co.za]
Tel: 012 305 5450
E-mail: communication@necsa.co.za

K-7114 [www.kashangroup.com]
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URENCO is a leading provider of uranium
enrichment services and fuel cycle products
to the world’s nuclear energy industry.
URENCO was established in 1971 following the signing
of the Treaty of Almelo between the governments of
the United Kingdom, the Netherlands and the Federal
Republic of Germany in 1970. The purpose was to
collaborate in the development and commercial
exploitation of gas centrifuge technology for producing
enriched uranium. Since its first deliveries in 1975,
URENCO has built up a substantial order portfolio
comprising sales of U308 concentrates, natural UF6,
enrichment services, and EUP with over 50 customers
worldwide, including South Africa.
Today, URENCO is an independent, global energy and
technology group with production from its plants at
Capenhurst in the United Kingdom, Almelo in the
Netherlands, Gronau in Germany and, through its
subsidiary company Louisiana Energy Services (LES),
in Eunice New Mexico, in the USA. These plants use
URENCO’s own advanced centrifuge technology. At
the end of 2016, URENCO had a global capacity of
18,800 tSW/a. Across all our sites, we constantly assess
the economic viability of our facilities to ensure our
operations remain optimal, efficient and cost-effective.
URENCO’s order book extends to the second half of the
next decade with a value of approximately €15.5 billion.
URENCO prides itself on being a supplier of choice and
providing its customers with the best customer service by
demonstrating our core values of flexibility and integrity
in the services and products we provide.

URENCO has been a long time supplier to the South
African Nuclear Power program. In 2017, URENCO
submitted its intent to respond to the South African
Nuclear New Build Programme Request for Information
(RFI).
Dominic Kieran, Chief Commercial
Officer, URENCO, comments:
“URENCO has been working with the
South African nuclear energy industry
for many years. We are well positioned
to provide long term and sustainable
supplies of nuclear fuel cycle products to meet the entire
operational fuel requirements for the lifetime of any new
build programme.
URENCO in the unique position of offering a supply
source that is independent of the chosen reactor design
and we look forward to being a long-term partner to
the South African nuclear industry and serving the needs
of South Africa’s current and future nuclear power
programme.”
URENCO looks forward to sponsoring the Nuclear
Africa 2017 Conference. For the second year in a
row, URENCO will be exhibiting and presenting at this
conference. URENCO’s presentation will cover the
nuclear fuel cycle and how URENCO is positioned to
support current and future nuclear power programmes in
South Africa and other countries all over the world.

For more information, please go to:

www.urenco.com

URENCO is a leading provider of uranium
enrichment services and fuel cycle products
to the world’s nuclear energy industry.
The URENCO Group head office is located close to
London, UK. With plants in Germany, the Netherlands,
the UK and in the USA, it operates in a key area of the
nuclear fuel supply chain which enables the sustainable
generation of electricity for consumers around the
world. We are the only company in the world to operate
enrichment facilities in four countries. This geographical
reach and diversity of supply allow us to respond flexibly
to the needs of our customers for the operational lifetime
of their reactors.

Utilising URENCO’s own centrifuge technology, URENCO
provides safe, cost-effective and reliable uranium
enrichment services for civil power generation within a
framework of high environmental, social and corporate
responsibility standards. We supply more than 50 utility
customers worldwide and URENCO has always believed
that building long-term relationships with our customers
is at the core of our sustainable business.
For more information, please visit our exhibition
stand at the Nuclear Africa 2017 Conference.

www.urenco.com

Mr Andrew Kenny - Nuclear Energy Consultant

Mr Andrew Kenny
Nuclear Energy Consultant

Nuclear Power
The Moral Case

The technical and economic arguments in favour of
nuclear power are frequently presented to the public, but
the moral arguments seldom are. This is a fundamental
mistake, contributing to nuclear’s biggest problem,
poor public perceptions. The path of technical progress
would be smooth and happy if we simply had to answer
this question, “Which technology will bring the most
benefit and the least cost to man and the environment?”
Unfortunately many technological choices are caught up
in politics, ideology and morality. Nuclear power must
learn to deal with this. So far, it has not. This is tragic
because nuclear power has the strongest moral case of
all energy sources, including renewable energy.
In South Africa, and much of the world, a green dogma
proclaims that nuclear is dangerous, expensive, huge,
centralised and immoral and that “renewables” (usually
meaning wind and solar) are safe, economic, small, local
and moral. This is the inverse of the truth, easy to refute.
But nuclear advocates do not refute it.
The facts about nuclear power are simple. It has the
best safety record of any energy technology, including
solar and wind. Nuclear power has been operating for
sixty years and the number of people it has killed is
minuscule compared with other energy technologies.
Of the three biggest nuclear “disasters”, two harmed
nobody. Three Mile Island, in the US in 1979, caused by
faulty instruments and operator error, released far too
little radiation to cause harm. Fukushima, in Japan in
2011, caused by a monstrous earthquake and tsunami,
also released too little radiation for harm. Chernobyl, in
the Ukraine in 1986, was caused primarily by bad design
and secondarily by deliberate operator error. The word
‘deliberate’ means that the authorities instructed that a
safety test be carried out in which certain safety systems
were intentionally switched off, while the reactor was
stressed. This all went horribly wrong. Chernobyl did
release radiation quantities large enough to kill about
55 people in the following decades. This is tragic but
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is less than fatality figures from other major accidents
involving other energy sources. While the Fukushima
nuclear accident was harming nobody, large numbers
of people, including children, were suffering cancer and
other crippling diseases from the awful pollution caused
by mining for neodymium, used in wind turbines, near the
Chinese town of Baotou. There was not a peep about this
from the extreme greens. During the decades of nuclear
power, tens of thousands of people have died in accidents
in coal, oil, gas and hydro power.
Nuclear is sustainable indefinitely because there is
so much nuclear fuel in the ground and the sea. It is
extremely reliable. It is economic everywhere and is
often the cheapest source of electricity. It can be sited
wherever you want, since the total nuclear fuel required
is tiny in quantity and is easy to transport; so it can be
localized if you want. It uses small amounts of materials to
produce large amounts of reliable power, so causing the
least disruption to the environment of any energy source.
Like all energy technologies, including solar and wind, it
leaves toxic waste that lasts a long time, but unlike the
others its waste is small and it has procedures for storing
it safely. Nuclear power is very clean, emitting no noxious
gases in operation, and few over the whole energy cycle.
If rising CO2 worries you – although the scientific grounds
for your worry are scanty – nuclear is the best technology
for reducing CO2 emissions.
All moral people, whether religious or not, believe that
mankind has a duty to love and protect our precious
planet and all her inhabitants, animal and plant. Moral
man must exercise good stewardship over the world he
has inherited. We must accept gratefully the gifts of God
and mother nature and use them wisely. We must work
in harmony with nature, and not against her. This is what
nuclear power does.
Nature has provided us with chemical energy (coal, oil,
gas), indirect nuclear energy from the Sun (wind, solar

