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Abstract

Transnucleaire (Paris, France) and Transnuclear, Inc. (Hawthorne, New York, United Sates) have both developed
Pressurized Water Reactor (PWR) spent fuel casks for storage and transport purposes. The products are supplied in Europe
by Transnucleaire and in the United States by Transnuclear, Inc. Now the TN Group is working on a design for Boiling
Water Reactor (BWR) spent fuel assemblies: the TN 52 L cask is designed for transport and storage is Switzerland, the TN
68 cask is designed for transport and storage in the United States. For storage purpose, national regulatory requirements have
to be met: each country has specific demands and criteria. As a consequence, differences between the TN 52 L design and the
TN 68 design for rather similar contents appear in several fields: the design work, the licensing process, the manufacturing
and the operational life.

1. INTRODUCTION

Transnucleaire (Paris, France) and Transnuclear, Inc. (Hawthorne, New York, United States)
have both developed high performance spent fuel casks for storage and transport purposes. The
products are supplied in Europe by Transnucleaire and in the States by Transnuclear, Inc. They rely
on the use of massive steel parts for structural gamma shielding and have proven for two decades a
trouble free means to transport and/or store spent fuel assemblies on an industrial scale (see Fig. 1).
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FIG. 1. Transport and storage casks for many users
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Indeed, one specific advantage offered by this steel cask technology is the possibility of easily adapting
the gamma and neutron shielding thickness to any given batch of spent fuel assemblies with given burnup and
cooling times, while keeping the same basic concept so that the safety analyses necessary for storage and for
transport follow the same path.

1.1. TN group experience on PWR spent fuel

TN steel storage casks have been used:

• in Europe with, in particular, the dry dual purpose transport/storage TN 24 D casks and the TN
24 XL casks. They have been licensed, fabricated and they are loaded with Pressurized Water
Reactor (PWR) spent fuel assemblies from Doel 3 and 4 power plant in Belgium;

in the United States with the TN 24 P, TN 32 and TN 40 PWR fuel dry storage casks which
have been licensed, fabricated and are in use at Northern States Power's Prairie Island Station
and Virginia Power's Surry station. TN 32 will be soon stored at Virginia Power's North Anna
Station, Duke Power's McGuire Station and Wisconsin Electric's Point Beach Station too.

Table I shows the number of each cask belonging to the TN 24 family.

TABLE I. THE TN-24 CASK FAMILY

Name

TN24D
(TN 24 DH)

TN24XL
(TN 24 XLH)

TN24G

TN24SH

TN24P

TN32

TN40

Site

Doel 3

Doel 4

Gosgen

Doel 2

INEEL

Surry
North Anna

Prairie Island,
Minnesota

Number

10
(6)

8
(6)

4

6

1

7
1

(31)

7
(5)

Status

8 Loaded
(Under final licensing work)

4 Loaded
(Under final licensing work)

Delivery end 1998

Under final licensing work

Loaded

Loaded
Loaded
(Under manufacturing)

Loaded
(Under manufacturing)

A wide range of fuel characteristics can be concerned (fuel type, residual heat power, burnup,
initial U235 enrichment) because of the high adaptability of the TN group steel technology.

1.2. TN group experience on BWR spent fuel

Now, the TN group is working on designs for Boiling Water Reactor (BWR) spent fuel
assemblies based upon the TN 24 concept:

• the TN 52 L cask is designed to transport and store up to 52 fuel assemblies from Leibstadt
(KKL) (Switzerland) with a maximum initial enrichment of 4.9% w/o U235, 50,000 MW-d/tU
average burnup and a minimum cooling time of 30 months;

• the TN 68 cask is designed to transport and store up to 68 fuel assemblies with a maximum
enrichment of 3.3% w/o U235, 40 000 MW-d/tU maximum burnup and a 10 year minimum
cooling time. First use is foreseen at the Philadelphia Electric Company's Peach Bottom Atomic
Power Station;
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• the TN 97 L cask is designed to transport and store up to 97 fuel assemblies from Leibstadt
(KKL) with a maximum initial enrichment up to 3.95 % w/o U235, 26000 MW-d/tU average
burnup and a minimum cooling time of 10 years.

