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1. Introduction

After shutdown of dl Itdian, commercid operated NPP's a lage amount of irradiatled FA's spent
fud, which are not covered by exiging or future reprocessng contracts, are currently stored a fue
pools of 3 different nudear inddlaions The Itdian energy group ENEL decided to rdy on on-ste dry
gtorage waiting for the availability of the Nationd Interim Storage site availability.

In the course of ENEL group privaization the Company SOGIN (Societa Gegtione Impianti Nucleari
SA, Rome, Itdy) was created in chage of dl decommissoning edtiviiesThe Company has now
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been moved out of the ENEL group and is now completely controlled by the Italian Government.

SOGIN has ordered in the year 2000 a total of 30 CASTOR? casks for the on site storage of the spent
fud and alater trangport tothe nationa centralized interim storage facility .

The tailored cask design is based on the well established and proven design features of CASTOR?
reference casks and is regpondve to the needs and requirements of the ltdian fud and handling
conditions. In pardld SOGIN is proceeding with the desgn of the on-dte temporary Storage facilities.



2. Current Stuation in Itay

As a consequence of a naiond referendum in 1987 the Itdian Government decided the definitive
closure dl NPPs operating in Italy. This decison affected directly and mainly ENEL, as the only
Itdian utility and owner of dl NPP's, but evidently aso the Itdian industry as wel as other nuclear
dructures and activities, such as ENEA, the Nationd Agency with specific responghbilities in the
nudear R&D, induding activitiesin the fidd of fud cyde.

At tha date 4 NPPs were officidly in operaion, i.e. Caorso (BWR, 870 MWe), Trino V. (PWR, 270
MWe), Laina (Magnox, 160 MWe) and Garigliano (BWR, 160 MWe, which, however, was not
operating snce 1978 for plant modifications). Two other unit condruction (Alto Lazio, BWR 1000
MWe) was dmogt complete (about 70%) and activities for the condruction of additional 2 units on the
Trino dte (dandard 1000 MWe PWR) were darted. All these plants and activities were immediately
suspended and never restarted again.

At that time ENEL’s drategy for spert fuel was reprocessng and contracts were in place with BNFL.
At the beginning of 90 ENEL decided on the bass of technicd and economica evaudions, while
honouring the reprocessing contracts dready in place, to change the policy and to proceed with the
Interim dry storage of the remaining spent fud.

The current inventory of spent fuel to be consdered in Itdy is presented in the following table.

oQuantiti& Current location UG 2e 7Ty Final Destination
der":lleqts tHM -

1032 190,4 Caorn Ceaorso Caorso Centralized SF
47 14,5 Trino Trino Trino Centrdized SF
49 15,1 Trino Avogadro Trino Centralized SF
63 12,9 Garigliano Avogadro Trino Centralized SF
262 53 Garigliano Avogadro N/A Reprocessing (BNFL)
252 62 Superfenix Superfenix Superfenix Centraized SF

Trino Eurex Eurex Centraized SF
Garigliano Eurex Eurex Centraized SF

Elk River ITREC ITREC Centraized SF

Varied Casaccia Casaccia Reprocessing (UKAEA)

The above table includes dso the fraction of Superfenix spent fue of SOGIN property and some spent
fud hdd by ENEA (the Itdian Governmentd Research organization) in its laboratories Eurex, ITREC
and Casaccia



3. SOGIN current palicy for the dry storage of nuclear spent fue

The palicy, which has been chosen by ENEL and now endorsed by SOGIN for the disposal of its spent
fud not covered by exigting or future reprocessing contracts, includes the following phases

1

No upgrading of the current handling capacities of the Trino and Caorso cranes and prepardion
of the dorage buildings,

Loading the spent fud into the casks in the spent fud pools of Avogadro, Trino and Caorsg
Trangport of the casks from Avogadro (Sauggia) to the Trino NPP Site,

Temporary storage of those casks a Trino and Ceorso plant stes in a protected building, which
can asure the avoidance of any inteference with the decommissoning activities, for the time
drictly necessay to meke a Naiond Inteim Storage Fadlity avalable, according to
Governmenta schedule,

Trander of the casks to the Nationd Interim Storage Facility, where they will be stored for the
time necessary to make afind disposd Ste available.

