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Abstract

Within the framework of spent fuel assemblies (SBAjpments from French NPPs to the AREVA
La Hague recycling plant, unexpected foreign olsjéetve been observed in the cavities oPTAI2,
TN®13/2 and T'112 casks.

The authorized contents of these casks are limdespent fuel, with the basket and the spacers so
any other content is therefore forbidden

In the event of the presence of any foreign mdteirathe cask cavities, the potential risks during
transport are:
» damage to the basket or to the fuel assemblidteicdse of solid objects,

 radiolysis in the case of organic material.

Any discovery or suspicion of a foreign material shie declared to the French Competent
Authority by the consignor, accompanied by the appate safety analysis.

In 2010, EDF and AREVA set up a working group tentfy the origin of these foreign materials
and find solutions to improve the cleanliness efthsk cavities and thus transport safety.

This paper presents the objectives of the AREVADFEworking group and will describe the
different steps of the work performed and the psees followed in order to understand the foreign
materials’ origins. Main correctives actions aregented as well as the successful results of the
implementation of these actions.



Introduction

With an excellent safety and security track recéwdmore than 40 years, transportation of usetl fue
to recycling facility has operated very smoothlyaoit 2,400 spent fuels are transported every year
from EDF Nuclear Power Plants to the AREVA La Hageeycling facility, which represents about
200 transports per year in Fa2/2, TN’13/2 and TN112 casks. Over the years, a significant
amount of lessons learned have been used to dtengte transportation program with root cause
analysis and mitigation plan. This paper is destgilone of the operational events that EDF and
AREVA TN have been facing and actions put in plazeesolve it. During the casks operations,
mainly during the loading and unloading operatidasgign objects can fall into cask cavities. These
foreign materials are not allowed by the certifecat approval; therefore, for each occurrence, the
French Competent Authority must be informed, inclgdhe corresponding safety analysis.

As an example of lessons learned and continuousowement, in 2010, EDF and AREVA set up a
working group to identify the origin of these fayei materials and find solutions to improve the
cleanliness of the cask cavities and thus transadety.

EDF and AREVA TN have the most proven experiendéd wsed fuel shipments. Even after 40 years
of operations, continuous improvement is a tearscibje.

Why reducing the number of foreign materials?

Definition of a foreign material

The allowable contents are prescribed in the ceatd of approval. In the case of spent fuels
transport, the only materials allowed are the ftled, fuel holder when needed, the spacers and the
basket, all others objects are not allowed and taied foreign materials.

Different kinds of foreign materials can be foundhe cavity:
- rigid objects;
- flexible objects.

Some are organic components.

The foreign materials are not allowed by the cedtke of approval. Therefore, when a foreign
material in the cavity is detected or suspectetlpiong transports cannot be performed without
specific actions, as described hereatfter.



Action plan when a foreign material is found in the cavity

There are two ways to find foreign materials, dgrxploitation operations or during maintenance.

During loading or unloading, it can occur that thgerators detect (or only suspect, for example
when the material falls in the pool and out of @pers’ sight or in the case of a missing gasket) a
foreign material in the cavity or in the loadingghdn this case, as foreign materials are nowadid

in the cask during transport, the operators havma&e all the necessary operations to remove it,
including, if possible, unloading the spent fuetmt the cask in loading conditions. If unloading th
fuels or removing the foreign material is not pbksi information to the French Competent
Authority, including a safety analysis, is needezfobe performing the transport. If the French
Competent Authority agrees, following transports performed and the foreign material is removed
at the next maintenance (if confirmed in the cdse suspicion).

However, most of the foreign materials are deteeted removed during maintenance operations
because it is the only moment that allowed a fotlegs to the cavity, including the bottom where the
foreign materials can easily fall. As some trantpbave been done with foreign materials before to
notice them, in this case, a declaration to thex¢hreCompetent Authority is sent by the consignor.
Indeed, for the previous configurations the tramspare performed on the basis of the certificdte o
approval and the formal authorization sent by thenEh Competent Authority, whereas when the
foreign materials are detected during maintenamerations, as we cannot determine when the
foreign material fell into the cavity, we considérat all the transport performed since the last
maintenance were not fully in compliance with tleetificate of approval. Consequently, in this case,
the French Competent Authority is informed of thé-compliance.

Safety impact of an organic foreign material (flexible or rigid)

The main safety impact of an organic foreign maten the cavity is the radiolysis analysis. Indeed
an organic foreign material can release hydroggpe@ally in case of transport of high level ad¢ivi
contents, such as used fuels.

Consequently, a radiolysis analysis is performepistify that, considering the total decomposition
of the foreign components by radiolysis, the quardf hydrogen produced remains below the lower
limit of flammability determined in the safety apsik report.

For example, hereafter is detailed the analysidopaed on a piece of duct tape found during
maintenance operations in a TM8/2 cavity:



Figure 1 Piece of duct tape

Considering a penalizing evaluation of the objeatehsions, the mass of the foreign material is
estimated to 3 grams. In a conservative way, itcosisidered that the material is made of
polyethylene, which is the most hydrogenated malteAll the hydrogen contains in 3grams of
polyethylene is considered released in the cavitsaldiolysis. It leads to ajate in the cavity equal
to 0.69 %, which remains below the criteria of 2% corresponding to the lower limit of
flammability defined in the TR1L3/2 certificate of approval <1> considering theximaum content
temperature in accident fire conditions and the imar thermal power allowed per spent fuel
assembly.

Considering the complete disintegration of the orgdoreign materials by radiolysis is a very
conservative assumption as the objects are fouadtim the cavity after a few transports.

Safety impact of a rigid foreign material (not organic one)
For the rigid objects, it must be demonstrated t@tforeign material due to its location or geamyet
cannot damage the basket or the fuel assemblies.