The concerned BWR fuel assemblies are GE type (7 x 7, 8 x 8, 9 x 9 and 10 x 10) or SVEA
type (Array 8 x 8 for SVEA 64 and array 10 x 10 for SVEA 96). The fuel assemblies can be loaded
with or without their external channels and the central cross channel of the SVEA type fuel
assemblies can be present or not.

1.3. Comparison TN 52 L/TN 68

Both TN 52 L and TN 68 designs meet the IAEA requirements for transportation. The licensing
process for obtaining of a B(U)F transport license is underway for both cases. The TN 68 cask also
relies on the American regulations (as implemented by the US Nuclear Regulatory Commission).

For storage purpose, national regulatory requirements have to be met. Because there are no
international storage rules called or considered as "standards", each country has specific demands and
criteria. In addition, some countries have a regulatory package for storage, some rely on their general
regulations on nuclear facilities.

After a description of both TN designs and a recall of applicable storage regulations, this paper
will list the main differences between the designs due to local regulations in the States and in Europe
(Switzerland).

2. TN 52 L CASK

The TN 52 L cask belongs to the TN 24 cask family. It is composed of (see Fig. 2):

TN52L TN-68

FIG. 2. Design ofTN 52 L and TN 68 cask
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• A cylindrical body, the cavity of which holds an aluminium basket, itself receiving the
irradiated fuel assemblies;

• A bottom disk shaped end welded to the body;
• Two lids (primary lid and secondary lid);
• A fuel basket;
• An aircraft crash protection cover for the storage;
• A pressure monitoring system.

This cask is designed for interim storage and transportation. It complies with IAEA transport
regulations, and Swiss requirements for interim storage at Zwilag.

2.1. Containment

Forged carbon steel is used to manufacture the 3 main components making up the containment
with its good mechanical behaviour at low temperature (cf. brittle fracture resistance): a thick
cylindrical body, a welded on bottom end, and a topside primary lid. A secondary lid that can be fitted
with either metallic gaskets or elastomer gaskets, is used either as secondary barrier when the primary
lid carries only one metallic gasket or as a transport lid, the leak-tightness of which is easily checked
before shipping after a long storage period.

Thanks to metallic gaskets the lids bolted to the upper end of the cask ensure the leak-tightness
of the cavity during interim storage, for a duration lasting from 40 to 60 years. The drain/vent orifice
cover is bolted and provided with metallic gaskets too.

Permanent monitoring of the interlid space pressure allows any leak-tightness performance
decrease detection long before any release is possible: the pressurization of the monitored space
ensures that no gas can flow from the inner cavity to the atmosphere. The TN 24 family casks are in
fact no-release systems.

2.2. Shielding

Outside the thick steel wall, there is a layer of neutron shielding resin. The gamma shielding
stems from the thick steel forgings and also from the contribution of the resin that has a high density.
The external thin steel shell that encases the resin also contributes to the radiation protection by
absorbing capture gamma rays emitted in the resin.

2.3. Criticality control

The cask cavity is fitted with a basket designed as a structural support for the fuel assemblies.
It guarantees the subcriticality of the loaded cask. It consists of mechanically assembled partitions in
boronated aluminium and in stainless steel defining an array of cells or lodgements, one for each fuel assembly.

2.4. Heat dissipation

Embedded in the resin, longitudinal copper plates connect the forged steel wall to the external
envelope to transfer the decay heat of the fuel assemblies to the outer shell, and then to the
atmosphere. The external envelope is fitted with cooling fins. The aluminium basket conducts heat
from the assemblies to the inner surface of the forging body and keeps the maximum fuel cladding
temperature well below 350°C. The helium atmosphere within the cask also contributes to heat
transfer to the cavity.

3. TN 68 CASK

The TN 68 cask belongs to the TN 24 cask family (see Fig. 2). It consists of:
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• A cask body (shell, bottom, one lid);
• A fuel basket;
• A protective cover;
• A pressure monitoring system.

This cask is designed for interim storage and transportation. It complies with NRC regulations.

3.1. Containment

The containment vessel for the TN 68 cask consists of:

• An inner shell which is a welded carbon steel cylinder with an integrally welded carbon
steel bottom closure;

• A welded flange forging;
• A flanged and bolted carbon steel lid;
• Two orifice covers for venting and draining.

