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ABSTRACT

Storage of spent fud indry casksa Toka No. 2 Nuclear Power Station commencedin September,
2001. Thefabricated seven meta storage casks have a multi-wall typecask body, adouble lid sysem
and a 61 fud lodgment basket These casks are the firg in Japan to be stored in the verticd

position. This paper discusses the generd plan for spent fud storage, the design specification of the
cask, and several issues during licensing and fabrication stages.

INTRODUCTION

Toka-2 Nudear Power Station (NPS) is 1,100MWe BWR completed in 1978 and operated by The
Japan Atomic Power Company (JAPC). The capacity of the spent fud storage pool at Tokai-2 NPS
was increased from 1,740 assemblies (2.3 cores) to 2,250 assemblies (2.9 cores) by re-racking carried
out from 1992 to 1994. In addition to that, high burn-up operation plan was introduced to reduce spent
fuds

Itisnoted in the "Long-Term Program for Devel opment and Utilization of Nudear Energy™ issued by
the Japanese Atomic Energy Commisson that, in principle, spent fuel produced in domestic nuclear
power stations should be reprocessed in Japan. In accordance with this policy, spent fuel assemblies
discharged from Toka-2 were shippedto Toka and European reprocessing plants, and from the end of
last year are being shipped to the Storage facility at the Rokkasho reprocessing plant owned by Japan
Nuclear Fud Limited (INFL). Rokkasho, sill under congtruction, will be Jgpani s main reprocessing
fadlity.

Even if these shipments, the completion of the facility congtruction, and subsequent consequert
reprocessing wereto stay on schedule, there would sill be agradua accumulation of spent fue in
Japan. Therefore another spent fuel storage management scheme was established in 1995 and a Dry
Cask Storage Fadility was congtructed at Toka-2 NPS,

DRY CASK STORAGE FACILITY AT TOKAI-2

Teking into consderation both economica efficiency and cask handling capecity of Toka-2 NPS, a
storage cask with a capecity of 61 BWR assemblieswas developed for the Dry Cask Storage Fecility.
Thefadility is one of the larger on-site spent fud storage facilities in Jgpan, with a planned capacity of
24 casks. Thefacility consstsof a storage building, an overhead crane and monitoring systems. After
completion of the facility, the spent fud storage capacity of Toka-2 NPSisincreased to 3,714 fud
assemblies (4.9 cores). A birds-eyeview drawing and outsde of the fadility are shownin Figure 1.

The project to congtruct this Dry Cask Storage Facility was started in 1995, with ageologicd
examination of the facility ground. The safety examination by Japanese competent authority was
finished in March 1998, and the permisson for congruction of the facility was givenin September
1999. Condtruction of the building and fabrication of thefirgt 7 casksbegan in September 1999 and
was completed in July 2001.



OUTLINE OF THE STORAGE CASK

Thedeﬂgn policies of the cask are:
To maximize the number of spent fued assemblies in the cask utilizing the exigting capecity of the
cask handling equipment a Tokai-2 NPS and considering the dlowable cooling period of the spent
fuel.

2. To conform to the safety Standards for adry storage cask established by the Japanese competent
authority.

The cask is condsts of a cask body with multi layers, adouble lid system and afud basket. The cask
body conggts of three cylinders (inner, intermediate and outer shells), a bottom plate and a upper
flange, which are made of Type 304 danlesssted as structurd material The mgor shidding of the
cask islead for gamma shidding and resin for neutron shielding. The primary lid and the secondary lid
are fixed to the upper flange by bolts. The containment boundary is mede of the inner shell, bottom
plate, upper flange, primary lid and vave coversthat are onthe primary lid. Double metalic O-rings
are used for seding. The cask configuration and detail of the sedling are shown in Figure 2

Fud assambliesare inserted into the compartments of the fudl basket, which are made of Type 5052
duminum dloy shaped by rall forming method. To keep sub-criticality of the cask, borated duminum
is used for neutron absorbing materid, sheets of which are inserted between the fud compartments of
the basket. The outer periphery of the compartmentsis Type 5052 duminum block.

The cask cavity isdried and filled with helium gas to remove decay hest. Also, negetive pressureis
maintained in the cavity to contain radioactive materias over a design storageperiod of 40 years.
The pressure of the narrow cavity between the primary and secondary lids is monitored to confirm the
performance of the seding materids and structure. The cask isverticaly hed down with four bottom
screwed trunnions during storage.

SAFETY FUNCTION OF THE STORAGE CASK

Safety functions required of the storage cask are heat dissipation, containment, radiation shielding and
maintenance of sub-criticality. The storage building of the storage facility aso enhances the function
of both radiaion shidding and heat disspation. The safety functions of the facility are illusiratedin
Fgure3.

Hesat Dissipation: The decay heat of the spent fuel in the storage cask is removed through the basket
and cask body to maintain the integrity of the fug structural members, sedling and radiation shidding
materids. The basket is made of duminum materid and the cask cavity is filled with helium gasto
obtain high therma conductivity. The heet dissipated from the cask is removed from the storage
building to outsde atmosphere by natura convection.

