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ABSTRACT

The development of Storage casks is directed to accommodaie a maximum number of fud
assemblies which is possble in accordance with max. cask weight. Some of the eder NPP
world-wide have a limited crane capacity of gpprox. 70 to 80 metric tons. GNB has developed
the CASTOR® V/12 S casks for direct dry cask storage, which fulfil both the type B(U)F
trangport requirements and the criteria for cask sorage under norma operdtion and accident
caditions for this specid weight definitions.

The CASTOR® V/12 S is desgned for 12 PWR fud assemblies of the type W. H. 14 x 14,

16 x 16 and 17 x 17 with 5 w/o U 235 erichmet, 40 to 60 GWdJd/MTU and a minimum cool-
ingtimeof 3to 7 years

The cylindrical cask is made of forged carbon ged. Polyethylene rods for neutron shidding
are aranged in bore holes of the cask body wadl. The lid sysem is desgned as a double bar-
rier sysem for sorage. The two referring lids are meta seded and bolted (verson 1). In ver-
son 2 the primary lid is bolted and the secondary lid iswelded.

For trangport, only the primary lid is necessary. In the transport configuration, woodenmade
impact limiters are @tached at the lid Sde and at the bottom sde.

The CASTORC V/12 S cask complies with the requirements of the IAEA and of the 10CFR
Pat 71 for type B(U)F packages, and meets the requirements of the 10CFR72 for dorage
casks.

INTRODUCTION

The double purpose cask CASTOR V/12 S is desgned for dry trangport and for longterm
dorage of up to 12 intact PWR fud assamblies (e g. W. H. 14 x 14, 16 x 16, 17 x 17), usd in
commercid nuclear power reactorsin the United States and in other countries.

The design basis fud specification isthe following:
initid enrichment of each fue assembly 5.0 w/o U-235,
the burn-up is 60 GWd/MTU,
the minimum reguired coaling time is7 years.

The trangport and dorage of fud assemblies with other combinations of the above-mentioned
fud parameters can be redized, if the reaed source terms will not exceed the vadues of the
desgn parameters.



The cask can be loaded additiondly with burnable poison rod assemblies insarted in the fud
as=mblies. Depending on the enrichment, some of the fud assemblies must be equipped with
absorber rod modules (ARMS) before loading for criticality safety reasons. Alternative burn
up credit can be used to guarantee the criticdity sefety.

The CASTOR® V/12 S design medts on the one hand the type B(U)F transport requirements
of the IAEA Regulaions for Safe Trangport of Redioactive Maerid TSR-1 and of the U. S,
10CFR Pat 71. On the other hand the QASTOR® V/12 S complies with the U. S. 10CFR 72
for longterm Storage.

DESCRIPTION OF THE CASK DESIGN
The main components of the CASTOR® V/12 Sare

(@) the containment vessdl comprised of:
- the cask body with the cylindricd shell and the welded bottom
- the seded primary lid and the secondary lid

(2  thefud basket

3 impact limiters bottom and lid Sde (for trangport only)

The longitudind and the cross sections of the CASTOR® V/12 S are shown in Figure 1. The
main dimengons of this cask can be seen in Fgure 1 aswll.
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Figure 1, CASTOR® V/12 S cask (without impact limiters)



The handling weight for storege loaded is 76,000 kg and the weight loaded for trangport with
impect limitersis 86,000 kg.

1 Containment Vesd

The CASTOR® V/12 S concept has been developed in two different versions. Verson 1 is the
origind CASTOR® cask concept with a carbon sted body and with a bolted primary and se-
condary lid and with pressure monitoring of the interlid space during dorage. Verson 2 is
dmilar to the verson 1 but has a wdded secondary lid, no pressure monitoring of the interlid
space during storage and no metd O-rings.

The containment vessdl for the CASTOR® V/12 S consists of aforged carbon sted cylinder
with an integraly-welded carbon stedl bottom as wel as abolted primary lid made of stain-
less sted with ametallic O+ing sedl and avent and drain opening closad by alid with a
metdlic O-ring sed. A secondary lid is arranged over the primary lid. This secondary lid is
different for Versons 1 and 2 and is described later in this presentation.