4. Cask Concepts
The principle of the Dry Storage Cask Concept is the safe confinement of the spent fuel assemblies in

CASTOR? casks with a high inherent safety potential, even againgt extreme accident conditions such
asarplane crash.

Vay extensve dudies paformed in Germany and world-wide and experience have demondtrated the
enormous advantages of the CASTOR? dry storage cask concept. The main advantages are:

very low release of activity during Storage,

solitting of total activity according to the number of casks,

al safety-rdated aspects are guaranteed by the casks themselves, including accidents

no water chemistry, no secondary wastes are generated

dorage of faled fud assembliesis possblein the casks,

repeaied use of the casks or recyding (eg. for use in nucear indudtry, find digposa casks and
others),

long-term storage of fuel assarbliesininert amosphere

smadl initid investment, splitting of further investment as required

The following specific features characterize the cask Sorage concept:

The radioactive materids are sedled lesk tight in the casks, the release of radioactive materids will
occur far under the demanded limits of the dorage licendng requirements, even ater an unlikey
accident such as an impact or severe earthquake;

The decay-heat is removed by inherently safe naturd convection; no exhaust ar or other coding
media are necessary;

No safety-rdated buildings and equipment are needed, as dl sdafety functions will be accomplished
by the cask itsdlf;

Reétivey short manufacturing times for the casks are needed.

The cask design proposed for the specific spent fud is based upon the same concept as for Germany
and the international market, which is described in the following. The CASTOR® casks are designed



for transport and storage of spent fud assemblies and have to fulfill the requirements for handling and
dorage a the severd facilities as well asthe IAEA regulations for type B(U)F package designs. The
main components and ther functions are:

Cask body mede of ductile cast iron

- gammaand neutron shidding,
- dructurad component,
- hest trandfer through wall and from surface to ambient ar,
- part of the confinement system;

Basket made of ainless sted or duminium (partidly bor ated)
- criticdity safety under al circumstances
- hest transfer from fuel assembliesto cask body,
- gructurd component;

Primary and secondary lids meade of stainless sted with bolts and metdlic seds
- gammaand neutron shidding
- gructurd component,
- part of the confinement system;

Trunnions made of dainless ded
- gructurd component for handling;

Impact limiters for trangpor tation on public ways only, mede of carbon sted and wood

- dructurd component to reduce the shock loadings during type B(U) test conditions and under
acadent conditions.

4.1 CASTOR? X/A17

The CASTOR?® X/A17 cask is designed to accommodate up to 17 PWRFA (uranium and MOX),
which were irradiated a the NPP Trino as wel as 17 bottled BWRMOX-FA form NPP Garigliano.
The cak is guitéble for loading a the “Avogadro’-facility & Sduggia and the NPP Trino,
trangportation on public ways and dorage a the ondte temporary fecility & Trino as wdl as a the
Nationd Interim Storage Fadlity. Due to the handling reguirements the mass of the handing

configuration is limited to gpprox. 60 Mg.

Especidly for this cak desgn it was conddered that a portion of the long term dored fud pins
dadding of the BWR Garigliano MOX fud was defected . For these reasons dl Gaigliano FA's are

placed in the pool within seded boattles.



Figurel: Cask Body with Moderator Rods Surrounding the Fud Basket (the “specid FA postion” is
intended for the four FAs in the cask that are highest in sourceterm, i.e conds of high
burn-up or MOX fud).
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The main dimensions and mases are indicated at the following table:

