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Abstract

Surface contamination that was found on surfaces of spent fuel shipping containers (flasks) in 1998 was
treated differently by authorities in different European countries. In two countries, Germany and Switzerland,
spent fuel shipments were stopped for an indefinite period by Government authorities. This paper, co-authored by
representatives of utilities from four European countries, explains the rationale for surface contamination limits in
transport regulations and attempts to place the observed contamination in proper perspective.

1. INTRODUCTION

This paper presents the position of European utilities concerning the issue of contamination
on spent fuel flasks which has resulted in a media crisis and a halt in spent fuel transportation in May
1998. These events gave rise to three different types of consequences in European countries:

• In some countries, like UK, it was assessed that the available non-fixed flask contamination
data were consistent with the known effects of flask weeping, with insignificant effect, and that
the use of covered rail-wagons for fuel movements precludes casual access to the surface of the
flasks. On the basis of this evidence, no special actions were required and fuel transports
continued;

• In other countries, like France and Belgium, after introduction of substantial improvements in
technical measures, contamination control measurement and documentation transports were
resumed under closer supervision and have since shown a good record;

• In two countries, Germany and Switzerland, required improvements were implemented but the
fuel transports remained stopped due to purely political reasons aiming to hinder nuclear
production.

It was recognised by all relevant national competent authorities that this contamination issue
had no consequences. No leakage was ever found from inside of the flask. Existing procedures, based
on the IAEA standards, along with improvements to demonstrate full compliance through more
stringent QA rules, are well suited to ensure safe fuel transportation.

This paper highlights some aspects concerning the status and regulatory background of fuel
transportation, the contamination issue, its origin and consequences, and the lessons learned by
utilities to restore public confidence, and makes recommendations on how to proceed in the future.



2. STATUS OF SPENT FUEL TRANSPORTATION: STRINGENT INTERNATIONAL
RULES APPLY

Spent fuel assemblies are shipped in special flasks that are tested to withstand severe
accidents. The current spent fuel flasks comply with the International Atomic Energy Agency (IAEA)
Safety Standards published in 1996 [1] which take into account the recommendations of the
International Commission on Radiological Protection (ICRP 60) [2]. The flasks are carried on
dedicated railway wagons, under the protection of a locked canopy or cover and with a closed drain
well under the wagon to collect residual water. Each year, several hundred journeys transporting spent
fuel are safely carried out in the world without incident.

3. THE TRANSPORTATION ORGANISATION

The transportation organisation is a fully traceable and auditable regulated system.

The transportation organization has the following main features:

• The utility has the final responsibility to guarantee that the transport criteria are met within the
approved design certificate of the flask,

• The consignor (or shipper) certifies that the contents of the consignment are in proper
condition,

• The carrier performs the transport operations, mainly with railroad transport companies,
• A competent authority is in charge of ensuring full application of the radioactive material

transport regulation,
• Quality assurance programmes are implemented,
• Transport of radioactive material complies with Euratom requirements and material

accountability rules.

4. THE MEANING OF THE CONTAMINATION LIMIT OF 4 Bq/cm2

For specified parameters, such as surface contamination, derived limits are defined as
precautionary measures under pessimistic assumptions. The limit for the non-fixed contamination on
accessible surfaces is a cleanliness threshold for early warning and does not represent any health
hazard. It is recognised in the IAEA standards that non-fixed contamination can arise during transport
such that it may exceed the derived limits at the end of the journey, without inducing any significant
hazard.

For fuel flasks, a "skirt" is used to avoid contact with contaminated water in cooling ponds.
The dedicated wagons are provided with a "canopy" or a locked cover which precludes any contact
with the external surface of the flasks. So there was never any danger to the public.

When leaving the plant after being monitored in compliance with regulation, these preventive
measures ensure that the accessible parts of the railway-car are clean. Any surface which could be
accessible to the public during transport is then under the contamination limit. When arriving at the
dedicated receipt facility, the flask is handled by specialised workers according to specific procedures
and in controlled areas.

The non-fixed contamination, which could occur during transport, would be limited to non
accessible surfaces, on the flask itself or in the railway car drip pan, and should not be considered as
an incident as long as it cannot in any way jeopardise public health and safety.

These comments concerning non accessibility, along with a better explanation of the origin of
the 4 Bq/cm2 limit, should be included in future clarifications of the IAEA standards.



5. THE CONTAMINATION OF SPENT NUCLEAR FUEL FLASKS IN EUROPE

Since the beginning of spent fuel shipment in Europe, regulatory controls were in place which
required the measurements of surface contamination be made and recorded at departure and no
contamination was found, with current procedures at that time.

Since the early 1990s a few results were found above the 4 Bq/cm limit on the flasks, under
the canopy, or on a few occasions, on accessible wagon floor surface areas, on their arrival at the
reprocessor or sometimes at the plant. These contamination events affected only limited surfaces and,
in the majority of cases, were not in accessible areas. The containment of the flasks was never in
question. Remedial measures were implemented and preventive measures such as decontamination of
the flasks, following Quality Assurance (QA) procedures were taken; but the problem was not really
solved. The problem was not given sufficient attention at management level and by railway
companies, due to the fact that it did not involve a significant health hazard. Furthermore, there was
no formal reporting requirement to the regulatory authorities.