and hydro) and direct nuclear energy (nuclear fission from
uranium and other isotopes). Coal, despite its pollution,
delivered man into the industrial age, vastly improving
human welfare. So did oil and gas. Wind and solar have
wonderful applications for small scale, off-grid energy,
including solar water heating and remote Karoo farm
wind pumps. Nuclear offers huge amounts of reliable
electricity from small stations that work in harmony with
nature.
Right now in South Africa we are being told dishonest
nonsense about nuclear versus renewables for grid
electricity. We are being told that solar and wind are cheap
and that the REIPPPP (Renewable Energy Independent
Power Producers Procurement Programme) is a huge
success. Under this programme, the state forces Eskom
to buy expensive renewable energy that it doesn’t want
or need. Eskom’s report, ending 30 Sep 2016, showed
that it had to pay R2.18/kWh for renewable electricity
when its own average selling price was R0.89/kWh. Is
this a huge success? Only for the rich renewable power
companies and their bankers.
The CSIR, whose energy modeling group seems to have
has been captured by green activists, produces fantastic
energy models showing that wind and solar, combined
with gas, will give us the cheapest possible baseload
electricity. This is moonshine. All around the world,
including Germany, Denmark, Britain, Australia and
the US, wind and solar for grid electricity have proved
horribly expensive and unreliable. Germany, which unlike
South Africa has access to lots of natural gas (from Russia),
has used the CSIR’s combination of gas and renewables,
sending electricity prices soaring beyond the means of
poor people. In South Australia, reliance on wind energy
has sent electricity prices sky high and contributed to
two total blackouts.
Now the CSIR group tells us that in the next round of the
REIPPPP, that renewables will give us some wind and
solar photovoltaic energy as low as R0.62/kWh. But this
is the price of the renewable power. What is the cost of it?
What is the value of it? Since wind energy only has a load
factor of about 32% (which means delivering on average
32% of its rated capacity) and is quite unpredictable, what

Nuclear Africa - March 2017

39

is its real worth? How much would you pay for brakes for
your car that only worked 32% of the time, and you never
knew when? Solar PV only works when the sun shines. To
cope with this essentially useless electricity, Eskom will
have to pay a fortune in back-up generation, storage and
spinning reserve. The costs to Eskom – which means to
its customers, the SA public – are likely to be over R2.00/
kWh if renewables ever make a sizeable fraction of our
electricity supply.

real nuclear costs here and around the world, would cost
about R0.80/kWh - for reliable electricity and for plants
lasting 60 years.

There is only one solar or wind technology that provides
some honest, reliable electricity. This is solar CSP
(Concentrated Solar Power) but equipped with a storage
system. The Bokpoort CSP charges R2.80/kWh. Later
CSPs will charge more.

Perhaps the worst dishonesty about renewables is that
they are “small” and “localized”. On the contrary, they are
gigantic and highly centralised. Because their energy is so
dilute, wind and solar collection systems must be colossal
to collect even small amounts of energy. Wind turbines
require ten times as much concrete and steel per kWh as
nuclear. Wind turbines and solar arrays are typically built
far away from the centres of demand, requiring hundreds
of kilometres of transmission lines. These large scale
systems are all held together in vast, highly centralised
grids. Local people don’t get a look in.

Meanwhile, the Koeberg Nuclear Station costs less than
R0.40/kWh. Future nuclear in South Africa, based on

Just look at Koeberg. With a few buildings of modest size
(about the size of a medium blocks of flats), it works in

One of the massive turbines of the Black Law windfarm in South Lanarkshire, Scotland
One of the 42 massive turbines at Blacklaw Wind Farm, which rise to a height of 110 metres to the tip of the blades.
The picture was taken from a distance of about 1.5km from the village centre of Forth on the B7016 road looking NW.