Double metallic O-ring seals are used for the lid closure and the orifices. The O-rings
interspace is monitored for leakage in storage configuration. The cask cavity is pressurized with
helium. The interspace between the metallic seals is monitored and pressurized with helium so that
any seal leakage would be towards the cavity or the atmosphere.

3.2. Shielding

The TN 68 cask consists of a relatively thin containment vessel surrounded by gamma
shielding. The gamma shielding is provided around the walls of the containment vessel by a carbon
steel shell that is welded to a bottom shielding plate and to the closure flange. Neutron shielding is
provided by a polyester resin compound. The resin compound is enclosed in aluminium boxes that
surround the cask body. These boxes are encased in a painted carbon steel shell.

3.3. Criticality control

The fuel basket is a plate and box structure that uses existing proprietary laminating methods to
produce a light basket with the heat transfer and strength properties of a heavier basket. The basket
structure consists of an assembly of stainless steel cells joined by fusion welding to stainless steel
bars. The stainless steel bars hold the boxes together and provide structural support. Between the
stainless steel bars are placed poison (borated aluminium or equivalent) plates which form an egg
crate structure. The poison plates are used for criticality control and heat transfer. No structural credit
is taken for the poison plates.

4. REGULATIONS/SITES

4.1. Switzerland

In Switzerland, there is a centralized interim storage site (Zwilag) dedicated for both spent fuel
assemblies and high activity level wastes canistered in glass. This site will be in operation by middle
2000 and all the Swiss utilities participate in the management of this Site.

The Swiss Competent Authorities, HSK, issued guidelines for nuclear facilities that are also
applied to interim storage purpose on Zwilag Site. As long as spent fuel assemblies are concerned, the
main references of these regulations are HSK-R-14, HSK-R-41 and HSK-R-102. In addition, specific
requirements ("Referenzanforderungen") have been set for Zwilag by HSK (see Table II).
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TABLE II. SPECIFIC REQUIREMENTS FOR ZWILAG

Normal conditions

Accident conditions

Environment
Earthquake

FIELD

Thermal

Activity Release

Radiation Protection

Criticality

Thermal

Mechanical

Radiation Protection

Mechanical

MAIN CRITERIA

Ambient temperature: 32°C,
temperature of cladding < 350°C - 390°C
(according to fuel type).
Natural convection
Double barrier, each guaranteeing a leak rate less
thanlO"8Pa.m3.s"'

Maximum equivalent dose at surface < 0.5 mSv/h
(neutron + gamma)
Surface contamination a < 0.37 Bq/cm2

(3/y<3.7Bq/cm2

keff+2a<0.95
a = standard deviation

| Fire 60 min, 600°C.
[ + Temperature of cladding < 35O°C - 390°C

1 After aircraft crash (fighter F18) integrated dose
1 to population < 100 mSv

No tip-over nor domino effect

4.2. United States

The situation in the United States is different because there are many "interim storage" sites,
they are generally located at the power plant site itself.

The American Competent Authorities, NRC, issued generic regulations reference 10 CFR Part
72, that opens the choice to license the storage system either on a site specific or on generic basis.
Moreover, the main requirements for the storage are given in Table III. One has to point out that the
sites are open-air ones; in Switzerland, Zwilag is provided with a building.

5. MAIN DIFFERENCES

Differences between the TN 52 L design and the TN 68 design for rather similar contents
appear in several fields:

• The design work;
• The licensing process;
• The manufacturing;
• The operational life.

5.1. Design work

The criteria to be met are different as long as radiation protection and thermal behavior of both
the cask and the content are concerned.

