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Abstract
Eskom, the South African utility, operates one of the largest electricity networks in the world. However,

only 6% of die South African generating capacity is nuclear; the remainder is coal fired and hydroelectric. The
nuclear component consists of the Koeberg Nuclear Power Plant, comprising two French supplied PWRs of 920
MWe each, situated approximately 45 kilometres from cape Town. Construction started in 1976 and the two
reactors reached criticality in 1984 and 1985 respectively. South Africa also has an Oak Ridge type research
reactor, called SAFARI, operated by the South African Atomic Energy Corporation (AEC) at their Pelindaba site
near Pretoria. This research reactor was commissioned in 1965, and has been in operation ever since.

South Africa has a National Radioactive Waste Disposal facility called Vaalputs, some 600 km north of
Cape Town. The facility, operated by AEC, is presently licensed only for the disposal of low and intermediate
radioactive level wastes. Vaalputs offers unique features as a potential interim spent fuel storage and final
disposal site, such as favorable geology (granite), low seismicity, low population density, remoteness from
industrial centres and arid conditions. Therefore, this site has been investigated by the AEC as a potential interim
spent fuel storage site, but has not yet been licensed for this purpose. Hence, all spent fuel is currently stored on
the two sites at Koeberg and Pelindaba respectively. The spent fuel storage pools at Koeberg have recently been
enlarged to accommodate the lifetime spent fuel arisings of the plant. Since late 1997, the Safari spent fuel is
stored in a pipe storage facility, constructed away from the reactor on the Pelindaba site.

1. INTRODUCTION

South Africa operates one of the largest electricity networks in the world. The national utility,
Eskom, is the fifth largest in the world. However only 6% of the generating capacity is nuclear; most
(92%) is fossil (coal) - fired, the remainder is hydroelectric and pumped storage generating plant.

The nuclear component is the Koeberg Nuclear Power Plant, consisting of two French supplied
Pressurized Water Reactors (PWR) each of 920 MWe, situated approximately 45 kilometers from
Cape Town. Construction started in 1976 and the two reactors reached criticality in 1984 and 1985
respectively. The plant, with a design life of 40 years, has been operating successfully ever since.
Each reactor core is loaded with 157 fuel elements of the 17x17 type, 3.66m active fuel length. The
fuel management strategy is 1/3 core refueling, 18 month cycles. The reload fuel enrichment was
originally 3.25% which implies that periods of low power and stretch out or power coast down
operation were required to achieve the 18 month cycles. Recently however the enrichment was
increased to 3.9%.

South Africa also has an Oak Ridge type research reactor, called SAFARI, operated by the
South African Atomic Energy Corporation (AEC) at their Pelindaba site near Pretoria. This research
reactor was commissioned in 1965, and operated for much of its life at 5 MW. In the early 1990's the
power level was increased to 20 MW, using MTR fuel produced locally by the AEC. The remaining
life of the SAFARI research reactor is at least another 16 years. No decisions have been taken
regarding another or a replacement research reactor. Nevertheless it is feasible that at some time in the
future another or a replacement research reactor may be constructed.
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South Africa has a National Radioactive Waste Disposal facility some 600 km north of Cape
Town (100 km south east of Springbok). The facility, called Vaalputs and operated by the AEC,
covers an area of about 10 000 hectare measuring 16,5 km from east to west and 6,5 km from north to
south. Approximately 100 ha will be occupied as a waste disposal site, large enough for waste and
decommissioned hardware from 3 nuclear power plants the size of Koeberg. This facility has
generally received international recognition for its ideal location and very suitable geological
conditions. Vaalputs is licensed with the South African regulatory authority - the Council for Nuclear
safety (CNS) - only for the disposal of low and intermediate radioactive level wastes. No reprocessing
facility exists in South Africa, and neither Eskom nor the AEC have plans to reprocess the spent fuel
from Koeberg and SAFARI. Hence all spent fuel is currently stored on the two sites Koeberg, and
Pelindaba, respectively.