6. THE CAUSES AND CONSEQUENCES OF NON-FIXED CONTAMINATION

The causes of non-fixed contamination are:

(1) The sweating phenomenon and possible rise of non-fixed contamination on the flasks during
transport;

(2) Droplets or residual contaminated water ("hot particles") may result in localised contamination
on the flask or in the closed well area under the wagon;

(3) The transfer of contamination during handling on the service area of the wagon.

The contamination issue on the accessible surfaces of the wagon which, although minor,
occurred in few cases, is of particular concern. The rigor of prevention, decontamination and
monitoring procedures has been strengthened.

The consequences of all the monitoring campaigns have confirmed the absence of any
radiological impact, both for the public and rail workers.

7. THE LESSONS DRAWN AND WAYS FORWARD

The lessons drawn and ways forward are to improve the existing procedures, information and
good practices exchanged between utilities, carriers and reprocessors' teams.

Preventive measures

Preventive measures to avoid contamination should be taken: (1) during loading in the cooling
pool, with focus on administrative and technical means, like protection of the flask surface against
contact with the pool water, and (2) at the reprocessor, with a thorough cleaning.

Enhancement of monitoring and cleaning procedures, and international harmonisation.

Procedures were compared, reinforced and harmonised between the utilities, the carriers and
reprocessors. Contamination monitoring was done using a double step procedure with a screening of
the entire equipment and a detailed localised regulatory sampling on a definite number of specific
points. The points of control, both on the flasks and the wagons, were increased. But there was a need
to optimise the process through experience feedback. Great care must be given to the ALARA
principle of the ICRP to avoid unnecessary doses to workers with due regard to the dose accrued
during decontamination or during controls performed directly on the surface of the flasks. On the
other hand, with the current standard level now in use for procedures, measurement devices and



instrumentation, the efficiency factor for controls should be now closer to 1 than to 0.1 on usual
surfaces.

Enhancement of the site management and shipper responsibilities

Providing a written declaration or commitment that the package is in proper condition,
through its own QA system, will enhance the site management and shipper responsibilities.

Good practices and experience sharing, transportation QA.

Good practices and experience sharing, and transportation QA, are necessary in order to
achieve a better demonstration of the transportation safety.

Declaration to regulatory body and public information

In fulfilling the obligation to inform the regulatory body and the public, results above
cleanliness thresholds are to be fully recorded. Information provided to the regulatory
authority should include adequate "risk informed" provisions according to the potential
significance of events: In France, the importance of these events are balanced according to
their risk significance and the accessibility of the contaminated surface. These measures
should be harmonised at international level.

Experience feedback shows the importance of having a clear explanation of the derived
regulatory limits and pessimistic assumptions used, which should appear in the regulatory information
in order to enable better common understanding and explanation to the public of the real nature of
risks involved. This process should enable an open disclosure of information to the public and
transport companies.

Information of railway companies and workers

Full information should be given to railway companies and workers regarding the issue of
spent fuel transport to clarify the risk involved. Dosimetry measurements at the workplace are
important to bring an increase in the feeling of security to the railway personnel.

8. CONCLUSION

It has been widely recognised that these events of contamination of spent fuel flasks and
wagons had no radiological consequence but it is fundamental to draw lessons from them and to
restore confidence in nuclear transportation.

More stringent procedures must be applied to demonstrate compliance with regulatory limits
and information on good practices must be exchanged between all entities involved. Enhancement of
the shipper responsibility, experience feedback, QA in transportation activities, prevention, cleanness
procedures and monitoring on nuclear sites and at reprocessor sites, while paying attention to the
ALARA principle, are necessary steps to progress.

It is necessary to develop openness for the public and for railway companies and in reporting
to the regulatory authorities, within a harmonised risk informed framework to enable prompt and risk
graded information and treatment in case of discrepancy. It is also necessary to bring relevant
information about the nature of risks and of preventive measures implemented to the attention of all
affiliated transport companies.

Utilities need a reliable and predictable transport system. Regulatory and associated
comments should be clear as to the nature of the derived limits as a cleanliness goal and should



provide more explanation concerning the conservative assumptions and risk assessment which are the
basis of the different limits. There should be a clear nexus between regulations and health and safety
goals in order to have a better understanding for the public and to ensure reliability and stability of
regulations. Regulations should also be written in a way to present the basis which is needed to give a
better explanation to the public regarding transportation safety. Residual contamination that can occur
is limited to non-accessible surface and has never jeopardised public health and safety.

Whatever improvements are implemented, it is important to maintain a view on good
allocation of resources, unnecessary safety margins and overall reasonable balance between
requirements and health and safety benefits.

The nuclear transports in European countries have proven to be safe and are the safest way of
transporting material to produce the same quantity of energy, if compared to fossil fuel. Utilities and
carriers, together with national regulatory bodies and international bodies like IAEA, must develop
procedures for exchange of experience, co-operation and international harmonisation to further
guarantee safe transport of nuclear material and to develop a clear explanation and understanding
for the public.

REFERENCES

[ 1 ] FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED NATIONS,
INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR
ORGANIZATION, WORLD HEALTH ORGANIZATION, International Basic Standards for
Protection Against Ionising Radiation and for the Safety of Radiation Sources, Safety Series No.
115, Vienna (1996).

[2] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Recommendations
of the International Commission on Radiological Protection, Publication 60, Pergamon Press,
Oxford and New York (1990).


