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Abstract. In order to understand the AEC in its present form and its strategic positioning for the next
century, it is essential that cognisance be taken of its evolution over the past 40 years and, in
particular, also the external forces which triggered major strategic re-orientation actions in the past.
These resulted in a fundamentally downsized organization (by about 80%) which will in the new
millennium be judged on its ability to make nuclear technology available for the needs of a developing
country, discharge the nuclear liabilities of the past and commercially exploit its technology base to
contribute to national economic growth. The Corporation has a strong programme in isotope
applications and nuclear waste management. For the future it is looking forward to develop a Pebble
Bed Modular Reactor for safe nuclear energy production.

Historical overview

The Atomic Energy Board (AEB) was established in 1959 with the following aims:

• Development and refinement of South Africa's nuclear raw materials
• Promotion of nuclear power
• Development and utilization of nuclear technology in industry, medicine, agriculture and

for research
• Basic research in support of the above.

Phase 1 (1960-mid seventies)

In the execution of the above objectives the following main facilities and programmes were
established at Pelindaba and focused on during the sixties and early seventies.

SAFARI-1 research reactor (20 MW pool type)

Research programmes included nuclear and solid state physics and chemical applications
(radioanalytical and radioisotope production technology) which lead to the establishment of a
capability and facilities for the local supply of certain radioisotopes.

Van de Graaff accelerator (3 MeV)

Nuclear physics and PIXE as well as other nuclear analytical techniques.

Physical metallurgy

Studies in uranium and other compounds, inert glove box facility.

Extraction metallurgy programme

Development of uranium processing technology.
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Radiation applications

Radiation chemistry and radiation polymerization and sterilzation applications, food
irradiation. Industrial scale irradiator was established.

Life sciences applications programme

Focus was on the diagnostic use of radioisotopes on fundamental level.

Reactor development programme

The group, which initially focused on a unique sodium cooled natural UO2. fueled reactor
concept, later turned to PWR technology and established strong capabilities in reactor
physics, reactor design and engineering and nuclear instrumentation.

Uranium enrichment

Development was focused on South African developed vortex tube technology which resulted
in the establishment of a pilot plant and the Uranium Enrichment Corporation (UCOR) in
1970.

Nuclear fusion research

A South African designed and built Tokamak facility (major radius 0.52 m, aspect ratio 2.17)
was commissioned during this period.

Theoretical physics

A strong group of theoretical physicists was formed at Pelindaba during this phase.

Nuclear geology

The group specialised in the selection of sites for PWRs and nuclear waste disposal and the
estimation of South Africa's uranium.

Nuclear waste programme

Process facilities for nuclear waste and a waste disposal site at Pelindaba were established.

Licensing group

This was established as part of the AEB's activities in this period. It later became independent
of the AEB (1987) with the establishment of the Council for Nuclear Safety.

Phase 2 (mid seventies to end of eighties)

The nuclear programme entered a more applied and strategically focused phase following a
government decision in the mid seventies on the local production of nuclear fuel for the new
Koeberg Nuclear Power Station (KNPS) consisting of 2 x 980 MW(e) French design PWRs.
The activities of most of the existing staff, and additional appointees, were redirected to the
industrialization of the vortex tube uranium enrichment process and the establishment of the
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1200 t U/a conversion, 300 t SW/a enrichment and 100 t U/a fuel fabrication plants for the
production of PWR fuel as well as a hot cell complex and facilities for the post irradiation
examination of PWR fuel. A fuel fabrication facility for the production of MTR fuel with
HEU (45% enriched) obtained from the pilot enrichment plant was also established during
this phase. The AEB and UCOR merged to become part of the newly established Atomic
Energy Corporation (AEC) in 1982 in a first step towards rationalization. In 1986 the
Vaalputs waste disposal facility was established and licensed for the disposal of low and
intermediate waste.

The above activities resulted in the establishment of strong technological capabilities in inter-
alia the areas of gas dynamics, UF6, and U metal production and analytical technology, UF6
chemistry and technology, turbo compressor technology, high precision manufacturing,
surface science and technology, HF and F2 technology, isotope separation and cascade
calculations. It also led to the development of an extensive capability and experience in
radiological and other safety matters associated with U, UF6, HEU, F2 and HF, a broad range
of other radioisotopes, hot cell and glove box operations.

The production plants were all commissioned successfully. MTR fuel has been produced in
South Africa since 1982 and the first PWR fuel elements were delivered to the KNPS in 1986.
A research programme on molecular laser isotope separation (MLIS) uranium enrichment was
also initiated during this period, but was terminated in 1997.