Dimension [mm] Masses kg rsp. Mg
Cavity diameter A 1315 Number of F/A 17
Cavity width AB 1315 Number of CB 0
Cavity length B 3350 JA. Mass of Components [kg
Total bottom wall thickness 300 Cask body 36862
Total cask length w/o impact limiter C | 4029 Basket 7620
Total side cylindr. wall thickness 305 Inventory 7633
Total side flat wall thickness 300 ! Primary lid, bolts, moderator 3289
Outer diameter D 1910 ! ISecondary lid, bolts 1857
Outer width DB 1925 I + T I Cover plate, bolts 2078
Trunnion center line distance E 2850 d ; n - [Trunnions, bolts 100
Distance trunnion / cask bottom F 570 E._ | c i i ater during loading 2654
Excentricity of bottom trunnion 30 i ; B i Impact limiter 6522
Turning radius - bottom side 1155 | I p K Bouyancy during loading 7790
Width across trunnions G 2105 1 AB | A |l JAuxilary equipment 1000
Diameter of outer recess of trunnion 120 ] | 1 B. Handling mass [Mg]
Length of outer recess of trunnion 10 1 | i At the poolV: with Water, PL 59,2
Diameter of 1. recess of trunnion 100 i | |DbB i JAux. Eq., w/o Bouyancy
Length of 1. recess of trunnion 80 ! ! ! loaded, with PL, SL 57,4
Diameter of 2. recess of trunnion 120 ! | [ /o water, Aux. Eq.
Length of 2. recess of trunnion 0 I ! I C. Transport configuration [Mg]
Outer diameter impact limiter H 2510 : ! ! loaded, with impact limiter 62,0
Length top impact limiter | 950 ‘_I: ! D I ! JR— ithout sec. lid, cover plate
Length bottom impact limiter J 860 F . ! ! loaded, with impact limiter 63,9
Total length with impact limiter K 4959 = ! — J ithout cover plate
Data Sheet Var. Rev. G . D. Storage Configuration Mg
Transport and Storage Cask C 6 l loaded with cover plate, 59,4
CASTOR X/A17 Date| 16.05.01 ithout impact limter
Author Néring ) Saluggia

In order to minimize the number of casks needed for the decommissoning program the wel known
data of the exising FA"s were takento optimize loading petterns:



- Three casks were loaded a the NPP Trino after a decay time of min. 153 years a the fud pool
with a totd of 47 MOX- (burnup up to 325 GWdh, initid erichment 45 % Pu fiss) and
UraniumPWR-FA's (low burnup up to 125 GWdt; high initid enrichment 45 % U-235) from
NPP Trino. Two of these casks were loaded heterogeneocudy with eech 4 MOX-FA's. After
loading these casks will be stored at the on-Site temporary fecility a Trino.

- Three casks were loaded a the “Avogadro’-faclity a Sduggia after a decay time of min. 25,1
years @ the fud pool with a totd of 49 UraniumPWRFA’s from NPP Trino (burnup up to 30
GWwWdt; initid enrichment 4.0 % U-235). After loading it is intended to ship these casks to the NPP
Trino and store them their at the on-gte temporary facility.

- Four additiond casks were loaded a the “Avo facility at Sduggia after a decay time of min.
239 yeas a the fud pool with a totd of 63 bottled MOX-BWR-FA's from NPP Garigliano
(burnup up to 25 GWdH; initid enrichment 3.0 % Pu fiss). After loading it is dso intended to ship
thee caks to the NPP Trino and dore them ther a the on-gte temporary faclity.

42 CASTOR? X/B52

In the frame-work of the decommissioning concept for the NPP Ceorso the 1032 irradiated BWR-
FA’s which are currently stored a the fud pool have to be removed from the plant in order to dlow
the decommissioning to proceed For that purpose the CAST OR? X/B52 cask was designed on the
bass of the CASTOR® V/52 as a reference cask. It accommodates up to 52 BWR-uranium-FA’s The
cask is suitable for loading a the NPP Caorso, trangportation on public ways and storage @ the on-site
temporary fadlity & Caorso as wdl as a the Naiond Interim Storage Fecility. Due to the handliing
requirements the mass of the handling configuration is limited to gpprox. 85 Mg.

The cak body wadl is desgned in accordance with the reguirements for the gamma and neutron
shidding. To improve the neutron moderation, there are axid bore holes didributed on a cirde. These
are filled with moderator rods mede of polyethylene. These rods are inddled from the bottom end in
the cask body with the necessary free space for thermd expanson and are maintained in their postions
with spird gorings and dosure plugs. A coss section through the cask, showing the basket and
moderator arrangement is given in Fg. 2. The Caorso fud requires only one row of moderator materid
in the cask wall.

Figure2: Cask Body with Moderator Rods Surrounding the Fuel Basket.
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The cask bottom contains, in addition to the cask wall, amoderator plate which coversthe whole
cavity area. A sedled ded plaeis bolted to the cask body over this plate.
Thetop end of the cask body is designed to accommodate the following components:

Primary lid with its balts (cylinder balts) and its sedling system
Secondary lid with its bolts (cylinder bolts) and its sedling system,
Pogtioning and atachment of the impact limiters during trangport on public roads,
Pogtioning and attachment of the protection plate a the interim Sorage Ste.

