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h  i  g  h  l  i  g  h  t  s

� A  new  tritium  transport  package  has  been  developed  for  tritium  supply  to  ITER.
� Functional,  interfacial,  regulatory  requirements  of the  package  are  described.
� Design  concepts  and  important  features  of  the  package  are  described.
� Structural  and  thermal  safety  of  the  package  is  demonstrated  using  analyses.

a  r  t  i  c  l  e  i n  f  o

Article history:
Received 5 January 2012
Received in revised form 2 January 2013
Accepted 7 January 2013
Available online 4 February 2013

Keywords:
Tritium
Transport package
Safety analysis
Fusion reactor

a  b  s  t  r  a  c  t

For  tritium  supply  to  the  fusion  reactor  of  ITER  (International  Thermonuclear  Experimental  Reactor;  the
way  to  new  energy)  [1],  tritium  needs  to be  transported  from  tritium  production  sites,  mainly  the CANDU
type  reactor  sites  to the  Tritium  Plant  building  of ITER.  Korea  Atomic  Energy  Research  Institute  (KAERI)
was  commissioned  the work  of  developing  the  transport  package  for tritium  by  ITER organization  and
the first  stage  of  the  development  has  been  finished.  The  developed  package  was  designed  to  carry  70  g of
tritium  and  classified  as a  type  B(U)  package,  which  should  comply  with  the  requirements  stipulated  in
IAEA regulations  for the  transportation  of  radioactive  materials  [2].  The  package  is  composed  of  a  storage
vessel,  a containment  vessel,  an  overpack  and  an  aluminum  liner,  which  is  a unique  feature  of  the  package.
The aluminum  liner  between  the  storage  vessel  and  the  containment  vessel  is  for  containment  control
under  the  repetitive  use  of  the  package.  The  package  has  enough  pressure  resistance  for  5 years  in-site
storage  and  the  structural  and thermal  integrity  under  the  hypothetical  accident  conditions  has  been
demonstrated  through  a  series  of analyses.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

ITER is the next generation fusion machine with the fuel of
deuterium and tritium [1].  The transport of large amounts of tri-
tium is an important issue from the viewpoints of fuel supply and
safety. For the shipment of tritium to the ITER site, a transport con-
tainer needs to be developed and licensed per the radioactivity and
amounts of its radioactive contents. It is an ITER requirement to
transport tritium as metal tritide, which has been considered to be
the safest way for tritium transport. There are not many available
licensed packages on the market today. Examples are the WSRC
(Westinghouse Savannah River Company) Hydride Transport Ves-
sel (HTV) [3–5], which can be loaded with up to 18 g tritium in
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uranium tritide powder and JAERI (Japan Atomic Energy Research
Institute) Type B(U) package with capacity up to 25 g tritium in ZrCo
tritide material. JAERI (now Japan Atomic Energy Agency) has pro-
posed a 250 g capacity tritium transport package for future fusion
reactors. The design utilizes ZrCo to form the metal tritide to store
the tritium [6].

The tritium will be transported from the tritium production
sites, mainly the CANDU type reactor sites to ITER Tritium Plant
building. According to the tritium supply plan derived from the
operation and experiment plan of ITER, it is necessary to develop
a large capacity tritium transport package, which is licensed for
international transportation. In 2009, KAERI was  commissioned the
work of developing the tritium transport package by ITER Organi-
zation and the first stage of the development has been finished.
The interfaces of the package with related equipments/facilities
were identified and the basic design and preliminary safety anal-
yses were successfully performed. This paper describes the design
requirements, basic design and the structural and thermal eval-
uation results of the developed package under the hypothetical
accident condition.
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Fig. 1. Conceptual drawing of ITER tritium transport package.

2. Design requirements and speicifications

2.1. Design requirements

The design requirements of the ITER tritium transport package
can be classified into three categories: functional requirements,
interfacial requirements, and safety/regulatory requirements. The
functional requirements given by the ITER Organization are as fol-
lows:

- The capacity of the package is 70 g and tritium should be stored
in the form of metal hydride for safe transportation [7].

- Tritium would be loaded into and deloaded from the package with
appropriate means.

- The package would be stored in fully loaded state for up to 5 years.
- The package would be reused and should provide additional con-

tamination control for repetitive use.

The interfacial requirements of the package are as follows:

- The package should be equipped with appropriate interfacial
apparatus such as valves and connectors compatible with equip-
ments in both ITER Tritium Plant building and tritium production
sites. More specifically, it should have proper interface with the
dismantling vault, calorimeter, storage system and load-in/load-
out glovebox of storage and delivery system (SDS) of ITER Tritium
Plant and the tritium handling equipments of production sites.

- The package should be sized so that the modification of equip-
ments currently in operation such as the glovebox at the tritium
production sites would be minimized.

Lastly, the safety/regulatory requirements of the package are as
follows:

- The package design should comply with the IAEA regulation for
safe transportation of radioactive materials.

- Also domestic regulations of countries related with the trans-
portation like France should be considered.

The design of SDS is under way by ITER Korea and some of the
designs of the above-mentioned equipments have not been fixed
yet. For the tritium production sites, we have considered the Tri-
tium Removal Facility at Wolseong site (WTRF) as a reference for
the interface of the package. Currently, the tritium is collected in the

Tritium Gas Handling and Storage System (TGHS) of WTRF, which
is located in a nitrogen glovebox. Since WTRF is a facility currently
in operation, many interfacial apparatus of the tritium transport
package were designed to be compatible with WTRF glovebox and
other relevant equipments and it will be reflected in the design of
SDS in the future.

2.2. Design of developed package

The proposed design of the ITER tritium transport package con-
sists of four parts: the primary container (storage vessel), the
aluminum container (contamination control vessel), the secondary
container (containment vessel) and the overpack. (Fig. 1) The mate-
rials used for the containers are listed in Table 1. Mainly stainless
steel is used for the containers except the aluminum container.
Balsa wood is considered for shock absorbing material of the over-
pack. The overall weight of the package is about 120 kg.

The design criteria of each part are described more in detail in
the subsequent sections.

2.2.1. Primary container
The function of the primary container is to provide the con-

finement of tritium and together with its inlet and outlet path.
It is designed to withstand the pressure buildup by the tritium
decay for 5 years including the time spent for transportation. The
detailed functional requirements and design features are as fol-
lows: It should confine 70 g of tritium as a form of metal tritide, and
sustain its integrity at least for 5 years. It should resist high pressure
developed by He-3, the tritium decay product, for 5 years without
any release of it. It must be equipped with adequate inlet and outlet
lines for the tritium absorption and desorption together with their

Table 1
Materials used in the package.

Parts Material Specification

Primary container Body Stainless steel SA240 Type 316L
Aluminum container Body, lid Aluminum A 95083

Secondary container
Body, lid Stainless steel SA240 Type 304
Bolts High strength

steel
SA193 Gr. B7

Overpack

Shell Stainless steel SA240 Type 304L
Shock absorber Wood Balsa wood
Bolts Stainless steel SA240 Type 304
Thermal fin Copper C10200
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