The commercialization phase (1990 onwards)

By the early nineties it became evident that, due to the political normalization in South Africa,
fuel for the KNPS would in future be available from international sources and that the small
scale strategic plants in South Africa would not be economically viable entities in the new
circumstances. This coincided with a world wide decline in the growth of nuclear generation
and extensive over capacities for nuclear fuel production. Furthermore, the electricity utility,
ESKOM, abandoned its earlier plans for a large scale PWR based nuclear power programme
of up to 10 units by 1995. That, together with a drastic reduction in financial support from
government led to a decision to phase out uneconomic production operations including the
conversion, enrichment and fuel fabrication plants and to seek other commercial applications
for the AEC's extensive technology base.

It was eventually decided that future commercial programmes should be based on the AEC's
core competencies of radiation applications and fluorination technology where the
organization was regarded as internationally competitive. The identification of the AEC's
core competencies resulted from an exercise aimed at the introduction of a firmer application
of technology management principles and was achieved through an audit of the organization's
capabilities along the lines of the Prahalad-Hamel model. These actions resulted in the loss of
more than 80% of the AEC's personnel, many of which were in the highly skilled category,
and the associated technologies.

Present situation

Groups and programmes

The organization has since evolved into two main focus areas, namely a group dealing with
commercially directed activities and another group is responsible for institutional activities
such as the operation of the research reactor, site and waste management and the development
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and maintenance of specialist nuclear technologies. The two groups have now been separated
organizationally, thus allowing full ring fencing.

Commercial group

This group focuses on:
• Chemical products

- production plants utilizing fluorination technology to produce products like HF, F2,
SF6, WF6, CF4, C-C4F8, CIF3 and to perform surface fluorination of polymers

- development work on the beneficiation of zircon by fluorination technology and on
production technology forNF3 and other fluorinated electronic gases.

• Radiation products
- medical and industrial isotopes (99Mo, mainly for export, 99mTc-generators,

labeling kits, 1311,32P, etc.)
- nuclear based instrumentation, for example a coal ash monitor
- NTD silicon.

Irradiations are done by the institutional group of the AEC which operates the SAFARI-1
reactor and which also provides technical support and development of new products in the
radiation field on contract.

• Technology systems

Products include specialised fabrication and unique welding capabilities, project management
as well as dust filtration, fluid dynamic services and gas membrane separation filters.

Total revenue earned from the sales of commercial products and services within these
3 groups amounted to approximately USD 21 million in 1999, with more than 40% of sales
arising from exports to more than 30 foreign countries.

The commercial group presently still receives state support of approximately USD 7.5 million
for development work. This will be phased out over the next 2 years after which all
development work will be funded from business income. Business ventures are mostly
undertaken in conjunction with the private sector in order to obtain capital and access to
markets.

Institutional group

This group consists of groups in the following areas:

Nuclear technology which operates the SAFARI-1 reactor and maintains specialist
groups in the fields of reactor and radiation theory, radioanalysis, radiochemistry and
radiopharmaceuticals, nuclear instrumentation, beam line application (neutron
diffraction and radiography), accelerator applications and MTR fuel fabrication.

Nuclear fuel technology which is engaged in the establishment of a fuel fabrication
facility for the South African Pebble Bed Modular Reactor (PBMR) project.

Nuclear liabilities management which is responsible for nuclear and chemical waste
management, D&D of former nuclear plants and associated facilities, operation of the
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nuclear waste site at Pelindaba and also the national waste site at Vaalputs in the
Northern Cape Province.

• Facilities management which is responsible for management of the Pelindaba site,
including buildings and services. Rental of buildings and the provision of services is
managed on a contract basis to internal clients, joint venture groups and also some
external clients. The successful recruitment of almost 40 external clients is presently
making useful contribution to better utilization of the Pelindaba facilities along the
principles of an informal technology park.

• Risk management is responsible for the maintenance of the site license and the
provision of SHE services and control of the site.

• Quality, engineering and safeguards group (non-proliferation management).

Finance, personnel and infrastructure

The AEC's budget contribution from government was reduced by more than 80% in real
terms over the last ten years. Personnel numbers declined by about 80% over this period.

Figures for the present financial year are as follows:

USD (million)
Corporate turnover 80.5
Total sales 42.0
Government grant (activities) 30.2
Corporate allocation to business activities: 7.9
Corporate allocation to institutional activities: 17.0
Corporate overhead: 5.8

R&D expenditure
Commercial group: 8.3
Institutional group 6.0
Personnel (staff on contract included)

Total AEC 1580
Commercial group 605
Institutional group 825
Corporate overhead 150

Strengths and limitations w.r.t. R&D and new products

Strengths

• Well established and competitive technology base, facilities and personnel in the fields
of radiation applications and fluorination technology.