172



IAEA-SM-352/22

TABLE III. MAIN US REQUIREMENTS FOR STORAGE

Normal conditions

Accident
conditions

Environment
Earthquake,

Tornado, Flood

Snow

FIELD

Thermal

Containment

Radiation Protection

Criticality

Thermal
Mechanical
Radiation Protection
Criticality

MAIN CRITERIA

Ambient Temperature: 115°C max
Temperature of cladding <357°C

Double barrier
No leakage of gas out (test leak rate to be assumed)
Dose at site boundary less than 25 mrem/year to the
nearest resident
(External dose rate (on the storage pad) is usually
less than 400 mrem/h at surface)
keff+2a<0.95

In case of burial, temperature of cladding < 570°C
Free drop (0.5 m height) on concrete floor
Same as normal conditions
keff+2a<0.95

No tip-over, no sliding of cask, no water in-leakage
into cask

In Switzerland, the criterion of maximum surface dose rate is quite harsher than the one of the
transport regulations. This criterion is also less severe for the American case. In a similar way,
maximum allowable temperature of cladding is higher in the States than in Switzerland. Moreover,
because casks are stored in a building in Switzerland, the mutual influence of heat power on all the
stored casks has to be considered; when the site is an open-air site, this is less of a concern.

On the contrary, the natural events like tornado, storm, snow... have no influence on Swiss
designs but can influence American designs: the TN 68 cask is provided with a torispherical weather
cover for a better weather protection. This is not necessary for Zwilag.

However, the TN 52 L is provided with an heavy aircraft crash protection cover in order to
guarantee a full protection against F18 fighter for the building is not designed to withstand such an
impact. This item is not required in USA.

Considering an average initial U-235 enrichment in BWR fuel assembly is an accepted practice
in the United States, not yet in Switzerland (nor in France): for a same type of loaded fuel assembly,
the neutron absorbing dosage in the basket will be different.

Finally two different lids are a requisite of Zwilag interim storage. In USA, only two
containment barriers are required: the TN 68 design has one lid, the cladding being considered as a
first barrier; the TN 52 L cask is provided with two independent lids.

5.2. Licensing process

Each country Competent Authorities have a specific method of assessing a cask design before
delivering any license. The approach and the list of documents submitted to Competent Authorities
may be quite different.

In Switzerland, 4 steps of documentation are required (called Hierarchy 1, 2, 3, 4 documents).
They are transmitted according to a specific time schedule. HI, for example, has to be submitted by
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the future owner before any commitment of purchasing a cask. This document gives an outline
description of the design and explains how the designer intends to fulfil the regulatory requirements.
HSK approval is necessary.

In USA, it is necessary to wait for a green light from NRC before launching manufacturing.
After license application, NRC will return questions to the applicant: a strict process is defined. Two
rounds of questions are usually necessary.

Concerning licensability demonstration, tests may be performed in order to prove the good
behaviour of the cask in case of drop. In Europe these tests demonstrate both mechanical adequacy
and leak-tightness of cavity. In the States, demonstration of containment is not directly derived from
drop tests, but from bolts analysis under conditions derived from drop tests and from test bolts with
strain gauges.

5.3. Manufacturing

Because demonstration of good resistance of the steel containment vessel to brittle fracture is
different in USA and in Europe, chosen materials are different(»).

In America, strict intrinsic limits on material characteristics at low temperature are given,
which leads to eliminate the "LF5" steel as possible material. The TN 68 is therefore composed of
SA-250 LF3 material for the inner containment.

In all countries besides the USA, the approach to brittle fracture at low temperature is based
upon the well-established theory and practice of dynamic fracture propagation. This theory has been
successfully applied also to reactor vessels with cracks. On this basis, the European TN casks are
composed of carbon steel A 350 LF5.

Borated aluminium or steel used in the rest of the world is not allowed in USA for structural
purposes: the basket manufacturing process is different, as well as the material procurement.

5.4. Operational life

As long as release of activity is concerned, and although the number of lids is not the same for
both TN 68 and TN 52 L designs, the philosophy is the same: a pressurized dynamic barrier
guarantees no-release and an easy preventive monitoring. The difference between these two casks is
that the overpressure is put in the interlid space for Switzerland and in the intergasket space for the
United States.

From the overall surveillance point of view, the open-air storage requires visual additional
controls due to the environment (property of cask, for example).

6. CONCLUSION

TN 52 L and TN 68 casks belong to the same family "TN 24" cask and are close cousins. The
basic technology is also the same in both cases. However each cask could not be licensed in the
country of the other one unless modified.

With a basic philosophy of placing the greater part of interim storage/transport safety in the
cask, different regulatory set of requirements and approaches give birth to different evolution of the
same basic concept.

o to be taken into account during the design work too.
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