Conclusion
Even if it has been justified the non-impact of gresence of the foreign materials found in the
cavity on the safety of the cask transport, itas satisfactory to find foreign materials in thesks
cavity for the following reasons:
- foreign materials are not allowed in the certificat approval,
- if the size or the numbers of foreign materialsgigantly increase, the non-impact on the
safety will be difficult to justify.



Therefore, a working group between EDF and AREVAadtively working to determine the
origins of these foreign materials and to find sohs to decrease or even eliminate the number
of occurrence.

EDF and AREVA Working Group

As the number of foreign materials found in caskiteas was increasing, in 2010, EDF and AREVA
set up a working group to identify the origin oé#ie foreign materials and find solutions to improve
the cleanliness of the cask cavities and thus pamhsafety.
The working group was constituted by the followagities:

- EDF - loading sites;

- AREVANC - La Hague and AMEC3 — unloading and mamance sites;

- AREVA MELOX - fresh fuel loading site (even freshetf transport is less concerned by the
foreign materials, lower number of occurrencesyas still interesting to share experience
with MELOX);

- AREVATN — casks owner and certificate of approapplicant.

To identify the origins of these foreign materiatsd to understand how they end up in cask cavities,
the working process was the following one:

- Meeting with the different participants to share tbjectives and experiences;

- on-sites inspections of the operations;

- Analyses of the reports of inspection.

Understanding of the origins of the foreign materials
The first phase of the working group was to makeaasessment of the foreign materials met in
cavities to determine their origins.

In 2010, 22 foreign materials have been detectetlidifferent casks. Among these items, 6 were
rigid objects (small-sized spring, screw...) andwige flexible organic materials (gasket, duct fape
thin rope, colson collar...).



Figure 1 TN ®112 cask during loading operations

The conclusion of this first phase is that the ifgmematerials are of different materials and vasiou
geometries and sizes. They can come from cask tipesasites (maintenance, loading and unloading
pools, etc...) or from the design of the cask itdetit example, with the previous design of the body
orifices of the TIN12/2 and TN'13/2 casks, the gasket could be suck up in theycaue to the
difference of pressure between the connection taonts the cavity. Operators did not obtain leak
tightness criteria and noticed the absence of gaghieh had to be replaced before the transport.
Finally, the close environment of the casks operatiareas is a high-risk area.

Action plan set up by the working group
The working group concluded in five types of recoematations implementes in the operation and
maintenance facilities. These categories are:

- Work organization;

- Cleanliness of the installation;

- Cleanliness of the work areas;

- Specific actions on the casks;

- Visual checks.

In practical terms,

- The main improvement of the work organization isréduce the time when the cask is
opened in order to decrease the risk of fall of ponents in the cavity.

- By cleaning the installation in general, it canrbpainting the wall or crane to prevent the
fall of small pieces of paint for example. It casaaconsist in improving the cleanliness of
the storage or loading pools.

- Cleaning the work areas and small racks preveots fnvoluntary falls of small tools or
materials used for the casks operations.



- The specific action on the cask is to design andise new plug for the orifice on T2/2
and TN®13/2 casks in order to prevent the orifice gastss in the cavity.

- Visual checks during loading or unloading operatiaow detecting immediately if there is
a foreign material in the cavity and, when it isgble, to remove it before closing the cask.

All the members of the working group participatadhe writing of one common report in 2012 <2>,
every action to be implemented is described inezifip data sheet.

Cleaning actions of the work areas and the ingtaila as 5S or FME (Foreign Material Exclusion)
methods and best practices were spread on evetintpaunloading and maintenance site used for
the transport casks.

These instructions of cleanliness were later degglog the procedures of every installation.

The conclusions of this workgroup were presentathatidated by French Competent Authority in
2012 and since 2011 the working group presentsly@abalance of the actions progress and a
balance of the foreign materials found in the ¢asibf transport casks.

Beyond this actions plan, the recommendations ef working group are now used for all the
activities that can bring directly or indirectly foreign materials in the cask. For example, the
specifications for the news tools used closed &pbols always have now a dedicated paragraph
specific to FME and futures cask $83 is designed to reduce the risk of sucked gasket.

Results

As shown in Table 1 and Figure 2 hereatfter, theltesf the working group actions are very
satisfactory. Not only the number of the foreigntenials found in cavity has significantly decreased
but their sizes decreased too. Awareness of thestgre regarding this issue has been enhanced, and
the detection of foreign materials is today muchereffective than in 2010.

Table 1
Year Number of casks concerned Number of foreign materials
2010 11 22
2015 2 4

The new design of the plug of the orifices desigmenbeen implemented on the whole®I®/2 and
TN®13/2 fleet since end of June 2014. No orifice piiagket has been found in casks cavities in
2015 but it can still be found a few residual gasketil all the casks have passed their maintemanc
However, from the end of 2016, it is expected tb meet this kind of foreign materials in cavity
casks anymore.



25

20

15

10

| B B

0 A B B BB
2010 2011 2012 2013 2014 2015

Figure 2 Evolution of the number of foreign materia  Is found in the cavity per year

Conclusions

Individual assessments from EDF and AREVA wereprotiuctive to build of robust cause analyses
allowing the resolution of foreign material matter.

Only the creation of this working group by the dr#nt actors of French nuclear led to exchange on
best practices to be implemented and to find swigtin order to solve this operational issue.

The purpose of the working group was to elimindte thumbers of occurrences. The short term
actions such as cleaning work areas and long tectiong related to cask design already
implemented allowed reducing significantly the nembf foreign materials in casks cauvities.

Furthermore, sharing the experiences is now a lotenfrequent. At least after each spent fuel
evacuation performed by AREVA on EDF power plardsmeeting is set up between all the
participants to talk openly about improvements.
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