• Demonstrated ability to industrialize new developments, i.e. the total innovation cycle
and the creation of new profitable business through, inter alia, international joint
venture agreements with organizations such as IRE, Studsvik, BOC and Air Products.
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• Close co-operation between institutional group and radiation application business on
the same site enables the limited retention of critical know-how which would
otherwise not be affordable by any of the groups.

• Control over the whole production cycle, from the SAFARI-1 reactor (including an
HEU inventory) and hot cell complex to waste disposal, provides an international
competitive advantage for radiation applications.

• Close co-operation with and support from IAEA Technical Co-operation fund and
African Regional Co-operative Agreement (AFRA) projects. Leading role in AFRA
projects.

• Strategy aimed at the optimal utilization of the Pelindaba site and infrastructure
creates a favourable climate for new project developments.

Limitations

• Financial constraints result in cutback of R&D programmes and loss of expertise as
well as the ageing of equipment and lack of investment in new facilities.

• Activities of the institutional group will in future be limited to nuclear matters, by a
parliamentary act, without the scope for diversifying into other areas as was done by
many nuclear institutes elsewhere in the world.

• The nuclear power programme in South Africa has thus far been small with limited
technology supporting requirements. This may change if ESKOM's PBMR project
proceed as planned.

• Lack of rapid decision making by government on the formation of international
alliance ventures.

• Lack of a national nuclear waste policy.

• Large funding requirements for discharging the nuclear liability of past activities.

Challenges

New directions

New directions for future development (excluding the non-nuclear part of commercial work)
should be sought in the following areas:

• Planning for the eventual replacement of the SAFARI-1 reactor and associated
programme with facilities of promising commercial potential to justify investment, but
also of sufficient scope to serve as basis for a broader research programme which will
maintain a wide range of expertise, also for the execution of the AEC's institutional
role of industrial and academic support as well as technical capacity building and its
role in the LAEA/AFRA.
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• Improving nuclear waste management technologies and techniques for estimating and
discharging nuclear liabilities, including the establishment of a deep disposal facility
for HLW.

• Further development work on fuel and neutronic calculational methodologies for the
South African PBMR programme.

Examples of successful re-orientation

• Commercialisation of SAFARI-1 reactor

Greater commercial application of the SAFARI-1 reactor and its associated technology base
was identified as one of the main areas for the broader commercialisation programme. The
termination of the South African weapons programme as well as the nuclear fuel programme
freed the HEU inventory and a modern hot cell complex, used for post irradiation examination
of PWR fuel, for application in the commercial programme, mainly for radioisotope
production and NTD silicon irradiations. In the process, the hot cell complex was transformed
into a fully commercial isotope production facility. The AEC now supplies approximately
10% of the world's fission 99Mo. The net income from total radioisotope and irradiation sales
will cover 53% of SAFARI-1 's operational cost in this financial year. The aim is to increase
this figure to at least 75% in future. The contribution from commercial sales reduces the cost
of the reactor and the maintenance of supportive technologies to an affordable level for the
State, thus probably ensuring the future use of the reactor and several nuclear capabilities
(reactor and radiation theory, radiochemical processing technology, etc.) for the science and
technology community in South Africa and its role in AFRA.

• Fluorination technology

The AEC's extensive capability and infrastructure in HF and fluorine technology provided
another competitive business platform for the commercial programme. A significant
investment was, however, required to expand it beyond the familiar inorganic compounds to
also include fluoro-organic compounds. The present product portfolio is largely for the export
market and is generally produced in conjunction with international joint venture partners.
Total expected sales of fluorochemicals for the financial year are approximately
USD 11 million.

• Vortex tube commercialization

The vortex tube technology developed in South Africa for the enrichment of uranium was
commercialised successfully for dust separation applications in industrial processes,
helicopters and other vehicles. Products are presently sold in 10 countries around the world
earning more than 50% of total revenue in this field.

Preservation of expertise

The drastic downscaling of the AEC resulted in a rapid loss in expertise during the nineties.
This became a cause of major concern and led to the above mentioned exercise in defining the
organisation's core competencies and the supporting technologies required to maintain those
competencies. For the radiation application core competence, for example, products and
services such as radioisotopes, waste processing, irradiation services, radiological safety,
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some beam line application, radioanalysis, etc. were identified as essential. This approach
provided some vision and guidance on technologies which were to be retained.