The cask cavity surfaces and the O-ring sedling surfaces are overlaid with stainless sted by
welding to provide corroson protection. The cladded seding surfaces are machined to
provide the necessary finish fa the seating of the O-ring sedl's (see Figure 2).

The secondary lid for Verdon 1 is made of danless ged. It is fagened to the cask body by
bolts The interspace between the primary lid and the secondary lid is utilized as pat of the
cask monitoring system (see Figure 2).

The secondary lid for Verson 2 is made of forged carbon sted (like the cask body) and is
attached to the cask body with a multipass narrow groove weld (see Figure 3). There are no
penetrations of the lid in Verson 2 and the pressure in the interspace between the lids is not
monitored.

The fud assemblies are confined inside the cask in a dry, inert, hdium atmosphere.

Decay heet is removed via the cask surface with fins to the environment by naturd convection
and redigtion.

The CASTOR® V/12 S provides the containment of the fuel assemblies for al design basis
normd, off-normal, and postulated accident conditions. The containment function of the
CASTOR® V/12 Sis verified through helium leek testing and weld examinations performed
in accordance with the acceptance test program.

A containment monitoring is necessary for the bolted lid verson 1 only. The interspace bet
ween the primary and the secondary lid is filled with hdium and is utilized as pat of the cask
monitoring system. The initia pressure of the interspace is st to a pressure of 0.7 MPa (100
ps). A pressure switch is mounted in the secondary lid and is wired to an darm sysem in the
Interim Storage Fadility.



2. Shidding

The Gamma Shidding is provided by the thick-walled stedl cask body and by the sted lid
system.

Neutron shidding on the cask is provided in both the radid and axid directions.

Neutron shidding in the radid direction is provided by polyethylene rods st into two con
centric rows of axid bore holes in the wal of the cask body. Each concentric row contains 36
bore holes for a totd of 72 bore holes. The bore holes in the two concentric rows are offsat to
provide an unbroken line of neutron shielding for radiaion from the cask cavity.

Neutron shidding in the axid direction a the lid and bottom aress during trangport is pro-
vided by the wood and by the polyethylene insarted in the impact limiters. During storage,
protective caps made of concrete are attached at the top of the CASTOR® V/12 S cask.

3. Fuel Basket

The fud basket provides support of the fud assemblies, control of criticdity, and a path to
conduct heat from the fud assembly to the cask body.

The fudl basket is desgned to accommodate up to 12 intact PWR fud assemblies. Fue ecep-
tacles are manufactured by the welding of dainless sted plates to enclose and secure the fud
assemblies. The dainless sed fud receptacles are assembled together with the borated au-
minum plates and gusset plates for additiond shidding (see Figure 1).

The borated duminum plaies of this basket gridwork provide heat conductivity. The boron
content of these plates assures safety of nuclear criticdity.

The dosdy fitting borated duminum plaes of the basket gridwork fix the sguare-sheped
dainless sed fud receptacles in a central postion ingde the cask cavity. This compact close
tolerance arangemeant is intended to minimize the movement of the fud assemblies rdaive to
each other and to the cask body under normd, off-norma, and accident conditions.
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Fgure 3, Lid Assembly, Verson 22 Weded Closure (Secondary Lid)

4, Impact Limiters

The bottom and lid Sde bolted impect limiters are made of wood for energy absorption, ar-
ranged ina carbon sted structure and encapsulated by a gainless sted shell.

CASK MATERIALS

The CASTOR® V/12 S maerids are sdected in such a way that their degradation will not
occur during the service period of trangport and of Sorage.

The basc materid of the cask body and of the secondary lid (Verson 2) is forged carbon
ded. The cak lids, the bottom plate, the bolts and the trunnions are made of forged Sainless
sted. Polyethyleneis used for neutron shieding.

The gtructura materia of the basketis Sainless stedl. The materid of the heat remova plates
and of the ARMs s acomposite of duminum and boron.

During the long-term storage, the CASTOR® V/12 S is subjected to both internd and externd
influences of different characterigtics.

