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1. INTRODUCTION

The organisations in the United Kingdom concerned with the
transportation of irradiated fuel are the Central Electricity-
Generating Board (CEGB), the South of Scotland Electricity
Board (SSEB), British Nuclear Fuels Limited (BNFL) and its
associated company Nuclear Transport Limited (NTL), and the
United Kingdom Atomic Energy Authority (UKAEA). This paper
concerns itself mainly with the activities of the CEGB and
BNFL.

In the United Kingdom about 11% of annual generation from
CEGB and SSEB stations (27 TWh) is derived from nuclear power.
A further contribution (4 TWh) is made by BNFL nuclear
stations. To date some 12,000 tonnes of irradiated fuel have
been transported in 7000 flask movements over a distance of
more than 5 million kilometres between the nuclear power
stations and BNFL's reprocessing works at Windscale, Cumbria.
Additionally, BNFL and NTL have handled some 550 flask
movements of fuel from overseas reactors. These large-scale
transfers have been accomplished smoothly without incident of
any kind.

2. HISTORY AND ORGANISATION

BNFL has been reprocessing spent fuel at Windscale since
the early 1950's and experience in irradiated fuel transport
dates from that time. The opening of the Calder Hall nuclear
power station by the UKAEA in 1956 heralded the advent of civil
nuclear power.



The launching of the UK's first commercial nuclear power
programme followed, comprising nine twin-reactor nuclear power
stations of the Magnox type, eight constructed for the CEGB and
one for the SSEB. These stations are fuelled with natural
uranium metal contained in magnesium-aluminium cans. Reactors
are refuelled continuously on load and irradiated fuel is
cooled in ponds before despatch.

The total reactor fuel inventory is about 6000 tonnes and
an annual irradiated fuel transfer of about 1200 tonnes results
in about 600 flask movements per annum. The Generating Boards
are responsible for the transport from their sites to the
reprocessing plant.

The United Kingdom possesses an excellent integrated rail
transport system. By international standards distances between
power stations and reprocessing plant are modest, ranging
between 200 and 650 kilometres. Access to railheads from power
stations is by very good roads over short distances, typically
10 kilometres. From the outset the importance of the detailed
planning of all irradiated fuel transfers was recognised
together with the need for meticulous monitoring of flask
movements at all points between power stations and reprocessing
plant. In collaboration with British Railways a computer based
observation of all flasks in transit is continuously operated.
An emergency plan is an important part of the safety background
and draws upon specialist nuclear services from the UKAEA and
BNFL, in addition to CEGB and SSEB; in this way the whole of
the transport route can be assured of skilled support from
points near to roads and railway lines. Security arrangements
have been provided from the start of operations but for obvious
reasons details are not for publication.

A very important component in the United Kingdom
irradiated fuel transport philosophy is that flasks have been
designed to provide very efficient shielding against radiation
from the fuel, and before being allowed onto public roads and
railways, levels of surface contamination on the flasks must be
insignificant. This latter requirement is achieved by rigorous
decontamination and monitoring procedures at each despatching
site. In this way a simple and straightforward transport
procedure has been made possible, but only because a detailed
and complex organisation supports activities at every stage.

The second United Kingdom commercial nuclear power
programme comprises ten reactors of the AGR type, having a
total installed electrical capacity of about 6500 MW* These
reactors are again located at twin-reactor stations; four
stations being operated by the CEGB, the other by the SSEB.
The irradiated fuel transport arrangements- for these new
stations will be identical with those that have been so
successful for Magnox stations.

In addition to the domestic transport within the United
Kingdom, BNFL has gained considerable experience in the import
of irradiated fuel for reprocessing since the mid-1950's.
Shipments have been made from most areas of the world to the
United Kingdom, eg from Japan, Australia, India, South Africa,



Canada, from the Mediterranean area, and from various European
countries. The earliest shipments were usually transported on
ordinary cargo ships, typically fuel from Test and Experimental
reactors. However, when the number of movements from a
particular location is sufficiently large, the exclusive use of
a ship of modest size becomes economically viable. Thus
special ships have been chartered by BNFL for shipping
irradiated fuel from the magnox reactors at Latina in Italy and
Tokai Mura in Japan, and these have been used additionally for
the shipment of fuel from other conveniently placed reactors.
Over 60 voyages have been made by these ships with irradiated
fuel.

3. REGULATORY AND LEGAL REQUIREMENTS

In the United Kingdom the Nuclear Installations Act, 1965,
which incorporates the provisions of the Paris Convention on
Third Party Liability in the field of Nuclear Energy, makes the
operator of a licensed site responsible for ensuring that no
harm is caused due to the transport of irradiated fuel from
that site. The vast majority of such transport operations in
the UK are made by the CEGB and SSEB; BNFL is responsible for
fuel imported from overseas.