harmony with nature. Now look at any wind farm, say Jeffery’s Bay. You will see large numbers of monstrous wind
turbines, looming over the countryside, trying to dominate nature and conquer nature. This is what the extreme
greens want, despite their protestations to the contrary.
We want a moral energy policy. This means installing energy technology that works for the best benefit of man and the
environment. This means modest sized power stations working in harmony with nature. This means respect for local
people. This means accepting responsibility for the care of our beloved planet.
This means nuclear power.
Note: Mr Kenny states that he has references and sources for everything which he has stated in the article. He can be contacted directly for verification.
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Building more than
a sustainable energy
future for South Africa
by Rosatom
South Africa currently faces a number of socioeconomic challenges, in particular are the high levels of
unemployment, poverty and inequality. The Government
has clear objectives to alleviate these social challenges
and bridge the economic divide. These objectives however
cannot be achieved without transforming the country’s
economy through sustainable economic growth and
thereby increasing employment and ultimately raising
the living standards of all South Africans.
Nuclear Energy provides far reaching
socio economic benefits beyond
just providing sustainable and
affordable energy, which
in itself is crucial to the
economic development of
any country. A nuclear
build should not be seen
as a cost to the country
but rather as a
catalyst for economic
development and
change.
A recent analysis
conducted by the
Nuclear Energy
Institute (NEI)
found that nuclear
plants create some of
the largest economic
benefits when
compared to all other
generating sources,
this due to their sheer
size and the number
of workers needed to
construct and operate
the plants.
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According the NEI the operation of a nuclear plant
requires the highest number of skilled workers per kWh
produced when compared to any other technology and on
average these jobs pay 36 percent more than the average
salaries in the area where the plant is constructed.
New plant construction creates a direct demand for
thousands of locally sourced skilled labourers, such as;
welders, pipefitters, masons, carpenters, millwrights,
sheet metal workers, electricians, ironworkers, heavy
equipment operators and insulators, as well as engineers,
project managers and construction supervisors.
There will also be thousands of indirect jobs created
through localisation, including; engineering services and
the manufacture of components including pumps, valves,
piping, tubing, insulation, reactor pressure vessels,
pressurizers, heat exchangers and moisture separators.
Construction will also provide a substantial boost to
suppliers of commodities such as concrete and steel.
From the analysis done by the NEI it was determined that
a single new nuclear power plant requires approximately
300,000 cubic metres of concrete, 66,000 tons of steel,
70 km of piping, 500 km of electric wiring, and 130,000
electrical components.
Training and skills transfer and in a broader sense
localisation, is absolutely key to Rosatom’s global
business strategy. Rosatom is currently building 8 power
units in Russia and 34 abroad, the company is therefore
limited in terms of skilled labour to execute all of these
massive projects. It is therefore vital that the company
build up highly skilled local labour to ensure the projects
move forward steadily.
Rosatom therefore sees the support and development of
the client country’s human resources and scientific base
as one of its key responsibilities. We constantly work
on skills improvement and offer training to employees
working in the national nuclear industry, which ensures
the project’s successful implementation.

Rosatom offers a wide range of training and educational
programmes, both for professional personnel and for
students interested in energy engineering professions.
This is based on more than half a century’s worth of
experience accumulated by the Russian nuclear energy
industry. We are prepared to share this experience with
its partners around the world.
The company develops and implements training
programmes for personnel from organisations engaged
in nuclear infrastructure development in accordance
with IAEA recommendations. The training programmes
include basic NPP construction and operation
knowledge, safety principles and a detailed preparation
of operational personnel in accordance with qualification
requirements for each specific post.

with participants from Iran, India and China who were
selected as plant operators. This training includes
simulators and on-the-job training at Russian NPPs. Up
to 300 trainees can be accommodated per programme.
Rosatom views education as a vital aspect of its
collaboration with potential partner countries and
therefore plays an active role in educational development
in South Africa. On the 8th of July 2015, Rosatom and
the Department of Energy of South Africa signed a
Memorandum of Understanding on cooperation in
training personnel for the South African nuclear power
industry.

Since 2010 Rosatom has been running a global project
aimed at training staff for partner countries. The project
aimed at supporting partner countries in creating an
integrated system for training qualified specialists for
nuclear power industry currently sees over 1200 foreign
students studying at nuclear institutions in Russia.

In accordance with the Memorandum, both parties will
strive to realize education programs for 200 South African
candidates at Russian universities and educational
organizations. This Memorandum also stipulates the
development of educational materials and scientific
literature on nuclear power, student exchange programs
for students of various levels of training, organization of
internships and summer courses, student competitions
and teacher training.

We already have numerous training programs for
foreign personnel in place. These options depend on the
educational and experience levels of the trainees – for
example, whether or not they hold university degrees or
whether or not they already have experience in industry
and whether or not that includes some experience in the
nuclear sector. We have conducted training programmes

The company has thus far granted a number of student
scholarships, holds competitions with trips to Russia as
main prizes and gives local schools the equipment needed
to conduct laboratory tests. Each year the Russian
Federation offers numerous scholarships to South
African students to study a nuclear career of their choice
at one of its world renowned universities in Russia.

The Rosatom team
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According to Program Manager of the Nuclear
Engineering School of Mechanical & Nuclear Engineering
at North West University (NWU), Dr Anthonie Cilliers,
one of the most important aspects of a successful
nuclear programme in any country is an effective
nuclear knowledge management system encompassing
nuclear education, knowledge creation and ensuring the
implementation of systems that are designed to transfer
knowledge from specialists to students and new staff in a
sustainable manner.
“In South Africa, with an often uncertain future of nuclear
projects, this is particularly difficult without a strong
and willing international partner. Over the past two
years Rosatom has played a vital role when it comes to
the support of the North-West University’s programme
for Nuclear Engineering. The partnership between the
NWU and Rosatom has in many ways been a partnership
of equals, each contributing from its own strengths to
support the South African nuclear industry in terms of
knowledge management,” notes Dr Cilliers.
NWU, in partnership with a number of other local
universities has established an educational network South African Network for Nuclear Education, Science
and Technology (SAN-NEST). This allows the South
African education system to support nuclear activities
independent from international support. It does
however allow SAN-NEST to identify strategic gaps,
where international partners can support this initiative.
Rosatom understood the need of SAN-NEST better than
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any other international
partner and has provided
a great deal of support
including outreach activities
to educate the youth on
the science of fission and
nuclear technology.
“Rosatom supported SANNEST when hosting the
IAEA-NWU Joint Nuclear
Energy Management School
in Cape Town in 2017 where
43 students from all over Africa had the opportunity to
learn from the best nuclear experts in the world. Strategic
international partners are essential to successful nuclear
education programmes and Rosatom has certainly been
such a partner,” concluded Dr Cilliers.
In 2016 ROSATOM partnered with the South African
Young Nuclear Professional Society (SAYNPS) to
refurbish and equip the science laboratories at
Bothabelo High School (Brits, North West Province).
The company invested in providing the no-fees school
with critical laboratory and basic school equipment such
as chairs, desks and stationery, needed to carry out the
experiments necessary to put into practise the theory of
their matric syllabus. Staff from ROSATOM and members
of SAYNPS also committed their time, by painting and
refurbishing the school.