Requirements of the commercial programme and the associated income saved several areas of
expertise which otherwise would have been lost to South Africa. The threat of losing expertise
is still there and it is clear that a strong commercial programme will also in future be essential
for the preservation of expertise also for many institutional applications. The SAFARI-1
reactor would, inter alia, not be affordable without a significant income from product sales.

In an attempt to preserve expertise for the country, the theoretical physics and the life sciences
application groups were transferred to 2 universities some ten years ago. The termination of
the MLIS programme led to the loss of approximately 200 highly skilled staff. Some
specialists from this programme are presently being transferred to a national laser centre
which was created by government to retain some expertise after the closure of the programme.

Interaction with the environment

Industry sector

The establishment of the AEC's commercial programme necessitated much closer links with
the South African and international industrial sector, particularly in view of the strategy of
commercialising technologies through joint venture arrangements with industry to gain access
to capital and markets. In doing so the AEC, for example, enabled industry to join new
business ventures in the fields of fluorinated chemicals and radioisotopes production.

Apart from new business, the AEC is also closely involved in supporting industry with
specialist knowledge and technology. Examples include the development of an online coal ash
monitor for the coal mining industry, beneficiation of minerals, provision of radioanalytical
services, specialist radiological support to the mining sector in dealing with radioactive waste
and the establishment of a fnel fabrication facility for the PBMR project.

Academia

Presently the AEC interacts with 14 universities and technikons in fields such as the provision
of SAFARI-1 and Van de Graaff beam line facilities for neutron diffraction studies of
materials, joint training courses in reactor and radiation physics and studies of radionuclides
in the environment. Co-operation with foreign academic institutions includes radio-
pharmaceutical development, study of nuclide migration in the geosphere, fast neutron
generation techniques and reactor physics software development.

AEC facilities are also utilised by several educational institutions for graduate and
undergraduate practicals. The AEC recently had a major role in the establishment of a post
graduate MSc course in radiation science and technology at the North-West University, one of
the country's previously disadvantaged universities, and AEC staff are still involved in
theoretical and practical training of the course.

Social contribution and public interaction

The AEC's extensive facilities for experiential training has been transformed into a national
centre for training, specifically aimed at the training of young artisans and technicians from
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previously disadvantaged communities. Some 250 students were trained last year. The centre
is presently managed by a trust which receives good financial support from external sources.

Scientists from the AEC are also involved, on a voluntary basis, in the presentation of special
Saturday classes in science and mathematics for children from previously disadvantaged
groups.

A monthly discussion group with the AEC's neighbouring communities was established a few
years ago. The meetings are aimed at informing the community on safety matters, including
full reporting on any incidents, environmental impact of existing and planned activities and
the provision of a forum for open discussion with the community. There has been a noticeable
improvement in the AEC's relationship with our neighbours since the establishment of the
discussion forum. Similar discussions are held with the community in the sparsely populated
region of the Vaalputs waste disposal site.

International obligations and relations

Obligations under the Nuclear Non-Proliferation Treaty such as reporting on the As national
counterpart to the IAEA, the AEC is responsible for fulfilling several national material
balance and advice to government on export control measures.

The AEC is also represented on IAEA advisory groups such as the Standing Advisory Group
on Technical Assistance and Co-operation, the Standing Advisory Group on Safeguards
Implementation, the International Consultative Group on Food Irradiation, the Joint
IAEA/NEA Uranium Working Group and the Waste Technical Advisory Committee. It is
also a member of the Zangger Committee and the Nuclear Suppliers Group.

The AEC and several South African institutions are fulfilling a leading role in AFRA with a
current involvement in 13 projects. Some examples include the conditioning and storage of
spent radium sources, dam leakage detection and auditing of radiotherapy and nuclear
medicine facilities. The AEC is developing a borehole disposal concept for radioactive
sources, mainly of medical origin, under the AFRA programme and acted as technology
gatekeepers for food irradiation and research reactor utilisation.

Several initiatives were recently undertaken in South Africa under the IAEA Technical Co-
operation programme. Some of these include the establishment of a centre for training in
radiological protection, neonatal screening for metabolic disorders at a hospital and the
eradication of fruit fly with the sterile insect technique.

A large number of delegates have attended AFRA and IAEA workshops and meetings in
South Africa in the recent past. In addition, a total of 67 fellows are in training in South
Africa, with a further 34 being processed for placement.

South Africa is actively involved in the Comprehensive Test Ban Treaty monitoring network
to supply seismic data, analyses from the Pelindaba radionuclide laboratory, noble gas
monitoring information and the establishment of a nuclide monitoring station on Marion
Island.
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