Containers for the transport of irradiated fuel are
designed and constructed to meet the requirements of the
International Atonic Energy Agency Regulations for the Safe
Transport of Radioactive Materials, on which most national
regulations are now modelled.

These regulations provide for the certification of
container designs by the Competent Authority in the country of
origin. The Department of Transport is the competent authority
for land transport and the Department of Trade for sea and air;
for administrative convenience competent authority duties for
all modes are undertaken by the Department of Transport's
Radiological Adviser.

4. TRANSPORT OF MAGNOX FUEL

The flask used for the transport of the CEGB's irradiated
Magnox fuel was designed in 1959. After conside.ring a cast
iron construction, it was decided to make the flask from 370 mm
thick rolled mild steel plates which were joined together by a
combination of interlocking joints and welds. This resulted
in the massive, thick-walled flask which is shown in Figure 1.
Each flask can carry up to 3.25 tonnes of irradiated fuel which
is transported under water. The total weight of the full flask
when transported is some 50 tonnes.

Particular attention was paid to reduce the radiation
dose-rate at the surface of the flask to a very low level so
that during transport it may be handled by non-radiation
workers without any restrictions whatsoever. With the tiask
fully loaded, surface dose-rates rarely exceed a few mr/h and
are often below 1 mr/h. Initially various types of commer-
cially available paint finishes were used on the flask external
surface. Unfortunrtely these paints weathered badly and flasks



needed frequent repainting to enable the very low surface
contamination levels, which had been adopted, to be achieved in
reasonable time before transport. In 1970 the Board, in
conjunction with a specialist paint manufacturer, developed a
painting system which produces a surface finish which is highly
resistant to weathering and produces minimum chalking.
This system is known as CEGB System 6- It consists of two
coats of epoxy primer followed by two coats of two-part
polyurethane. Since the introduction of this painting system
it is very rare for flasks to require repainting between their
routine 2-yearly maintenance outage and the problems of surface
contamination have been considerably reduced.

BNFL's Magnox flasks are basically similar in design to
those used by the CEGB, and have been in use from an earlier
date to transport fuel from the Calder Hall and Chapelcross
reactors. They have also been used since 1965 for transporting
Magnox fuel from overseas sites. Because of the higher ambient
temperatures, it was decided to provide cooling equipment in
the hold of the specially chartered vessel in order to remove
surplus heat. Flasks were loadfid into large tanks fixed to the
ship's structure, through which water was continuously
circulated. The water was passed through a cooling unit
powered by a diesel generator. This method has since been
discontinued in the shipment of flasks from Italy, as
experience has shown it to be unnecessary, but it has also
been used successfully since 1969 in shipments from Japan over
longer voyages with generally higher ambient temperatures.

5. THE TRANSPORT OF AGR FUEL

The flask for the transport of irradiated civil AGR fuel
within the United Kingdom was designed in 1969. In order to
take full advantage of the efficient and well established
transport system in use for Magnox fuel, the AGR flask had to
have the same external body dimensions as the Magnox flask.
This imposed constraint forced the designer to adopt a
composite construction to provide adequate internal space for
an economic fuel-load whilst retaining high standards of
shielding. The basic design features of the AGR flask are
shown in Figure 1. The 90 iron thick flask body is an all-welded
fabrication made from high quality carbon steel plate and
forgings. The same quality material is used for the 330 mm
thick lid which is spigotted to fit partially into the body.
A 220 mm thick stainless steel clad lead liner provides the
bulk of the radiatior. shielding.

A shock-absorbei: fits over the lid during transport. The
shock-absorber is made from 25 mm thick aluminium plate, and is
an all-welded construction,, Extensive drop tests were
performed on ^-scale models during the development and final
proving of the desicjn.

The thermal performance of the flask during normal
transport and under accident conditions was derived using
sophisticated, two and three-dimensional computer programmes.



It will be noted that the flask is fitted with base and lid
heat shields. The body is fitted with substantial cooling-
fins.

The flask is capable of carrying about one tonne of
irradiated oxide fuel or about three tonnes of Magnox fuel;
both types of fuel are transported under water. The flask has
been approved as a Type В(М) package. It is expected that the
transport of irradiated civil AGR fuel will commence in
quantity during 1977.

6. TRANSPORT OF OTHER OXIDE FUELS

In the late 1960's BNFL undertook the reprocessing of
oxide fuel from certain American BWR and PWR type reactors,
principally situated in Europe, and also in Japan. BNFL
developed a type of flask suitable for transporting BWR and PWR
fuel known as the Excellox flask. This is illustrated in
Figure 1. This is of a cylindrical type about 4800 mm long and
about 1500 mm diameter, with a 90 mm steel wall and a 160 mm
inner lead liner. The flask will carry between two and three
tonnes of fuel depending on type. The fuel is immersed in
water and the flask has a total weight of about 75 tonnes.
The design of the Excellox flask is different from that of the
Magnox flask due to the greater lengths of the fuel elements
and to the higher neutron irradiation levels of the fuel. A
somewhat larger variety of the Excellox flask is now in the
course of development which will enable fuel of even higher
rating to be carried in the future. This flask will weigh
about 100 tonnes, which represents the maximum which can
normally be handled by present port and reactor facilities.