SITES-AFLA provides engineering services and
monitoring systems for structural assets on behalf
of owners, operators and constructors of sensitive/
exceptional/critical/large civil assets. SITES solutions are
aimed at mitigating cost, operational interruptions, risk
and to improve structural safety and durability. This is
done by monitoring the effects of ageing, unpredictable
events, climate change, regulation changes, usage,
material behaviours and accidents involving structures.
With more than 30 years’ experience worldwide,
especially on nuclear power plants (France, Russia, China,
South Africa) SITES Group provides dedicated tools
and methods to improve safety and availability of any
civil structures (Containment Reactor building, cooling
tower, concrete pipes, chimneys, safety related assets,
conventional buildings).
SITES group is involved in the preventive maintenance
of many NPP’s from the design of maintenance strategy
and policy to the control of repair work. SITES group
is specialised in on-site investigations such as visual
inspection, periodical and detailed control with digital
(data bases) and remote tools, measurement, survey,
instrumentation, forensics expertise and analysis.
In the new built market, SITES design, provide and setup many safety related structural health monitoring
systems (SHM) on sensitive assets such as the reactor
building and its containment structure or the seismic
assessment system. Currently, SITES group is designing
and providing the monitoring system for the EPR reactor
building for Flamanville unit 3 and is also involved in
Hinkley Point C project.

Contact: PrEng Seponono KEKANA:
Email: seponono.kekana@sites-afla.co.za
Tel: +27114636068
Cell: +27764107413
www.sites-afla.co.za
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Nuclear Medicine

Saving lives internationally

Produced by Nuclear Africa (Pty) Ltd for general public information.

by Mapula Letsoalo
People shrug at the mention of the words ‘nuclear’ and
‘radiation’. Yet the history of the use of radioisotopes for
peaceful purposes is filled with the names of Nobel Prize
winners. Names such as Henri Becquerel; and Pierre Curie
and Marie Curie, come to mind. These three scientists were
jointly awarded the 1903 Nobel Prize in physics. One half
was awarded to Antoine Henri Becquerel “in recognition of
the extraordinary services he has rendered by his discovery of
spontaneous radioactivity”, and the other half jointly to Pierre
and Marie Curie, “in recognition of the extraordinary services
they have rendered by their joint researches on the radiation
phenomena discovered by Professor Henri Becquerel”.
Since then, more work has been carried out on radioisotopes
which are used in medicine. Research reactors, accelerators,
production technologies, and hospital scanning equipment
have all been built and are well established in countries
around the world. Many ways to use radioisotopes have
been developed in medical therapy, diagnosis and research.
Today millions of patients worldwide benefit from this
fascinating technology.
Mapula Letsoalo is General
Manager of AEC-Amersham
SOC Ltd, based in Kyalami,
Gauteng, a subsidiary of NTP
Radioisotopes SOC Ltd. She has
a degree in pharmacy from the
University of the North, and a
Master of Business Leadership
(MBL) from the UNISA
Business School. She is a
registered pharmacist.
She has over 15 years’
experience in the
radiopharmaceuticals
industry.

Prof Mike Sathege Head of Nuclear Medicine at the Steve
Biko Hospital in Pretoria, with the Director General of the
International Atomic Energy Agency (IAEA), Mr Yukiya Amano
after showing him the nuclear medicine unit. They are standing
in front of a PET nuclear scanner.

What is radiation…
and what are radioisotopes?
Nuclear Radiation is energy in the form of waves or
particles which comes from the nucleus of an atom,
and which travels through material or space. The
term ‘radiation’ includes electromagnetic radiation,
which ranges in wavelength from radio waves, through
infrared heat waves, visible light, ultraviolet light, X rays,
diminishing in wavelength down to Gamma Rays, which
form part of nuclear radiation.
Gamma rays are often written using the Greek letter Ϫ
and are written as Ϫ-rays.
Radioisotopes are isotopes that are unstable and give
off nuclear radiation spontaneously.
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What is nuclear medicine?
Nuclear medicine is a medical specialty involving the application of radioactive substances to people, in both the diagnosis and the
treatment of disease.
In nuclear medicine procedures, radioisotopes are combined with other chemicals or pharmaceutical compounds to form
radiopharmaceuticals. These radiopharmaceuticals, once administered to the patient, migrate through the body and localise in
specific organs or cellular receptors. This property provides nuclear medicine with the ability to image the extent of a disease process
in the body, based on the cellular function and physiology, rather than relying only on physical changes in the tissue anatomy.

Diagnosis of a Medical Condition
Nuclear medicine can be used to examine such diverse
conditions as blood flow to the brain, functioning of the
liver, lungs, heart or kidneys, to assess bone growth, and to
confirm results gained from other diagnostic procedures.
Another important use is to predict the effects of surgery,
and to assess changes which have taken place since
treatment started.
The quantity of a radiopharmaceutical given to a patient
is designed to be just sufficient to obtain the required

The actual principle of diagnostics using a radiopharmaceutical is that a chemical is designed to travel to some site,
such as a cancer, and as it travels it carries the radioactive
atoms along, just like passengers in a bus.
In the case of therapy using radiopharmaceuticals the same
applies, but in this case a pre-determined radioactive dose
is deposited at the target site, which it then bombards with
radiation for as long as the medical specialist has planned.

Half-life is a very commonly used term in nuclear physics. It is used to describe the time
taken for radioactive material to lose its radioactivity. Radioactive atoms undergo
radioactive decay as they emit their radiation. The measure ‘half-life’ is the amount
of time required for the radiation to fall to half its initial value. After each successive
half-life the radiation keeps dropping by half until there is a negligible amount left.
information, before the radiation decays away. The radiation
dose received by the patient is medically insignificant. The
patient experiences no discomfort during the test and
after a short time there is no trace that the test was ever
done. The non-invasive nature of this technology, together
with the ability to observe an organ actually functioning,
from outside the body, makes this technique a powerful
diagnostic tool.
A radioisotope used for diagnosis must emit gamma rays
of sufficient energy to be detected by an imaging
device. Such radioisotopes must also have
a half-life short enough for the nuclear
radiation to decay away soon after imaging is
completed.