Externd influences
externd corroson caused by the humidity of the ambient ar,
fatigue effects caused by temperature changes.

Internd influences:
effects of the ionizing radiation,
corrogve effects of the inventory,
fatigue effects of the cask components.



The design of the CASTOR® V/12 S as well as the chosen materids like sted, stainless sted,
polyethylene, dainless sted coating of the cask cavity, epoxy coating, and the metd seds
have been examined regarding the specid requirements during an intefim storage period of at
least 50 years.

CASK SAFETY EVALUATION

Through its design, the CASTOR® V/12 S cask ensures structurd integrity, hest remova,
subcriticdity shidding and retention of radioactive maerids. The sructurd desgn was made
in accor dance with the ASME Code gpplication.

1 Structurd

The gructurd performance of the cask was evaduated for the load conditions defined in the
US 10CFR 71 for normd operation and for hypotheticd accident conditions during trams-

port.

The CASTOR® V/12 S is desgned dso for storage to withstand dl normd, off-normd, and
podulated accident loadings as wel as the effects of severe environmenta conditions and
natura phenomena such as earthquakes, tornadoes, lightning, hurricanes and floods.

The sructura anayses were made with the LSDYNA 3D explicit finite dement code The
dress limits for the contanment sructure and bolts according to ASME, Sect. Ill, Div. 3,
were met.

2. Thermd

The thermd evdudion was made for a totd heet load of 15 kW per cask. The hedt is tras-
ferred between the cask with attached longitudind fins and the environment by passve means
only. For trangport conditions, the impact limiter and the trangport hood covering the cask is
congdered.

A three-dimendgond finite dement modd was used to smulae the heat trandfer in the cask,
and a two-dimendond finite dement modd for smulaion of the heat trander in the fud as
samblies. The cdculations were caried out with the MSC/NASTRAN code, verson 70.5.2.
Themaximum alowable temperatures of the components and of the fuel dladding were met.

3 Shidding

The source terms were caculated with the ORIGEN-2.1 code for the W. H. 17 x 17 bass -
dgn fud assembly. The three-dimensond MCNP-4B Monte Carlo transport code was used
for the shidding andyses.

The andyses have shown that for norma operation the design limits of 2 mSv/h a any point
of the cask surface and of 0.1 mSv/h & 2 m digtance from the transport hood are met.



The maximum dlowable dose rae will not exceed 10 m Sv/h in 1 m digance under the lypo-
theticd accident conditions.

4. Criticality

The CASTOR® V/12 S provides citicdity control for &l design bass normd, off-normd,
and podulaed accident conditions. The effective neutron multiplication factor is limited to
ket < 0.95 for intact Zircaoy-clad UO, fud assemblies with optimum unborated weter mod-
eration and close reflection, including dl biases, uncertainties, and manufacturing tolerances.

Crltlcahty control is maintained by:
the geometric spacing of the fuel assemblies,
the absorber rod modules (ARMS) inserted in some guide tubes of the fud assemblies,
the fixed borated neutron abosorbing materids incorporated into the fuel basket,
burn-up credit.

The minimum specified boron concentration is further reduced by 25 % for criticaity anay-
Ss.

The criticdity andyss was peformed by the threedimensond Monte Carlo code KENO-Va
which was sdected for performing the criticality andyss because it has been extensvely used
and vaidated.

The results show that kst < 0.95 is met for both norma operaiond and hypothetical accident
conditions.

CONCLUSION

The CASTOR® V/12 S is a new design of a low-weght, double-purpose cask intended for dry
sorage and trangportation of up to 12 spent nuclear fud assemblies from pressure water reac-
tors. The low cask weight of less than 80 metric tons dlows to use it for direct Sorage of
soent nuclear fud from eder NPPs with a limited crane capacity. The cask safety has been
evauated in accordance with IAEA TS'R-1, U.S. 10CFR 71 and U.S, 10CFR 72.

The cask provides contanment, radiaion shidding, dructurd integrity, criticdity control and
passve heat remova for trangport and for dorage under both norma conditions and acciden-
td conditions.
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