BNFL experience in the transport of oxide fuel has been
gained since 1969. Since 1972 NTL has been responsible for the
transport of oxide fuel from many European reactors, while BNFL
has been responsible for shipping oxide fuel from Japan, Italy,
Spain and Sweden.

Oxide fuel may be irradiated up to 40,000 MWD/te (compared
with 8,000 MWD/te for Magnox fuel) and typically a flask load
of oxide fuel may have a heat output of 30 KW compared with
perhaps 5 KW for a Magnox flask. Nevertheless, the temperature
attained by the fuel in a water filled flask is acceptable and
it is possible to transport oxide flasks over considerable
distances without ancillary equipment. However, if a number of
flasks are carried in the enclosed hold of a ship, a practical
problem arises of removing the heat generated by the flasks,
particularly if the fuel is highly rated. Whilst failure to
remove this heet would not of itself present a safety hazard,
it is desirable to do so in order to keep the temperature of
the hold down to a reasonable working level so that routine
checks may be carried out during the voyage. BNFL has
therefore installed in its charter ships either an efficient
forced ventilation system, or air chilling units, to maintain
hold temperatures at an acceptable level.



7. TRANSPORT OF MATERIALS TEST REACTOR FUELS

As already mentioned, many of the early shipments of
irradiated fuel were from Test or Experimental reactors, and
this traffic continues today, although the numbers are small in
relation to the volume of shipments from power reactors.
Typically, MTR type fuel is transported in a flask developed by
the UKAEA called the Unifetch, which is a cylindrically shaped
finned flask formed of 300 mm thick steel walls and weighing
less than 20 tonnes.

8. DEVELOPMENTS IN MARINE SHIPPING

The broad principle upon which the IAEA transport regula-
tions are framed is to make the "package" inherently safe of
itself, so as to eliminate as far as possible the need for
surveillance during shipment or the need for any additional
safety measures. At the same time the regulstions provide
scope for flexibility and for "special arrangements" to be made
where these are found to be necessary.

A fully approved Type В container can thus be transported
by any mode of transport, ie road, rail, air or sea. In
relation to this philosophy of inherently safe design of
packaging it follows that there are no additional requirements
in the United Kingdom or internationally which relate to the
design or structure of the ship in which irradiated fuel is
carried. Irradiated fuel can be carried safely in conventional
cargo ships.

Nevertheless, studies have been made both by the Japanese
authorities and by BNFL of the safety considerations associated
with the operation of vessels exclusively as irradiated nuclear
fuel carriers. The Japanese authorities have produced a set of
recommendations relating to the design of such ships operating
\n Japanese waters, intended to improve their safety features
in cases of collision, stranding, fire, etc. In relation to
the size of ships operated by BNFL to transport fuel from
Japan, which is limited by the size of the Japanese reactor
ports to about 3000 tons deadweight, BNFL reached very similar
conclusions to the Japanese concerning the desirability of
strengthening the ship's hull, providing additional compart-
mentation, and the adoption of other snip safety features.
BNFL is therefore presently engaged in developing a ship design
to meet the enhanced safety features recommended by the
Japanese authorities.

It may be noted that the measures being adopted for ships
of relatively modest size trading between Japan and Europe will
not necessarily be appropriate for a different class and size
of ship engaged in the carriage of nuclear fuel elsewhere in
the world, or for a conventional cargo vessel of average size
carrying nuclear fuel as part of its cargo.



9. FUTURE TRANSPORT

The build-up of traffic from CEGB and SSEB stations is
shown in Figure 2 with projections through to 1990. It is
clear that in the next decade the volume of traffic in
irradiated fuel in the United Kingdom, and from overseas, will
increase considerably.

10. CONCLUSIONS

Irradiated nuclear fuel has been transported within the
United Kingdom, and to the United Kingdom from overseas, for
two decades. During this period an impeccable safety record
has been established. The method developed by BNFL of
transporting irradiated fuel by sea in specially equipped ships
has also gained a decade of experience, and has proved to be a
successful and economic means of operation. BNFL to date has
handled a considerable proportion of all water reactor fuel
transported in the Western World. It is considered that the
sort of support available from the large specialist organisa-
tions involved has been an essential feature of the success of
these operations. From the outset the requirements of safety
and security have been recognised and are kept under constant
review in the light of changing circumstances.
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