Examples of the most frequently used
radioisotopes in medicine are:
Iodine-131, Technetium-99m,
Fluorine-18 and Gallium-68.

Iodine-131 is one of the oldest radiopharmaceuticals in nuclear medicine.
In use since the 1940’s, Iodine-131 is
administered as a capsule taken orally.
Because of its unique connection to the thyroid gland,
Iodine-131 is most valuable in the diagnosis of thyroid
gland abnormalities. It is used to study the functioning of
the thyroid gland, and it behaves in the body just as natural
non-radioactive iodine does, but the radioactivity allows
observation of the organ from outside the body, using a
gamma camera. Stronger doses of Iodine-131 are used in
radioactive therapies aimed at dealing with thyroid cancers.
The most widely used radioisotope in nuclear medicine,
employed in about 80% of all nuclear medicine procedures,
is called Technetium-99m and this isotope accounts for
more than 40 million procedures per annum worldwide.
At least 200 000 procedures are performed in South Africa
annually using this radioisotope.
Technitium-99m has very good characteristics which are
ideal for a nuclear medicine scan. It has a half-life of 6 hours,
which is long enough to allow the physician to do the scan,
yet short enough to minimise radiation dose to the patient.
Its chemistry is so versatile that it can be bound to different
chemicals, which allows the technitium-99m to be targeted
to specific organs. It can be used for imaging and for
functional studies of various body organs such as the brain,
myocardium, lungs, liver, and skeleton.
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In nuclear physics, many elementary particles have anti-particles, which are the ‘opposite’ of the
initial particle. This property is not yet fully understood.
The well-known negatively charged electron has an anti-particle which is known as a positron,
and is in effect, a positively charged electron. The positron is extremely rare. According to the
famous Einstein equation, E=mc2, when a particle meets its own anti-particle they annihilate
each other, to produce pure energy.
In the case of the medical procedure of Proton Emission Tomography (PET), positrons and
electrons are beamed into a patient. When the particles meet each other they annihilate each
other and produce two specific gamma rays which travel in opposite directions. These gamma
rays produce a real-time image of excellent resolution.

Treatment of a Medical Condition

Positron Emission Tomography

The radioisotope which generates the radiation must be
localised in the required organ, in the same way that it is used
for diagnosis. However in the case of treatment, the aim is to
destroy or weaken malfunctioning cells, using radiation. So
it is intentional that the radiation stays active in the body for
some time. It is the task of the medical specialist to design the
dose so that the desired result is delivered.

One of the fastest growing nuclear medicine
techniques is Positron Emission Tomography (PET),
which requires special large instruments called PET
tomographs. This technique allows physicians to track
organ function at a molecular level, thereby revealing
complex health changes much earlier in individual
patients than other diagnostic techniques. For PET
imaging, the main radiopharmaceutical used is
Fluorodeoxyglucose (FDG), incorporating Fluorine-18
which has a half-life of just under two hours. FDG is
a good indicator of cell metabolism and is used for
diagnostic imaging, most commonly for the reliable
and accurate diagnosis, staging and restaging of
cancers, as well as for monitoring and assessing the
impact of therapeutic interventions. It is a powerful
tool in patient management in oncology, neurology and
cardiology, as well as in the management of infection
and inflammation. Fluorine-18 is a cyclotron-produced
isotope, in contrast to Iodine-131 and Technetium-99m
which are both reactor-produced isotopes.

Although most isotopes used in nuclear medicine are for
diagnostic purposes, there are isotopes such as Iodine-131,
Lutetium-177 and Rubidium-82 which are also used for the
treatment of diseases.
Rubidium-82 is used in the treatment of heart disease.
Lutetium-177 is a newer radioisotope. Peptides labelled
with Lutetium-177 are also used in the treatment of
neuroendocrine tumors and prostate cancer.

Benefits far Outweigh the Risks
Nuclear medicine uses extremely small quantities of
radioisotopes, therefore the patient is exposed to a very
low level of radiation and it is safe. The techniques are
non-invasive and painless, except for the small prick of the
syringe needle as the doctor injects the liquid containing the
radioactive isotope. The procedures are quick, and result
in a rapid diagnosis and subsequent treatment of various
diseases.
Nuclear medicine allows the physician to determine how the
organ is actually functioning (physiology), and this approach
is often better than using X-ray, MRI and CT methods which
can only tell the doctor the shape (morphology) of the organ,
at the moment that the scan is taken. Nuclear medicine
gives an accurate diagnosis and allows for early pre-emptive
treatment, planning and monitoring of the patient’s condition.
In some disease scenarios nuclear medicine provides
better treatment options due to its ability to directly target
unhealthy cells, thus not affecting surrounding healthy cells.
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Gallium-68
Gallium-68 is one of the newest radioisotopes produced from
a Germanium-68/ Gallium-68 generator. Gallium-68-labelled
peptides are used in PET scans for diagnosis, and also for
the staging and restaging of tumors such as neuroendocrine
tumors and prostate cancer. It is also currently used in
various clinical trials in the US and Europe, which may
reveal more new uses.

A PET scanner
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The South African Perspective...
South Africa is one of the world’s top three leading producers
of Molybdenum-99, which is the parent radionuclide for
producing Technetium-99m. Molybdenum-99 is produced
at NTP Radioisotopes SOC Ltd, a subsidiary company of
the South African Nuclear Energy Corporation (Necsa)
based at Pelindaba, west of Pretoria. The production of
Molybdenum-99 wouldn’t be possible without the research
reactor SAFARI-1 at Pelindaba. This reactor was commissioned
in 1965 and is currently considered to be the most effectively
utilised nuclear reactor of its type, in the world.

There are four cyclotrons in South Africa, dedicated
towards the production of medical radioisotopes.
The largest one is located at iThemba LABS in the
Western Cape. This cyclotron is amongst the few in
the world which can produce Germanium-68, the
parent nuclide for Gallium-68. The same cyclotron
can produce Strontium-82 used in the production of
Rubidium-82, for the treatment of cardiac diseases.