Vaalputs offers unique features as a potential interim spent fuel storage and final disposal site,
such as favorable geology (granite), low seismicity, low population density, remoteness from
industrial centers and arid conditions. It has been investigated by the AEC as a potential interim spent
fuel storage site, using various storage concepts. However none of these concepts have been licensed
for Vaalputs.

South Africa has at present a surplus of generating capacity, which will continue into the first
half of the next decade. Hence no new nuclear power plants of the size and type of Koeberg is likely
to be constructed in the next 10 years. Thereafter economics, environmental considerations and public
perceptions will influence the type of generating plant which will be constructed. Eskom's
investigations into future electricity generating plant technologies includes conceptual studies on high
temperature gas cooled reactors. The possibility does therefore exist that at some time in the future the
nuclear power capacity in South Africa may increase.

The regulatory authority - the Council for Nuclear Safety (CNS) - is responsible for the
licensing of all nuclear installations in South Africa. This responsibility also includes the disposal of
radioactive waste and the storage of spent fuel. The CNS was established by an Act of Parliament and
performs its functions independently of the operators of the nuclear installations and the generators of
radioactive waste.

A number of initiatives have taken place over the last few years, for example the development
of energy, environmental and radioactive waste management draft policies, a review of nuclear
legislation, a review of the nuclear fuel cycle activities in South Africa and progress with specific
spent fuel interim storage options. These initiatives have, and will continue in the next few years to
shape the spent fuel management programme in South Africa. The current status of spent fuel, these
initiatives and the likely direction for the future are discussed in this paper.

2. CURRENT STATUS

2.1. Koeberg nuclear power plant

When Koeberg was designed in the 1970's, the spent fuel pool of each unit, based on the
French reference plant, had a capacity to store 382 fuel elements. These spent fuel pools were
adequately sized for temporary storage for a plant which could transfer its spent fuel to a reprocessing
facility after an appropriate cool down period. However, reprocessing was not an option open to
Eskom at the time of commercial operation in 1984. So the pools were each re-racked in 1987, with
high-density racks which increased their capacity to store to 728 fuel elements. This allowed storing
of spent fuel for 11 to 16 years of operation with standard fuel, depending on the load factor (and
outage duration).

Some years ago a decision was to purchase a number of dual-purpose transport and storage
casks as the medium for interim storage (up to 50 years). This decision was based on the technology
existing at the time (storage casks, dual-purpose transport and storage casks, storage vaults and

78



storage bunker systems - the latter two would still require transport casks) and a need to keep capital
expenditure to a minimum for a number of years. At that time it was believed that another re-racking
of the spent fuel pools would not be possible, due mainly to constraints associated with the spent fuel
pool civil structures. The four casks originally ordered (in March 1992) were delivered to Koeberg in
April 1996. The four casks were intended to be only the first step towards an interim spent fuel
storage facility, and would have taken Koeberg only into the beginning of the next century. At some
stage before that time it would have been necessary to review again the interim spent fuel storage
technologies, and determine the cost effectiveness of continuing with storage in casks or to move
towards some other form of storage.

During 1996 the final report of a study group, referred to as the " Nuclear Fuel Cycle Initiative
(NFCI)" was produced. The objective of this study was to investigate and formulate appropriate
policy options for the nuclear fuel cycle activities in South Africa. With respect to spent fuel, the
utility Eskom had already indicated that it favored interim storage on the grounds of technological and
economic considerations. The NFCI report defined four interim storage options for the Koeberg spent
fuel, in terms of combinations of storage in the Koeberg spent fuel pools, away-from-reactor storage
on the Koeberg site, and storage on the Vaalputs site.

A review by Eskom of the available technologies led to the decision to re-rack again the spent
fuel pools at Koeberg with ultra-high density racks by the end of 1998. This decision was made
possible by improved civil structure modeling leading to a revised position on the ability of the
Koeberg spent fuel pool civil structures to carry an increased load, under normal and seismic
conditions. Re-racking of the pools was determined to be economically the most favorable option. It
also has the advantage of retaining the spent fuel from the normal operational life of Koeberg on the
site, and hence avoids the need, cost and logistical problems associated with the transport of fuel to
another interim storage facility, whether at Koeberg or at Vaalputs.