The main dimenson and masses are given in the following table:

Dimension [mm]

Masses kg rsp. Mg

Cavity diameter A 1390 Number of F/A 52
Cavity length B 4510 ! Number of CB 52
Total bottom wall thickness 300 | A, Mass of Components [kg
Total cask length w/o impact limiter C 5152 L I ‘ | [Cask body 49100 |
Total side wall thickness 285 | ; . Basket 8829
Outer diameter 1960 .—[]] ‘ ‘ ‘ Inventory 16848
Trunnion center line distance E 3800 ‘ i ‘ Primary lid, bolts, moderator 3672
Distance trunnion / cask bottom F 660 ; ‘ i Isecondary lid, bolts 2082
Excentricity of bottom trunnion 30 | | | [Cover plate, bolts 2173
Turning radius - bottom side 1194 | ‘ i [Trunnions, bolts 775
Width across trunnions G 2240 \ i | ater during loading 3899
Diameter of outer recess of trunnion 280 i i B i Impact limiter 8700
Length of outer recess of trunnion 10" /5 ! | I Bouyancy during loading 10238
Diameter of 1. recess of trunnion 250 ! i I Jauxilary equipment 4500
Length of 1. recess of trunnion 85" /65 ! ‘ ! B. Handling mass [Mg]
Diameter of 2. recess of trunnion 300 ‘ ! ‘ At the pool: with Water, PL 77,4
Length of 2. recess of trunnion 01) /55 ‘ ! | JAux. Eq., with Bouyancy
Outer diamter impact limiter H 2830 i : i loaded, with PL, SL 81,3
Length top impact limiter | 935 i ‘ i /o water, Aux. Eq.
Length bottom impact limiter J 850 | | | C. Transport configuration [Mg]
Total length with impact limiter K 6082 1 [] | i | loaded, with impact limiter 879

i i \ ithout cover plate
Dvalid for 4 lid side trunnions \ \ \ | loaded, with impact limiter 90‘0

L ; L ithout cover plate

Data Sheet Var. Rev. <—‘- D. Storage Configuration [Mg]
Transport and Storage Cask B 5 loaded with cover plate, 83,5
CASTOR X/B52 pate | 02.02.00 #)I ithout impact limter
Author| Hii g




In order to minimize the number of casks needed for the decommissoning program the wel known

data of the exiging FA's were taken to find following optimized, heterogeneous loading pettern, which
is gpplied for each cask:

5. Summary

The choice of using dud purpose metdlic casks has been taken by SOGIN as the mogt flexible and
mos convenient dterndive in the given Itdian Stuaion. The posshility of moving the casks on public
roads usng the same “packeges’ as for temporay dorage is extremey convenient in a Studtion in
which there is the need to proceed with decommissoning of the plants but a centrdized Sorage
fadility isnot yet avallable.

Also the consideration that the spent fud should remain in a least two Stes for some years and cannot
be centrdized was a deciding factor in favor of this choice. GNB was chosen dfter an internationa
open bid as the supplier for the Caorso, Garigliano and Trino spent fudl.

The licensing process shdl teke advantage of the large GNB experience with this type of casks and of
the goprovd rules and process dready in place manly in Germany, but dso in other countries such as
USA.

The design of the CAST OR? X/A17 fa up to 17 PWRTrinoFA’s or 17 BWR-GaiglianoFA’s and
the CASTOR®* X/B52 casks holding up to 52 BWR-CaorsoFA's is siitable for the following
conditions of use:

1 Loading of the casksin thefud pools of the nudear ingalations of Trino, Caorso and Avogeadro,

2 No upgrading of the current on-sSite crane capacities,

3 Trangport of the FA’s, which are currently stored at Sduggia facility to the NPP Tring,

4 Ondte dorage in veticd or horizontd pogtion with the posshility of trander to another
temporary storage or afind repostory, even after anumber of years

5 Thepatid loading of Mixed-Oxide (MOX) and failed fuel

6 Loading and drying of bottled Garigliano-FA"s

The design of the CASTOR® X/A17 and X/B52 casks ams a optimizing safety and economics under
the given boundary conditions. The long time span of intermediaie wet sorage of the fud results in a
reduced shidding and therma-conduction requirement. This is utilized to megt the tight mass and
geometry regtrictions while dlowing for the largest cask capacity possible.
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