An additional facility has been built at NTP Radioisotopes
for the production of the advanced medical isotope,
Lutetium-177. Lutetium-177 occupies a unique niche
in the world of radiopharmaceuticals and is used in the
preparation of radiopharmaceuticals for the treatment of
neuroendocrine tumors and prostate cancer.

South Africa is the nuclear medicine training country for
Africa, as designated by the International Atomic Energy
Agency (IAEA).
Three universities are utilised:
University of Pretoria
University of the Witwatersrand
University of Stellenbosch

CyClOtROn SpeCS

Every minute of every day nuclear medicine is being used on some
patient somewhere in the world. This marvel of modern science is
destined to expand even further, as the passage of time rolls on.
iTemba LABS is a research facility based in the Western Cape that houses a Separated Sector Cyclotron (SSC)
capable of accelerating protons to an energy of 200MeV. Protons with this energy are capable of travelling a distance
comparable to four times around the Earth in one second. Apart from providing nuclear physicists with a probe to
study the structure of the atomic nucleus, as well as the reaction mechanisms that govern nuclear interactions, the
accelerated protons are also used for the production of radionuclide’s and particle therapy. The SSC has four separate
magnet sectors with a diameter of 13m, and a consolidated weight of 1200 tons. These magnets provide a circular
confinement field which enables the positively charged particles to be accelerated, using high voltages. The SSC
magnets are housed in a negative pressure vault that is able to hold three double-decker busses. The cyclotron was
South African designed, with some collaboration from
French experts.
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Nuclear Radiation
in the world around us
Produced by Nuclear Africa (Pty) Ltd for general public information.

The sea water inlet area for the new nuclear power plant near Oysterxxxx
Bay

by Dr Cairns Bain
Long before the advent of the atomic bomb or nuclear power,
mankind lived in a radioactive world. Our planet is made up of
the nuclear debris of exploding stars, consisting of both the stable
elements and also some long-lived radioactive isotopes of uranium,
thorium and potassium. We also continue to be bombarded with
cosmic rays from our own sun and from distant galaxies. Our
very bodies carry a mix of radioactive materials imparted to us
from Mother Nature. Added to this mix of radiation is the newer
manmade nuclear radiation from sources such as nuclear weapons
and of course, nuclear medical procedures.

The nuclear industry is very mindful of the potential
radiation hazard that lies at the heart of its existence. So
much so that it is probably the only industry that for routine
operations internalizes its external costs. The industry takes
great care to control radiation doses to the public and to the
environment, and also to monitor these impacts. Such doses
are much lower than those from natural sources and are
well under regulatory limits.
Why generally do we fear this whole business of nuclear
power? The root cause, no doubt, lies in how that power was
first shown to the public so horrifically, with great loss of life
and utter destruction, in the atomic bomb blasts in Japan, at
the end of the Second World War.

The nuclear bomb mushroom cloud image still stalks our thoughts, even with the passing of over 70 years from the event.
We still fear the seemingly unknown. At the inception of electric power, more than a century ago in the late 1800’s, the
then new-fangled electric lights induced public fear, and produced an ardent anti-electric power group. They were so
opposed to the new power that they demonstrated in Times Square in New York, about how deadly the new electric
power was. They even electrocuted a dog in public, to dissuade people from using electricity. We may smile at such fears
now, despite the fact that thousands of people do die each year from electrocutions.
Nuclear power and associated radiations do have their risks, but they need to be put into perspective.

There are controls and procedures in place to keep the
usage of electric power safe. The same is true of nuclear,
which operates under a strict regulatory environment.
Very comprehensive international standards are in
place. The end point of determining possible harm
to man and the environment is knowledge of the
radiation dose incurred.
Dose limits are set internationally, for both radiation
workers and the public. All aspects of the operation of
nuclear facilities are controlled, to keep doses as low as
possible and under relevant limits. Nuclear facilities
are subject to a nuclear operation license, which
specifies operating conditions.
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Dr Cairns Bain has an MSc in nuclear physics
and a PhD in coastal oceanography. Before
retiring from the South African Nuclear
Energy Corporation (Necsa) he was Chief
Scientist dealing with environmental
radiation monitoring and public dose
assessment. Dr Bain carried out site
assessments at the inception of the Koeberg
nuclear power station and at the site of
the Vaalputs radioactive waste repository.
Since retiring he has carried out reviews of
aspects of the radiological assessment
of the new nuclear power station
sites in South Africa.
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ANNUAL
PERMISSABLE
DOSE LIMITS

RADIATION WORKER – 20 mSv per year
GENERAL PUBLIC – 1mSv per year
PUBLIC LIVING NEAR A NUCLEAR FACILITY – 0.25mSv per year
These legal limits are over and above the Background Dose constantly received from the earth itself and from the stars above us.

Dose Probability
Radiation dose limits are not based on short term acute
effects, but on long term 50 year accumulated effects. Short
term, acute exposure to radiation levels of above 1000mSv
can result in skin reddening, hair loss and vomiting. Short
term means; hours to weeks. Legal Limits are instituted to
protect people from probabilistic long-term effects, such as
cancer, and not from these acute effects which require much
higher doses, which people would normally never encounter.
This can be compared to the chances of contracting cancer
from cigarette smoking. Just a few cigarettes a day for a
few months would be very unlikely to result in lung cancer,
but more smoking over many years results in a much more
probable chance of getting cancer. However, we all know
of people who have smoked heavily for years but have not
suffered cancer.

As with nuclear radiation, the issue is not the certainty of the
effect but rather the linkage to a mathematical probability.
The basis of legal radiation limits is based on low annual
levels of radiation, calculated such that the chance of any
effect being observed in people is very small.
Internationally, although the dose
limit to the general public is set at
one mSv per year, the limit set for
the public living around nuclear
facilities, such as nuclear power
stations, is set at a fraction of
this limit. For South Africa
this limit is set at one quarter,
or 0.25mSv per year.