The four dual-purpose transport and storage casks already purchased will therefore not be used
for interim storage purposes in the short-term, but may prove invaluable during the re-racking of the
existing spent fuel pools, and are available as a contingency storage facility if the need should arise
due to any unforeseen circumstances. At any time, after an initial period (normally 5 - 1 0 years), the
spent fuel could be retrieved for reprocessing if required. After the 50 year interim storage period, the
spent fuel could either be sent for reprocessing or could be disposed of permanently (if a licensed
facility exists). Another possibility is that the spent fuel could be stored for a further interim period;
however there is currently no international experience with this option.

The project to re-rack the spent fuel pools at Koeberg with ultra high density racks is
proceeding. The contract has been awarded, and the design and safety studies are being performed.
Licensing of the design and process to be followed during the re-racking with the Council for Nuclear
Safety, is in progress. The re-racking project provides Koeberg with "interim spent fuel storage" for
approximately 3 0 - 4 0 years, depending on the fuel management strategy, load factors and outage
duration. Thereafter a licensed final disposal facility for the spent fuel (or the high level radioactive
waste if reprocessing occurs) will be required.

The existing racks at Koeberg currently hold 800 spent fuel elements, with another 52 due to be
placed in storage during a refueling outage in September/October 1997. Based on the present and
likely future fuel management strategies it is estimated that approximately 3000 spent fuel elements
will have been produced over Koeberg's operational lifetime.

2.2. SAFARI research reactor

The SAFARI research reactor, situated at the Atomic Energy Corporation's (AEC) Pelindaba
site near Pretoria is a US supplied ORR type reactor. Commissioned in 1965, the SAFARI reactor has
been operating at a power level of approximately 5 MW for most of its life being primarily used for
activation analysis and isotope production purposes, but also for some materials testing and physics
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research. In 1994 the AEC embarked on a commercial molybdenum-99 isotope production
programme, which led to a gradual increase in reactor power output currently at the 20 MW level.

SAFARI fuel was originally obtained from the US and limited quantities of spent fuel based on
the original US fuel supplies have been returned to the US. From the mid 1980's onwards, the AEC
has been producing its own MTR fuel. Spent fuel has been accumulating in the reactor storage pool
since the start of reactor operation and although re-racked in 1990 the storage pool is presently almost
filled to capacity. Consequently, various options for SAFARI spent fuel storage have been
investigated by the AEC with the emphasis on dry storage in casks versus dry storage in a pipe storage
facility. As the latter option appeared to be the more attractive proposition from a technical and
economic point of view, it was decided to construct an away-from-reactor pipe storage facility on the
Pelindaba site, called the Thabana Pipe Store, to accommodate all SAFARI'S spent fuel arisings.

The geology of the selected pipe storage site consists of alternate layers of shale and quartzite
of the Transvaal Sequence. From several boreholes drilled down to 100 m it was concluded that no
large scale disturbance or concealed structures were present in this area. The probability of a large
seismic occurrence at the site was considered to be acceptable. The static water level is approximately
60 m below the pipe store site, leaving at least 40 m of unsaturated rock between the bottom of the
pipe storage holes and the water level.

The pipe storage building measures 21 by 11 metros and consists of two adjacent vertical
storage sections; i.e. the spent fuel storage section and the hot cell waste storage section situated on
either side of a central loading area inside the building. In the spent fuel storage section, thirty
stainless steel storage pipes, each 125 mm in diameter and approximately 17 metros long are
suspended in 20 meters deep boreholes below a 1 meter thick concrete floor slab. With each storage
pipe capable of accommodating 20 fuel elements, the spent fuel section of the storage facility thus has
a capacity of 600 elements. The hot cell waste section has a capacity of 840 canisters with a storage
volume of 8 each.

Residual heat dissipation in the pipe store is achieved by means of natural convection inside the
fuel pipes which are back-filled with an argon helium gas mixture. Heat is dissipated into the
surrounding soil at a rate sufficient to ensure that the spent fuel element temperature does not rise
above 200°C. The heat output per element 3 years after discharge is approximately 15 Watt.