Containment: The containment design of thiscask ams to maintain a negative pressure in the cask
cavity for up to 40 years of designed Storage period. The pressureof the cavity between the primary
and secondary lids, which is set to positive pressure, is monitoredto check theintegrity of the double
metdlic O-rings. The positive pressure between thelids aso serves as a pressure barrier againgt the
cask cavity, which isset to negative pressure. If leskage occurs a either of the metdlic O-rings a
decrease of the pressure of the cavity between thelids is detected by a pressure monitoring system.
The double O-ring system d thetwo lidsis shown in Figure 2 above.

The integrity of the double metalic O-rings during the storage period of 40 years was confirmed by
experiments carried out by the Centra Research Indtitute of Electric Power Industry (CRIEPI). The
critica period for the metdlic O-ring under circumferentia temperature of 150°C is calculatedto be
190 years, which verified that the integrity of the metalic O-rings could be maintained much longer
than the designed storage period.



Radiation Shidding In accordance with the Japanese regulaions for on-gite trangportation, the dose
rates are limited to be lessthan 2mSv/h a the cask surface and lessthan 100i Sv/h at one meter from
the cask surface under normd trangport conditions.

Sub-criticality: The cask must be prevented from reaching criticality in any condition that the cask
may encounter. Specificdly, it is necessary that the neutron multiplication factor does not exceed 0.95
including any caculdion errors. For this purpose, boraied duminum dloy plates are inserted in the
fuel basket.

The boron content and its uniformly ditribution in the duminum metd isingpected by three different
methods, achemicd andlyss aneutron penetrate test and a neutron radiography. Each piece of
borated duminum plate inserted into each fue compartment of the basket is cut out from alarge plate
30 from aquality assurance point of view, the competent authority confirms the traceability of each
smdler plate to the origind large plate.

FABRICATION OF THE CASK
Seven casks were fabricated in Ariake Works of Hitachi Zosen Corporation and were ddivered to
Toka-2 NPS at the end of June 2001. Severd topicd fabrication proceses are explained bdow.

Weding Copper Heat Transfer Fins Figure 4 shows the MIG welding processto join the copper
internd finsto both intermediate and outer shells. Thisis an important weld to secure the heat transfer
peth through the neutron shidding. The welding is carried out in anarrow space between the two
shdls 0 it was necessary to conduct that pre-qudification tests to determine the weld conditions and
ability to complete a stisfactory weld.

Pouring Both Gamma and Neutron Shidding Material: Lead is poured between the inner and
intermediate shells as a gamma shieding materid. Figure 5 shows alead pouring equipment. The
water pipes on the surface of the equipment are used for controlling temperature to solidify the lead in
controlled manner from the bottom to the top.

Figure 6 shows the poured neutron shielding materid, NS4-FR. The supply and pouring asby  NAC
Internationd in accordance with a procedure, which is accepted both US and Japanese competent
authorities.

Fabricating the Basket The basket is designed to maximize the number of fue compartment made in
the cylindrical cask cavity S0 severefabrication tolerances were specified. Theprocess that would
creste the least amount of distortion of the square tubes was sdected.. The square tubes were
fabricated by a ral forming method. Fgure 7 shows the processto insart both the assembled square
tubes and neutron absorbing materids into the duminum block.

Theduminum block surrounding the square tubes congsts of 6 forged blocks weded together by a
dectron beam welding method to avoid ditortion.

The completion of the basket is shown in Figure 8.

ON S TE TRANSPORTATION

After loading the spent fuel a thefifth floor of the reactor building, the cavity of the cask isdried up
andfilled with hdium gas The cask isthen tilted down on atrailer and transferred to the Sorage
fedlity. The cask istilted up a the storage fadility into the verticad position for storage.

SUMMARY

The spent fuds will beloaded in Autumn 2001 This fadlity isthe first and orthodox on Site cask
gtorage facility in Jgpan which stores casksin the vertical posdtion. Additiond 8 casks have dready
been ordered and are under fabrication, due for delivery in November 2002.
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Figure 1, Tokar2 Dry Cask Storage Facility

appox. 3.7 m

apgmas. 2.4 m

appis. 121 tons
L: apprex. 11 ons

.11’I.h.'| wmaembilies: 61)

v marerial:

Fa.':||i||t' I

slamless shoack
bmid
MELFR

-
il
1 double Clring

secondary hd

primiary hid

secomdary bd

primary lid

fuel compartment

nemirom ghsorbmg
materil

cask body

suppor weldment

Fgure2, Dry Storage Cask and Detall of Seding
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Fgure3, Safety Functions of Storage Fecility

Hgured, Wdding Copper Heat Trander Fins



Fgureb, Lead Pouring Equipment

Figures, Poured Neutron Shielding



FigureB, Completed Fudl Basket
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