Photo by Christo Crous

Comparison of the values in annual dose limit and those of
acute effects shows that the legal dose limit for the general
public is a factor of 1000 lower than that required for the
onset of initial acute effects. For the public surrounding a
nuclear facility, the safety factor is even greater, being factor
of 4000 lower. To state the obvious; it is not ‘dangerous’
crossing the limit.
The possibility of getting sick from nuclear radiation is linked to chance, which is called ‘probability’ in mathematics.
Because the ball is nearby does not mean that you are going to score.

ACUTE RADIATION DOSE EFFECTS
EXPOSURE DOSE

SYMPTOMS

1000mSv

Mild nausea, vomiting, anorexia, fever.

2000mSv

Mild to moderate nausea, vomiting, anorexia, fatigue, bleeding.

4000mSv

Moderate to severe symptoms with 50% mortality after 5 weeks.

A person would never receive a dose this high unless they were involved in a serious accident inside a nuclear plant
In practise the annual limit for radiation workers and the public is incurred evenly throughout the year, but it can happen that
the annual dose is reached in just one short event in the year. As a result, a radiation worker dose limit is defined as an average
over a 5 year period. A Radiation Worker dose limit is 20mSv per year.
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Perspective on Surrounding Radiation Dose

Photo by Christo Crous

There is no such thing as zero radiation dose - we live
in a naturally radioactive world. On average, over our
planet, each person is exposed to 2.5 mSv per year, with
contributions coming from naturally occurring radioactivity
in soil, the food we eat, the air we breathe, cosmic radiation
from outer space and from medical procedures. This
average value varies widely, due largely to different geology,
food types, altitude of towns and the level of medical
procedures.. The air is thinner at higher altitudes, thus the
flow of cosmic rays from outer space delivers a higher dose.

So, the cosmic radiation background of 0.25 mSv per year, at
sea level in Cape Town, about doubles to 0.50mSv per year
in Johannesburg at an altitude above 1700m. Going higher,
like travelling on a transcontinental jet from Cape Town
to London return, will give you a cosmic ray dose of about
0.05mSv. International air flight crew who fly 700 hours per
year receive a dose varying from 2 to 5mSv, which is a factor
up to 10 times higher than the annual average radiation dose
for workers at Koeberg nuclear power station.

The biggest anomalies associated with natural radiation are
from the terrestrial sources associated with different geologies
and associated minerals. A place called Ramsar in Iran, near the
Caspain Sea, holds the world record for the highest household
dose of 250mSv per year. There, in hot springs, the radioactive
material radium, which is a decay product of uranium, had
precipitated in limestone, which was then used for building. The
average dose for the 2000 persons living in the area is 10mSv
per year, which is a factor of ten above the public dose limit.

Pilots and passangers pick up more radiation dose from outer space the
higher they fly.

Interestingly instead of an increase in cancer, there is some indication
of a slightly lower incidence of cancer at Ramsar but statistics on such
a small population are uncertain. Similarly at Yangjiang, in China, where
there is a thorium concentration exhibiting three times the world
average background, no negative effects are seen. Guarapari Beach in
Brazil has dose hot spots as high as 175mSv per year.
So radiation exposures are an everyday natural reality. If we turn back
to the dose limits for people near nuclear facilities, of 0.25mSv per year
and then inspect the data from Koeberg and Pelindaba for the actual
dose levels observed, we realize that they are in fact extremely low.

Guarapari Beach in Brazil.

Most nuclear power stations are sited on the coast or
on the banks of a large river or lake

Radiation Dose

ANNUAL DOSES
AT SOUTH AFRICAN NUCLEAR FACILITIES
Annual Average
Worker Dose
mSv

Annual Discharge Dose per Pathway
mSv
Liquid

Air

Total

Factor
Below
Limit

Koeberg: Nuclear
Power Station

0.52

0.0021

0.00018

0.0023

109

Pelindaba: Nuclear
Energy Corporation

0.62

0.0063

0.00033

0.0096

26

Reference: National Nuclear Regulator Annual Report 2013
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A Sievert is a measure of radiation dose
which is absorbed by people. This is
different to the total amount of radiation
emitted by radioactive objects which is
measured in Becquerel’s (Bq). The Sievert
was named after Rolf Sievert a Swedish
physicist who was a pioneer in the science of
radiation physics and protection. In 1964
he founded the International Radiation
Protection Association (IRPA). The Sievert
(Sv) is a rather large dose, and for most daily
purposes the milli Sievert; mSv is used, being
1/1000 of a Sv.
One can go even smaller and use the
micro Sievert, which is 1/1000 of a mSv.
It is written as μSv.
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Dose Estimations and Environmental Monitoring
How does the public, or the environment, receive radiation from a nuclear facility
under normal operating conditions? In a nutshell, a nuclear facility is legally
allowed to discharge a certain very small amount of radioactive material into the
environment; either to the air or to water bodies. Such discharges can result in
the public incurring a radiation exposure either directly, or by various pathways
such as the air they breathe or the food they consume.
Because of the potential radiation hazards of operating a nuclear power station,
their operating license requires measurements and monitoring of any liquid or
gaseous discharges to the environment. Such measurements must prove that
they are operating safely within the limits set. The routine annual discharge limits
allow for small operational mishaps but not for emergency-scale accidents which
are handled separately. Solid radioactive waste is stored safely on the site before
being transported to a designated nuclear waste site.
During routine operation of a nuclear facility the only way the public could receive
any radiation exposure is from the allowed discharges of liquid and gaseous
wastes. Gaseous discharges are subject to strict control, including the last stage
which passes via very efficient particulate filters. Radioactive liquid discharges
too are strictly controlled and are generally mixed with cooling water from a
steam condenser unit, before being released into the sea via a discharge canal or
pipeline. The quantity and type of radioactive material discharged is accurately
monitored and measured. The quantities are logged hourly, daily and monthly; as
specified in the operating license.
Because of the routine potential for very small amounts of radiation to be
released from a nuclear power plant, there exist strict legal licensing conditions
which plant operators have to adhere to. As a result, regular monitoring takes
place and so radiation figures are known to an incredibly high degree of accuracy,
as specified in the operating license and evaluated with comprehensive dose
assessment models. Such models integrate the possible minute daily human
exposure pathways to yield the annual accumulative dose on which the legal limit
is set.
These figures are so low as to be inconsequential to people, in comparison to
natural background radiation coming down from outer space and coming up from
natural radiation in the ground. We live in a naturally radioactive world.