The pipe store facility construction has been completed and an operating license conditionally
granted. The facility is expected to be in use by September 1997. The spent fuel transfer operation
from the reactor to the pipe store involves 280 elements and is scheduled to take approximately 10
months. Spent fuel is transferred by means of a bottom loading transfer cask into which a single spent
fuel element is hoisted. The fuel element is maintained in a suspended condition in the cask using a
cam lock at the top end of the cask. When inserted into the storage pipes the elements are lowered
down the length of the vertical pipe by means of steel rods.

At the current rate of spent fuel generation of 60 spent fuel elements per year, 900 spent fuel
elements would be produced over the next 15 remaining years of the reactor's life. Provision is made
to extend the building design for additional storage area if required in future. No decision has yet been
taken regarding the final disposal of SAFARI spent fuel.

3. FUTURE FRAMEWORK

Both the Koeberg and the SAFARI nuclear installations have been under IAEA safeguards
since their commissioning. In July 1991, South Africa acceded to the Nuclear Non-Proliferation
Treaty (NPT), and soon thereafter entered into a full-scope safeguards agreement with the IAEA.
South Africa is a signatory to the International Nuclear Safety Convention, and has actively
participated in the drafting of the Joint Convention of the Safety of Spent Fuel Management and the
Safety of Radioactive Waste Management.
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South Africa is also currently establishing a national radioactive waste management policy.
Although provision is made in the existing Nuclear Energy Act for control over the disposal of
radioactive waste and the storage of spent fuel, it has generally been recognized in South Africa that a
national policy on the management of radioactive waste is required. Hence the CNS was directed by
the Government to facilitate a consultative process with a view to establishing such a policy. The
process commenced in 1996 and is still in progress.

Environmental and Integrated Pollution Control & Waste Management policies are also under
development. The integration of the intent of these different initiatives will ensure that the
management of radioactive waste, and the storage of spent fuel are adequately addressed in future
revised legislation.

All of these policy formulation processes will naturally result in revisions to existing nuclear-
related legislation and the development of new legislation. Indeed the process of revising the Nuclear
Energy Act of 1993, and the development of a Nuclear Safety Act to ensure the independence, in
practice as well as in legislation, of the CNS, has commenced. An energy policy is also in preparation.

The Nuclear Fuel Cycle Initiative (NFCI) referred to above, also recommended that
investigations into the suitability of Vaalputs for the final disposal of high level waste should
continue. Presently it has not yet been established that Vaalputs meets the criteria for a final disposal
site for spent fuel, although on the basis of initial bore hole results it is recognized that the probability
of Vaalputs, or the surrounding regions, meeting the criteria is favorable. Hence the NFCI report
contained a recommendation that the development of a concept for deep geological disposal and the
required appraisal of geological structures and other environmental aspects in the Vaalputs region
should be undertaken.

As indicated above, the re-racking project will provide Koeberg with "interim spent fuel
storage" for approximately 30 - 40 years, depending on the fuel management strategy, load factors and
outage duration. Similarly the interim pipe storage facility at Pelindaba will meet the needs of the
SAFARI spent fuel. Hence sufficient time exists to develop a final disposal facility. Nevertheless,
international experience to date suggests that the time required from preliminary investigation, facility
design and licensing, obtaining public acceptance, through to initial operation of a deep repository for
the final disposal of spent nuclear fuel or high level radioactive waste is in the order of 30 to 40 years.
This implies that preliminary investigations into a final disposal facility for south Africa's spent fuel
should commence within the next one to two years.

4. CONCLUSION

It is evident from the above that South Africa is involved in a complex process of developing
policy and revising legislation regarding nuclear activities, and specifically spent fuel and radioactive
waste management. Although interim spent fuel storage options have been chosen and are being
implemented, the need exists to commence the appropriate processes which will lead to the
establishment of a final disposal facility.

However it is not South Africa's desire or intention to "re-invent the wheel". The experience
gained in other countries needs to be taken into consideration. Appropriate international co-operation,
either directly between countries or under the auspices of organizations such as the IAEA, should be
encouraged to ensure the sharing of experiences and the resolution of the spent fuel management
issue.
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