Any nuclear facility operator has several
responsibilities in assuring the public,
and the regulator, concerning safe routine
operations. These include: measuring the
actual discharges, evaluating the dose
pathways to the public, estimating the
resulting dose to the public, and carrying
out confirmatory environmental monitoring
to confirm impact levels.

Oystercatchers on the beach near the nuclear
site by Oyster Bay.
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URENCO is a leading provider of
uranium enrichment services to the
world’s nuclear energy industry.
We supply more than 50 customers worldwide
and are the only company in the world to operate
four enrichment facilities in four countries.
This geographical reach and diversity of supply
allows us to respond flexibly to the needs of our
customers for the operational lifetime of their
reactors. URENCO can provide integrated supplies
of enriched uranium which can be used in the next
generation of nuclear reactors in South Africa.
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29 March - Day 1

CONFERENCE PROGRAMME

08h00 - 09h00

Registration & Morning Refreshments

09h00

Dr Kelvin Kemm
CEO: Nuclear Africa

Opening Remarks

09h30

Ms Agneta Rising
DG: World Nuclear Association

Nuclear Growth towards the
Harmony Goal, providing Reliable and
Clean Electricity Worldwide

10h00

Delegate Discussion

10h15

Mid-morning Refreshments and Networking
SESSION CHAIR: Mr Knox Msebenzi – Nuclear Industry Association of South Africa

11h45

Ms Mosa Rasweswe
Group Executive: Compliance: NECSA

Nuclear Procedural Landscape

11h15

Mr Dave Nicholls
Chief Nuclear Officer: Eskom

Nuclear Build Prospects

11h45

Dr Geoffrey Rothwell
Principal Economist: Division of Nuclear Development
OECD/Nuclear Energy Agency (France)

The Macro-Economic Case for Nuclear
Power

12h15

Mr Viktor Polikarpov
Regional Vice President: Sub –Saharan Africa: Rosatom
(Russia)

Rosatom Solutions for the
Empowerment of Africa

12h45

Dr Wang Xiaohang
Acting Vice President: SNPTC (China)

SNPTC Perspective on Nuclear Power

13h15

Lunch
SESSION CHAIR: Mr Knox Msebenzi – Nuclear Industry Association of South Africa

14h15

Mr Bruno Vidal
Director Business Development for Civil Nuclear:
Areva TA (France)

Approach to New Research Reactor
Projects in International Markets - an
AREVA TA-INVAP story

14h45

Ms Su Jin Park
Senior Manager: KEPCO (South Korea)

Experience & Capability of Korean
Nuclear Industry

15h15

Delegate Discussion

15h45

Mid-afternoon Refreshments and Networking

16h15

Mr Loyiso Tyabashe
General Manager (acting): Nuclear New Build - Eskom

Proposed Site Development:
Thyspunt area

16h45

Mr Michael Bryant
Manager: Marketing and Sales
URENCO Enrichment Company Limited, (UK)

Nuclear Fuel Supply and Partnerships

17h15

Cocktail Networking
Meet old friends and make new ones

Sponsors:
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30 March - Day 2
SESSION CHAIR: Ms Mosa Rasweswe: NECSA
08h00

Morning Refreshments

09h00

Dr Boris Gehring
CEO: TUV SUD AG (Germany)

Owners Engineers and Supply-Chain
Management in Nuclear

09h30

Mr Dmitri Vysotski
Director: Nuclear Research Reactors, Rusatom Overseas (Russia)

Rosatom Non-Energy Nuclear Solutions

10h00

Mr Andrew Kenny
Nuclear Power Consultant : Cape Town

The Moral Case for Nuclear Power

10h30

Mid-morning Refreshments and Networking

11h00

Dr David Boyes
CEO: Steenkampskraal Thorium Limited

Status of Pebble Bed Reactor
Development

11h30

Mr Wei Shengjie
Engineer: SNPTC (China)

SPIC/SNPTC Small Reactor Development
-- Introduction of CAP200 and SNP350

12h00

Mr Peter Prozesky
CEO: World Association of Nuclear Operators (WANO)

World Nuclear Operations System

Delegate Discussion
13h00

Lunch
SESSION CHAIR: Mr Knox Msebenzi – Nuclear Industry Association of South Africa

14h00

Dr Wolsey Barnard
CEO: The National Radioactive Waste Disposal Institute (NRWDI)

Nuclear Waste Storage Development in
South Africa

14h30

Mr Des Muller
Director and General Manager: Nuclear - Group Five

Mutual Cooperation in Construction

15h00

Mid-afternoon Refreshments and Networking

15h30

Mr Tim Yeo
Chair: New Nuclear Watch Europe (NNWE)

Why South Africa and Europe both need
Nuclear Energy

16h00

Ms Ditebogo Kgomo
Senior Manager: Compliance Assurance and Enforcement: NNR

NNR Collaboration

16h30

Mr Viktor Maletskiy
Textile Structures Expert: Umatex (Russia)

Composite Materials for
Nuclear Applications

17h00

Dr Kelvin Kemm
CEO: Nuclear Africa

Closing Remarks

17h05

Cash Bar into the Evening

PROGRAMME

31 March - Day 3
10h00-15h00
Gather around the Swimming Pool
Voice the ideas that you have in mind
from the last two days
Meet the people whom you did not get
a chance to meet

Media Partners

Networking Function
Nt’Shonalanga Valley Resort
Lamb on the Spit & Bar
Come and Network!
See here for pictures from previous conferences
http://www.nuclearafrica.co.za/gallery.htm
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